
R A D I O C O R P O R A T I O N O F A M E R I C A 
ELECTRONIC COMPONENTS AND DEVICES, HARRISON. N. J . 

Technical Series SC-11 

RCA 
Suggested Pr^ce $ 1 . 5 0 

Transistor 
Manual 

INCLUDING RECTIFIERS, SILICON CONTROLLED RECTIFIERS, 
VARACTOR DIODES, AND TUNNEL DIODES 



C O N T E N T S 

MATERIALS, JUNCTIONS, AND D E V I C E S 3 
Semiconductor Materials, P - N Junctions, Current Flow, N - P - N 
and P - N - P Structures, Types of Devices 

TRANSISTOR DESIGNS AND CIRCUIT CONFIGURATIONS 10 
Design and Fabrication, Basic Circuits 

TRANSISTOR CHARACTERIST ICS 14 

TRANSISTOR APPLICATIONS 18 
Biasing, Coupling, Circuit Stability, Amplification, Oscillation, 
Switching 

SILICON R E C T I F I E R S 49 
Thermal Considerations, Reverse Characteristics, Ratings, Heat 
Sinks, Series and Parallel Arrangements, Overload Protection, 
Applications 

SILICON CONTROLLED R E C T I F I E R S 59 
Construction, Current-Voltage Characteristics, Maximum Rat
ings, Triggering Characteristics, Overload Protection, Series A r 
rangement, Power Control, Current Ratios 

TUNNEL, VARACTOR, AND OTHER DIODES 68 
Tunnel Diodes, High-Current Tunnel Diodes, Varactor Diodes, 
Voltage-Reference Diodes, Compensating Diodes 

TRANSISTOR INSTALLATION 76 
Electrical Connections, Testing, Temperature Effects, Heat 
Sinks, Shielding, Dress of Circuit Leads, Filters 

INTERPRETATION OF DATA 79 

SELECTION CHARTS 82 

TECHNICAL DATA 87 

OUTLINES 332 

CIRCUITS 342 

RCA TECHNICAL PUBLICATIONS 378 

READING L IST 381 

INDEX 382 



R C A Trans i s t o r Manua 

r n 

J. his manual, like its preceding edition, 
has been prepared to assist those who work 
or experiment with semiconductor devices 
and circuits. It will be useful to engineers, 
educators, students, radio amateurs, hobby
ists, and others technically interested in tran
sistors, silicon rectifiers, silicon controlled 
rectifiers, varactor diodes, and tunnel diodes. 

Thi s edition has been thoroughly re
vised to cover the latest changes in semi
conductor-device technology and applications. 
The TECHNICAL DATA Section, as well as 
the text material, has been greatly expanded 
and brought up to date. Of particular interest 
to the hobbyist and experimenter are the 
many practical and timely additions to the 
CIRCUITS Section. 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices 

Harrison, New Jersey 



INFORMATION F U R N I S H E D B Y R C A IS B E L I E V E D TO 
B E A C C U R A T E AND R E L I A B L E . H O W E V E R , NO R E 
S P O N S I B I L I T Y I S A S S U M E D B Y R C A FOR I T S U S E ; NOR 
FOR A N Y I N F R I N G E M E N T S OF P A T E N T S ' OR O T H E R 
R I G H T S OF T H I R D P A R T I E S W H I C H M A Y R E S U L T 
F R O M I T S U S E . NO L I C E N S E I S G R A N T E D B Y I M P L I 
C A T I O N OR O T H E R W I S E U N D E R A N Y P A T E N T OR 
P A T E N T R I G H T S OF R C A . 

Copyright 1964 by 

RADIO CORPORATION OF AMERICA 

( A l l rights reserved) 

Trade Mark(s) Registered 
Marca(s) Registrada(s) 

6-64 
Printed in U . S A -



Materials, Junctions, 
and Devices 

O E M I C 0 N D U C T 0 R devices are 
O small but versatile units that can 
perform an amazing variety of.con
trol functions in electronic equipment. 
Like other electron devices, they have 
the ability to control almost instantly 
the movement of charges of elec-
tricity. They are used as rectifiers, 
detectors, a m p l i f i e r s , osc i l la tors , 
electronic swi tches , m i x e r s , and 
modulators. 

I n addition, semiconductor devices 
have many important advantages 
over other types of electron devices. 
They are very small and light in 
weight (some are less than an inch 
long and Weigh just a fraction of an 
ounce). They have no filaments or 
heaters, and therefore require no 
heating power or warm-up time. 
They consume very little power. They 
are solid in construction, extremely 
rugged, free from microphonics, and 
can be made impervious to many se
vere environmental conditions. The 
circuits required for their operation 
are usually simple. 

SEMICONDUCTOR MATERIALS 
Unlike other electron devices, which 

depend for their functioning on the 
flow of electric charges through a 
vacuum or a gas, semiconductor de
vices make use of the flow of current 
in a solid. I n general, al l materials 
may be classified in three major 
categories—conductors, semiconduc
tors, and insulators—depending upon 
their ability to conduct an electric 
current. A s the name indicates, a 
semiconductor material has poorer 

conductivity than a conductor, but 
better conductivity than an insulator. 

The materials most often used in 
semiconductor devices are germa
nium and silicon. Germanium has 
higher electrical conductivity (less 
resistance to current flow) than 
silicon, and is used in most low- and 
medium-power diodes and transis
tors. Silicon is more suitable for 
high-power devices than germanium 
because it can be used at much higher 
temperatures. A relatively new ma
terial which combines the principal 
desirable features of both germa
nium and silicon is gallium arsenide. 
When further experience with this 
material has been obtained, i t is ex
pected to find much wider use in 
semiconductor devices. 

Resistivity 
The ability of a material to con

duct current (conductivity) is di
rectly proportional to the number of 
free (loosely held) electrons in the 
material. Good conductors, such as 
silver, copper, and aluminum, have 
large numbers of freo electrons; their 
resistivities are of the order of a 
few millionths of an ohm-centimeter. 
Insulators such as glass, rubber, and 
mica, which have very few loosely 
held electrons, have resistivities as 
high as several million ohm-centi
meters. 

Semiconductor materials lie in the 
range between these two extremes, 
as shown in F i g . 1. Pure germanium 
has a resistivity of 60 ohm-centi
meters. Pure silicon has a consider
ably higher resistivity, in the order 
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of 60,000 ohm-centimeters. A s used 
in semiconductor devices, however, 
these materials contain carefully con
trolled amounts of certain impurities 

10 
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F i g u r e 1 . R e s i s t i v i t y o f t y p i c a l c o n d u c t o r , 
s e m i c o n d u c t o r s , a n d i n s u l a t o r . 

which reduce their resistivity to 
about 2 ohm-centimeters at room 
temperature (this resistivity de
creases rapidly as the iemperature 
r ises) . 

Impurities 
Carefully prepared semiconductor 

materials have a crystal structure. 
In this type of structure, which is 
called- a lattice, the outer or valence 
electrons of individual atoms are 
tightly bound to the electrons of ad
jacent atoms in electron-pair bonds, 
as shown in F i g . 2. Because such a 

E L E C T R O N - P A I R BONDS ATOMS 

F i g u r e 2 . C r y s t a l l a t t i c e s t r u c t u r e . 

structure has no loosely held elec
trons, semiconductor materials are 
poor conductors under normal condi
tions. I n order to separate the elec
tron-pair bonds and provide free 
electrons for electrical conduction, 
it would be necessary to apply high 
temperatures or strong electric fields. 

Another way to alter the lattice 
structure and thereby obtain free 
electrons, however, is to add small 

amounts of other elements having a 
different atomic structure. B y the ad
dition of almost infinitesimal amounts 
of such other elements, called " im
purities", the basic electrical proper
ties of pure semiconductor materials 
can be modified and controlled. The 
ratio of impurity to the semicon
ductor material is usually extremely 
small, in the order of one part in 
ten million. 

When the impurity elements are 
added to the semiconductor material, 
impurity atoms take the place of 
semiconductor atoms in the lattice 
structure. I f the impurity atoms 
added have the same number of va l 
ence electrons as the atoms of the 
original semiconductor material, they 
fit neatly into the lattice, forming 
the required number of electron-pair 
bonds with semiconductor atoms. I n 
this case, the electrical properties 
of the material are essentially un
changed. 

When the impurity atom has one 
more valence electron than the semi
conductor atom, however, this extra 
electron cannot form an electron-
pair bond because no adjacent va l 
ence electron is available. The excess 
electron is then held very loosely by 
the atom, as shown in F i g . 3, and 
requires only slight excitation to 
break away. Consequently, the pres
ence of such excess electrons makes 
the material a better conductor, i.e., 
i t s res i s tance to cur ren t f low is 
reduced. 

E L E C T R O N - P A I R 
BONDS 

SEMICONDUCTOR 
ATOMS 

- 6 <8>-Nh$— 

IMPURITY 
ATOM 

E X C E S S 
E L E C T R O N 

F i g u r e 3 . L a t t i c e s t r u c t u r e of n - type 
m a t e r i a l . 
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Impurity elements which are added 
to germanium and silicon crystals to 
provide excess electrons include ar
senic and antimony. When these ele
ments are introduced, the resulting 
material is called n-type because the 
excess free electrons have a negative 
charge. ( I t should be noted, however, 
that the negative charge of the elec
trons is balanced by an equivalent 
positive charge in the center of the 
impurity atoms. Therefore, the net 
electrical charge of the semiconduc
tor material is not changed.) 

A different effect is produced when 
an impurity atom having one less 
valence electron than the semicon
ductor atom is substituted in the 
lattice structure. Although all the 
valence electrons of the impurity 
atom form electron-pair bonds with 
electrons of neighboring semiconduc
tor atoms, one of the bonds in the 
lattice structure cannot be completed 
because the impurity atom lacks the 
final valence electron. As a result, a 
vacancy or "hole" exists in the lat
tice, as shown in F i g . 4. A n electron 
from an adjacent electron-pair bond 
may then absorb enough energy to 
break its bond and move through the 
lattice to fill the hole. A s in the 
case of excess electrons, the presence 
of "holes" encourages the flow of 
electrons in the semiconductor ma
terial; consequently, the conductivity 
is increased and the resistivity is 
reduced. 

The vacancy or hole in the crystal 
structure is considered to have a 

E L E C T R O N —PAIR 
BONDS 

SEMICONDUCTOR 
ATOMS BONDS / \ . ^ A T O M S 

positive electrical charge because it 
represents the absence of an electron. 
(Again, however, the net charge of 
the crystal is unchanged.) Semi
conductor material which contains 
these "holes" or positive charges is 
called p-type material. P-type mate
rials are formed by the addition of 
aluminum, gallium, or indium. 

Although the difference in the 
chemical composition of n-type and 
p-type materials is slight, the differ
ences in the electrical characteristics 
of the two types are substantial, and 
are very important in the operation 
of semiconductor devices. 

P-N JUNCTIONS 
When n-type and p-type materials 

are joined together, as shown in F i g . 
5, an unusual but very important 
phenomenon occurs at the surface 

P - N JUNCTION 

P - T Y P E M A T E R I A L 

A 
N - T Y P E M A T E R I A L 

/ 

E L E C T R O N S 

F i g u r e 4 . L a t t i c e s t r u c t u r e of p t y p e 
m a t e r i a l . 

S P A C E - C H A R G E REGION 

F i g u r e 5. I n t e r a c t i o n of h o l e s a n d e l e c t r o n s 
at p-n j u n c t i o n . 

where the two materials meet (called 
the p-n junction). A n interaction 
takes place between the two types 
of material at the junction as a re
sult of the holes in one material and 
the excess electrons in the other. 

When a p-n junction is formed, 
some of the free electrons from the 
n-type material diffuse across the 
junction and fill holes in the lattice 
structure of the p-type material. 
This interaction or diffusion occurs 
for a short time in the immediate 
vicinity of the junction, and produces 
a small space-charge region (some
times called the transition region or 
depletion layer ) . The p-type material 
in this region acquires a slight nega
tive charge as a result of the addi-
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tion of electrons from the n-type 
material. Conversely, the n-type ma
terial in the junction region acquires 
a slight positive charge as a result 
of the loss of excess electrons. 

The potential gradient established 
across the space-charge region by the 
diffusion process is represented in 
F i g . 6 by an imaginary" battery 
connected across the junction. (The 

JUNCTION 
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I { 
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- '+ S P A C E — C H A R G E 

E Q U I V A L E N T 
B A T T E R Y 

F i g u r e 6. P o t e n t i a l g r a d i e n t a c r o s s s p a c e -
c h a r g e r e g i o n . 

battery symbol is shown only to 
represent the internal effects; the 
potential is not measurable.) I n the 
absence of external circuits or volt
ages, this potential gradient dis
courages further diffusion across the 
p-n junction because electrons from 
the n-type material are repelled by 
the slight negative charge induced 
in the p-type material. I n effect, 
therefore, the potential gradient (or 
energy barrier, as i t is sometimes 
called) prevents total interaction be
tween the two types of material, and 
thus preserves the differences in their 
characteristics. 

CURRENT FLOW 
When an external battery is con

nected across a p-n junction, the 

E L E C T R O N F L O W 
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(a ) R E V E R S E B IAS 

F i g u r e 7 . E l e c t r o n c u r r e n t 

amount of current flow is determined 
by the polarity of the applied voltage 
and its effect on the space-charge 
region. I n F i g . 7a, the positive ter
minal of the battery is connected to 
the n-type material and the negative 
terminal to the p-type material. I n 
this arrangement, the free electrons 
in the n-type material are attracted 
toward the positive terminal of the 
battery and away from the junction. 
A t the same time, electrons from the 
negative terminal of the battery en
ter the p-type material and diffuse 
toward the junction, filling holes in 
the lattice structure as they ap
proach the junction. A s a result, the 
space-charge region at the junction 
becomes effectively wider, and the 
potential gradient increases until it 
approaches the potential of the ex
ternal battery. Current flow is then 
extremely small because no voltage 
difference (electric field) exists across 
either the p-type or the n-type re
gion. Under these conditions, the 
p-n junction is said to be reverse-
biased. 

I n F i g . 7b, the positive terminal of 
the external battery is connected to 
the p-type material and the negative 
terminal to the n-type material. I n 
this arrangement, electrons in the 
p-type material near the positive ter
minal of the battery break their 
electron-pair bonds and enter the 
battery, creating new holes. A t the 
same time, electrons from the nega
tive terminal of the battery enter the 
n-type material and diffuse toward 
the junction. As a result, the space-
charge region becomes effectively 
narrower, and the energy barrier de
creases to an insignificant value. E x 
cess electrons from the n-type mate-

E L E C T R O N FLOW 

i 
p ! J N 

i 
p ! J N 

1 

A Il 
(b) FORWARD BIAS 

in b i a s e d p-n j u n c t i o n s . 
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r ia l can then penetrate the space-
charge region, flow across the junc
tion, and move by way of the holes 
in the p-type material toward the 
positive terminal of the battery. This 
electron flow continues as long as 
the external voltage is applied. Un
der these conditions, the junction is 
said to be forward-biased. 

The generalized voltage-current 
characteristic for a p-n junction in 
F i g . 8 shows both the reverse-bias 
and forward-bias regions. I n the 
forward-bias region, current rises 

C U R R E N T (MA) 

| C U R R E N T C/iA) 

F i g u r e 8 . V o l t a g e - c u r r e n t c h a r a c t e r i s t i c for 
a p-n j u n c t i o n . 

rapidly as the voltage is increased 
and is quite high. Current in the 
reverse-bias region is usually much 
lower. Excessive voltage (bias) in 
either direction should be avoided in 
normal applications because exces
sive currents and the resulting high 
temperatures may permanently dam
age the semiconductor device. 

N-P-N AND P-N-P STRUCTURES 
F i g . 7 shows that a p-n junction 

biased in the reverse direction is 
equivalent to a high-resistance ele
ment (low current for a given ap
plied voltage), while a junction 
biased in the forward direction is 
equivalent to a low-resistance ele
ment (high current for a given ap
plied voltage). Because the power 
developed by a given current is 
greater in a high-resistance element 
than in a low-resistance element 
( P = r R ) , power gain can be ob
tained in a structure containing two 
such resistance elements i f the cur

rent flow is not materially reduced. 
A device containing two p-n junc
tions biased in opposite directions 
can operate in this fashion. 

Such a two-junction device is 
shown in F i g . 9. The thick end layers 

O U T P U T 
- Q 

E L E C T R O N 
FLOW 

- , . , + - M + 
l | l | A 

F i g u r e 9 . N-P-N s t r u c t u r e b i a s e d for p o w e r 
g a i n . 

are made of the same type of mate
r ia l {n-type in this case), and are 
separated by a very thin layer of the 
opposite type of material (p-type in 
the device shown). B y means of the 
external batteries, the left-hand (n-p) 
junction is biased in the forward 
direction to provide a low-resistance 
input circuit, and the right-hand 
(p-n) junction is biased in the re
verse direction to provide a high-
resistance output circuit. 

Electrons flow easily from the left-
hand n-type region to the center p-
type region as a result of the forward 
biasing. Most of these electrons dif
fuse through the thin p-type region, 
however, and are attracted by the 
positive potential of the external bat
tery across the right-hand junction. 
I n practical devices, approximately 
95 to 99.5 per cent of the electron 
current reaches the right-hand n-
type region. This high percentage of 
current penetration provides power 
gain in the high-resistance output 
circuit and is the basis for transistor 
amplification capability. 

The operation of p-n-p devices is 
similar to that shown for the n-p-n 
device, except that the bias-voltage 
polarities are reversed, and electron-
current flow is in the opposite direc
tion. (Many discussions of semicon
ductor theory assume that the "holes" 
in semiconductor material constitute 
the charge carriers in p-n-p devices, 
and discuss "hole currents" for these 
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devices and "electron currents" for 
n-p-n devices. Other texts discuss 
neither hole current nor electron cur
rent, but rather "conventional current 
flow", which is assumed to travel 
through a circuit in a direction from 
the positive terminal of the external 
battery back to its negative terminal. 
For the sake of simplicity, this dis
cussion wi l l be restricted to the con
cept of electron current flow, which 
travels from a negative to a positive 
terminal.) 

TYPES OF DEVICES 
The simplest type of semiconduc

tor device is the diode, which is rep
resented by the symbol shown in F i g . 
10. Structurally, the diode is basically 
a p-n junction similar to those shown 
in F ig . 7. The n-type material which 

N - T Y P E 
MATERIAL^ 

CATHODE O 

P - T Y P E 
' M A T E R I A L 

- O ANODE 

F i g u r e 10 . S c h e m a t i c s y m b o l f o r a s e m i 
c o n d u c t o r d i o d e . 

serves as the negative electrode is 
referred to as the cathode, and the 
p-type material which serves as the 
positive electrode is referred to as 
the anode. The arrow symbol used 
for the anode represents the direc
tion of "conventional current flow" 
mentioned above; electron current 
flows in a direction opposite to the 
arrow. 

Because the junction diode con
ducts current more easily in one 
direction than in the other, it is an 
effective rectifying device. I f an ac 
signal is applied, as shown in F i g . 
11, electron current flows freely dur
ing the positive half cycle, but little 
or no current flows during the nega
tive half cycle. 

One of the most widely used types 
of semiconductor diode is the s i l i 
con rectifier. These devices are avail
able in a wide range of current 
capabilities, ranging from tenths of 
an ampere to 40 amperes or more, 
and are capable of operation at volt
ages as high as 800 volts or more. 

Parallel and series arrangements of 
silicon rectifiers permit even further 
extension of current and voltage 

INPUT 
S I G N A L C \ , LOAD 

F i g u r e 1 1 . S i m p l e d i o d e r e c t i f y i n g c i r c u r t 

limits. Characteristics and applica
tions of these devices are discussed 
in detail in the Silicon Rectifiers 
Section. 

Several variations of the basic 
junction diode structure have been 
developed for use in special applica
tions. The most important of these 
developments are the tunnel diode, 
which is used for amplification, oscil
lation, switching, and pulse genera
tion, and the varactor or parametric 
diode, which amplifies at very high 
frequencies. These special diodes are 
described in the Tunnel, Varactor, 
and Other Diodes Section. 

When a second junction is added 
to a semiconductor diode to provide 
power or voltage amplification (as 
shown in F i g . 9 ) , the resulting de
vice is called a transistor. The three 
regions of the device are called the 
emitter, the base, and the collector, 
as shown in F i g . 12. I n normal oper
ation, the emitter-to-base junction is 

F i g u r e 1 2 . F u n c t i o n a l d i a g r a m of t r a n s i s t o r 
s t r u c t u r e . 

biased in the forward direction, and 
the collector-to-base junction in the 
reverse direction. 

Different symbols are used for 
n-p-n and p-n-p transistors to show 
the difference in the direction of cur
rent flow in the two types of devices. 
In the n-p-n transistor shown in F ig . 
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13a, electrons flow from the emitter 
to the collector. I n the p-n-p tran
sistor shown in F i g . 13b, electrons 

EMITTER / " \ COLLECTOR 

BASE 

(a) N - P - N TRANSISTOR 

EMITTER / \ COLLECTOR 

BASE 

(b) P - N - P TRANSISTOR 

F i g u r e 1 3 . S c h e m a t i c s y m b o l s fo r 
t r a n s i s t o r s . 

flow from the collector to the emit
ter. I n other words, the direction of 
dc electron current is always oppo
site to that of the arrow on the 
emitter lead. ( A s in the case of semi

conductor diodes, the arrow indicates 
the direction of "conventional cur
rent flow" in the circuit.) 

The first two letters of the n-p-n 
and p-n-p designations indicate the 
respective polarities of the voltages 
applied to the emitter and the 
collector in normal operation. I n 
an n-p-n transistor, the emitter is 
made negative with respect to both 
the collector and the base, and the 
collector is made positive with re
spect to both the emitter and the 
base. I n a p-n-p transistor, the emit
ter is made positive with respect to 
both the collector and the base, and 
the collector is made negative with 
respect to both the emitter and the 
base. 

The transistor, which is a three-
element device, can be used for a 
wide variety of control functions, in
cluding amplification, oscillation, and 
frequency conversion. Transistor 
characteristics and applications are 
discussed in detail in the following 
sections. 



Transistor Designs and 
Circuit Configurations 

T H E performance of transistors 
in electronic equipment depends 

on many factors besides the basic 
characteristics of the semiconductor 
material. The two most important 
factors are the design and fabrica
tion of the transistor structure and 
the general circuit configuration 
used. 

DESIGN AND FABRICATION 

The ultimate aim of al l tran
sistor fabrication techniques is the 
construction of two parallel p-n junc
tions with controlled spacing between 
the junctions and controlled impurity 
levels on both sides of each junction. 
A variety of structures has been 
developed in the course of transistor 
evolution. 

The earliest transistors made were 
of the point-contact type shown in 
F i g . 14. I n this type of structure, 
two pointed wires were placed next 

E M I T T E R C O L L E C T O R 
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F i g u r e 14 . S t r u c t u r e of p o i n t - c o n t a c t 
t r a n s i s t o r . 

to each other on an n-type block of 
semiconductor material. The p-n 
junctions were formed by electrical 
pulsing of the wires. This type has 
been superseded by junction tran
sistors, which are fabricated by the 
various alloy, diffusion, and crystal-
growth techniques described below. 

I n grown-junction transistors, the 
impurity content of the semiconduc
tor material is changed during the 
growth of the original crystal ingot 
to provide the p-n-p or n-p-n regions. 
The grown crystal is then sliced 
into a large number of small-area 
devices, and contacts are made to 
each region of the devices, as shown 
in F i g . 15. The finished transistor 
is encased in plastic or a hermet
ically sealed enclosure. 

F i g u r e 1 5 . S t r u c t u r e of g r o w n - j u n c t i o n 
t r a n s i s t o r . 

I n alloy-junction transistors, two 
small "dots" of a p-type or n-type 
impurity element are placed on op
posite sides of a thin wafer of n-type 
or p-type semiconductor material, 
respectively, as shown in F i g . 16. 
After proper heating, the impurity 
"dots" alloy with the semiconductor 
material to form the regions for the 

10 
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emitter and collector junctions. The 
base connection in this structure is 
made to the original semiconductor 
wafer. 

C O L L E C T O R 

E M I T T E R 

F i g u r e 16 . S t r u c t u r e o f a l l o y - j u n c t i o n 
t r a n s i s t o r . 

The drift-field transistor is a mod
ified alloy-junction device in which 
the impurity concentration in the 
base wafer is diffused or graded, as 
shown in F i g . 17. Two advantages 
are derived from this structure: 
(a ) the resultant built-in voltage O r 
"drift field" speeds current flow, and 
(b) the ability to use a heavy im
purity concentration in the vicinity 
of the emitter and a light concen
tration in the vicinity of the col
lector makes it possible to minimize 
capacitive charging times. Both 
these advantages lead to a substan
tial extension of the frequency per
formance over the alloy-junction 
device. 

C O L L E C T O R 

E M I T T E R 

F i g u r e 1 7 . S t r u c t u r e o f dr i f t - f ie ld t r a n s i s t o r . 

Mesa and planar transistors use 
newer construction techniques which 
are better suited to many applica
tions than the grown-junction or 
alloy methods. These transistors in
volve two basic processes: (1) the 
use of diffusion masking materials 
and photolithographic techniques to 
obtain a planar structure in which 
all the p-n junctions are buried un
der a protective passivating layer, 
and (2) the use of a separate collec
tor-contact diffusion or an epitaxial 
growth to reduce the electrical series 
resistance in the collector. I n these 

types, the original semiconductor 
wafer serves as the collector. The 
base region is diffused into the 
wafer, and the emitter "dot" or re
gion is then alloyed or diffused into 
the base region. A "mesa" or flat-
topped peak may then be etched to 
reduce the collector area at the base-
collector junction. The mesa struc
ture is inherently rugged, has large 
power-dissipation capability, and can 
operate at very high frequencies. 

F igs . 18, 19, and 20 show some of 
the mesa and planar structures in 
production today. The grading of the 
impurity concentration in the base 
region results in a drift field and in 
reduced base-lead resistance. The use 
of a diffused emitter region permits 
tight geometry control. The use of a 
relatively light impurity concentra
tion in the collector region results in 
high collector-breakdown voltages 
and low collector-junction capaci
tance. 

E M I T T E R B A S E C O N T A C T 

D I F F U S E D BASE 

C O L L E C T O R 
(ORIGINAL 

W A F E R ) 

F i g u r e 18. S t r u c t u r e of (a) m e s a t r a n s i s t o r 
a n d (b) e p i t a x i a l t r a n s i s t o r . 

BASIC CIRCUITS 
There are three basic ways of con

nect ing t r ans i s to r s in a c i r c u i t : 
common-base, common-emitter, and 
common-collector. I n the common-
base (or grounded-base) connection 
shown in F i g . 21, the signal is intro
duced into the emitter-base circuit 
and extracted from the collector-base 
circuit. (Thus the base element of the 
transistor is common to both the in
put and output circuits.) Because the 
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F i g u r e 19. S t r u c t u r e of ( a ) d o u b l e - d i f f u s e d 
e p 4 t a x i a l m e s a t r a n s i s t o r a n d (b ) d o u b l e -

d i f f u s e d p l a n a r t r a n s i s t o r . 

EMITTER CONTACT 
BASE CONTACT 
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F i g u r e 20. S t r u c t u r e o f ( a ) d o u b l e - d i f f u s e d 
e p i t a x i a l p l a n a r t r a n s i s t o r a n d (b) t r i p l e -

d i f f u s e d e p i t a x i a l p l a n a r t r a n s i s t o r . 

input or emitter-base circuit has a low 
impedance (resistance plus react
ance) in the order of 0.5 to 60 ohms, 
and the output or collector-base cir
cuit has a high impedance in the 
order of 1000 ohms to one megohm, 
the voltage or power gain in this 
type of configuration may be in the 
order of 1500. 

The direction of the arrows in F i g . 
21 indicates electron current flow. 
As stated previously, most of the cur
rent from the emitter flows to the col
lector; the remainder flows through 
the base. I n practical transistors, 
from 95 to 99.5 per cent of the emit
ter current reaches the collector. The 
current gain of this configuration, 
therefore, is always less than unity, 
usually in the order of 0.95 to 0.995. 

The waveforms in F i g . 21 repre
sent the input voltage produced by 
the signal generator e. and the out
put voltage developed across the 
load resistor R l * When the input 
voltage is positive, as shown at A B , 
it opposes the forward bias produced 
by the base-emitter battery, and thus 
reduces current flow through the 
n-p-n transistor. The reduced elec
tron current flow through R L then 
causes the top point of the resistor 
to become less negative (or more 
positive) with respect to the lower 
point, as shown at A ' B ' on the out
put waveform. Conversely, when the 
input signal is negative, as at CD, 
the output signal is also negative, 
as at C D ' . Thus, the phase of the 
signal remains unchanged in this 
circuit, i.e., there is no voltage phase 
reversal between the input and the 
output of a common-base amplifier. 

I n t he c o m m o n - e m i t t e r ( o r 
grounded-emitter) connection shown 
in F i g . 22, the signal is introduced 
into the base-emitter circuit and ex
tracted from the collector-emitter 
circuit. Th is configuration has more 
moderate input and output imped
ances than the common-base circuit. 
The input (base-emitter) impedance 
is in the range of 20 to 5000 ohms, 
and the output (collector-emittter) 
impedance is about 50 to 50,000 
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+ 8 

F i g u r e 2 1 . C o m m o n - b a s e c i r c u i t 
c o n f i g u r a t i o n . 

ohms. Power gains in the order of 
10,000 (or approximately 40 db) can 
be realized with this circuit because 
i t provides both current gain and 
voltage gain. 

Current gain in the common-
emitter configuration is measured be
tween the base and the collector, 
rather than between the emitter and 
the collector as in the common-base 
circuit. Because a very small change 
in base current produces a relatively 
large change in collector current, the 
current gain is always greater than 
unity in a common-emitter circuit; 
a typical value is about 50. 

The input signal voltage under
goes a phase reversal of 180 degrees 
in a common-emitter amplifier, as 
shown by the waveforms i n Fig. 22. 

0 . 9 8 1 • 

- 0 . 0 2 1 

current flow through the transistor. 
The increased electron flow through 
R L then causes the output voltage 
to become negative, as shown at 
A ' B ' . During the second half-cycle 
of the waveform, the process is re
versed, i.e., when the input signal is 
negative, the output signal is posi
tive (as shown at CD and C D ' . ) 

The third type of connection, shown 
in F i g . 23, is the common-collector 
(or grounded-collector) circuit. I n 

F i g u r e 2 2 . C o m m o n - e m i t t e r c i r c u i t 
c o n f i g u r a t i o n . 

When the input voltage is positive, 
as shown at A B , i t increases the 
forward bias across the base-emitter 

junction, and thus increases the total 

0 . 9 8 1 -

- 0 . 0 2 1 

F i g u r e 2 3 . C o m m o n - c o l l e c t o r c i r c u i t 
c o n f i g u r a t i o n . 

this configuration, the signal is intro
duced into the base-collector circuit 
and extracted from the emitter-
collector circuit. Because the input 
impedance of the transistor is high 
and the output impedance low in 
this connection, the voltage gain is 
less than unity and the power gain 
is usually lower than that obtained 
in either a common-base or a com
mon-emitter circuit. The common-
collector circuit is used primarily as 
an impedance-matching device. As in 
the case of the common-base circuit, 
there is no phase reversal of the sig
nal between the input and the output. 

The circuits shown in F igs . 21 
through 23 are biased for n-p-n tran
sistors. When p-n-p transistors are 
used, the polarities of the batteries 
must be reversed. The voltage phase 
relationships, however, remain the 
same. 



Transistor Characteristics 

TH E term "characteristic" is used 
to identify the distinguishing elec

trical features and values of a tran
sistor. These values may be shown 
in curve form or they may be tabu
lated. When the characteristics values 
are given in curve form, the curves 
may be used for the determination 
of transistor performance and the 
calculation of additional transistor 
parameters. 

Characteristics values are obtained 
from electrical measurements of tran
sistors in various circuits under cer
tain definite conditions of current and 
voltage. Static characteristics are ob
tained with dc potentials applied to 
the transistor electrodes. Dynamic 
characteristics are obtained with an 
ac voltage on one electrode under 
various conditions of dc potentials 
on al l the electrodes. The dynamic 
characteristics, therefore, are indica
tive of the performance capabilities 
of the transistor under actual work
ing conditions. 

Published data for transistors in
clude both electrode characteristic 
curves and transfer characteristic 
curves. These curves present the 
same information, but in two differ
ent forms to provide more useful 
data. Because transistors are used 
most often in the common-emitter 
configuration, characteristic curves 
are usually shown for the collector 
or output electrode. The collector-
characteristic curve is obtained by 
varying collector-to-emitter voltage 
and measuring collector current for 
different values of base current. The 
transfer-characteristic curve is ob

tained by varying the base-to-emitter 
(bias) voltage at a specified or con
stant collector voltage, and measur
ing collector current for different 
base currents. A collector-character
istic family of curves is shown in F i g . 
24. F i g . 25 shows the transfer-
characteristic family of curves for 
the same transistor. 
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One of the most important char
acteristics of a transistor is its 
forward current-transfer ratio, i.e., 
the ratio of the current in the output 
electrode to the current in the input 
electrode. Because of the different 
ways in which transistors may be 
connected in circuits, the forward 
current-transfer ratio is specified for 
a particular circuit configuration. 
The common-base forward current-
transfer ratio is often called alpha 
(or a), and the common-emitter for
ward current-transfer ratio is often 
called beta (or /3). 

I n the common-base circuit shown 
in F i g . 21, the emitter is the input 
electrode and the collector is the 
output electrode. The dc alpha, there
fore, is the ratio of the dc collector 
current Io to the dc emitter current 
U: 

I c 0.981 n n a a = = —-— - 0.98 . , 
I F . I 

I n the common-emit ter c i r cu i t 
shown in F i g . 22, the base is the 
input electrode and the collector is 
the output electrode. The dc beta, 
therefore, is the ratio of the dc col
lector current I 0 to the dc base cur
rent 1B : 

Because the ratios given above are 
based on dc currents, they are prop
erly called dc alpha and dc beta. I t 
is more common, however, for the 
current-transfer ratio to be given in 
terms of the ratio of signal currents 
in the input and output electrodes, or 
the ratio of a change in the output 
current to the input signal current 
which causes the change. F i g . 26 
shows typical electrode currents in 
a common-emitter circuit under no-
signal conditions and with a one-
microampere signal applied to the 
base. The signal current of one 
microampere in the base causes a 
change of 49 microamperes (147-98) 
in the collector current. Thus the ac 
beta for the transistor is 49. 

I r£= IOO^A 

NO SIGNAL 

- + I c = l 4 7 / x A 

I e ^ O ^ A 

F i g u r e 2 6 . E l e c t r o d e c u r r e n t s u n d e r no-
s i g n a l a n d s i g n a l c o n d i t i o n s . 

The frequency cutoff of a transis
tor is defined as the frequency at 
which the value of alpha (for a 
common-base circuit) or beta (for a 
common-emitter circuit) drops to 
0.707 times its one-kilocycle value. 
The gain-bandwidth product is the 
frequency at which the common-
emitter f o r w a r d cur ren t - t r ans fe r 
ratio (beta) is equal to unity. These 
characteristics provide an approxi
mate indication of the useful fre
quency range of the device, and 
help to determine the most suitable 
circuit configuration for a particular 
application. F i g . 27 shows typical 
curves of alpha and beta as functions 
of frequency. 

Ext r ins ic transconductance may 
be denned as the quotient of a small 
change in collector current divided 
by the small change in emitter-to-
base voltage producing it, under the 
condition that other voltages remain 
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a s a f u n c t i o n of f r e q u e n c y . 

unchanged, Thus, i f an emitter-to-
base voltage change of 0.1 volt causes 
a collector-current change of 3 mil l i -
amperes (0.003 ampere) with other 
voltages constant, the transconduct-
ance is 0.003 divided by 0.1, or 0.03 
mho. ( A "mho" is the unit of con
ductance, and was named by spelling 
"ohm" backward.) F o r convenience, 
a millionth of a mho, or a micro-
mho (/xmho), is used to express trans-
conductance. Thus, in the example, 
0.03 mho is 30,000 micromhos. 

Cutoff currents are small dc reverse 
currents which flow when a transistor 
is biased into non-conduction. They 
consist of leakage currents, which 
are related to the surface character
istics of the semiconductor material, 
and saturation currents, which are 
related to the impurity concentration 
in the material and which increase 
with increasing temperatures. Col
lector-cutoff current is the dc current 
which flows in the reverse-biased 
collector-to-base circuit when the 
emitter-to-base c i r cu i t is open. 
Emitter-cutoff current is the cur
rent which flows in the reverse-
biased emitter-to-base circuit when 
the collector-to-base circuit is open. 

Transistor breakdown voltages de
fine the voltage values between two 
specified electrodes at which the crys
tal structure changes and current 
begins to rise rapidly. The voltage 
then remains relatively constant over 
a wide range of electrode currents. 

Breakdown voltages may be meas
ured with the third electrode open, 
shorted, or biased in either the for
ward or the reverse direction. F o r 
example, F i g . 28 shows a series of 
collector-characteristic curves for 
different base-bias conditions. I t can 
be seen that the collector-to-emitter 
breakdown voltage increases as the 
base-to-emitter bias decreases from 
the normal forward values through 
zero to reverse values. The symbols 
shown on the abscissa are sometimes 
used to designate collector-to-emitter 
breakdown voltages with the base 
open (BVouo), with external base-to-
emitter resistance (BVOBB ) , with the 
base shorted to the emitter ( B V C B S ) , 
and with a reverse base-to-emitter 
voltage (BVOHX). 

A s the resistance in the base-to-
emitter circuit decreases, the col
lector characteristic develops two 
breakdown points, as shown in F i g . 
28. After the init ial breakdown, the 
collector-to-emitter voltage decreases 
with increasing collector current 
until another breakdown occurs at a 
lower voltage. This minimum collec
tor-to-emitter breakdown voltage is 
called the sustaining voltage. 

( I n large-area power transistors, 
there is a destructive mechanism 
referred to as "second breakdown". 
This condition is not a voltage break
down, but rather an electrically and 
thermally regenerative process in 
which current is focused in a very 
small area of the order of the diam
eter of a human hair. The very 
high current, together with the volt
age across the transistor, causes a 
localized heating that may melt a 
minute hole from the collector to the 
emitter of the transistor and thus 
cause a short circuit. This regenera
tive process is not initiated unless 
certain high voltages and currents 
are coincident for certain finite 
lengths of time.) 

The curves at the left of F i g . 28 
show typical collector characteristics 
under normal forward-bias condi
tions. For a given base input current, 
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the collector-to-emitter saturation 
voltage is the minimum voltage re
quired to maintain the transistor in 
full conduction (i.e., in the satura
tion region). Under saturation con
ditions, a further increase in forward 
bias produces no corresponding in-

a sharp increase in current. Punch-
through voltage does not result in 
permanent damage to a transistor, 
provided there is sufficient impedance 
in the power-supply source to l imit 
the transistor dissipation to safe 
values. 

T W O * * 

CER 

C O L L E C T O R - T O - E M I T T E R VOLTAGE 

C E X 

F i g u r e 2 8 . T y p i c a l c o l l e c t o r - c h a r a c t e r i s t i c c u r v e s s h o w i n g l o c a t i o n s of v a r i o u s b r e a k d o w n 
v o l t a g e s . 

crease in collector current. Saturation 
voltages are very important in switch
ing applications, and are usually 
specified for several conditions of 
electrode currents and ambient tem
peratures. 

Reach-through (or punch-through) 
voltage defines the voltage value at 
which the depletion region in the 
collector region passes completely 
through the base region and makes 
contact at some point with the emit
ter region. This "reach-through" 
phenomenon results in a relatively 
low-resistance path between the 
emitter and the collector, and causes 

Stored base charge is a measure 
of the amount of charge which exists 
in the base region of the transistor 
at the time that forward bias is re
moved. This stored charge supports 
an undiminished collector current in 
the saturation region for some finite 
time before complete switching is 
effected. This delay interval, called 
the "storage time", depends on the 
degree of saturation into which the 
transistor is driven. (This effect is 
discussed i n more deta i l under 
"Switching" in the Transistor Appl i 
cations Section.) 



Transistor Applications 

n p i l E diversified applications of 
-L transistors are treated in this sec
tion under the three major classifi
cations of Amplification, Oscillation, 
and Switching. Because various bias
ing and coupling methods are used 
in transistor circuits, bias and cou
pling arrangements are discussed 
separately before specific applica
tions are considered. Also discussed 
are stability requirements for tran
sistor circuits. 

BIASING 
The operating point for a par

ticular transistor is established by 
the quiescent (dc, no-signal) values 
of collector voltage and emitter cur
rent. I n general, a transistor may be 
considered as a current-operated de
vice, i.e., the current flowing in the 
emitter-base circuit controls the 
current flowing in the collector cir
cuit. The voltage and current values 
selected, as well as the particular 
biasing arrangement used, depend 
upon both the transistor character
istics and the specific requirements 
of the application. 

N - P - N 

( a ) 

F i g u r e 2 9 . B i a s i n g n e t w o r k fo r c o m m o n - b a s e 

A s mentioned previously, biasing 
of a transistor for most applications 
consists of forward bias across the 
emitter-base junction and reverse 
bias across the collector-base junc
tion. I n F igs . 21, 22, and 23, two 
batteries were used to establish bias 
of the correct polarity for an n-p-n 
transistor in the common-base, com
mon-emitter, and common-collector 
circuits, respectively. Many varia
tions of these basic circuits can also 
be used. ( I n these simplified circuits, 
inductors and transformers are rep
resented only by their series re
sistances.) 

A simplified biasing arrangement 
for the common-base circuit is shown 
in F i g . 29. Bias for both the collector-
base junction and the., emitter-base 
junction is obtained from the single 
battery through the voltage-divider 
network consisting of resistors R» 
and R3. (For the n-p-n transistor 
shown in F i g . 29a, the emitter-base 
junction is forward-biased because 
the emitter is negative with respect 
to the base, and the collector-base 

P - N - P 

c i r c u i t f o r (a ) n-p-n a n d (b) p-n-p t r a n s i s t o r s . 
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junction is reverse-biased because 
the collector is positive with respect 
to the base, as shown. For the p-n-p 
transistor shown in F i g . 29b, the 
polarity of the battery and of the 
electrolytic bypass capacitor C i is 
reversed.) The electron current I 
from the battery and through the 
voltage divider causes a voltage drop 
across resistor R2 which biases the 
emitter with respect to the base. 
This resistor is bypassed with capac
itor Ci so that the base is effectively 
grounded for ac signals. 

The common-emitter circuit also 
can be biased by means of a single 
battery. The simplified arrangement 
shown in F i g . 3 0 is commonly called 
"fixed bias". I n this case, both the 
base and the collector are made 
positive with respect to the emitter 
by means of the battery. The base 
resistance RB is then selected to pro
vide the desired base current for 
the transistor (which, i n turn, estab
lishes the desired emitter current), by 
means of the following expression: 

R B = • 
Battery volts Ebb 

Desired base amperes I B 
I n the circuit shown, for example, 

the battery voltage is six volts. The 

F i g u r e 3 0 . " F i x e d - b i a s " a r r a n g e m e n t for 
c o m m o n - e m i t t e r c i r c u i t . 

value of RB was selected to provide 
a base current of 30 microamperes, 
as follows: 

R B = 
30 X 10"6 

= 200,000 ohma 

The fixed-bias arrangement shown 
in F i g . 30, however, is not a satis
factory method of biasing the base 
in a common-emitter circuit. The 
critical base current in this type of 
circuit is very difficult to maintain 
under fixed-bias conditions because 

of variations between transistors 
and the sensitivity of these devices 
to temperature changes. This prob
lem is partially overcome in the "self-
bias" arrangement shown in F i g . 31 . 

F i g u r e 3 1 . " S e l f - b i a s " a r r a n g e m e n t for 
c o m m o n - e m i t t e r c i r c u i t . 

I n this circuit, the base resistor is 
tied directly to the collector. This 
connection helps to stabilize the oper
ating point because an increase or 
decrease in collector current pro
duces a corresponding increase or 
decrease in base bias. The value of 
RB is then determined as described 
above, except that the collector volt
age Eo is used in place of the sup
ply voltage Ebb: 

R = — = 0  

B I B ~ 30 X 10- 8 
= 100,000 ohms 

The arrangement shown in F i g . 3 1 
overcomes many of the disadvan
tages of fixed bias, although i t re
duces the effective gain of the circuit. 

I n the bias method shown in F i g . 
32, the voltage-divider network com
posed of R i and R2 provides the 
required forward bias across the 
base-emitter junction. The value of 
the base bias is determined by the 
current through the voltage divider. 
Any change in collector current 

F i g u r e 3 2 . B i a s n e t w o r k u s i n g v o l t a g e -
d i v i d e r a r r a n g e m e n t fo r i n c r e a s e d s t a b i l i t y . 
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caused by a change in emitter 
current, therefore, automatically 
changes the base bias. This type of 
circuit provides less gain than the 
circuit of F i g . 31, but is commonly 
used because of its inherent stability. 

The common-emitter circuits shown 
in F igs . 33 and 34 may be used to 
provide stability and yet minimize 
loss of gain. I n F i g . 33, a resistor 
RH is added to the emitter circuit, 
and the base resistor R j is returned 

F i g u r e 3 3 . B i a s n e t w o r k u s i n g e m i t t e r 
s t a b i l i z i n g r e s i s t o r . 

to the positive terminal of the bat
tery instead of to the collector. The 
emitter resistor RH provides addi
tional stability; i t is bypassed with 
capacitor Cm. The value of CB is 
usually about 50 microfarads, but 
may be much higher depending, 
among other things, on the lowest 
frequency to be amplified. 

I n F i g . 34, the R2R3 voltage-divider 
network is split, and al l ac feedback 
currents through Rs are shunted to 
ground (bypassed) by capacitor &. 
The value of R 3 is usually larger 
than the value of R*. The total re
sistance of R2 and R3 should equal 
the resistance of R i in F i g . 32. 

ments shown in F igs . 31, 32, 33, and 
34 may be used. However, the sta
bility of F igs . 31, 32, and 34 may be 
poor unless the voltage drop across 
the load resistor R L is at least one-
third the value of the supply volt
age. The determining factors in the 
selection of the biasing circuit are 
usually gain and circuit stability. 

I n many cases, the bias network 
may include special elements to com
pensate for the effects of variations 
in ambient temperature or in sup
ply voltage. For example, the therm
istor (temperature-sensitive resis
tor) shown in F i g . 35a is used to 
compensate for the rapid increase 
of collector current with increasing 
temperature. Because the thermistor 
resistance decreases as the tempera
ture increases, the bias voltage is 
reduced and the collector current 
tends to remain constant. The addi
tion of the shunt and series resist
ances provides most effective com-

S U P P L Y 
V O L T A G E 

THERMISTOR 

DIODE 

( a ) ( b ) 

F i g u r e 3 4 . B i a s n e t w o r k u s i n g s p l i t v o i t a g e -
d i v i d e r n e t w o r k . 

In practical circuit applications, 
any combination of the arrange-

F i g u r e 3 5 . B i a s n e t w o r k s i n c l u d i n g (a ) a 
t h e r m i s t o r a n d (b) a t e m p e r a t u r e - a n d 

v o l t a g e - c o m p e n s a t i n g d i o d e . 

pensation over a desired temperature 
range. 

The diode biasing network shown 
in F i g . 35b stabilizes collector cur
rent for variations in both tempera
ture and supply voltage. The diode 
current determines a bias voltage 
which establishes the t r ans i s to r 
idling current (collector current un
der no-signal conditions). A s the tern-
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perature increases, this bias voltage 
decreases. Because the transistor 
characteristic also shifts in the same 
direction and magnitude, however, 
the idling current remains essen
tial ly independent of temperature. 
Temperature stabilization with a 
diode network is substantially better 
than that provided by most therm
istor bias networks. 

I n addition, the diode bias current 
varies in direct proportion with 
changes in supply voltage. The re
sultant change in bias voltage is 
small, however, so that the idling 
current also changes in direct pro
portion to the supply voltage. Sup
ply-voltage stabilization with a diode 
biasing network reduces current 
variation to about one-fifth that ob
tained when resistor or thermistor 
bias is used. 

COUPLING 
Three basic methods are used to 

couple t r a n s i s t o r s t ages : t r ans 
former, resistance-capacitance, and 
direct coupling. 

The major advantage of trans
former coupling is that i t permits 
the input and output impedance of 
the transistor to be matched for 
maximum power gain. The trans
former-coupled common-emitter 
n-p-n stage shown in F i g . 36 em
ploys both fixed and self bias, and 
includes an emitter resistor R H for 

INPUT 

herent in this transformer is not 
significant in transistor circuits be
cause, as mentioned previously, the 
t rans i s to r i s a current-operated 
device. Although the voltage is 
stepped down, the available current 
is stepped up. The change in base 
current resulting from the presence 
of the signal causes an ac collector 
current to flow in the primary wind
ing of transformer T 2 , and a power 
gain can be measured between T 
and T 2 . 

This use of a voltage step-down 
transformer is similar to that in the 
output stage of an audio amplifier, 
where a step-down transformer is 
normally used to drive the loud
speaker, which is also a current-
operated device. The purpose of the 
transformer in both cases is to 
transfer power from one impedance 
level to another. 

The voltage-divider network con
sisting of resistors R i and R j in F i g . 
36 provides bias for the transistor. 
The voltage divider is bypassed by 
capacitor Ci to avoid signal attenua
tion. The stabilizing emitter resistor 
RB permits normal variations of the 
transistor and circuit elements to be 
compensated for automatically with
out adverse effects. This resistor R H 

is bypassed by capacitor d . The 
voltage supply EM> is also bypassed, 
by capacitor d , to prevent feedback 

F i g u r e 3 6 . T r a n s f o r m e r - c o u p l e d c o m m o n - e m i t t e r s t a g e . 

stabilization. The voltage step-down 
transformer T i couples the signal 
from the collector of the preceding 
stage to the base of the common-
emitter stage. The voltage loss in-

in the event that ac signal voltages 
are developed across the power sup
ply. Capacitor Ci and C 2 may nor
m a l l y be r e p l a c e d by a s i n g l e 
capacitor connected between the emit-
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ter and the bottom of the secondary-
winding of transformer T\ with little 
change in performance. 

Because there is no resistor in the 
collector circuit to dissipate power, 
the efficiency of a transformer-
coupled stage approaches the theo
retical maximum of 50 per cent. In 
addition, the very low impedance in 
the base circuit may simplify the 
problem of temperature stabilization. 
When a large stabilizing resistor is 
used in series with the emitter, the 
circuit stability factor may be very 
high. 

The use of resistance-capacitance 
coupling usually permits some econ
omy of circuit costs and reduction 
of size, with some accompanying 
sacrifice of gain. This method of 
coupling is particularly desirable in 
low-level, low-noise audio amplifier 
stages to minimize hum pickup from 
stray magnetic fields. Use of resist
ance-capacitance ( R C ) coupling in 
battery-operated equipment is usu
ally limited to low-power operation. 
The frequency response of an R C -
coupled stage is normally better than 

that of a transformer-coupled stage. 
F i g . 37a shows a two-stage R C -

coupled circuit using n-p-n transis
tors in the common-emitter config
uration. The method of bias is similar 
to that used in the transformer-
coupled circuit of F i g . 36. The major 
additional components are the col
lector load resistances R U and R L 2 

and the coupling capacitor C c . The 
value of Co must be made fa i r ly 
large, in the order of 2 to 10 micro
farads, because of the small input 
and load resistances involved. ( I t 
should be noted that electrolytic ca
pacitors are normally used for cou
pling in transistor audio circuits. 
Polarity must be observed, therefore, 
to obtain proper circuit operation. 
Occasionally, excessive leakage cur
rent through an electrolytic coupling 
capacitor may adversely affect tran
sistor operating currents.) 

Impedance coupling is a modified 
form of resistance-capacitance cou
pling in which inductances are used 
to replace the load resistors. This 
type of coupling is rarely used ex
cept in special applications where 
supply voltages are low and cost is 

c 

F i g u r e 37. (a) T w o - s t a g e r e s i s t a n c e - c a p a c i t a n c e - c o u p l e d c i r c u i t a n d (b) t w o - s t a g e d i r e c t -
c o u p l e d c i r c u i t . 
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not a significant factor. 
Direct coupling is used primarily 

when cost is an important factor. 
( I t should be noted that direct-
coupled amplifiers are not inherently 
dc amplifiers, i.e., that they cannot 
always amplify dc signals. Low-
frequency response is usually limited 
by other factors than the coupling 
network.) I n the direct-coupled am
plifier shown in F i g . 37b, resistor R g 

serves as both the collector load re
sistor for the first stage and the 
bias resistor for the second stage. 
Resistors R i and R* provide circuit 
stability similar to that of F i g . 32 
because the emitter voltage of tran
sistor Q2 and the collector voltage of 
transistor Qi are within a few tenths 
of a volt of each other. 

Because so few circuit parts are 
required in the direct-coupled ampli
f i e r , m a x i m u m economy can be 
achieved. However, the number of 
stages which can be directly coupled 
is limited. Temperature variation of 
the bias current in one stage is 
amplified by al l the stages, and 
severe temperature instability may 
result. 

CIRCUIT STABILITY 
Because transistor currents tend 

to increase with temperature, i t is 
necessary in the design of transistor 

circuits to include a "stability fac
tor" to limit dissipation to safe 
values under the expected high-tem
perature operating conditions. The 
circuit stability factor S F is ex
pressed as the ratio between a change 
in dc collector current Io and the cor
responding change in dc collector-
cutoff current with the emitter open 
ICBO. 

For a given set of operating volt
ages, the stability factor can be cal
culated for a maximum permissible 
rise in dc collector current from the 
room-temperature value, as follows: 

S F Icmax — Ic 
I C B 0 2 — I c i 

where Ioi and IOBOI are measured at 
25 degrees centigrade, ICBCM is meas
ured at the maximum expected am
bient (or junction) temperature, and 
Iomar is the maximum permissible 

^collector current for the specified 
collector-to-emitter voltage at the 
maximum expected ambient (or junc
tion) temperature (to keep transis
tor dissipation within rat ings) . 

The calculated values of S F can 
then be used, together with the ap
propriate values of beta and rb (base-
connection resistance), to determine 
suitable resistance values for the 
transistor circuit. F i g . 38 shows 
equations for S F in terms of resist-

c f J 3 ( R | + R 2 ' )  
- R 2 ' + 0 R l 

R 2 ' = R 2 + rb 

S F > 
/3 (R| + Req) 

Req +/3 R| 

R 4 R 5 

ft(P+Q) 

R e q = R 2 ' + 

S F = 
Q + / 3 P 

Q=R 2'(R3+R4+R5) + R 4 R 5 
P = R | (R3+R4 + R5) + R3R5 
R 2 ' = R 2 + r b 

R4+R5 
R 2 ' = R 2 + r b 

F i g u r e 38 . C i r c u i t - s t a b i l i t y - f a c t o r e q u a t i o n s fo r t h r e e t y p i c a l c i r c u i t c o n f i g u r a t i o n s . 
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ance values for three typical circuit 
configurations. The maximum value 
which S F can assume is the value 
of beta. 

AMPLIFICATION 
The amplifying action of a tran

sistor can be used in various ways 
in electronic circuits, depending on 
the results desired. The four recog
nized classes of amplifier service can 
be denned for transistor circuits as 
follows: 

A class A amplifier is an amplifier 
in which the base bias and alter
nating signal are such that collector 
current in a specific transistor flows 
continuously during the complete 
electrical cycle of the signal, and 
even when no signal is present. 

A class A B amplifier is an ampli
fier in which the base bias and alter
nating signal are such that collector 
current i n a specific transistor flows 
for appreciably more than half but 
less than the entire electrical cycle. 

A class B amplifier is an amplifier 
in which the base is biased to ap
proximately collector-current cutoff, 
so that collector current is approxi
mately zero when no signal is ap
plied, and so that collector current 
in a specific transistor flows for ap
proximately one-half of each cycle 
when an alternating signal is ap
plied. 

A class C amplifier is an amplifier 
in which the base is biased to such 
a degree that the collector current 
in each transistor is zero when no 
signal is applied, and so that col
lector current in a specific transistor 
flows for appreciably less than one-
half of each cycle when an alter
nating signal is applied. 

For radio-frequency ( r f ) ampli
fiers which operate into selective 
tuned circuits, or for other ampli
fiers in which distortion is not a 
prime factor, any of the above classes 
of amplification may be used with 
either a single transistor or a push-
pull stage. For audio-frequency (af) 
amplifiers in which distortion is an 
important factor, single transistors 

can be used only in class A ampli
fiers. For class A B or class B audio-
amplifier service, a balanced amplifier 
stage using two transistors is re
quired. A push-pull stage can also 
be used in class A audio amplifiers 
to obtain reduced distortion and 
greater power output. Class C ampli
fiers cannot be used for audio appli
cations. 

Audio Amplifiers 
Audio amplifier circuits are used 

in radio and television receivers, 
public address systems, sound re
corders and reproducers, and similar 
applications to amplify signals in the 
frequency range from 10 to 20,000 
cycles per second. Each transistor in 
an audio amplifier can be considered 
as either a current amplifier or a 
power amplifier. 

Simple class A amplifier circuits 
are normally used in low-level audio 
stages such as preamplifiers and 
drivers. Preamplifiers usually follow 
low-level output transducers such as 
microphones, hearing-aid and phono
graph pickup devices, and recorder-
reproducer heads. 

One of the most important char
acteristics of a low-level amplifier 
circuit is its signal-to-noise ratio, 
or noise figure. The input circuit of 
an amplifier inherently contains some 
thermal noise contributed by the re
sistive elements in the input device. 
A l l resistors generate a predictable 
quantity of noise power as a result 
of thermal activity. This power is 
about 160 db below one watt for a 
bandwidth of 10 kilocycles. 

When an input signal is amplified, 
therefore, the thermal noise gener
ated in the input circuit is also 
amplified. I f the ratio of signal 
power to noise power ( S / N ) is the 
same in the output circuit as in the 
input circuit, the amplifier is con
sidered to be "noiseless" and is said 
to have a noise figure of unity, or 
zero db. 

In practical circuits, however, the 
ratio of signal power to noise power 
is inevitably impaired during ampli
fication as a result of the generation 
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of additional noise in the circuit ele
ments. A measure of the degree of 
impairment is called the noise figure 
( N F ) of the amplifier, and is ex
pressed as the ratio of signal power 
to noise power at the input (S1/N1) 
divided by the ratio of signal power 
to noise power at the output (So/No), 
as follows: 

The noise figure in db is equal to 
ten times the logarithm of this 
power ratio. For example, an ampli
fier with a one-db noise figure de
creases the signal-to-noise ratio by 
a factor of 1.26, a 3-db noise figure 
by a factor of 2, a 10-db noise figure 
by a factor of 10, and a 20-db noise 
figure by a factor of 100. A value of 
N F below 6 db is generally con
sidered excellent. 

I n audio amplifiers, i t is desirable 
that the noise figure be kept low. I n 
general, the lowest value of N F is 
obtained by use of an emitter cur
rent of less than one milliampere, a 
collector voltage of less than two 
volts, and a signal-source resistance 
between 300 and 3000 ohms. 

In the simple low-level amplifier 
stage shown in F i g . 39, the resistors 
R i and Rz determine the base-emitter 
bias for the p-n-p transistor. Resis
tor R9 is the emitter stabilizing re
sistor; capacitor C i bypasses the ac 
signal around Ra. The output signal 
is developed across the collector load 
resistor R4. The collector voltage and 
the emitter current are kept rela
tively low to reduce the noise figure. 

In many cases, low-level amplifier 
stages used as preamplifiers include 
some type of frequency-compensa
tion network to improve either the 
low-frequency or the high-frequency 
components of the input signal. The 
simplest type of equalization net
work is shown in F i g . 40. Because 

F i g u r e 3 9 . S i m p l e l o w - l e v e l c l a s s A 
a m p l i f i e r . 

the capacitor C is effectively an open 
circuit at low frequencies, the low 
frequencies must be passed through 
the resistor R and are attenuated. 
The capacitor has a lower reactance 
at high frequencies, however, and 
bypasses high-frequency components 
around R so that they receive negli
gible attenuation. Thus the network 
effectively "boosts" the high frequen
cies. 

Feedback networks may also be 
used for frequency compensation and 
for reduction of distortion. Basically, 
a feedback network returns a por
tion of the output signal to the input 
circuit of an amplifier. The feedback 
signal may be returned in phase with 
the input signal (positive or re
generative feedback) or 180 degrees 
out of phase with the input signal 
(negative, inverse, or degenerative 
feedback). I n either case, the feed
back can be made proportional to 
either the output voltage or the out
put current, and can be applied to 
either the input voltage or the input 
current. A negative feedback signal 
proportional to the output current 
raises the output impedance of the 
amplifier; negative feedback propor
tional to the output voltage reduces 
the output impedance. A negative 
feedback signal applied to the input 
current decreases the input imped
ance; negative feedback applied to 
the input voltage increases the input 

A M P L I F I E R 
S T A G E 

R AMPLIF IER 
C \t S T A G E 

F i g u r e 4 0 . S i m p l e R C f r e q u e n c y - c o m p e n s a t i o n n e t w o r k . 
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impedance. Opposite effects are pro
duced by positive feedback. 

A simple negative or inverse feed
back network which provides high-
frequency boost is shown in F i g . 41. 

Such circuits should be designed to 
minimize the flow of dc currents 
through these controls so that little 
or no noise wi l l be developed by the 
movable contact during the life of 

A A / V 

A M P L I F I E R 
S T A G E 

R 2 

— J — A A A — i 

AMPLFFIER 
S T A G E 

F i g u r e 4 1 . N e g a t i v e - f e e d b a c k f r e q u e n c y - c o m p e n s a t i o n n e t w o r k . 

This network provides equalization 
comparable to that obtained with F i g . 
40, but is more suitable for low-level 
amplifier stages because it does not 
require high-level low frequencies. 
In addition, the inverse feedback im
proves the distortion characteristics 
of the amplifier. 

As mentioned previously, it is 
undesirable to use a high-resistance 
signal source for an audio amplifier 
because of the high noise figure in
volved. High source resistance can
not be avoided, however, i f an input 
device such as a crystal pickup is 
used. I n such cases, the use of nega
tive feedback to raise the input im
pedance of the amplifier circuit (to 
avoid mismatch loss) is no solution 
because feedback cannot improve the 
signal-to-noise ratio of the amplifier. 
A more practical method is to in
crease the input impedance some
what by operating the transistor at 

the circuit. Volume controls and their 
associated circuits should permit var
iation of gain from zero to maxi
mum, and should attenuate al l 
frequencies equally for al l positions 
of the variable arm of the control. 
Several examples of volume controls 
and tone controls are shown in the 
Circuits Section. 

Driver stages in audio amplifiers 
are located immediately before the 
power-output stage. When a single-
ended class A output stage is used, 
the driver stage is similar to a pre
amplifier stage. When a push-pull 
output stage is used, however, the 
audio driver must provide two output 
signals, each 180 degrees out of 
phase with the other. This phase re
quirement can be met by use of a 
tapped-secondary transformer be
tween a single-ended driver stage 
and the Output stage, as shown in 
F i g . 42. The transformer T i provides 

O T O Q| 

f—OTO 0.2 

4 - ^ 
F i g u r e 4 2 . D r i v e r s t a g e fo r p u s h - p u l l o u t p u t c i r c u i t . 

the lowest practical current level and 
by using a transistor which has a 
high forward current-transfer ratio. 

Some preamplifier or low-level 
audio amplifier circuits include va r i 
able resistors or potentiometers which 
function as volume or tone controls. 

the required out-of-phase input sig
nals for the two transistors Q, and 
Q2 in the push-pull output stage. 

Transistor audio power amplifiers 
may be class A single-ended stages, 
or class A , class A B , or class B 
push-pull stages. A simple class A 
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single-ended power a m p l i f i e r i s 
shown in F i g . 43. Component values 
which wi l l provide the desired power 
output can be calculated from the 
transistor characteristics and the 
supply voltage. For example, an out
put of four watts may be desired 
from a circuit operating with a sup
ply voltage of 14.5 volts (this volt
age is normally available in auto
mobiles which have a 12-volt ignition 

The current through resistor R i 
is about 10 to 20 per cent of the col
lector current; a typical value is 15 
per cent of 0.6, or 90 milliamperes. 

The voltage from base to ground 
is equal to the base-to-emitter volt
age (determined from the transistor 
transfer-characteristics curves for 
the desired collector or emitter cur
rent; normally about 0.4 volt for an 
emitter current of 600 milliamperes) 

F i g u r e 4 3 . C l a s s A p o w e r - a m p l i f i e r c i r c u i t . 

system). I f losses are assumed to be 
negligible, the power output ( P O ) 
is equal to the peak collector volt
age ( e c ) times the peak collector 
current ( i c ) , both divided by the 
square root of two to obtain rms 
values. The peak collector current 
can then be determined as follows: 

PO 
eo ^ ic 

V 2 V 2 

U = P O ( V 2 ) X 

= 4 V 2 X V2_ 
14.5 

= 0.55, or approximately 
0.6 ampere. 

In class A service, the dc collector 
current and the peak collector swing 
are about the same. Thus, the col
lector voltage and current are 14.5 
volts and 0.6 ampere, respectively. 

The voltage drop across the re
sistor R H in F i g . 43 usually ranges 
from 0.3 to 1 volt; a typical value of 
0.6 volt can be assumed. Because 
the emitter current is very nearly 
equal to the collector current (0.6 
ampere), the value of RB must equal 
the 0.6-volt drop divided by the 
0.6-ampere current, or one ohm. 

plus the emitter-to-ground voltage 
(0.6 volt as described above), or one 
volt. The voltage across R>, there
fore, is 14.5 minus 1, or 13.5 volts. 
The value of R> must equal 13.5 di
vided by 90, or about 150 ohms. 

Because the voltage drop across 
the secondary winding of the driver 
transformer T i is negligible, the volt
age drop across R i is one volt. The 
current through R i equals the cur
rent through R . (90 milliamperes) 
minus the base current. I f the dc 
forward current-transfer ratio (beta) 
of the transistor selected has a typi
cal value of 60, the base current 
equals the collector current of 600 
milliamperes divided by 60, or 10 
milliamperes. The current through 
R i is then 90 minus 10, or 80 mi l l i 
amperes, and the value of R i is 1 
divided by 80, or about 12 ohms. 

The transformer requirements are 
determined from the ac voltages and 
currents in the circuit. The peak 
collector voltage swing that can be 
used before distortion occurs as a 
result of clipping of the output volt
age is about 13 volts. The peak col
lector current swing available before 
current cutoff occurs is the dc cur
rent of 600 milliamperes. Therefore, 
the collector load impedance should 
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be 13 volts divided by 600 mil l i 
amperes, or about 20 ohms, and the 
output transformer T 2 should be de
signed to match a 20-ohm primary 
impedance to the desired speaker im
pedance. I f a 3.2-ohm speaker is 
used, for example, the impedance 
values for T 2 should be 20 ohms to 
3.2 ohms. 

The total input power to the circuit 
of F i g . 43 is equal to the voltage 
required across the secondary wind
ing of the driver transformer T i 
times the current. The driver signal 
current is equal to the base cur
rent (10 milliamperes, or 7 milliam-
peres rms) . The peak ac signal volt
age is the sum of the base-to-emitter 
voltage across the transistor (0.4 
volt as determined above), plus 
the voltage across R E (0.6 volt) , 
plus the peak ac signal voltage 
across R i (1.0 milliampere times 12 
ohms, or 0.12 vol t ) . The input volt
age, therefore, is about one volt 
peak, or 0.7 volt rms. Thus, the total 
ac input power required to produce 
an output of 4 watts is 0.7 volt 
times 7 milliamperes, or 5 milliwatts, 
and the input impedance is 0.7 volt 
divided by 7 milliamperes, or 100 
ohms. 

Higher power output can be 
achieved with less distortion in class 
A service by the use of a push-pull 
circuit arrangement. One of the dis
advantages of a transistor class A 
amplifier (single-ended or push-pull), 
however, is that collector current 
flows at all times. As a result, tran
sistor dissipation is highest when no 
ac signal is present. This dissipation 
can be greatly reduced by use of 
class B push-pull operation. When 
two transistors are connected in 
class B push-pull, one transistor 
amplifies half of the signal, and the 
other transistor amplifies the other 
half. These half-signals are then 
combined in the output circuit to re
store the original waveform in an 
amplified state. 

Ideally, transistors used in class B 
service should be biased to collector 
cutoff so that no power is dissipated 
under zero-signal conditions. A t low 

signal inputs, however, the resulting 
signal would be distorted, as shown 
in F i g . 44, because of the low for
ward current-transfer ratio of the 
transistor at very low currents. This 
type of distortion, called cross-over 

O U T P U T 
C O L L E C T O R 

C U R R E N T 

F i g u r e 4 4 . W a v e f o r m s s h o w i n g c a u s e of 
c r o s s - o v e r d i s t o r t i o n . 

distortion, can be suppressed by the 
use of a bias which permits a small 
collector current flow at zero signal 
level. Any residual distortion can be 
further reduced by the use of nega
tive feedback. 

A typical class B push-pull audio 
amplifier is shown in F i g . 45. Re
sistors Run and R H 2 are the emitter 
stabilizing resistors. Resistors R 
and R i form a voltage-divider net
work which provides the bias for the 
transistors. The base-emitter circuit 
is biased near collector cutoff so that 
very little collector power is dissi
pated under no-signal conditions. 
The characteristics of the bias net
work must be very carefully chosen 
so that the bias voltage wi l l be just 
sufficient to minimize cross-over dis
tortion at low signal levels. Because 
the collector current, collector dissi
pation, and dc operating point of a 
transistor vary with ambient tem
perature, a temperature-sensitive re
sistor (such as a thermistor) or a 
bias-compensating diode may be 
used in the biasing network to mini-
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mize the effect of temperature 
variations. 

The advantages of class B opera
tion can be obtained without the need 
for an output transformer by use 
of a single-ended class B circuit such 
as that shown in F i g . 46. I n this cir
cuit, the secondary windings of the 
driver transformer T i are phased so 
that a positive signal from base to 
emitter of one transistor is accom
panied by a negative signal from 
base to emitter of the other tran
sistor. When a positive signal is ap
plied to the base of transistor Qi, 
for example, Qi draws current. This 
current must f low through the 
speaker because the accompanying 
negative signal on the base of tran
sistor Q2 cuts Q2 off. When the sig
nal polarity reverses, transistor Qi 

is cut off, while Q2 conducts current. 
The resistive dividers R1R2 and R 3 R< 
provide a dc bias which keeps the 
transistors slightly above cutoff un
der no-signal conditions and thus 
minimizes cross-over distortion. The 
emitter resistors Em and RH 2 help to 
compensate for differences between 
transistors and for the effects of 
ambient-temperature variations. 

The secondary windings of any 
class B driver transformer should be 
bifilar-wound (i.e., wound together) 
to obtain t igh te r coupling and 
thereby minimize leakage induct
ance. Otherwise, "ringing" may oc
cur in the cross-over region as a 
result of the energy stored in the 
leakage inductance. 

Because junction transistors can 
be made in both p-n-p and n-p-n 

F i g u r e 4 6 . S i n g l e - e n d e d c l a s s B c i r c u i t . 
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types, they can be used in comple
mentary-symmetry circuits to obtain 
all the advantages of conventional 
push-pull amplifiers plus direct cou
pling. The arrows in F i g . 47 indicate 
the direction of electron current flow 

F i g u r e 4 7 . E l e c t r o n - c u r r e n t f low in p-n-p 
a n d n-p-n t r a n s i s t o r s . 

in the terminal leads of p-n-p and 
n-p-n transistors. When these two 
transistors are connected in a single 
stage, as shown in F i g . 48, the dc 
electron current path in the output 
circuit is completed through the col
lector-emitter circuits of the tran
sistors. I n the circuits of F igs . 45 

P - N - P 

INPUT 

F i g u r e 4 8 . B a s i c c o m p l e m e n t a r y - s y m m e t r y 
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and 48, essentially no dc current 
flows through the load resistor R L . 
Therefore, the voice coil of a loud
speaker can be connected directly in 
place of R L without excessive speaker 
cone distortion. 

A phase inverter is a type of class 
A amplifier used when two out-of-
phase outputs are required. I n the 
split-load phase-inverter stage shown 
in F i g . 49, the output current of 
transistor Qi flows through both the 
collector load resistor R 4 and the 
emitter load resistor Ra. When the 
input signal is negative, the in
creased output current causes the 
collector side of resistor R» to be
come more positive and the emitter 

side of resistor R to become more 
negative with respect to ground. 
When the input signal is positive, 
the output current decreases and op
posite voltage polarities are estab
lished across resistors R 3 and R 4 . 
Thus, two output signals are pro
duced which are 180 degrees out of 
phase with each other. This circuit 
provides the 180-degree phase rela
tionship only when each load is re
sistive throughout the entire signal 
swing. I t is not suitable, therefore, 
as a driver stage for a class B out
put stage. 

INPUT 
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Tuned Amplifiers 
I n transistor radio-frequency ( r f ) 

and intermediate-frequency ( i f ) am
plifiers, the bandwidth of frequencies 
to be amplified is usually only a 
small percentage of the center fre
quency. Tuned amplifiers are used 
in these applications to select the 
desired bandwidth of frequencies and 
to suppress unwanted frequencies. 
The selectivity of the amplifier is 
obtained by means of tuned inter
stage coupling networks. 

The properties of tuned amplifiers 
depend upon the characteristics of 
resonant circuits. A simple parallel 
resonant circuit (sometimes called a 
"tank" because it stores energy) is 
shown in F i g . 50. For practical pur
poses, the resonant frequency of such 
a circuit may be considered inde
pendent of the resistance R , provided 
R is small compared to the inductive 
reactance X L . The resonant fre
quency f r is then given by 

f, = 
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For any given resonant frequency, 
the product of L and C is a constant; 
at low' frequencies L C is large; at 
high frequencies i t is small . 

i c 

• o — 1 

F i g u r e 5 0 . S i m p l e p a r a l l e l r e s o n a n t c i r c u i t . 

The ; Q (selectivity) of a parallel 
resonant circuit alone is the ratio of 
the current in the tank ( I I or I 0 ) to 
the current in the line ( I ) . This un
loaded Q, or Q 0, may be expressed 
in various ways, for example: 

n _ Ic X L Z 
y ° " " T = " r = x « : . ' 

where X L is the inductive reactance 
( = 27rfL), X C is the capacitive re
actance ( = l / [ 2 7 r f C ] ) , and Z is the 
total impedance of the parallel reso
nant circuit ( t ank) . The Q varies 
inversely with the resistance of the 
inductor. The lower the resistance, 
the higher the Q and the greater the 
difference between the tank imped
ance at frequencies off resonance 
compared to the tank impedance at 
the resonant frequency. 

The Q of a tuned interstage cou
pling network also depends upon the 
impedances of the preceding and fol
lowing stages. The output impedance 
of a transistor can be considered as 
consisting of a resistance R 0 in par

allel with a capacitance Co, as shown 
in F i g . 51. Similarly, the input im
pedance can be considered as consist
ing of a resistance R i in parallel 
with a capacitance C i . Because the 
tuned circuit is shunted by both the 
output impedance of the preceding 
transistor and the input impedance 
of the following transistor, the ef
fective selectivity of the circuit is 
the loaded Q (or Q L ) based upon 
the total impedance of the coupled 
network, as follows: . . . . 

n _ Z (total loading on coil) ' 

The capacitances Co and C i in F i g . 
51 are usually considered as part of 
the coupling network. For example, 
i f the required capacitance between 
terminals 1 and 2 of the coupling 
network is calculated to be 500 pico
farads and the value of Co is 10 
picofarads, a capacitor of 490 pico
farads is used between terminals 1 
and 2 so that the total capacitance is 
500 picofarads. The same method is 
used to allow for the capacitance C i 
at terminals 3 and 4. 

When a tuned resonant circuit in 
the primary Winding of a trans
former is coupled to the nonresonant 
secondary winding of the trans
former, as shown in F i g . 52, the ef
fect of the input impedance of the 
following stage on the Q of the tuned 
circuit can be determined by con
sidering the values reflected (or re
ferred) to the primary circuit by 
transformer action. The reflected re
sistance r i is equal to the resistance 
R i in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of the transformer T : 

O U T P U T O F 
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c o n n e c t e d b y a c o u p l i n g n e t w o r k . 
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F i g u r e 5 2 . E q u i v a l e n t c i r c u i t f o r t r a n s f o r m e r -
c o u p l i n g n e t w o r k h a v i n g t u n e d p r i m a r y 

w i n d i n g . 

r, = R , ( N , / N , ) a 

where N i / N 2 represents the electrical 
turns ratio between the primary 
winding and the secondary winding 
of T . I f there is capacitance in the 
secondary circuit (C») , i t is reflected 
to the primary circuit as a capaci
tance C»p, and is given by 

C u d — Cr ( N , / N 0 S 

The loaded Q, or QL, is then calcu
lated on the basis of the inductance 
Lp, the total shunt resistance (Ro 
plus r i plus the tuned-circuit im
pedance Z T = QoXc = Q o X L ) , and 
the total capacitance ( C p + C P ) in 
the tuned circuit. 

F i g . 53 shows a coupling network 
which consists of a single-tuned cir
cuit using magnetic or mutual in
ductive coupling. The capacitance Ct 
includes the effects of both the out
put capacitance of the preceding 
transistor and the input capacitance 
of the following transistor (referred 
to the primary of transformer T i ) . 

OUTPUT OF 
PRECEDING 
TRANSISTOR Ct 

INPUT OF 
FOLLOWING 
TRANSISTOR 

F i g u r e 5 3 . S i n g l e - t u n e d c o u p l i n g n e t w o r k 
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The bandwidth, or effective frequency 
range, of a single-tuned transformer 
is determined by the half-power 
points on the resonance curve (—3 
db or 0.707 down from the maxi
mum). Under these conditions, the 
band pass A f is equal to the ratio 
of the center or resonant frequency 
f r divided by the loaded (effective) 
Q of the circuit, as follows: 

Af = I i / Q L 

The inherent internal feedback in 
transistors can cause instability and 
oscillation as the gain of an amplifier 
stage is increased (i.e., as the load 
and source impedances are increased 
from zero to matched conditions). 
A t low frequencies, therefore, where 
the potential gain of transistors is 
high, i t is often desirable to keep 
the transistor load impedance low. 
Relatively high capacitance values in 
the tuned collector circuit can then 
be avoided by use of a tap on the 
primary winding1 of the coupling 
transformer, as shown in F i g . 54. A t 
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F i g u r e 5 4 . T r a n s f o r m e r c o u p l i n g n e t w o r k 
u s i n g t a p o n p r i m a r y w i n d i n g . 

higher frequencies, the gain poten
tial of the transistor decreases, and 
impedance matching is permissible. 

Exte rna l feedback circuits are 
often used in tuned coupling net
works to counteract the effects of 
the internal transistor feedback and 
thus provide more gain or more 
stable performance. I f the external 
feedback circuit cancels the effects 
of both the resistive and the reac
tive internal feedback, the amplifier 
is considered to be unilateralized. I f 
the external circuit cancels the effect 
of only the reactive internal feed
back, the amplifier is considered to 
be neutralized. 

A typical tuned amplifier using 
neutralization is shown in F i g . 55. 
The input signal to the transistor 
is an i f carrier (e.g., 455 kilocycles) 
amplitude-modulated by an audio 
signal. Capacitor C i and the primary 
winding of transformer T i form a 
pa ra l l e l - tuned c i r c u i t resonant at 
455 k i l ocyc l e s . T r a n s f o r m e r T i 
couples the signal power from the 
previous stage to the base of the 
transistor. Resistor Ra provides for
ward bias to the transistor. Capaci
tor C 3 provides a low-impedance path 
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for the 455-kilocycle signal from the 
input tuned circuit to the emitter. 
Resistor R*, which is bypassed for 
455 kilocycles by capacitor d, is 
the emitter dc stabilizing resistor. 
The amplified signal from the tran
sistor is developed across the par
allel resonant circuit (tuned to 455 
kilocycles) formed by capacitor C« 
and the primary winding of trans
former T 2 , and is coupled by T 2 to 
the crystal-diode second detector CR. 

Voltage at the intermediate fre
quency is taken from the secondary 
winding of the single-tuned output 
circuit and applied to the base of 
the transistor through the feedback 
(neutralizing) capacitor C 6 . Because 
of the phase reversal in the common-
emitter configuration, this external 
feedback is out of phase with the 
input from the i f amplifier, and can
cels the in-phase reactive feedback 
in the transistor due to the internal 
capacitance between the collector 
and the base. 

The rectified output of the crystal 
diode C R is filtered by capacitor C 7 

and resistor R» so that the voltage 
across capacitor C 7 consists of an 
audio signal and a dc voltage (posi
tive with respect to ground for the 
arrangement shown in F i g . 55) that 
is directly proportional to the am
plitude of the i f carrier. This dc 

voltage is fed back to the emitter of 
the transistor through the resistor 
R i to provide automatic gain control. 
Resistor R i and capacitor Cn form 
an audio decoupling network to pre
vent audio feedback to the base of 
the transistor. 

Automatic gain control (age) is 
often used in r f and i f amplifiers in 
A M radio and television receivers to 
provide lower gain for strong sig
nals and higher gain for weak sig
na l s . T h e dc component of the 
second-detector output, which is di
rectly proportional to the strength 
of the signal carrier received, can 
be used to vary either the dc emitter 
current or the collector voltage of a 
transistor to provide age. F i g . 56 
shows typical curves of power gain 
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as a function of emitter current for 
a 455-kilocycle amplifier using either 
common-base or common-emitter 
configuration. 

In high-frequency tuned ampli
fiers, where the input impedance is 
typically low, mutual inductive coup
ling may be impracticable because 
of the small number of turns in the 
secondary winding. I t is extremely 
difficult in practice to construct a 
fractional part of a turn. I n such 
cases, capacitance coupling may be 
used, as shown in F i g . 57. This ar
rangement, which is also called 
capacitive division, is similar to 
tapping down on a coil near reso
nance. Impedance transformation in 
this network is determined by the 
ratio between capacitors C i and C2. 
Capaci tor C i is n o r m a l l y much 
smaller than C*; thus the capacitive 
reactance X 0 i is normally much larger 

both the resonant circuit in the in
put of the coupling network and the 
resonant circuit in the output are 
tuned to the same resonant fre
quency. I n "stagger-tuned" net
works, the two resonant circuits are 
tuned to slightly different resonant 
frequencies to provide a more rec
tangular band pass. Double-tuned or 
stagger-tuned networks may use ca
pacitive, inductive, or mutual induct
ance coupling, or any combination of 
the three. 

Cross-modulation an important 
consideration in the evaluation of 
transistorized tuner circuits. Th i s 
phenomenon, which occurs primarily 
in nonlinear systems, can be defined 
as the transfer of modulation from 
an interfering carrier to the desired 
carrier. I n general, the value of 
cross-modulation is independent of 
both the semiconductor material and 
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than Xc». Provided the input resist
ance of the following transistor is 
much greater than X C 2, the effective 
turns ratio from the top of the coil 
to the input of the following tran
sistor is ( C i + C»)/Oi. The total ca
pacitance C t across the inductance L 
is given by 

Ct = 
c , + c 2 

The resonant frequency f r is then 
given by 

'. H • :
 > 1 

fr = 2%VUCt 

Double-tuned interstage coupling 
networks are often used in prefer
ence to single-tuned networks to 
provide flatter frequency response 
within the desired pass band and a 
sharper drop in response imme
diately adjacent to the ends of the 
pass band. I n double-tuned networks, 

the construction of the transistor. 
A t low frequencies, cross-modulation 
is also independent of the amplitude 
of the desired carrier, but varies as 
the square of the amplitude of the 
interfering signal. 

I n most r f circuits, the undesir
able effects of cross-modulation can 
be minimized by good selectivity in 
the antenna and r f interstage coils. 
Minimum cross-modulation can best 
be achieved by use of the optimum 
circuit Q with respect to bandwidth 
and tracking considerations, which 
implies minimum loading of the tank 
circuits. 

I n r f circuits where selectivity is 
limited by the low unloaded Q's of 
the coils being used, improved cross-
modulation can be obtained by mis
matching the antenna circuit (that 
is, selecting the antenna primary-
to-secondary turns ratio such that 
the reflected antenna impedance at 
the base of the r f amplifier is very 
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low compared to the input imped
ance). This technique is commonly 
used in automobile receivers, and 
causes a slight degradation in noise 
figure. A t high frequencies, where 
low source impedances are difficult 
to obtain because of lead inductance 
or the impracticality of putting a 
tap on a coil having one or two turns, 
an unbypassed emitter resistor hav
ing a low value of resistance (e.g. 
22 ohms) may be used to obtain the 
same effect. 

Cross-modulation may occur in 
the mixer or r f amplifier, or both. 
Accordingly, it is important to ana
lyze the entire tuner as well as the 
individual stages. Cross-modulation 
is also a function of age. A t low-
sensitivity conditions where the r f 
stage is operating at maximum gain 
and the interfering signal is fa r 
removed from the desired signal, 
cross-modulation occurs primari ly in 
the r f stage. A s the desired signal 
level increases and reverse age is 
applied to the r f stage, the r f tran
sistor eventually becomes passive 
and provides improved cross-modula
tion. I f the interfering signal is 
close to the desired signal, it is the 
r f gain at the undesired signal fre
quency which determines whether 
the r f stage or mixer stage is the 
prime contribution of cross-modula
tion. For example, at low-signal 
levels, i t is possible that the r f stage 
gain (including attenuation) at the 
undesired frequency is greater than 
unity. I n this case, the undesired 
signal at the mixer input is larger 
than that at the r f input; thus the 
contribution of the mixer is appre
ciable. Intermediate and high signal 
conditions may be analyzed similarly 
by considering r f age. 

Direct-Coupled Amplifiers 

Direct-coupled amplifiers are nor
mally used in transistor circuits to 
amplify small dc or very-low-fre
quency ac signals. Typical applica
tions of such amplifiers include the 
output stages of series-type and 
shunt-type r egu la t ing c i r cu i t s , 

chopper-type circuits, differential 
amplifiers, and pulse amplifiers. 

In series regulator circuits such as 
that shown in F i g . 58, direct-coupled 
amplifiers are used to amplify an 

F i g u r e 5 8 . T y p i c a l s e r i e s r e g u l a t o r c i r c u i t . 

error or difference signal obtained 
from a comparison between a por
tion of the output voltage and a 
reference source. The reference-
voltage source V B is placed in the 
emitter circuit of the amplifier tran
sistor Qi so that the error or differ
ence signal between V K and some 
portion of the output voltage Vo is 
developed and amplified. The ampli
fied error signal forms the input to 
the regulating element consisting of 
transistors Q2 and Q3, and the out
put from the regulating element de
velops a controlling voltage across 
the resistor R i . 

Shunt regulator circuits are not as 
efficient as series regulator circuits 
for most applications, but they have 
the advantage of greater simplicity. 
I n the shunt voltage regulator cir
cuit shown in F i g . 59, the current 
through the shunt element consisting 
of transistors Qi and Q 2 varies with 
changes in the load current or the 
input voltage. This current variation 
is reflected across the resistance R i 
in series with the load so that the 
output voltage Vo is maintained 
nearly constant. 
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Direct-coupled amplifiers are also 
used in chopper-type circuits to am
plify low-level dc signals, as i l lu
strated by the block diagram in F i g . 
60. The dc signal modulates an ac 
carrier wave, usually a square wave, 
and the modulated wave is then am
plified to a convenient level. The 
series of amplified pulses can then 
be detected and integrated into the 
desired dc output signal. 

Differential amplifiers can be used 
to provide voltage regulation, as 
described above, or to compensate 
for fluctuations in current due to 
signal, component, or temperature 
variations. Typical differential am
plifier elements such as those shown 
in F i g . 61 include an output stage 
which supplies current to the load 
resistor R, and the necessary num
ber of direct-coupled cascaded stages 
to provide the required amount of 
gain for a given condition of line-
voltage or load-current regulation. 
The reference-voltage source V a is 
placed in one of the cascaded stages 
in such a manner that an error or 
difference signal between V k and 
some portion of the output voltage 
Vo is developed and amplified. Some 
form of temperature compensation 

is usually included to insure stabil
ity of the dixect-coupled amplifier. 

OSCILLATION 

Transistor oscillator circuits are 
similar in many respects to the tuned 
amplifiers discussed previously, ex
cept that a portion of the output 
power is returned to the input net
work in phase with the starting 
power (regenerative or positive feed
back) to sustain oscillation. 

DC bias-voltage requirements for 
oscillators are similar to those dis
cussed for amplifiers. Stabilization 
of the operating point is important 
because this point affects both the 
output amplitude and waveform and 
the frequency stability. Operation is 
normally maintained within the l in
ear portion of the transistor char
acteristic by use of a constant supply 
voltage. Because the collector-to-
emitter capacitance of the transistor 
affects frequency stability more than 
other parameters, a relatively large 
stabilizing capacitor is often used 
between the collector and emitter 
terminals to reduce the sensitivity 
of the circuit to voltage variations 
and to capacitance variations be
tween transistors. 

The maximum operating frequency 
of an oscillator circuit is limited by 
the frequency capability of the tran
sistor used. The maximum frequency 
of a transistor is defined as the fre
quency at which the power gain is 
unity (i.e., an input signal appears 
in the output circuit at the same 
level, with no loss or gain) . Because 
some power gain is required in an 

I 1—O 
F i g u r e 6 0 . B l o c k d i a g r a m s h o w i n g a c t i o n of " c h o p p e r " c i r c u i t 
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oscillator circuit to overcome losses 
in the feedback network, the oper
ating frequency must be some value 
below the transistor maximum fre
quency. 

The transistor configuration se
lected for an oscillator circuit de
pends on the oscillator requirements. 
With the common-base and common-
collector configurations, the feedback 
network must include compensation 
for the difference between the input 
and output impedances. Phase inver
sion is not required, however, be
cause no phase r e v e r s a l occurs 
between input and output in these 
circuits. Voltage and power gains 
are greater than unity with the 
common-base circuit, but current 
gain is less than unity. Current and 
power gains are greater than unity 
with the common-collector circuit, 
but voltage gain is less than unity. 

With the common-emitter configu
ration, current, voltage, and power 

gains are al l greater than unity. 
This configuration is generally desir
able for use in transistor oscillators 
because i t provides highest power 
gains. The input and output im
pedances are more closely matched 
than in the other configurations, but 
phase inversion is necessary to com
pensate for the 180-degree phase 
reversal between input and output 
circuits. (The phase inversion re
quired in a common-emitter oscillator 
may be less than 180 degrees, depend
ing on the operating frequency of the 
circuit. The transistor develops a cer
tain amount of phase shift as the 
frequency increases, usually in the 
order of 45 degrees at the beta-
cutoff frequency and about 90 de
grees at the gain-bandwidth product. 
The feedback network is required to 
supply only enough phase inversion 
to produce a net phase shift of 360 
degrees around the entire loop.) 

F o r sustained oscillation in a tran
sistor oscillator, the power gain of 
the amplifier network must be equal 
to or greater than unity. When the 
amplifier power gain becomes less 
than un i ty , osci l la t ions become 
smaller with time (are "damped") 
until they cease to exist. I n practi
cal oscillator circuits, power gains 
greater than unity are required be
cause the power output is divided 
between the load and the feedback 
network, as shown in F i g . 62. The 
feedback power must be equal to the 
input power plus the losses in the 
feedback network to sustain oscilla
tion. F o r example, i f the power gain 
of the transistor amplifier is 50 and 
the input power is 2 milliwatts, the 
total output power is 100 milliwatts. 
I f the losses in the feedback net
work equal 20 milliwatts, the feed
back power must be 2 plus 20, or 22 
milliwatts. The power delivered to 
the load is then 100 minus 22, or 78 
milliwatts. 

LC Resonant Feedback Oscillators 
The frequency-determining ele

ments of an oscillator circuit may 
consist of an inductance-capacitance 
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( L C ) network, a crystal, or a resist
ance-capacitance ( R C ) network. F i g . 
63a shows a simplified diagram for a 
transistor oscillator which uses a 
"tickler" coil L i for inductive feed
back. (DC bias circuits are omitted 
for simplicity; as in the case of am
plifiers, the emitter-base junction is 
forward-biased and the collector-
base junction is reverse-biased.) 
The waveforms of ac (instantan
eous) emitter current i e and collector 
current i c are shown in F i g . 63b. 

When the bias conditions of the 
transistor are normal and input 
power is applied, current flow in the 
circuit increases (between points X 
and Y in F i g . 63b) as a result of the 
regenerative feedback coupled from 
the collector circuit to the emitter 
circuit by the transformer windings 

(3-4 to 1-2). A point ( Y ) is reached, 
however, at which the collector-base 
junction of the transistor becomes 
forward-biased (the transistor is 
saturated), and collector current can 
no longer increase. The feedback 
current then reverses, and emitter 
and collector current decrease (be
tween points Y and Z ) until the 
emitter-base junction becomes re
verse-biased (the transistor is cut 
off). The bias conditions then revert 
to their original state, and the proc
ess is repeated. The time for change 
from saturation to cutoff is deter
mined primarily by the tuned circuit 
( tank) , which, in turn, determines 
the frequency of oscillation. 

When the common-emitter con
figuration is used, the tuned circuit 
may be placed in either the base 

T IME — > 
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circuit or the collector circuit. I n the 
tuned-base oscillator shown in F i g . 
64, one battery is used to provide al l 
the dc operating voltages for the 
transistor. Resistors R i , R , and R i 
provide the necessary bias condi
tions. Resistor Ra is the emitter 
stabilizing resistor. The components 

emitter stabilizing resistor. Capaci
tors C i and C 2 bypass ac around 
resistors R i and R*, respectively. A l 
though a series-feed arrangement is 
shown, a shunt-feed arrangement is 
also possible with slight circuit 
modifications. The shunt-feed circuit 
would be almost identical with the 

C3 

F i g u r e 6 4 . T u n e d - b a s e o s c i l l a t o r . 

within the dotted lines comprise the 
transistor amplifier. The collector 
shunt-feed arrangement prevents dc 
current flow through the tickler 
(primary) winding of transformer 
T . Feedback is accomplished by the 
mutual inductance between the trans
former windings. 

The tank circuit consisting of the 
secondary winding of transformer T 
and variable capacitor C i is the fre
quency-determining element of the 
oscillator. Variable capacitor C i per
mits tuning through a range of fre
quencies. Capacitor C2 couples the 
oscillation signal to the base of the 
transistor, and also blocks dc. Ca
pacitor C» bypasses the ac signal 
around the emitter resistor R3 and 
prevents degeneration. The output 
signal is coupled from the collector 
through coupling capacitor C B to the 
load. 

A tuned-collector transistor oscil
lator is shown in F i g . 65. I n this 
circuit, resistors R i and R 3 establish 
the base bias. Resistor is the 

one shown in the tuned-base oscil
lator in F i g . 64, except for the loca
tion of the tank circuit. The tuned 
circuit consists of the primary wind
ing of transformer T and the var
iable capacitor C 3 . Regeneration is 
accomplished by coupling the feed
back signal from transformer wind
ing 3-4 to the tickler coil winding 

F i g u r e 6 5 . T u n e d - c o l l e c t o r o s c i l l a t o r . 
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1-2. The secondary winding of the 
transformer couples the signal out
put to the load. 

Another form of L C resonant 
feedback oscillator is the transistor 
version of the familiar Colpitts os
cillator, shown in F i g . 66. Regenera-

O U T P U T 

of the transformer primary and the 
added capacitor. 

The Hart ley oscillator shown in 
F i g . 67 is similar to the Colpitts 
oscillator, except that a split induct
ance is used instead of a split ca
pacitance to obtain feedback. The 
circuit in F i g . 67 is modified for push-
pull operation to provide greater 
output. The regenerative signal is 
applied between base and emitter of 
each transistor by means of the in
duced voltages in the transformer 
windings 1-3 and 4-6. After the 
feedback signal is applied to trans
former winding 1-3, circuit opera
tion is similar to that of a push-pull 
amplifier. Capacitor C i places ter
minal 2 of the transformer at ac 
ground potential through capacitor 

F i g u r e 6 6 . T r a n s i s t o r C o l p i t t s o s c i l l a t o r . 

tive feedback is obtained from the 
tuned circuit consisting of capacitors 
C 3 and C4 in parallel with the pri
mary winding of the transformer, 
and is applied to the emitter of the 
transistor. Base bias is provided by 
resistors R* and Ra. Resistor R» is 
the collector load resistor. Resistor 
Ri develops the emitter input signal 
and also acts as the emitter stabiliz
ing resistor. Capacitors Ca and C« 
form a voltage divider; the voltage 
developed across C« is the feedback 
voltage. The frequency and the 
amount of feedback voltage can be 
controlled by adjustment of either 
or both capacitors. F o r minimum 
feedback loss, the ratio of the ca-
pacitive reactance between Ca and 
& should be approximately equal to 
the ratio between the output imped
ance and the input impedance of the 
transistor. 

A Clapp oscillator is a modifica
tion of the Colpitts circuit shown in 
F i g . 66 in which a capacitor is added 
in series with the primary winding 
of the transformer to improve fre
quency stability. When the added 
capacitance is small compared to 
the series capacitance of C3 and d, 
the oscillator frequency is deter
mined by the series L C combination 

F i g u r e 6 7 . H a r t l e y - t y p e t r a n s i s t o r p u s h - p u l l 
o s c i l l a t o r . 

Crystal Oscillators 

A quartz crystal is often used 
as the frequency-determining ele
ment in a transistor oscillator circuit 
because of its extremely high Q (nar
row bandwidth) and good frequency 
stability over a given temperature 
range. A quartz crystal may be 
operated as either a series or paral
lel resonant circuit. As shown in F i g . 
68, the electrical equivalent of the 
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mechanical vibrating characteristic 
of the crystal can be represented by 
a resistance R , an inductance L , 
and a capacitance C„ in series. The 
lowest impedance of the crystal oc
curs at the series resonant frequency 
of C B and L ; the resonant frequency 
of the circuit is then determined 
only by the mechanical vibrating 
characteristics of the crystal . 

The parallel capacitance Cp shown 
in F i g . 68 represents the electro
static capacitance between the crystal 
electrodes. A t frequencies above the 

c p ^ 

F i g u r e 6 8 . E q u i v a l e n t c i r c u r t of q u a r t z 
c r y s t a l . 

series resonant frequency, the com
bination of L and C 8 has the effect 
of a net inductance because the in
ductive reactance of L is greater 
than the capacitive reactance of C 8 . 
This net inductance forms a parallel 
resonant circuit with C P and any cir
cuit capacitance across the crystal. 
The impedance of the crystal is 
highest at the parallel resonant fre
quency; the resonant frequency of 
the circuit is then determined by 
both the crystal and externally con
nected circuit elements. 

Increased frequency stability can 
be obtained in the tuned-collector 
and tuned-base oscillators discussed 
previously i f a crystal is used in the 
feedback path. The oscillation fre
quency is then fixed by the crystal. 
A t frequencies above and below the 
series resonant frequency of the crys
tal, the impedance of the crystal in
creases and the feedback is reduced. 
Thus, oscillation is prevented at fre
quencies other than the series reso
nant frequency. 

The parallel mode of crystal reso
nance is used in the Pierce oscillator 
shown in F i g . 69. ( I f the crystal 

F i g u r e 6 9 . P i e r c e - t y p e t r a n s i s t o r c r y s t a l 
o s c i l l a t o r . 

were replaced by its equivalent cir
cuit, the functioning of the oscillator 
would be analogous to that of the 
Colpitts oscillator shown in F i g . 67.) 
The resistances shown in F i g . 69 pro
vide the proper bias and stabilizing 
conditions for the common-emitter 
circuit. Capacitor C i is the emitter 
bypass capacitor. The required 180-
degree phase inversion of the feed
back signal is accomplished through 
the arrangement of the voltage-
divider network & and Cs. The con
nection between the capacitors is 
grounded so that the voltage de
veloped across d is applied between 
base and ground and 180-degree 
phase reversal is obtained. The oscil
lating frequency of the circuit is de
termined by the crystal and the 
capacitors connected in parallel with 
it . 

RC Resonant Feedback Oscillators 
A resistance-capacitance ( R C ) net

work is sometimes used in place of 
an inductance-capacitance network 
when phase shift is required in a 
transistor oscillator. I n the phase-
shift oscillator shown in F i g . 70, the 
R C network consists of three sec
tions ( C i R i , C2R2, and C3R3), each of 
which contributes a phase shift of 60 
degrees at the frequency of oscilla
tion. Because the capacitive react
ance of the network increases or 
decreases at other frequencies, the 
180-degree phase shift required for 
the common-emitter oscillator occurs 
only at one frequency; thus, the out-
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F i g u r e 70. T r a n s i s t o r R C p h a s e - s h i f t 
o s c i l l a t o r . 

put frequency of the oscillator is 
fixed. Phase-shift oscillators may be 
made variable over particular fre
quency ranges by the use of ganged 
variable capacitors or resistors in the 
R C networks. More than three sec
tions may be used in the phase-
shifting networks to reduce feedback 
losses. 

A n R C network is also used in the 
Wien-bridge oscillator shown in F i g . 
71 to provide a sinusoidal output. I n 
this circuit, transistor Q2 functions 
as an amplifier and phase inverter. 
The feedback voltage developed be
tween the collector of Qs and ground 
is impressed across the entire bridge 
network. The voltage developed 
across capacitor C 3 is regenerative 
(positive), and is applied to the in
put circuit of transistor Qi. Because 
this voltage is in phase with the 

input signal only at the resonant 
frequency, the magnitude of the pos
itive feedback is reduced at other 
frequencies. 

Negative feedback (degeneration) 
is applied to the emitter of Qt 
through resistor R* to improve fre
quency stability and to minimize dis
tortion. Rj normally provides greater 
negative feedback at frequencies 
other than the resonant frequency. 
Therefore, at other frequencies the 
negative feedback exceeds the posi
tive feedback and a highly stable os
cillator results. 

The resonant frequency f r of the 
oscillator is determined by capacitors 
Ci and C2 and resistors R i and Rs, as 
follows: 

1 
fr = 2XVR1C1R3C2 

I f resistor R i is made equal to Rs, 
and capacitor C i to capacitor C2, this 
expression reduces to 

f, = 
2 i c R i C i 

Either capacitors C i and C* or resis
tors R i and R J may be made variable 
to provide a variable-frequency os
cillator. 

Nonsinusoidal Oscillators 
Oscillator circuits which produce 

nonsinusoidal output waveforms are 

F i g u r e 7 1 . W i e n - b r i d g e - t y p e t r a n s i s t o r o s c i l l a t o r . 
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generally classified as relaxation 
oscillators. This type of oscillator 
uses a regenerative circuit in con
junction with resistance-capacitance 
( R C ) or resistance-inductance ( R L ) 
components to produce a switching 
action. The charge and discharge 
times of the reactive elements ( R x 
C or L / R ) are used to produce saw
tooth, square, or pulse output wave
forms. 

A multivibrator is essentially a 
nonsinusoidal two-stage oscillator in 
which one stage conducts while the 
other is cut off until a point is 
reached at which the conditions of 
the stages are reversed. This type of 
oscillator is normally used to pro
duce a square-wave output. I n the 
RC-coupled common-emitter multi
vibrator shown in F i g . 72, the output 
of transistor Qi is coupled to the in
put of transistor Q2 through the 
feedback network Bad, and the out
put of Q2 is coupled to the input of 
Qi through the feedback network 
RaCV Because the feedback in each 
case is in phase with the signal on 
the base electrode, oscillations can be 
sustained. 

I n the multivibrator circuit, an in
crease in the collector current of 
transistor Qi causes a decrease in 
the collector voltage, and a corre
sponding reduction in the regenera
tive feedback through capacitor C2 to 
the base of transistor Q2. A s a result, 
the current through Qs decreases 

steadily as the current through Qi 
increases, until a point is reached 
where Q2 is cut off. Capacitor C2 then 
discharges through resistor Rj until 
forward bias is reestablished across 
the base-emitter junction of Q2. Cur
rent through Q2 then increases, while 
current through Qi decreases until 
Qi is cut off. The oscillating fre
quency of the multivibrator is deter
mined by the values of resistance 
and capacitance in the circuit. 

The output s i g n a l is coupled 
through capacitor C B to the load. The 
output waveform, which is essentially 
square, may be obtained from either 
collector. A sawtooth output can be 
obtained by connection of a capacitor 
from collector to ground. A sinusoi
dal output wave can be obtained by 
connection of a parallel tuned circuit 
between the base electrodes of the 
two transistors. 

A blocking oscillator is a form of 
nonsinusoidal oscillator which con
ducts for a short period of time and 
is cut off (blocked) for a much longer 
period. A basic circuit for this type 
of oscillator is shown in F i g . 73. 
Regenerative feedback through the 
tickler-coil winding 1-2 of trans
former T i and capacitor C causes 
current through the transistor to rise 
rapidly until saturation is reached. 
The transistor is then cut off until C 
discharges through resistor R. The 
output waveform is a pulse, the width 
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F i g u r e 72'. R C - c o u p l e d c o m m o n - e m i t t e r m u l t i v i b r a t o r . 



44 RCA Transistor Manual 

of which is primarily determined by 
winding 1-2. The time between pulses 
(resting or blocking time) is deter
mined by the time constant of capac
itor C and resistor R . 

F i g u r e 7 3 . B a s i c c i r c u i t o f b l o c k i n g 
o s c i l l a t o r . 

SWITCHING 
Transistors are often used in 

pulse and swi t ch ing c i r cu i t s i n 
radar, television, telemetering, pulse-
code communication, and computing 
equipment. These circuits act as gen
erators, amplifiers, inverters, fre
quency dividers, and wave-shapers 
to provide limiting, triggering, gat
ing, and signal-routing functions. 
These applications are normally char
acterized by large-signal or nonlinear 
operation of the transistor. 

I n large-signal operation, the tran
sistor acts as an overdriven amplifier 
which is driven from the cutoff region 
to the saturation region. I n the sim
ple transistor-switching circuit shown 
in F i g . 74, the collector-base junc
tion is reverse-biased by battery Voo 
through resistor R3. Switch S i con
trols the polarity and amount of base 
current from battery Vm or V m . 
When S i is in the O F F position, the 
emitter-base junction of the transis
tor is reverse-biased by battery Vm 
through the current-limiting resistor 
Bn. The transistor is then in the O F F 
(cutoff) state. (Normal quiescent 
conditions for a transistor switch in 
the cutoff region require that both 
junctions be reverse-biased.) 

When the switch is in the ON posi
tion, forward bias is applied to the 
emitter-base junction by battery Vm 
through the current-limiting resistor 
R i . The base current and collector 
current then increase rapidly until 
the transistor reaches saturation. 
The active linear region is called the 
transition region in switching opera
t ion because the s igna l passes 
through this region rapidly. 

I n the saturation region, the col
lector current is usually at a maxi
mum and collector voltage at a 

c 

F i g u r e 7 4 . S i m p l e s w i t c h i n g c i r c u i t , 

minimum. This value of collector 
voltage is referred to as the satura
tion voltage, and is an important 
characteristic of the transistor. A 
transistor operating in the satura
tion region is in the ON (conducting) 
state. (Both junctions are forward-
biased.) 

Regions of operation are similar 
for a l l transistor configurations used 
as switches. When both junctions of 
the transistor are reverse-biased 
(cutoff condition), the output current 
is very small and the output voltage 
is high. When both junctions are 
forward-biased (saturation condi
tion), the output current is high and 
the output voltage is small. For most 
practical purposes, the small output 
current in the cutoff condition and 
the small output voltage in the sat
urated condition may be neglected. 

Switching Times 
When switch S i in F i g . 74 is 

operated in sequence from O F F to 
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ON and then back to O F F , the cur
rent pulses shown in F i g . 75 are ob
tained. The rectangular input current 
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pulse In drives the transistor from 
cutoff to saturation and back to cut
off. The output current pulse Io is 
distorted because the transistor can
not respond instantaneously to a 
change in signal level. The response 
of the transistor during the rise time 
tr and the fa l l time tt is called the 
transient response, and is essentially 
determined by the transistor char
acteristics in the active linear region. 

The delay time t d is the length of 
time that the transistor remains cut 
off after the input pulse is applied. 
This finite time is required before 
the applied forward bias overcomes 
the emitter depletion capacitance of 
the transistor and collector current 
begins to flow. 

The rise time tr (which is also re
ferred to as build up time) is the 
time required for the leading edge of 
the pulse to increase in amplitude 
from 10 to 90 per cent of its maxi
mum value. Rise time can be reduced 
by overdriving the transistor, but 
only small amounts of overdrive are 
normally used because turn-off time 
(storage time plus fa l l time) is also 
affected. 

The pulse time tp (or pulse dura
tion) is the length of time that the 
pulse remains at, or very near, its 
maximum value. Pulse time duration 

is measured between the points on 
the leading edge and on the trailing 
edge where the amplitude is 90 per 
cent of the maximum value. 

The storage time U is the length 
of time that the output current I 0 re
mains at its maximum value after 
the input current I B is reversed. The 
length of storage time is essentially 
governed by the degree of saturation 
into which the transistor is driven 
and by the amount of reverse (or 
turn-off) base current supplied. 

The fa l l time tt (or decay time) of 
the pulse is the time required for the 
trailing edge to decrease in ampli
tude from 90 to 10 per cent of its 
maximum value. F a l l time may be 
reduced by the application of a re
verse current at the end of the input 
pulse. 

The total turn-on time of a tran
sistor switch is the sum of the delay 
time and the rise time. The total 
turn-off time is the sum of the stor
age time and the fal l time. A reduc
tion in either storage time or fal l 
time decreases turn-off time and in
creases the usable pulse repetition 
rate of the circuit. 

Triggered Circuits 
When an externally applied signal 

is used to cause an instantaneous 
change in the operating state of a 
transistor circuit, the circuit is said 
to be triggered. Such circuits may 
be astable, monostable, or bistable. 
Astable triggered circuits have no 
stable state; they operate in the 
active linear region, and produce 
relaxation-type oscillations. A mono-
stable circuit has one stable state 
in either of the stable regions (cut
off or saturation); an external pulse 
"triggers" the transistor to the other 
stable region, but the circuit then 
switches back to its original stable 
state after a period of time deter
mined by the time constants of the 
circuit elements. A bistable (flip-flop) 
circuit has two stable states in the 
two stable regions. The transistor 
is triggered from one stable state 
to the other by an external pulse, 
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and a second trigger pulse is re
quired to switch the circuit back to 
its original stable state. 

The multivibrator circuit shown in 
F i g . 76 is an example of a mono-
stable circuit. The bias network holds 
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transistor Q2 in saturation and tran
sistor Qi at cutoff during the quies
cent or steady-state period. When an 
input signal is applied through the 
coupling capacitor C i , however, tran
sistor Qi begins to conduct. The de
creas ing collector vol tage of Qi 

(coupled to the base of Q2 through 
capacitor C 2 ) causes the base current 
and collector current of Q2 to de
crease. The increasing collector volt
age of Q 2 (coupled to the base of Qi 
through resistor R 4 ) then increases 
the forward base current of Qi. This 
regeneration rapidly drives transis
tor Qi into saturation and transistor 
Q2 into cutoff. The base of transistor 
Q2 at this point is at a negative po
tential almost equal to the magni
tude of the battery voltage V c c . 

Capaci tor C 2 e t h e n discharges 
through resistor Re and the low sat
uration resistance of transistor Qi. 
As the base potential of Q2 becomes 
slightly positive, transistor Q2 again 
conducts. The decreasing collector 
potential of (¾ is coupled to the base 
of Qi and transistor Qi is driven into 
cutoff, while transistor Q2 becomes 
saturated. This stable condition is 
maintained until another pulse tr ig
gers the circuit. The duration of the 
output pulse is primarily determined 
by the time constant of capacitor Cj 
and resistor R2 during discharge. 

The Eccles-Jordan-type multivi
brator circuit shown in F i g . 77 is an 
example of a bistable circuit. The re
sistive and bias values of this circuit 

=:v c c 
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are chosen so that the initial appli
cation of dc power causes one tran
sistor to be cut off and the other to 
be driven into saturation. Because of 
the feedback arrangement, each tran
sistor is held in its original state by 
the condition of the other. The appli
cation of a positive trigger pulse to 
the base of the O F F transistor or a 
negative pulse to the base of the ON 
transistor switches the conducting 
state of the circuit. The new condi
tion is then maintained until a sec
ond pulse triggers the circuit back to 
the original condition. 

I n F i g . 77, two separate inputs are 
shown. A trigger pulse at input A 
wil l change the state of the circuit. 
An input of the same polarity at in
put B or an input of opposite polar
ity at input A wi l l then return the 
circuit to its original state. (Collector 
triggering can be accomplished in a 
similar manner.) The time constants 
of C3R2 and of C4R5 essentially deter
mine the fal l time (from conduction 
to cutoff) of transistors Qi and Q2, 
respectively. The output of the cir
cuit is a unit step voltage when one 
trigger is applied, or a square wave 
when continuous pulsing of the input 
is used. 

Gating Circuits 
A transistor switching circuit in 

which the transistor operates as an 
effective open or short circuit is 
called a "gate". These circuits are 
used extensively in computer appli
cations to provide a variety of func
tions such as circuit triggering at 
prescribed intervals and level and 
waveshape control. Because these cir

cuits are designed to evaluate input 
conditions to provide a predetermined 
output, they are primarily used as 
logic circuits. Logic circuits include 
OR, A N D , NOR ( N O T - O R ) , N A N D 
( N O T - A N D ) , series (clamping), and 
shunt or inhibitor circuits. 

A n OR gate has more than one in
put, but only one output. I t provides 
a prescribed output condition when 
one or another prescribed input con
dition exists. I n the simple OR gate 
shown in F i g . 78, the high resistance 
of R i and Rj isolates one input source 
from the other. When a negative in
put pulse is applied at either input 
resistor, a negative output pulse is 
obtained. Application of negative 
pulses to both inputs results only in 
a widening of the output pulse. I f a 
common-emitter configuration is used 
instead of the common-base config
uration, phase inversion of the sig
nal results, and the OR gate becomes 
a NOT-OR ( N O R ) gate. 

An A N D gate also has more than 
one input, but only one output. How
ever, i t provides an output only when 
al l the inputs are applied simultan
eously. As in the case of the OR 
gate, the use of a common-emitter 
configuration provides phase inver
sion and provides a N O T - A N D 
( N A N D ) gate. I n the simple N A N D 
gate shown in F i g . 79, forward (sat
uration) bias is provided by battery 
Vbb. The bias value is chosen so that 
saturating current continues to flow 
when only one input pulse is applied, 
and both input pulses are required to 
turn the transistor off. 

The A N D - O R gate shown in F i g . 
80 illustrates the use of a direct-
coupled transistor logic circuit to 

Ri 

F i g u r e 78. S i m p l e O R - t y p e l o g i c c i r c u i t 
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F i g u r e 79. S i m p l e N A N D c i r c u i t . 

trigger a bistable multivibrator. The 
over-all gating function, which con
sists of a N A N D function and a 
NOR function, is performed by tran
sistors Qi, Q 2, and Qa. Transistor Q. 
is part of the bistable multivibrator. 

Transistors Qi and Q 2 are series-
connected and form a N A N D gate. 

Provided al l transistors are cut off 
(quiescent conditfon), triggering of 
the bistable multivibrator is accom
plished when the prescribed input 
conditions for either of the N A N D 
gates are met, i.e., when either tran
sistors Qi and Q 2 or transistors Qi 
and Qa are triggered into conduction. 

M U L T I V I B R A T O R 

F i g u r e 80. A N D - O R g a t e or t r i g g e r c i r c u i t . 

Similarly, transistors Qi and Qa are 
series-connected and form a N A N D 
gate. Transistors Qj and Qa are par
allel-connected and form a N O R gate. 
Reverse collector bias for al l tran
sistors is provided by battery Vcc. 

Gating circuits are also used as 
amplitude discriminators ( l imiters) , 
clippers, and clamping circuits, and 
as signal-shunting or transmission 
gates. 



Silicon Rectifiers 

SI L I C O N rectifiers, like other semi
conductor diodes, are essentially 

cells containing a simple p-n junc
tion. A s a result, they have low 
resistance to current flow in one 
(forward) direction, but high resist
ance to current flow in the opposite 
(reverse) direction. They can be 
operated at ambient temperatures up 
to 200 degrees centigrade and at cur
rent levels as high as 40 amperes, 
with voltage levels as high as 1000 
volts. I n addition, they can be used 
in parallel or series arrangements to 
provide higher current or voltage 
capabilities. 

Because of their high forward-to-
reverse current ratios, silicon recti
fiers can achieve rectification efficien
cies in the order of 99 per cent. When 
properly used, they have excellent 
life characteristics which are not 
affected by aging, moisture, or tem
perature. They are very small and 
light-weight, and can be made im
pervious to shock and other severe 
environmental conditions. 

THERMAL CONSIDERATIONS 
Although rectifiers can operate at 

high temperatures, they are sensitive 
to sudden temperature changes be
cause of the extremely small crystals 
used in their structure. The thermal 
capacity of a silicon rectifier is quite 
low, and the junction temperature 
rises rapidly during high-current 
operation. Sudden rises in junction 
temperature caused by either high 
currents or excessive ambient-tem

perature conditions can cause failure. 
( A silicon rectifier is considered to 
have failed when either the forward 
voltage drop or the reverse current 
has increased to a point where the 
crystal structure or surrounding ma
terial breaks down.) Consequently, 
temperature effects are very impor
tant in the consideration of silicon 
rectifier characteristics. 

REVERSE CHARACTERISTICS 

When a reverse-bias voltage is ap
plied to a silicon rectifier, a limited: 
amount of reverse current (usually 
measured in microamperes, as com
pared to milliamperes or amperes of 
forward current) begins to flow. A s 
shown in F i g . 81, this reverse cur
rent flow increases slightly as the 
bias voltage increases, but then tends 

VOLTAGE 

- - l . u a AT 2 5 ° C 
- l O O u a AT 150° C: 
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to remain constant even though the 
voltage continues to increase signifi
cantly. However, an increase in oper-

49 

http://--l.ua


50 RCA Transistor Manual 

ating temperature multiplies the 
reverse current considerably for a 
given reverse bias. 

At a specific reverse voltage (which 
varies for different types of diodes), 
a very sharp increase in reverse cur
rent occurs. This voltage is called 
the breakdown or avalanche (or 
zener) voltage. I n many applications, 
rectifiers can operate safely at the 
avalanche point. I f the reverse volt
age is increased beyond this point, 
however, or i f the ambient tempera
ture is raised sufficiently (for ex
ample, a rise from 25 to 150 degrees 
centigrade increases the current by 
a factor of several hundred), "ther
mal runaway" results and the diode 
may be destroyed. 

FORWARD CHARACTERISTICS 
A silicon rectifier usually requires 

a forward voltage of 0.4 to 0.7 volt 
(depending upon the temperature 
and the impurity concentration in 
the p-type and n-type materials) to 
overcome the potential barrier at the 
p-n junction. A s shown in F i g . 82, a 
slight rise in voltage beyond this 
point increases the forward current 
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sharply. Because of the small mass 
of the silicon rectifier, the forward 
voltage drop must be carefully con
trolled so that the specified maxi
mum value for the device is not 
exceeded. Otherwise, the diode may 
be seriously damaged or destroyed. 

F i g . 82 shows the effects of an in
crease in temperature on the forward-
current characteristic of" a - silicon 

rectifier. I n certain applications, close 
control of ambient temperature is re
quired for satisfactory operation. 
Close control is not usually required, 
however, in power circuits. 

RATINGS 
Ratings for silicon rectifiers are 

determined by the manufacturer on 
the basis of extensive reliability test
ing. One of the most important rat
ings is the maximum peak reverse 
voltage ( P R V ) , i.e., the highest 
amount of reverse voltage which can 
be applied to a specific rectifier be
fore the avalanche breakdown point 
is reached. P R V ratings range from 
about 50 volts to as high as 1000 
volts for some single-junction diodes. 
As w i l l be discussed later, several 
junction diodes can be connected in 
series to obtain the P R V values re
quired for very-high-voltage power-
supply applications. 

Three current ratings are usually 
given for silicon rectifiers: the maxi
mum average forward current, the 
peak recurrent forward current, and 
the maximum surge current. As 
shown in F i g . 83, the first of these 
currents refers to the maximum aver
age value of current which is allowed 
to flow in the forward direction for 
a specified ambient or case tempera
ture. Typical average current out
puts range from 0.5 ampere to as 
high as 40 amperes for single silicon 
diodes. 

S U R G E O R F A U L T C U R R E N T 

— s ~ P E A K R E P E T I T I V E 
C U R R E N T 

- / \ — ^ l—-f \ — A V E R A G E F O R W A R D 
C U R R E N T 

F i g u r e 83 . R e p r e s e n t a t i o n of r e c t i f i e r 
c u r r e n t s . 

The peak recurrent forward current 
is the maximum repetitive instan
taneous forward current permitted 
under stated conditions. The maxi
mum surge current is the maximum 
non-repetitive peak current of a 
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single forward cycle. The surge, or 
fault, current is permitted for only a 
very short time interval (about eight 
milliseconds). Surge currents gen
erally occur when the equipment is 
first turned on, or when unusual volt
age transients are introduced in the 
ac supply line. Protection against ex
cessive currents of this type can be 
provided in various ways, as wi l l be 
discussed later. 

Because these maximum current 
ratings are al l affected by thermal 
variations, ambient-temperature con
ditions must be considered in the 
application of silicon rectifiers. Tem
perature-rating charts are usually 
provided to show the percentage by 
which maximum currents must be 
decreased for operation at tempera
tures higher than normal room tem
perature (25 degrees centigrade). 

HEAT SINKS 
Silicon rectifiers are often mounted 

on devices called "heat sinks". A 
heat sink generally consists of a re l 
atively large metal plate attached to 
the heat-conducting side of the recti
fier. Because of its large surface, a 
heat sink can readily dissipate heat 
and thereby safeguard the rectifier 
against damage. 

The size of a heat sink for a given 
rectifier application depends upon the 
ambient temperature and the maxi
mum average forward current of the 
rectifier. A s a result, the actual size 
must be calculated for each applica
tion which involves an ambient tem
perature or forward current other 
than that recommended by the man
ufacturer. For this calculation, two 
charts are used: the current-multi-
plying-factor chart shown in F i g . 84, 
and the heat-sink cooling chart shown 
in F i g . 85. F i g . 84 applies to a l l rec
tifier types for both polyphase and dc 
operation; F i g . 85 differs for differ
ent rectifier types. 

The calculation requires four steps: 
1. F rom F i g . 84, the current-multi

plying factor is determined for the 
applicable conduction angle (i.e., the 
fraction of the ac input cycle during 

FOR D 
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F i g u r e 84. C u r r e n t - m u l t i p l y i n g - f a c t o r c h a r t . 

which forward current is expected to 
flow in the particular application). 
For dc operation of a silicon recti
fier, a multiplying factor of 0.8 is 
generally specified. 

HEAT-SINK COOLING CHART 
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F i g u r e 85 . T y p i c a l h e a t - s i n k c o o l i n g c h a r t . 
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2. The desired output current (ex
pressed in amperes) is divided by 
the number of current paths. The ac
tual number of paths depends on the 
type of operation intended, and can 
be determined from the table below. 

Type of Number of 
Operation Current Paths 
Single-Phase, Ful l -Wave: 

Center-Tapped 2 
Bridge 2 

Three-Phase: 
Y 3 
Double Y 6 
Bridge 3 

Six-Phase Star 6 

The resulting figure is the average 
forward current of the rectifier. 

3. The average current is then 
multiplied by the current-multiply
ing factor obtained in Step 1. The 
resulting figure represents the ad
justed average forward current of 
the rectifier. 

4. This adjusted current is applied 
to F i g . 85 to determine either the 
maximum allowable ambient tem
perature for a given heat-sink size 
or the minimum heat-sink size for a 
given ambient temperature. (Pub
lished data may also include a chart 
similar to F i g . 85 for forced-air-cool
ing applications.) 

The following example illustrates 
the calculation of minimum heat-sink 
size for a three-phase, half-wave ( Y ) 
circuit. The conduction angle is 120 
degrees, the desired output current 
is 90 amperes, and the ambient tem
perature is 90 degrees centigrade. 

1. From F i g . 84, the current-multi
plying factor for a conduction angle 
of 120 degrees is 1.18. 

2. For three-phase half-wave oper
ation, the number of current paths is 
3. T h e average fo rward cur ren t 
through the rectifier, therefore, is 90 
divided by 3, or 30 amperes, 

3. This average forward current is 
then multiplied by the current-multi
plying factor (1.18) obtained in Step 
1 to provide an adjusted forward 
current of 35.4 amperes. 

4. From F i g . 85, the minimum heat-
sink size for the above conditions is 
found to be 6 by 6 inches. 

SERIES AND PARALLEL 
ARRANGEMENTS 

Series arrangements of silicon rec
tifiers are used when the applied re
verse voltage is expected to be 
greater than the maximum peak re
verse voltage rating of a single s i l i 
con rectifier (or cel l ) . Fo r example, 
four rectifiers having a maximum 
reverse voltage ra t ing of 200 volts 
each could be connected in series to 
handle an applied reverse voltage of 
800 volts. 

I n a series arrangement, the most 
important consideration is that the 
applied voltage be divided equally 
across the individual rectifiers. I f the 
instantaneous voltage is not uni
formly divided, one of the rectifiers 
may be subjected to a voltage greater 
than its specified maximum reverse 
voltage, and, as a result, may be de
stroyed. Uniform voltage division 
can usually be assured by connection 
of either resistors or capacitors in 
parallel with individual cells. Shunt 
resistors are used in steady-state 
applications, and shunt capacitors in 
applications in which transient volt
ages are expected. Both resistors and 
capacitors should be used i f the cir
cuit is to be exposed to both dc and 
ac components. 

A parallel arrangement of rectifiers 
can be used when the maximum aver
age forward current required is 
larger than the maximum current 
rating of an individual rectifier cell. 
To avoid differences in voltage across 
the parallel rectifiers, i t is desirable 
to add either a resistor or an inductor 
in series with each cell. Balanced 
transformers or separate transformer 
windings can be used for this pur
pose. Although resistors are con
sidered the s imples t method of 
current division, individual inductors 
in series with each cell are more effi
cient because they do not consume as 
much power as the resistor arrange
ment 
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Parallel rectifier arrangements are 
not in general use. Designers nor
mally use a polyphase arrangement 
to provide higher currents, or sim
ply substitute the readily available 
higher-current rectifier types. 

OVERLOAD PROTECTION 
I n the application of silicon recti

fiers, i t is necessary to guard against 
both over-voltage and over-current 
(surge) conditions. A voltage surge 
in a rectifier arrangement can be 
caused by dc switching, reverse recov
ery transients, transformer switch
ing, inductive-load switching, and 
various other causes. The effects of 
such surges can be reduced by the 
use of a capacitor connected across 
the input or the output of the recti
fier. I n addition, the magnitude of 
the voltage surge can be reduced by 
changes in the switching elements or 
the sequence of switching, or by a 
reduction in the speed of current in
terruption by the switching elements. 

In al l applications, a rectifier hav
ing a more-than-adequate peak re
verse voltage rating should be used. 
The safety margin for reverse volt
age usually depends on the applica
tion. For a single-phase half-wave 
application using switching of the 
transformer primary and having no 
transient suppression, a rectifier hav
ing a peak reverse voltage three or 
four times the expected working volt
age should be used. For a full-wave 
bridge using load switching and 
having adequate suppression of tran
sients, a margin of 1.5 to 1 is gen
erally acceptable. 

Because of the small size of the 
silicon rectifier, excessive surge cur
rents are particularly harmful to rec
tifier operation. Current surges may 
be caused by short circuits, capacitor 
inrush, dc overload, or failure of a 
single cell in a multiple arrange
ment. I n the case of low-power cells, 
fuses or circuit breakers are often 
placed in the ac input circuit to the 
rectifier to interrupt the fault cur
rent before it damages the rectifier. 
When circuit requirements are such 

that service must be continued in 
case of failure of an individual diode, 
a number of cells can be used in 
parallel, each with its own fuse. Ad
ditional fuses should be used in the 
ac line and in series with the load for 
protection against dc load faults. I n 
high-power cells, an arrangement of 
circuit breakers, fuses, and series re
sistances is often used to reduce the 
amplitude of the surge current. 

APPLICATIONS 
Silicon rectifiers are used in a con

tinually broadening range of applica
tions. Originally developed for use in 
such equipment as dc-to-dc convert
ers, battery chargers, mobile power 
supplies, transmitters, and electro
plating devices, silicon rectifiers are 
also used in power supplies for radio 
and television receivers and phono
graph amplifiers, as well as in such 
applications as in-line-type modula
tors, hold-off and charging diodes, 
pulse-forming networks, and brush-
less alternators. They are also being 
used in many aircraft applications 
because of their small size, light 
weight, and high efficiency. 

The most suitable type of rectifier 
circuit for a particular application 
depends on the dc voltage and cur
rent requirements, the amount of 
rectifier "ripple" (undesired fluctua
tion in the dc output caused by an 
ac component) that can be tolerated 
in the circuit, and the type of ac 
power available. F igs . 86 through 92 
show seven basic rectifier configura
tions. (F i l te rs used to smooth the 
rectifier output are not shown for 
each circuit, but are discussed later.) 
F igs . 86 through 92 also include the 
output-voltage waveforms for the 
various circuits and the current wave
forms for each individual rectifier 
cell in the circuits. Ideally, the volt
age waveform should be as flat as 
possible (i.e., approaching almost 
pure dc). A flat curve indicates a 
peak-to-average voltage ratio of one. 
I n the case of the current wave
form, the smaller the current flowing 
through the individual rectifier, the 
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O U T P U T 
VOLTAGE 

F i g u r e 86. S i n g l e - p h a s e h a l f - w a v e c i r c u i t . 

R E C T I F I E R 
C U R R E N T 
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less chance there is for malfunction 
or burnout of the cell. 

The half-wave single-phase circuit 
shown in F i g . 86 delivers only one 
pulse of current for each cycle of ac 
input voltage. As shown by the cur
rent waveform, the single rectifier 
cell is exposed to the entire current 
flow. This type of circuit, which con
tains a very high percentage of out
put ripple, is used principally in 
low-voltage high-current applications 
and in low-current high-voltage ap
plications. 

F i g . 87 shows a single-phase full-
wave circuit with a center-tapped 
high-voltage winding. This circuit 

transformer voltage. I n addition, i t 
exposes the individual rectifier cell to 
only half as much peak reverse volt
age, and allows only 60 per cent of 
the total current to flow through 
each cell. Th is type of circuit is pop
ular in amateur transmitter use. 

The three-phase circuits shown in 
Figs . 89 through 92 are usually found 
in heavy industrial equipment such 
as high-power t r a n s m i t t e r s . The 
three-phase ( Y ) half-wave circuit 
shown in F i g . 89 uses three rectifier 
cells. This circuit has considerably 
less ripple than the circuits discussed 
above. I n addition, it allows only 
one-third of the total current to flow 

3 
Etjv 

e 
R E C T I F I E R 
C U R R E N T 

F i g u r e 87. S i n g l e - p h a s e f u l l - w a v e c i r c u i t w i t h c e n t e r - t a p . 

has a higher peak-to-average volt
age ratio than the circuit of F i g . 86, 
and about 50 per cent less ripple. 
This type of circuit is widely used 
in television receivers and large au
dio amplifiers. 

The single-phase full-wave bridge 
circuit shown in F i g . 88 uses four rec
tifiers, and does not require the use 
of a transformer center-tap. I t sup
plies twice as much output voltage 
as the circuit of F i g . 87 for the same 

through each rectifier cell. This type 
of circuit is used in alternator recti
fiers in automobiles. 

F i g . 90 shows a three-phase ( Y ) 
full-wave bridge circuit which uses a 
total of s ix rectifier cells. I n this 
arrangement, two half-wave recti
fiers are connected in series across 
each leg of a high-voltage trans
former. This circuit delivers twice as 
much voltage output as the circuit of 
F i g . 89 for the same voltage condi-



Silicon Rectifiers 55 

+ 

F i g u r e 88 . S i n g l e - p h a s e f u l l - w a v e c i r c u i t w i t h o u t c e n t e r - t a p . 

R E C T I F I E R 
C U R R E N T 

F i g u r e 89. T h r e e - p h a s e ( Y ) h a l f - w a v e c i r c u i t . 

OUTPUT 
VOLTAGE 

I 1 . R E C T I F I E R 
C U R R E N T 

F i g u r e 90 . T h r e e - p h a s e ( Y ) f u l l - w a v e b r i d g e c i r c u i t . 
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tions. I n addition, this circuit, as 
well as those shown in Figs . 91 and 
92, has an extremely small percent
age of ripple and a very low ratio 
of peak-to-average voltage. 

The six-phase "star" circuit shown 
in F i g . 91, which also uses six recti
fier cells, allows the least amount of 
the total current (one-sixth) to flow 
through each cell. The three-phase 
double-Y and interphase transformer 
circuit shown in F i g . 92 uses six 
half-wave rectifiers in parallel. This 
arrangement delivers s ix current 
pulses per cycle and twice as much 
output current as the circuit shown 
in F i g . 89. 

Table I lists voltage and current 
ratios for the circuits shown in Figs . 
86 through 92 for an inductive load. 
These ratios apply for sinusoidal ac 
input voltages. I t is generally rec
ommended that inductive loads rather 
than resistive loads be used for fil
tering of rectifier current, except 
for the circuit of F i g . 86. Current 
ratios given for inductive loads apply 
only when a filter choke is used be

tween the output of the rectifier and 
any capacitor in the filter circuit. 
Values shown do not take into con
sideration voltage drops which occur 
in the power transformer, the silicon 
rectifiers, or the filter components 
under load conditions. When a par
ticular rectifier type has been selected 
for use in a specific circuit, Table I 
can be used to determine the param
eters and characteristics of the 
circuit. 

I n Table I , a l l ratios are shown as 
functions of either the average out
put voltage E * v or the average dc 
output current I a v , both of which are 
expressed* as unity for each circuit. 
In practical applications, the magni
tudes of these average values w i l l , 
of course, vary for the different cir
cuit configurations. 

F i l t e r circuits are generally used 
to smooth out the ac ripple in the 
output of a rectifier circuit. A smooth
ing filter usually consists of capaci
tors and iron-core chokes. I n any 
filter-design problem, the load im
pedance must be considered as an 

1 
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R E C T I F I E R 
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Figure 9L, Six-phase "star" circuit, 

1 
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R E C T I F I E R 
C U R R E N T 

F i g u r e 92 . T h r e e - p h a s e d o u b l e - Y a n d i n t e r p h a s e t r a n s f o r m e r c i r c u i t . 

integral part of the filter because 
the load is an important factor in 
filter performance. Smoothing effect 
is obtained from the chokes because 
they are in series with the load and 
offer a high impedance to the ripple 

voltage. Smoothing effect is obtained 
from the capacitors because they are 
in parallel with the load and store 
energy on the voltage peaks; this 
energy is released on the voltage 

CIRCUIT RATIOS: 

Output Voltage Fig. 86 
A v e r a g e . . . . . . . . . . . . . Eav 
Peak (x E a v ) . . . . . . . . 3.14 
Ripple ( % ) . . . . . . . . . . 121 

Input Voltage (RMS) 
Phase (x E a v ) 2.22 
Line-to-Line (x E a v ) . . 2.22 

Average Output 
(Load) C u r r e n t . . . . . . . lav 

R E C T I F I E R C E L L RATIOS 

Forward Current 
Average (x lav) 1.00 
R M S (x l a v ) . 1.57 
Peak (x l av ) 3.14 

Peak Reverse Voltage 
x Eav 3.14 
x Erms 1.41 
* to center tap 

* to neutral 

T a b l e 1 — V o l t a g e a n d c u r r e n t r a t i o s 
F i g . 86 u s e s a r e s i s t i v e l o a d , 

Fig. 87 

E a v 
1.57 

48 

1.11* 
2.22 

lav 

0.5 
0.785 

1.57 

3.14 
2.82 

Fig. 88 

E a v 
1.57 

48 

1.11 

lav 

0.5 
0.785 

1.57 

1.57 
1.41 

Fig. 89 

E a v 
1.21 
18.3 

Fig. 90 

Eav 
1.05 
4.3 

Fig. 91 Fig. 92 

E a v E a v 
1.05 1.05 
4.3 4.3 

1.11 0.855* 0.428» 0.74« 0.855* 
0.74 1.48t 1-71? 1.48 

lav 

0.333 
0.587 
1.21 

2.09 
2.45 

lav 

0.333 
0.579 
1.05 

1.05 
2.45 

lav lav 

0.167 0.167 
0.409 0.293 
1.05 0.525 

2.09 
2.83 

2.42 
2.83 

f maximum value 

\ maximum value, no load 

for r e c t i f i e r c i r c u i t s s h o w n in F i g s . 86 t h r o u g h 92 . 
a n d F i g s . 87 t h r o u g h 92 a n i n d u c t i v e l o a d . 
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dips and serves to maintain the volt
age at the load substantially con
stant. Smoothing filters are classified 
as choke-input or capacitor-input ac
cording to whether a choke or capaci
tor is placed next to the rectifier. 
Typical filter circuits are shown in 
F i g . 93. 

measured by an ac voltmeter. F i l te r 
capacitors, therefore, especially the 
input capacitor, should have a rating 
high enough to withstand the in
stantaneous peak value i f breakdown 
is to be avoided. When the input-choke 
method is used, the available dc out-

C H O K E - I N P U T 
T Y P E F I L T E R 

CAPACITOR—INPUT 
T Y P E F I L T E R 

CAPACITOR 
F I L T E R 

L 

INPUT 
FROM 

R E C T I F I E R ' 

L 

OUTPUT 
INPUT 
FROM : 

R E C T I F I E R 

L 
O 

OUTPUT 
INPUT 
FROM 

R E C T I F I E R C 
OUTPUT 

L= F I L T E R CHOKE C= F I L T E R CAPACITOR 

F i g u r e 9 3 . T y p i c a l f i l te r c i r c u i t s . 

I f an input capacitor is used, con
sideration must be given to the in
stantaneous peak value of the ac 
input voltage. This peak value is 
about 1.4 times the rms value as 

put voltage w i l l be somewhat lower 
than with the input-capacitor method 
for a given ac voltage. However, im
proved regulation together with lower 
peak current w i l l be obtained. 
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r p H E silicon controlled rectifier 
J - ( S C R ) is basically a four-layer 
n-p-n-p semiconductor device having 
three electrodes: a cathode, an 
anode, and a control electrode called 
the gate. L ike al l rectifiers, it con
ducts current primarily in one di
rection. However, it differs from 
conventional rectifiers in that it wi l l 
not conduct a substantial amount of 
current in the forward direction un
til the anode voltage exceeds a cer
tain minimum voltage called the 
forward breakover voltage. The value 
of this voltage can be varied, or 
controlled, by the introduction of an 
external signal at the third elec
trode, or gate, of the silicon con
trolled rectifier. This unique control 
characteristic makes the silicon con
trolled rectifier a particularly useful 
switching or power-control-device, 
especially in high-power circuits. 

(The generic term thyristor has 
recently been adopted as an inter
national standard for semiconductor 
devices having control character
istics similar to those of thyratron 
tubes. The silicon controlled rectifier 
belongs in this class, and is , more 
specifically, a reverse-blocking triode 
type of thyristor. This name wi l l 
probably replace the name silicon 
controlled rectifier on a gradual ba
sis.) 

CONSTRUCTION 

F i g . 94 shows the basic construc
tion details of the silicon controlled 
rectifier. The alternate layers of dif
fused silicon material serve as the 

cathode, gate, base, and anode. These 
layers are enclosed in a special 
metal container which is then her
metically sealed to maintain an ultra-
dry atmosphere. This entire unit is 

•CATHODE T E R M I N A L 

F i g u r e 94. C o n s t r u c t i o n d e t a i l s of t y p i c a l 
s i l i c o n c o n t r o l l e d r e c t i f i e r . 

mounted in a rugged case which 
provides protection against severe 
thermal environmental stresses. The 
pedestal below the semiconductor 
layers acts as a heat sink to help 

59 
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dissipate the heat developed inter
nally during operation. 

CURRENT-VOLTAGE 
CHARACTERISTICS 

The voltage-current characteristic 
and circuit symbol of the silicon 
controlled rectifier are shown in F i g . 
95. Under reverse-bias conditions, the 
device operates in a manner similar 
to that of conventional rectifiers, 
and exhibits a slight reverse leak
age current which is called the re
verse blocking current (IRBOM ) . This 
current has a small value until the 
peak reverse voltage ( P R V ) is ex
ceeded, at which point the reverse 
current increases by several orders 
of magnitude. The value of the peak 
reverse voltage differs for each in
dividual type. 

this phenomenon occurs, the rectifier 
is considered to be triggered, or in 
the "on" condition. The forward cur
rent then continues to increase rap
idly with slight increases in forward 
bias, and the device enters a state of 
high forward conduction. 

I t can be seen that when the for
ward breakover voltage of a silicon 
controlled rectifier is exceeded, the 
high internal resistance of the device 
changes to a very low value. The 
lower resistance then permits a high 
current to flow through the device 
at very low voltage values ( V F ) . 

This change in internal resistance 
makes the silicon controlled rectifier 
an ideal, device for switching appli
cations. When the operating voltage 
is below the breakover point, rec
tifier current is extremely small and 
the switch is effectively open. When 

r-Vp 
^ H 0 0 _ , / _ B £ ° _ . 

m 
vRM(non-rep) 

or' 
(b) 

F i g u r e 95. (a ) T y p i c a l v o l t a g e a n d c u r r e n t c h a r a c t e r i s t i c a n d ( b ) c i r c u i t s y m b o l f o r s i l i c o n 
c o n t r o l l e d r e c t i f i e r . 

Under forward-bias conditions, 
there is a similar small leakage cur
rent called the forward blocking cur
rent (IFBOM). Also, as the forward 
bias is increased, a voltage point is 
reached at which a forward break
over condition occurs and forward 
current increases rapidly. This point 
is called the forward voltage break
over point (VBOO). 

However, when the forward cur
rent exceeds a critical value of VBOO, 
the voltage across the device sud
denly reverts back to a very low 
value ( V P ) with very little decrease 
in current. ( I t is assumed that the 
rectifier is connected to a load resist
ance of sufficient value to permit 
this "cut-back" in voltage.) When 

the voltage increases to a value ex
ceeding the breakover point, the rec
tifier switches to its high-conduction 
state and the switch is closed. The 
silicon controlled rectifier remains in 
the high-conduction state until the 
current drops below a value which 
can maintain the breakover condi
tion. This value is called the holding 
current (iHoo). When the anode-to-
cathode voltage drops to a low value 
and reverses the current flow, the 
device then reverts back to the for
ward blocking region, and the rec
tifier switches to the "off" mode. 

The voltage breakover point of a 
silicon controlled rectifier can be 
varied, or controlled, by injection of 
a signal at the gate, as indicated by 
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the family of curves shown in F i g . 96. 
When the gate current is zero, the 
forward voltage must reach the VBOO 
value of the device before breakover 
occurs. A s the gate current is in 
creased, however, the value of break
over voltage becomes less until the 
curve closely resembles that of a 
conventional rectifier. I n normal op
eration, silicon controlled rectifiers 
are operated well below the forward 
voltage breakover point, and a gate 
signal of sufficient amplitude is used 
to assure triggering of the rectifier 
to the "on" mode. 

* g 4 > * v 3 > I g 2 > r g |=o 

F i g u r e 96 . F a m i l y of c u r v e s w i t h g a t e c u r 
r e n t a t d i f f e r e n t v a l u e s . 

After the silicon controlled rec
tifier is triggered by the gate signal, 
the current flow through the device 
is independent of gate voltage or 
gate current. I t remains in the high-
conduction state until the primary 
or anode current is reduced to a level 
below that required to sustain con
duction. Turnoff of the device can 
be achieved in minimum time by 
application of a reverse bias. 

MAXIMUM RATINGS 

Like other semiconductor devices, 
silicon controlled rectifiers must be 
operated within the maximum rat
ings specified by the manufacturer. 
Several voltage ratings are generally 
given for silicon controlled rectifiers. 
The maximum peak reverse voltage 
(VHM ( rep) ) is the highest value of 
negative voltage which may be ap
plied repetitively to the anode when 
the gate is open. The transient peak 

reverse voltage (VEM (non-rep)) is 
the maximum value of negative volt
age which may be applied to the 
anode for not more than five mil l i 
seconds when the gate is open. The 
maximum peak forward blocking 
voltage (VFBOM) is the highest value 
of positive voltage which can be ap
plied to the anode when the gate is 
open. The maximum peak gate volt
age (forward VOKM or reverse VKQM) 
is the highest value of voltage which 
may be applied between the gate and 
the cathode when the anode is open. 

One of the more critical current 
ratings for silicon controlled rec
tifiers is the maximum peak surge 
current OFM(surge) ) , which is the 
highest permissible non-repetitive 
peak current of a forward cycle. 
This peak current may be repeated 
after sufficient time has elapsed for 
the device to return to pre-surge 
thermal conditions. 

Also important is the maximum 
average forward current of the de
vice. Silicon controlled rectifiers pres
ently available have forward-current 
ratings ranging from less than one 
to more than 100 amperes. Pub
lished data for these devices usually 
include temperature-rating charts 
which indicate the percentage of cur
rent permitted as a function of tem
perature. 

TRIGGERING 
CHARACTERISTICS 

F i g . 97 shows the gate trigger-
voltage characteristics for silicon 
controlled rectifier type 2N681. The 
G A T E T R I G G E R — V O L T A G E C H A R A C T E R I S T I C S 

<2 I 

o 0 

TYPE 2 N 6 8 I 
FORWARD CURRENT « 0 

M NIMU M GATE VOLTAGE REQUIRED 
TO TRIGGER UNIT 

MA 

C A S E T E M P E R A T U R E — " C 
92CS-II921T2 

F i g u r e 97 . T r i g g e r i n g c h a r a c t e r i s t i c s fo r 
2 N 6 8 1 . 
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trigger signal applied to the gate 
of the device must not exceed the 
maximum ratings of the gate, but 
must be sufficiently large to assure 
reliable triggering under a l l con
ditions. 

The gate voltage of silicon con
trolled rectifiers during "off" periods 
must be below the values shown by 
the lower curve of F i g . 97 to prevent 
random triggering. Because the max
imum gate voltage for "off" periods 
varies with temperature, a suffi
ciently low value must be used to 
prevent undesired triggering at a l l 
temperature values encountered in 
a particular application. 

When a negative voltage is applied 
to the anode of a silicon controlled 
rectifier, the positive voltage at the 
gate significantly increases the re
verse leakage current and, as a 
result, the power which must be 
dissipated by the device. This dis
sipation may be reduced by means 
of a "clamping" circuit in which a 
diode and a resistor are connected 
between the gate and the anode. This 
arrangement attenuates positive gate 
signals when the anode is negative. 
A n alternative arrangement is to 
place a conventional rectifier having 
a low reverse leakage current in 
series with the silicon controlled rec
tifier. A large percentage of the 
negative voltage is then assumed by 
the diode, and reverse dissipation 
in the controlled rectifier is greatly 
reduced. 

OVERLOAD PROTECTION 
I n any silicon-controlled-rectifier 

circuit, precautions should be taken 
to protect the device from over-
current and over-voltage surge con
ditions. Protection against over-
current surges can be achieved by 
either preventing or interrupting the 
current surge, or by limiting the 
magnitude of the current flow by 
means of the circuit impedance. For 
the first approach, circuit fuses or 
breakers can be used effectively to 
disconnect the entire circuit from 
the power supply or to isolate the 
faulted silicon controlled rectifiers. 
I n addition, dc fuses can be used to 

protect the devices from dc feedback 
originating in the load or parallel 
conduction circuits. The magnitude 
of the over-current flow can be l im
ited by proper selection of source 
and transformer impedances, as well 
as the inductance and reactance, of 
the dc circuit. 

Because of the fast switching ac
tion and high commutating duty of 
silicon controlled rectifiers, voltage 
transients are more troublesome than 
in conventional rectifiers. I n many 
critical applications, effective pro
tection against voltage transients re
quires the use of silicon controlled 
rectifiers having extremely high 
voltage ratings or the use of two 
or more rectifiers in series (as 
described below). I n less critical 
applications, more economical tech
niques are available. For example, 
a conventional rectifier can be used 
in series with the silicon controlled 
rectifier for protection against high 
voltage surges. 

The effects of voltage transients 
in silicon-controlled-rectifier circuits 
can be minimized by reducing the 
rate at which the energy is dissipated 
in the devices. This "slowdown" of 
energy release can be achieved by 
relocation of the switching elements 
in the circuit or by a change in the 
sequence of switching. Other pre
ventive methods include the change 
of speed of current interruption by 
the switching elements, or the use 
of an additional energy source or 
dissipation means in the circuit. 

SERIES ARRANGEMENT 

Two or more silicon controlled rec
tifiers can be used in a series ar
rangement when the total forward 
(or reverse) voltage is higher than 
the maximum voltage rating for a 
single device. I n series arrange
ments, precautions must be taken 
to assure equal division of the ap
plied voltage among the devices. I f 
one rectifier carries a larger share 
of voltage because of leakage differ
ences or other variations between 
units, it may inadvertently fire when 
the peak voltage across the string 
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is large, and thus disrupt the entire 
series string. Under steady-state 
blocking conditions, this problem 
can be minimized by shunting in
dividual rectifiers with resistors of 
the same value to equalize the volt
age drop. 

Transient effects also present a 
problem in series arrangements. Un
der high-frequency voltage-transient 
conditions, voltage division across 
the silicon controlled rectifiers be
comes inversely proportional to the 
junction capacitance of the individual 
units. I n this case, proper voltage 
division can be achieved by placing 
a small capacitor in parallel with 
each voltage-equalizing resistor, as 
shown in F i g . 98a. For most appli
cations, a 0.01- to 0.05-microfarad 
capacitor should be sufficient. 

I n extremely crit ical applications, 
voltage division for a series ar
rangement can best be attained by 
replacing each voltage-equalizing re
sistor with a silicon voltage-refer
ence diode, as shown in F i g . 98b. 

r - W v I f^A/Vv I h 

( a ) 

V O L T A G E - R E F E R E N C E 
D I O D E S 

F i g u r e 98. V a r i o u s m e t h o d s of p r o p e r 
v o l t a g e d i v i s i o n in s e r i e s a r r a n g e m e n t s . 

Double-ended diodes should be used 
if the series string is required to 
block appreciable voltage in the 

reverse direction as well as in the 
forward direction. 

I n series operation, the gate signal 
for each silicon controlled rectifier 
must be electrically isolated from 
the gate signals for a l l other units. 
Small transformers having multiple 
secondary windings can effectively 
provide such isolation for ac and 
pulse-type triggering circuits. I n ad
dition, a small resistor or capacitor 
may be placed in series with each 
gate to prevent controlled rectifiers 
having low-impedance gate charac
teristics from shunting the trigger
ing signal away from units having 
higher gate impedance. 

Although silicon controlled rec
tifiers can also be used in parallel 
arrangements, the circuit require
ments in such applications are quite 
complicated, and require a discus
sion which is too detailed for the 
purposes of this manual. 

POWER CONTROL 

As mentioned previously, silicon 
controlled rectifiers are used in a 
large number of commercial and in
dustrial power-control applications. 
F i g . 99a shows a simple power-con
trol circuit using a controlled recti
fier; F i g . 99b shows the waveforms 
for applied voltage and load current. 
I n this circuit, the rectifier is con
nected in series with the load, and 

.the gate circuit receives its trigger
ing signal from the pulse generator. 
The rectifier selected has a voltage 
breakover point which is higher than 
the value of applied peak ac anode 
voltage. A s a result, when the gate 
circuit is open (i.e., no signal ap
plied by the pulse generator), the 
rectifier is in the "off" condition, and 
no current flows through the load 
except a slight leakage current. 

When a gate signal of sufficient 
amplitude is applied at the beginning 
of the positive anode voltage, the 
rectifier is triggered and current 
flows through the circuit for the re
mainder of the positive cycle, even 
when the triggering signal is re
moved. The load current ceases only 
when the applied ac signal becomes 
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F i g u r e 99. (a) B a s i c p o w e r - c o n t r o l c i r c u i t 
a n d (b) w a v e f o r m s for s u p p l y v o l t a g e , load 

c u r r e n t , a n d g a t e c u r r e n t . 

ratios shown in Table I of the sec
tion on Silicon Rectifiers. For si l i 
con controlled rectifiers, however, 
the calculations are more difficult 
because the current ratios become 
functions of both the conduction 
angle and the firing angle of the 
device. 

The charts in F igs . 100, 101, and 
102 show several current ratios as 
functions of conduction and firing 
angles for three basic silicon-con-
trolled-rectifier circuits. These charts 

C9 

C.8 

C.7 

0.6 
© 
P 0.5 
tc 
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0.1 
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negative and the rectifier current 
falls below the value required to 
maintain conduction. 

A silicon controlled rectifier can 
be used to conduct during any de
sired portion of the positive cycle 
of anode voltage by applying the 
gate signal at the proper value of 
the anode voltage. For example, i f 
the triggering signal is applied at 
the positive peak of the anode volt
age waveform, the rectifier conducts 
only a quarter of the cycle. This flex
ibility of control distinguishes the 
silicon controlled rectifier from all 
other types of semiconductor devices. 

CURRENT RATIOS 

I n the design of circuits using 
silicon controlled rectifiers, it is 
often necessary to determine the spe
cific values of peak, average, and 
rms current flowing through the de
vice. I n the case of conventional rec
tifiers, these values are readily 
determined by the use of the current 
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3 0 

F i g u r e 100. R a t i o of d e v i c e c u r r e n t a s a 
f u n c t i o n of c o n d u c t i o n a n d f i r ing a n g l e s for 
s i n g l e - p h a s e h a l f - w a v e c o n d u c t i o n in to a 

r e s i s t i v e l o a d . 

0.9, 
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F i g u r e 1 0 1 . R a t i o of d e v i c e c u r r e n t a s a 
f u n c t i o n of c o n d u c t i o n a n d f i r ing a n g l e s for 
s i n g l e - p h a s e f u l l - w a v e c o n d u c t i o n in to a 

r e s i s t i v e l o a d . 
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can be used in a number of ways to 
calculate desired current values. For 
example, they can be used to de
termine the peak or rms current in 
a silicon controlled rectifier when a 
certain average current is to be de
livered to a load during a specific 
part of the conduction period. I t is 
also possible to work backwards and 
determine the necessary period of 
conduction if, for example, a specified 
peak-to-average current ratio must 
be maintained in a particular appli
cation. Another use is the calculation 
of the rms current at various conduc
tion angles when it is necessary to 
determine the power delivered to a 
load, or power losses in transform
ers, motors, leads, or bus bars. A l 
though the charts are presented in 
terms of device current, they are 
equally useful for the calculation of 
load current and voltage ratios. 

<• 

\ & 
w 

// 

that the current can obtain and corre
sponds to the peak of the sine wave. 
For conduction angles greater than 
90 degrees, Ip* is equal to I 0 ; for 
conduction angles smaller than 90 
degrees, Ipn is smaller than I Q . 

The general procedure for the use 
of the charts is as follows: 

(1) Identify the unknown or de
sired parameter. 

(2) Determine the values of the 
parameters fixed by the cir
cuit specifications. 

(3) Use the appropriate curve to 
find the unknown quantity as 
a function of two of the fixed 
parameters. 

Example No. 1 : I n the single-
phase half-wave circuit shown in 
F i g . 103, a 2N685 silicon controlled 
rectifier is used to control power 
from a sinusoidal ac source of 120 
volts rms (170 volts peak) into a 
2.8-ohm load. This application re
quires a load current which can be 
varied from 2 to 25 amperes rms. I t 
is necessary to determine the range 
of conduction angles required to ob
tain this range of load current. 

60 9 0 120 150 
CONDUCTION ANGLE (o) 

J80 120 90 60 
FIRING ANGLE (o) 

F i g u r e 102. R a t i o of d e v i c e c u r r e n t a s a 
f u n c t i o n of c o n d u c t i o n a n d f i r i n g a n g l e s for 
t h r e e - p h a s e h a l f - w a v e c i r c u i t h a v i n g a 

r e s i s t i v e l o a d . 

The charts provide ratios relating 
average current I a v g , rms current 
Irm8, peak current Ip*, and a param
eter I 0 called the reference current. 
This last value represents a con
stant of the circuit, and is equal to 
the peak source voltage V p k divided 
by the load resistance R L . The term 
I Pk refers to the peak current which 
appears at the controlled rectifier 
during its period of forward con
duction. I 0 is the maximum value 

T Y P E 
2 N 6 8 5 

120 V O L T S rms 
170 VOLTS P E A K 

R L = 2 . 8 
• OHMS 

1 = 0 ( 0 ° < 8<8f) 

Z = I 0 sin 8 ( 0 f < S < 1 8 0 ° ) 

180' Xd8 

I 2 d ' e 
1/2 

I p k = X 0 < O > 0 f > 9 O ° ) 

I p k = I 0 s i n 0f ( 9 O ° < 0 f < I 8 0 ° [ 

F i g u r e 103. S i n g l e - p h a s e h a l f - w a v e c i r c u i t 
u s i n g r e s i s t i v e l o a d , a n d r e s p e c t i v e e q u a 

t i o n s for d e v i c e c u r r e n t . 

Fi r s t , the reference current I c is 
calculated, as follows: 

V p k 170 
= 61 amperes l o = 

R i 2.8 
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The ratios of I r m , / I o for the maxi
mum and minimum load-current 
values : are then calculated, as fol
lows: 

•„ = - J - = 0.033 

Again, the first quantity to be cal
culated is the reference current. Be
cause the reference current varies 
with the load resistance, the maxi
mum and minimum values are de-. 
termined as follows: 

max = - ^ - = 0 - 4 1 d o ) max = 

These current-ratio values are then 
applied to curve 3 of F i g . 100, and 
the corresponding conduction angles 
are determined to be 

( 0 C ) min = 15 degrees 
( e c ) max = 106 degrees 

Example No. 2: I n the single-
phase full-wave bridge circuit (two 
legs controlled) shown in F i g . 104, a 
constant average load current of 
seven amperes is to be maintained 
while the load resistance varies from 
0.2 to 4 ohms. I n this case, it is 
necessary to determine the variation 

TYPE 
INII99A 

2NI843A 

I = I 0 sin B ,(0f<0<l8O°) 

Xpk =" Io ( O ° < 0 f < 9 O ° ) 
I p k = I 0 s i n 6f { 9 O o < 0 f < l 8 O ° } 

F i g u r e 104. S i n g l e - p h a s e f u l l - w a v e b r i d g e 
c i r c u i t u s i n g r e s i s t i v e l o a d , a n d r e s p e c t i v e 

e q u a t i o n s for d e v i c e c u r r e n t . 

required in the conduction angle. The 
average silicon controlled rectifier 
current is half the load current, or 
3.5 amperes. The applicable current 
ratios for this circuit are shown in 
F i g . 100 (the individual device cur
rents are half-wave although the 
load current is full-wave). 

VP* 

( R L ) min 
45 
-^g- = 225 amperes 

( I 0 ) min = 
( R L ) max 
45 
—— = 11.2 amperes 

The corresponding ratios of I,Tg/I« 
are then calculated, as follows: 

I lavg I 
L i t J 

mm 

max 

3.5 
225 

3.5 
11.2 

= 0.015 

= 0.312 

Final ly , these ratios are applied to 
curve 2 of F i g . 100 to determine the 
desired conduction values, as fol
lows: 

( e c ) min = 25 degrees 
( 0 C ) max = 165 degrees 

Example No. 3: I n the three-phase 
half-wave circuit shown in F i g . 105, 
the firing angle is varied continu
ously from 30 to 155 degrees. I n this 
case, it is necessary to determine 
the resultant variation in the at
tainable load power. Reference cur
rent for this circuit is determined 
as follows: 

lo = 
85 

3^0" 
V k ~ - = ——= 28 amperes K 

Rectifier current ratios are de
termined from F i g . 102 for the 
extremes of the firing range, as 
follows: 

0F - - 30°; = 0.49 

0F = 155°; 

Io 
I r m 

Io 
0.06 
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F i g u r e 105 . T h r e e - p h a s e h a l f - w a v e c i r c u i t u s i n g r e s i s t i v e l o a d , a n d r e s p e c t i v e e q u a t i o n s 
for d e v i c e c u r r e n t . 

These ratios, together with the ref
erence current, are then used to de
termine the range of rms current in 
the rectifiers, as follows: 

(Irm,) max = 0.49 X 28 
= 13.7 amperes 

(Irm«) min = 0.06 X 28 
= 1.7 amperes 

I n this circuit, the rms current in 

the load is equal to the rms recti
fier current multiplied by the square 
root of three; as a result, the de
sired power range of the load is as 
follows: 

P = (Irraa V 3 ) 2 R 
Pmax = 1700 watts 
PmiB = 26 watts 



Tunnel, Varactor, 
and Other Diodes 

TUNNEL DIODES 

AT U N N E L diode is a small p-n 
junction device having a very 

high concentration of impurities in 
the p-type and n-type semiconductor 
materials. This high impurity den
sity makes the junction depletion 
region (or space-charge region) so 
narrow that electrical charges can 
transfer across the junction by a 
quantum-mechanical action called 
"tunneling". This tunneling effect 
provides a negative-resistance region 
on the characteristic curve of the de
vice that makes it possible to achieve 
amplification, pulse generation, and 
rf-energy generation. 

Construction 
The structure of a tunnel diode is 

extremely simple, as shown in F i g . 
106. A small "dot" of highly con
ductive n-type (or p-type) material 
is alloyed to a pellet of highly con
ductive p-type (or n-type) material 
to form the semiconductor junction. 

inductance, low-capacitance case. A 
very fine mesh screen is added to 
make the connection to the "dot". 
The device is then encapsulated, and 
a lid is welded over the cavity. 

A t the present time, most commer
cially available tunnel diodes are 
fabricated from either germanium or 
gallium arsenide. Germanium devices 
offer high speed, low noise, and low 
rise times (as low as 40 picoseconds). 
Gallium arsenide diodes have a volt
age swing almost twice that of ger
manium devices, and, as a result, can 
provide power outputs almost four 
times as high. Because of their 
power-handling capability, gallium 
arsenide tunnel diodes are being used 
in an increasing number of applica
tions, and appear to be particularly 
useful as microwave oscillators. 

Characteristics 

Typical current-voltage character
istics for a tunnel diode are shown 
in F i g . 107. Conventional diodes do 

DOT MESH L I D A  

\ SCREEN-^  
CASE. 

- E N C A P S U L A T I N G 
M A T E R I A L 

F i g u r e 106. S t r u c t u r e of a t u n n e l d i o d e . 

The pellet (approximately 0.025 inch not conduct current under conditions 
square) is then soldered into a low- of reverse bias until the breakdown 

68 
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F i g u r e 107. T y p i c a l c u r r e n t - v o l t a g e c h a r a c t e r i s t i c of a t u n n e i d i o d e . 

voltage is reached; under forward 
bias they begin to conduct at ap
proximately 300 millivolts. I n tunnel 
diodes, however, a small reverse bias 
causes the valence electrons of semi
conductor atoms near the junction to 
"tunnel" across the junction from 
the p-type region into the n-type 
region; as a result, the tunnel diode 
is highly conductive for al l reverse 
biases. Similarly, under conditions of 
small forward bias, the electrons in 
the n-type region "tunnel" across 
the junction to the p-type region and 
the tunnel-diode current rises rapidly 
to a sharp maximum peak Ip. A t in
termediate values of forward bias, 
the tunnel diode exhibits a negative-
resistance characteristic and the cur
rent drops to a deep minimum valley 
point I T . A t higher values of forward 
bias, the tunnel diode exhibits the 
diode characteristic associated with 
conventional semiconductor current 
flow. The decreasing current with in
creasing forward bias in the negative-
resistance region of the characteristic 
provides the tunnel diode with its 
ability to amplify, oscillate, and 
switch. 

Equivalent Circuit 
In the equivalent circuit for a tun

nel diode shown in F i g . 108, the n-

type and p-type regions are shown as 
pure resistances r i and r 2 . The tran
sition region is represented as a 
voltage-sensitive resistance R ( v ) in 
parallel with a voltage-sensitive ca
pacitance C ( v ) because tunneling is 

ft r TRANSIT ION 
REGION I P 

L T[ R(v) r2 

C(v) 

F i g u r e 108. E q u i v a l e n t c i r c u i t fo r a t u n n e l 
d i o d e . 

a function of both voltage and junc
tion capacitance. This capacitance is 
similar to that of a parallel-plate 
capacitor having plates separated by 
the transition region. 

The dashed portion L in F i g . 108 
represents an inductance which re
sults from the case and mounting of 
the tunnel diode. This inductance is 
unimportant for low-frequency di-
odes, but becomes increasingly im
portant at high frequencies (above 
109 megacycles). 

F ig . 109 shows the form of the 
equivalent circuit when the diode is 
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biased so that its operating point is 
in the negative-resistance region; 
dynamic characteristics of tunnel di
odes are defined with respect to this 
eircuit. L s represents the total series 

L S 

G ——1 

O V \ A 1 

F i g u r e 109. E q u i v a l e n t c i r c u i t for a t u n n e l 
d i o d e b i a s e d in t h e n e g a t i v e - r e s i s t a n c e 

r e g i o n . 

inductance, and Rs the total series 
resistance. CD is the capacitance and 
— R D is the negative resistance of 
the diode. For small signal var ia
tions, both the resistance R D and the 
capacitance CD are constant. 

The figure of merit F of a tunnel 
diode is equal to the reciprocal of 
27rRC, where R and C are the equiva
lent values — RD and CD , respectively, 
shown in F i g . 109. Th is expression 
has two very useful interpretations: 
( 1 ) i t is the diode gain-bandwidth 
product for circuits operating in the 
linear negative-resistance region of 
the characteristic, and (2) its recip
rocal is the diode switching time 
when the device is used as a logic 
element. 

Applications 
When the tunnel diode is used in 

circuits such as amplifiers and oscil
lators, the operating point must be 
established in the negative-resistance 
region. The dc load line, shown as 
a solid line in F i g . 110, must be very 
steep so that i t intersects the static 
characteristic curve at only one point 
A . The ac load line can be either 
steep with only one intersection B , 
as in the case of an amplifier, or 
relatively flat with three intersec
tions C , D, and E , as in the case of 
an oscillator. The location of the op
erating point is determined by the 
anticipated signal swing, the required 
signal-to-noise ratio, and the operat
ing temperature of the device. Bias 
ing at the center of the linear portion 

of the negative-resistance slope per
mits the greatest signal swing. For 
high-temperature operation, a higher 
operating current is chosen; for low 
noise, the device is operated at the 
lowest possible bias current. 

F i g u r e 110. T y p i c a l l o a d l i n e s for t u n n e l -
d i o d e c i r c u i t s . 

Because tunnel diodes can operate 
effectively at frequencies above 300 
megacycles, they are particularly 
suitable for use in microwave am
plifiers and oscillators. I n microwave 
amplifier circuits, tunnel diodes offer 
low noise, as well as small size and 
weight, low cost, and low power 
drain. I n addition, bandwidths in 
excess of an octave can readily be 
obtained because of the wideband 
negative-resistance characteristic of 
tunnel diodes. However, this wide
band negative resistance makes sta
bilization an important problem in 
the design of microwave tunnel-
diode amplifiers. 

I n microwave oscillator circuits, 
tunnel diodes can provide useful 
power outputs at frequencies as high 
as 5000 megacycles. Compared to 
vacuum-tube microwave oscillators, 
tunnel-diode oscillators are inexpen
sive, require only a fraction of a 
volt dc bias, and are rugged and 
reliable in severe environments. 
Compared to transistor-driven var
actor frequency-multiplier circuits, 
they are simple and compact, and 
afford higher dc-to-rf conversion 
efficiencies. (More detailed infor
mation on microwave tunnel-diode 
circuits, as well as on other tunnel-
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diode applications, is given in the 
R C A T U N N E L - D I O D E M A N U A L 
TD-30.) 

A s a two-terminal switch, the tun
nel diode is particularly suited to 
computer applications because Of its 
high speed, small size, and low power 
consumption. Switching operation is 
obtained by the use of a load line 
which intersects the diode charac
teristic in three points, as shown in-
F i g . 110; however, only points C and 
E are stable operating points. I f the 
circuit is operated at point C and a 
positive current step of sufficient am
plitude is applied, the Operating point 
switches to point E . Correspondingly, 
a negative input signal switches the 
operating point back to point C. 

A n advantage of the switching 
mode is its nonsensitivity to the exact 
linearity of the negative-resistance 
region of the tunnel-diode character
istics. Slight irregularities in the neg
ative characteristic have negligible 
effect on the switching action. 

In the basic monostable circuit or 
"gate" shown in F i g . 111a, the static 
load line is determined by the resist-

( b ) 

F i g u r e 1 1 1 . B a s i c t u n n e l - d i o d e l o g i c c i r c u i t 

ance R 0 and the voltage V 0 . I f R D is 
less than the minimum dynamic neg
ative resistance of the diode, only a 
single operating point exists. The 
gate is stable in its low state i f V 0 

is adjusted so that the operating 
point is at E . The dynamic load line 
is determined by the inductive time 
constant L/Ro. When the inductive 
time constant is long compared to 
the switching time t„, the current in 
the circuit is effectively constant. 

I f a small step of current I l n is ap
plied to the diode, the operating point 
switches to the high-voltage point 
F along the constant-current path 
shown by the dashed line in F i g . 
111b. Removal of the input causes 
the operating point to move to F ' . 
A t this point, the energy stored in 
the inductor L must be dissipated 
before the circuit can return to its 
original operating point. As the en
ergy in the inductor decreases, the 
operating point moves along the di
ode characteristic to the point of 
minimum current at G. When this 
point is reached, switching again 
occurs along a constant-current path 
to point H . The cycle of operation is 
completed by a recovery region in 
which the energy in the inductor 
builds up to its original level; during 
this period the operating point moves 
up the diode characteristic to the 
starting point. 

F i g . 112a shows a simple tunnel-
diode logic circuit. I f the static op
erating bias is adjusted so that only 
one input is required to trigger the 
diode, an OR function is performed. 
I f al l inputs are required to trigger 
the diode, an A N D function is per
formed. Because the coupling imped
ance is high compared to the diode 
impedance, the inputs can be con
sidered as current sources during 
the triggering period. F i g . 112b 
shows the biasing for a three-input 
A N D gate. I f the operating-point 
bias is increased slightly, the circuit 
can be made to trigger on two of its 
inputs; the logical function per
formed would then be that of a 
"majority gate". 
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F i g u r e 112. T u n n e l - d i o d e " A N D " g a t e . 

Radiation and Thermal 
Considerations 

One of the most important features 
of the tunnel diode is its resistance 
to nuclear radiation. Experimental 
results have shown tunnel diodes to 
be at least ten times more resistant 
to radiation than transistors. Because 
the resistivity of tunnel diodes is so 
low initially, i t is not critically af
fected by radiation until large doses 
have been applied. I n addition, tun
nel diodes are less affected by ioniz
ing radiation because they are rela
tively insensitive to surface changes 
produced by such radiation. 

In general, the tunnel-diode volt
age-current characteristic is rela
tively independent of temperature. 
Specific tunnel-diode applications 
may be affected, however, by the rel
ative temperature dependence of the 
various circuit components. I n such 
applications, negative feedback or 
direct (circuit) compensation may be 
required. 

HIGH-CURRENT 
TUNNEL DIODES 

High-current tunnel diodes are 
basically the same as conventional 
tunnel diodes, except that they have 
a larger junction area to permit the 
flow of higher currents. I n addition, 
they use a different package ( R C A 
high-current devices generally use a 
rectifier package such as the DO-4 
or DO-8), and have a much smaller 
value of series resistance (generally 
in the order of 0.010 ohm or less) . 

High-current tunnel diodes are 
used as low-voltage inverters in cir
cuits having low-impedance dc power 
sources. They can also be used for 
efficient inversion of the output of 
solar cells, thermoelectric generators, 
or thermionic converters, and as 
overload detectors in dc and ac 
power supplies, pulse generators, 
high-speed switches, and oscillators. 

F i g . 113 shows a simple overload-
sensor circuit using a high-current 
tunnel diode. This circuit is a fast-
acting sensitive overcurrent detector 
which can be used to protect sensi
tive loads from current surges or 
overloads. Other circuit arrange
ments can be used to protect the 
power supply rather than the load. 

HIGH-CURRENT 
T U N N E L DIODE 

i — W V 

F i g u r e 113. O v e r l o a d s e n s o r c i r c u i t u s i n g 
t u n n e l d i o d e . 

TUNNEL RECTIFIERS 
I n addition to its negative-resist

ance properties, the tunnel diode has 
an efficient rectification character
istic which can be used in many 
rectifier applications. When a tunnel 
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diode is used in a circuit in such a 
way that this rectification property 
is emphasized rather than its nega
tive-resistance characteristic, i t is 
called a tunnel rectifier. I n general, 
the peak current for a tunnel rec
tifier is less than one milliampere. 

The major differences in the cur
rent-voltage characteristics of tunnel 
rectifiers and conventional rectifiers 
are shown in F i g . 114. I n conven
tional rectifiers, current flow is sub
stantial in the forward direction, but 
extremely small in the reverse direc
tion (for signal voltages less than 
the breakdown voltage for the de
vice) . I n tunnel rectifiers, however, 
substantial reverse current flows at 
very low voltages, while forward 
current is relatively small. Conse
quently, tunnel rectifiers can provide 
rectification at smaller signal volt
ages than conventional rectifiers, 
although their polarity requirements 
are opposite. ( F o r this reason, tun
nel rectifiers are sometimes called 
"back diodes.") 

IP 

-CONVENTIONAL, 
R E C T I F I E R 

. T U N N E L 
R E C T I F I E R 

F i g u r e 114. C u r r e n t - v o l t a g e c h a r a c t e r i s t i c s 
of t u n n e l r e c t i f i e r a n d c o n v e n t i o n a l r e c t i f i e r . 

Because of their high-speed capa
bility and superior rectification char
acteristics, tunnel rectifiers can be 
used to provide coupling in one di
rection and isolation in the opposite 
direction. F i g . 115 shows the use of 
tunnel rectifiers to provide direc
tional coupling in a tunnel-diode 
logic circuit. 

O — W \ — i i 
R E S E T 

AA/V-O 

v w - o 

A/W—O 

T U N N E L R E C T I F I E R S 

F i g u r e 115. L o g i c c i r c u i t u s i n g a t u n n e l ! 
d i o d e a n d t h r e e t u n n e l r e c t i f i e r s . 

VARACTOR DIODES 
A varactor or variable-reactance 

diode is a microwave-frequency p-n 
junction semiconductor device in 
which the depletion-layer capacitance 
bears a nonlinear relation to the junc
tion voltage, as shown in F i g . 116a. 
When biased in the reverse direction, 
a varactor diode can be represented 
by a voltage-sensitive capacitance 
C ( v ) in series with a resistance R e , 
as shown in F i g . 116b. This nonlinear 
capacitance and low series resistance, 
which permit the device to perform 
frequency-multiplication, oscillation,, 
and switching functions, result from 
a very high impurity concentration 

C(v): 

(b) 
F i g u r e 116. (a ) C a p a c i t a n c e - v o l t a g e r e l a 
t i o n s h i p a n d (b) e q u i v a l e n t c i r c u i t s fo r a 

v a r a c t o r d i o d e . 

outside the depletion-layer region 
and a relatively low concentration at 
the junction. Very low noise levels 
are possible in circuits using varactor 
diodes because the dominant current 
across the junction is reactive and 
shot-noise components are absent. 
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Reactive nonlinearity, without an 
appreciable series resistance com
ponent, enables varactor diodes to 
generate harmonics with very high ef
ficiency in circuits such as the shunt-
type frequency multiplier shown in 
F i g . 117. The circuit is driven by a 
sinusoidal voltage source V . having 

/ F I L T E R 

F i g u r e 117. V a r a c t o r - d i o d e f r e q u e n c y 
m u l t i p l i e r . 

a fundamental frequency f and an 
internal impedance Z„. Because the 
ideal input filter is an open circuit 
for a l l frequencies except the funda
mental frequency, only the funda
mental component of current if can 
flow in the input loop. A second-
harmonic current i 2 f is generated by 
the varactor diode and flows toward 
the load Z L ; another ideal filter is 
used in the output loop to block the 
fundamental-frequency component of 
the input current. 

Varactor diodes can amplify sig
nals when their voltage-dependent 
capacitance is modulated by an alter
nating voltage at a different fre
quency. This alternating voltage 
supply, which is often referred to as 
the "pump", adds energy to the sig
nal by changing the diode capaci
tance in a specific phase relation with 
the stored signal charge so that po
tential energy is added to this charge. 
A n "idler" circuit is generally used 
to provide the proper phase relation
ship between the signal and the 
"pump". 

VOLTAGE-REFERENCE DIODES 
Voltage-reference or zener diodes 

are silicon rectifiers in which the re
verse current remains small until 

the breakdown voltage is reached • 
and then- increases rapidly with little 
further increase in voltage. The 
breakdown voltage is a function of-
the diode material and construction, 
and can be varied from one volt to 
several hundred volts for" various 
current and power ratings, depending 
on the junction area and the method 
of cooling. A stabilized supply can 
deliver a constant output (voltage or 
current) unaffected by temperature, 
output load, or input voltage, within 
given limits. The stability provided, 
by voltage-reference diodes makes 
them useful as stabilizing devices and 
as reference sources capable of sup
plying extremely constant current 
loads. 

COMPENSATING DIODES 
Excellent stabilization of collector 

current for variations i n both supply 
voltage and temperature can- be ob
tained by the use of a compensating 
diode operating in the forward di
rection in the bias network of ampli
fier or oscillator circuits. F i g . 118 
shows the transfer characteristics of 

O 5 0 100 150 2 0 0 2 5 0 
B A S E - T O - E M I T T E R M I L L I V O L T S 

F i g u r e 118. T r a n s f e r c h a r a c t e r i s t i c s of 
t r a n s i s t o r . 

a transistor; F i g . 119 shows the for
ward characteristics of a compensat
ing diode. I n a typical circuit'1, the 
diode is biased in the forward direc
tion; the operating point is repre
sented on the diode characteristics 
by the dashed horizontal line. The 
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119. F o r w a r d c h a r a c t e r i s t i c s 
c o m p e n s a t i n g d i o d e . 

of 

current at this point deter-
a bias voltage which estab

lishes the transistor idling current. 
This bias voltage shifts with varying 
temperature in the same direction 
and magnitude as the transistor char
acteristic, and thus provides an idling 
current that is essentially independ
ent of temperature. 

The use of a compensating diode 
also reduces the variation in tran
sistor idling current as a result of 
supply-voltage variations. Because 
the diode current changes in propor
tion with the supply voltage, the bias 
voltage to the transistor changes in 
the same proportion and idling-cur
rent changes are minimized. (The 
Use of' diode compensation is dis
cussed in mure detail under "Bias ing" 
in the Transistor Applications Sec
tion.) 



Transistor Installation 

TH I S section covers installation 
suggest ions and precautions 

which are generally applicable to a l l 
types of transistors. Careful observ
ance of these suggestions wi l l help 
experimenters and technicians to ob
tain the best results from semi
conductor devices and circuity. 

ELECTRICAL CONNECTIONS 
The collector, base, and emitter 

terminals of transistors can be con
nected to associated circuit elements 
by means of sockets, clips, or solder 
connections to the leads or pins. I f 
connections are soldered close to the 
lead or pin seals, care must be taken 
to conduct excessive heat away from 
the seals, otherwise the heat of the 
soldering operation may crack the 
glass seals and damage the tran
sistor. When dip soldering is em
ployed in the assembly of printed 
circuits using transistors, the tem
perature of the solder should be 
limited to about 225 to 250 degrees 
centigrade for a maximum immersion 
period of 10 seconds. Furthermore, 
the leads should not be dip-soldered 
too close to the transistor case. Under 
no circumstances should the mount
ing flange of a transistor be soldered 
to a heat sink because the heat of 
the soldering operation may perma
nently damage the transistor. 

When the metal case of a transis
tor is connected internally to the 
collector, the case operates at the col
lector voltage. I f the case is to oper
ate at a voltage appreciably above 

or below ground potential, considera
tion must be given to the possibility 
of shock hazard and suitable precau
tionary measures taken. 

TESTING 
A quick check can be made of tran

sistors prior to their installation in 
a circuit by resistance measurements 
with an electronic voltmeter (such as 
a VoltOhmyst*). Resistance between 
any two electrodes should be very 
high (more than 10,000 ohms) in 
one direction, and considerably lower 
in the other direction (100 ohms or 
less between emitter and base or col
lector and base; about 1000 ohms 
between emitter and collector). I t is 
very important to limit the amount 
of voltage used in such tests (par
ticularly between emitter and base) 
so that the breakdown voltages of 
the transistor w i l l not be exceeded; 
otherwise the transistor may be dam
aged by excessive currents. 

TEMPERATURE EFFECTS 
Many transistor characteristics are 

sensitive to variations in tempera
ture, and may change enough at high 
operating temperatures to affect cir
cuit performance. F i g . 120 illustrates 
the effect of increasing temperature 
on the common-emitter forward cur
rent-transfer ratio (beta), the dc 
collector-cutoff current, and the in
put and output impedances. To avoid 
undesired changes in circuit opera
tion, i t is recommended that tran-
•Trade Mark Reg. U .S . Pat, Off. 
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sistors be located away from heat 
sources in equipment, and also that 
provisions be made for adequate heat 
dissipation and, i f necessary, for 
temperature compensation. 

FORWARD CURRENT-
TRANSFER RATIO 

OUTPUTIMPED 

4 0 60 60 
TEMPERATURE—°C 

F i g u r e 120. V a r i a t i o n of t r a n s i s t o r c h a r 
a c t e r i s t i c s w i t h t e m p e r a t u r e . 

HEAT SINKS 
I n some transistors, the collector 

electrode is connected internally to 
the metal case to improve heat-dis
sipation capabilities. More efficient 
cooling of the collector junction in 
these transistors can be accomplished 
by connection of the case to a heat 
sink. I t is recommended that a 0.002-
inch mica insulator or an anodized 
aluminum insulator having high 
thermal conductivity be used between 
the transistor base and the heat sink, 
usually the chassis. The insulator 
should extend beyond the mounting 
clamp, as shown in F i g . 121. I t 
should be drilled or punched to pro
vide both the two mounting holes 
and the clearance holes for the col
lector, emitter, and base pins. Bur rs 
should be removed from both the in
sulator and the holes in the chassis 
so that the insulating layer w i l l not 
be destroyed during mounting. I t is 
also recommended that a fiber washer 
be used between the mounting bolt 
and the chassis, as shown in F i g . 
121, to prevent a short circuit be
tween them. 

The use of an external resistance 
in the emitter or collector circuit of 
a transistor is an effective deterrent 
to damage which might be caused 

by thermal runaway. The minimum 
value of this resistance for low-level 
stages may be obtained from the 
following equation: 

( p « + l ) 

where E is the dc collector supply 
voltage in volts, P 0 is the product of 
the collector-to-emitter voltage and 
the collector current at the desired 
operating point in watts, and K is 
the thermal resistance of the tran
sistor and heat sink in degrees cen
tigrade per watt. 

M I C A I N S U L A T O R 
. 0 0 2 " - . 0 0 3 " T H I C K 

C H A S S I S 
C H E A T S I N K ) 

C H A S S I S H O L E 
0 . 2 0 0 " D I A . 

MICA INSULATOR 

METAL WASHER 

TERMINAL LUG 

F i g u r e 1 2 1 . S u g g e s t e d m o u n t i n g a r r a n g e 
m e n t f o r t r a n s i s t o r o n h e a t s i n k . 

SHIELDING 
I n high-frequency stages having 

high gain, undesired feedback may 
occur and produce harmful effects on 
circuit performance unless shielding 
is used. The output circuit of each 
stage is usually shielded from the 
input of the stage, and each high-
frequency stage is usually shielded 
from other high-frequency stages. I t 
is also desirable to shield separately 
each unit of the high-frequency 
stages. For example, each i f and r f 
coil in a superheterodyne receiver 
may be mounted in a separate shield 
can. Baffle plates may be mounted 
on the ganged tuning capacitor to 
shield each section of the capacitor 
from the other section. 
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•:; The shielding precautions.required 
in a circuit depend on the design of 
the -circuit and the layout of the 
parts. When the; metal case of a 
transistor is grounded at the socket 
terminal, the grounding connection 
should be as shprt as possible to min
imize lead inductance. Many transis
tors have a separate lead connected 
to the case and used as a ground 
lead; where present, these leads are 
indicated in the terminal diagrams. 

DRESS OF CIRCUIT LEADS 
A t high frequencies such as are 

encountered in F M and television re
ceivers, lead dress (i.e., the location 
and arrangement of the leads used 
for connections in the receiver) is 
very important. Because even a short 
lead provides a large impedance at 
high frequencies, it is necessary to 
keep all high-frequency leads as short 
as possible. This precaution is espe
cially important for ground connec
tions and for al l connections to 
bypass capacitors and high-frequency 
filter capacitors. I t is recommended 
that a common ground return be 
used for each stage, and that short, 
direct connections be made to the 

common ground point. The emitter 
-lead especially should be kept as 
short as possible. 

: Particular care should be taken 
with the lead dress of the input and 
output circuits of high-frequency 
stages so that the possibility of stray 
coupling is minimized. Unshielded 
leads connected to shielded compo
nents should be dressed close to the 
chassis. 

In high-gain audio amplifiers, these 
same precautions should be taken to 
minimize the possibility of self-
oscillation. 

FILTERS 
Feedback effects may occur in ra 

dio or television receivers as a result 
of coupling between stages through 
common voltage-supply circuits. F i l 
ters find an important use in mini
mizing such effects. They should be 
placed in voltage-supply leads to 
each transistor to provide isolation 
between stages. 

Capacitors used in transistor r f 
circuits, particularly at high frequen
cies, should be mica or ceramic. For 
audio bypassing, electrolytic capaci
tors are required. 



Interpretation of Data 

TH E technical data for R C A tran
sistors given in the following sec

tion include ratings, characteristics, 
typical operation values, and char
acteristic curves. Unless otherwise 
specified, all voltages and currents 
are dc values, and al l values are ob
tained at an ambient temperature of 
25 degrees centigrade. 

Ratings are established for semi
conductor devices to help equipment 
designers utilize the performance 
and service capabilities of each type 
to. the best advantage. These ratings 
are based on careful study and ex
tensive testing, and indicate limits 
within which the specified character
istics must be maintained to ensure 
satisfactory performance. The maxi
mum ratings given for the semi
conductor devices included in this 
Manual are based on the Absolute 
Maximum system. This system has 
been denned by the Joint Electron De
vice Engineering Council ( J E D E C ) 
and standardized by the National 
Electrical Manufacturers Association 
( N E M A ) and the Electronic Indus
tries Association ( E I A ) . 

Absolute-maximum ratings are 
limiting values of operating and en
vironmental conditions which should 
not be exceeded by any device of a 
specified type under any condition of 
operation. Effective use of these 
ratings requires close control of 
supply-voltage variations, component1 

variations, equipment-control adjust
ment, load variations, signal var ia 
tions, and environmental conditions. 

Electrode voltage and current rat
ings for transistors are in general 
self-explanatory, but a brief explana
tion of some ratings wi l l aid in the 
understanding and interpretation of 
transistor data. 

Voltage ratings are established 
with reference to a specified elec
trode (e.g., collector-to-emitter volt
age), and indicate the maximum 
potential which can be placed across 
the two given electrodes before crys
tal breakdown occurs. These ratings 
may be specified with the third elec
trode open, or with specific bias volt
ages or external resistances. 

Transistor dissipation is the power 
dissipated in the form of heat by the 
collector. I t is the difference between 
the power supplied to the collector 
and the power delivered by the tran
sistor to the load. Because of the 
sensitivity of semiconductor mate
rials to variations in thermal condi
tions, maximum dissipation ratings 
are usually given for specific tem
perature conditions. 

For many types, the maximum 
value of transistor dissipation is spec
ified for ambient, case, or mounting-
flange temperatures up to 25 degrees 
centigrade, and must be reduced 
linearly for higher temperatures. For 
such types, F i g . 122 can be used to 
determine maximum permissible dis
sipation values at particular tem
perature conditions above 25 degrees 
centigrade. (This figure cannot be 
assumed to apply to types other than 
those for which it is specified in the 
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data section.) The curves show the 
permissible percentage of the maxi
mum dissipation ratings as a func
tion of ambient or case temperature. 
Individual curves are plotted for 
maximum operating temperatures of 
50, 71, 85, 100, 175, and 200 degrees 
centigrade. I f the maximum operat
ing temperature of a desired tran
sistor type is some other value, a 
new curve can be drawn from point 
A in the figure to the desired maxi
mum temperature value on the 
abscissa. 

To use the chart, i t is necessary to 
know the maximum dissipation rat
ing and the maximum operating tem
perature for a given transistor. The 
calculation then involves only two 
steps: 

1. A vertical line is drawn at the 
desired operating temperature value 
on the abscissa to intersect the curve 
representing the maximum operating 
temperature specified for the tran
sistor. 

2. A horizontal line drawn from 
this intersection point to the ordi
nate establishes the permissible per
centage of the maximum dissipation 

for the transistor at the given tem
perature. 

The following example illustrates 
the calculation of the maximum per
missible dissipation for transistor 
type 2N1490 at a case temperature 
of 100 degrees centigrade. This type 
has a maximum dissipation rating of 
75 watts at a case temperature of 25 
degrees centigrade, and a maximum 
permissible case-temperature rating 
of 200 degrees centigrade. 

1. A perpendicular line is drawn 
from the 100-degree point on the 
abscissa to the 200-degree curve. 

2. The projection of this point to 
the ordinate indicates a percentage 
of 57.5. 

Therefore, the maximum permis
sible dissipation for the 2N1490 at 
a case temperature of 100 degrees 
centigrade is 0.575 times 75, or ap
proximately 43 watts. 

Semiconductor devices require 
close control of thermal variations 
not only during operation, but also 
during storage. For this reason, the 
maximum ratings for transistors 
usually include a maximum permis
sible storage temperature, as well as 
a maximum operating temperature. 



Interpretation Of Data 

Characteristics are covered in the 
Transistor Characteristics Section, 
and such data should be interpreted 
in accordance with the definitions 
given in that section. Characteristic 
curves represent the characteristics 
of an average transistor. Individual 
transistors, like any manufactured 
product, may have characteristics 
that range above or below the values 
given in the characteristic curves. 
Although some curves are extended 
beyond the maximum ratings of the 
transistor, this extension has been 
made only for convenience in calcula
tions; no transistor should be oper
ated outside of its maximum ratings. 

Although transistor symbols have 
not yet been standardized for the 
industry, many symbols have become 
fair ly well established by common 
usage. Some of the more familiar 
transistor symbols are listed and 
defined below. Unless otherwise spec
ified, the symbols represent param
eters measured under dc or static 
conditions. 

BVOBO collector-to-base breakdown 
voltage with emitter open 

BVOBO collector-to-emitter break
down voltage with base open 

BVOHB collector-to-emitter break
down voltage with specified 
resistance between base and 
emitter 

BVoBEL collector-to-emitter break
down voltage with specified 
resistance between base and 
emitter and with a specified 
load resistance in the collec
tor circuit. 

BVCBS collector-to-emitter break
down vol tage w i t h base 
short-circuited to emitter 

BVOHV collector-to-emitter break
down vol tage w i t h base 
biased in the reverse direc
tion with respect to emitter 

BVOBX collector-to-emitter break
down vol tage w i t h base 
biased in the reverse direc
tion with respect to emitter 
through a specified circuit 
or under specified conditions 

BVBBO emitter-to-base breakdown 
voltage with collector open 

Cib common-base input capaci
tance (emitter to base) 

c . common-emitter input capa
citance (base to emitter) 

Cot, common-base output capaci
tance (collector to base) 

Co. common-emitter output c a 
pacitance (collector to emit
ter) 

fhfb small-s ignal common-base-
forward - current - transfer -
ratio cutoff frequency 

f hfe small-signal common-emit
ter forward-current-trans
fer-ratio cutoff frequency 

it gain-bandwidth product. 
(measured in the common-
emitter circuit) 

hliB common-base forward cur
rent-transfer ratio 

hrb small-s ignal common-base 
fo rward cur ren t - t rans fe r 
ratio 

ĥ Bi common-emitter forward, 
current-transfer ratio 

hr« small-signal common-emit
ter forward current-transfer-
ratio 

hjtB common-base open-circuit 
reverse vo l t age - t r ans fe r 
ratio 

hum common-emitter open-cir
cuit reverse voltage-transfer 
ratio 

la base current 
Io collector current 
IoBO collector-cutoff current wi th 

emitter open 
IoBO collector-cutoff current wi th 

base open 
I * emitter current 
IBBO emitter-cutoff current wi th 

collector open 
Po collector dissipation 
P T total transistor dissipation 
QsB stored base charge 
V f l 0 base-to-collector voltage 
v M base-to-emitter voltage 
VcB collector-to-base voltage 

collector-to-emitter voltage 
emitter-to-base voltage 
emitter-to-collector voltage 

v B T reach-through (or punch-
through) voltage 



Selection Charts 

T H E accompanying charts classify 
R C A semiconductor devices by 

function and by performance level. 
These charts are particularly useful 
for an init ial selection of suitable 
transistors or rectifiers for a specific 
application. More complete data on 

these devices, given in the Technical 
Data Section, should then be con
sulted to determine the most suitable 
type. For information on tunnel 
diodes and varactor diodes, refer to 
the charts on pages 324 and 328, re
spectively. 

TRANSISTORS 

AUDIO-FREQUENCY APPLICATIONS 
Small Signal—Class A 
2N104 
2N175 
2N215 

Driver 
2N405 
2N406 

2N220 
2N1010 
2N2613 

2N591 
2N2953 

2N2614 
2N3118 

2N3054 
2N3055 

Large Signal—Class A and Class B 
2N109 2N649 2N2870/ 
2N217 2N2147 2N301A 
2N270 2N2148 40022 
2N407 2N2869/ 40050 
2N408 2N301 40051 
2N647 

Power Amplifier 
Dissipations up to 4.9 W 

2N699 2N1492 2N1613 
2N1099 2N1493 2N1711 
2N1491 

Dissipations from 5 to 4.9.9 W 
2N176 2N1068 2N1184 
2N351 2N1183 2N1184A 
2N376 2N1183A 2N1184B 
2N1067 2N1183B 2N1479 

2N1480 2N1701 2N2869/ 
2N1481 2N1768 2N301 
2N1482 2N1769 2N2870/ 
2N1483 2N2102 2N301A 
2N1484 2N2147 2N3054 
2N1485 2N2148 40022 
2N1486 2N2270 
2N1700 2N2339 

Dissipations of 50 W or More 
2N173 2N1100 2N1514 
2N174 2N1358 2N1702 
2N277 2N1412 2N1703 
2N278 2N1487 2N1905 
2N441 2N1488 2N1906 
2N442 2N1489 2N2015 
2N443 2N1490 2N2016 
2N1069 2N1511 2N2338 
2N1070 2N1512 2N3055 
2N1099 2N1513 

POWER-CONVERTER APPLICATIONS 
DC-to-DC 

2N2869/2N301 2N2870/2N301A 

DC-to-AC 
2N2869/2N301 2N2870/2N301A 

RADIO-FREQUENCY APPLICATIONS 
UHF Converter 
2N2857 
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VHF or HF Converter 
2N140 2N1023 2N1396 
2N219 2N1066 2N1397 
2N2T4 • 2N1224 2N1526 
2N384 2N1225 2N1527 
2N411 2N1226 2N1639 
2N412 "•' 2N1395 

IF Amplifier 
2N139 2N1023 2N1395 
2N218 2N1066 2N1396 
2N274 2N1180 2N1397 
2N384 2N1224 2N1524 
2N409 2N1225 2N1525 
2N410 2N1226 2N1638 

Mixer 
2N274 ' 2N1179 2N1396 
2N372 2N1224 2N1397 
2N384 2N1225 2N2708 
2N1023 2N1226 
2N1066 2N1395 

Oscillator 

VHF 
2N2857 

VHF or HF 
2N274 2N1178 2N1396 
2N371 2N1224 2N1397 
2N384 2N1225 2N2708 
2N1023 2N1226 
2N1066 2N1395 

Amplifier 

VHF 
2N2857 

VHF 
2N384 2N1225 2N2482 
2N699 2N1396 2N2631 
2N914 2N1397 2N2708 
2N1023 2N1491 2N2876 
2N1066 2N1492 2N3118 
2N1177 2N1493 

HF 
2N274 2N1225 2N1493 
2N370 2N1226 2N1631 
2N384 2N1395 2N1632 
2N708 2N1396 2N1637 
2N1023 2N1397 2N2273 
2N1066 2N1491 2N3118 
2N1224 2N1492 

COMPUTER SWITCHING APPLICATIONS 

Low-Speed Switching 
(Stage Delays Greater than 
••; 300 Nanoseconds*) 

2N398 2N398B 
2N398A 2N586 

Medium-Speed Switching 
(Stage Delays of 100 to 300 

Nanoseconds*) 
2N388 2N582 2N1305 
2N388A 2N585 2N1306 
2N395 2N1090 2N1307 
2N396 2N1091 2N1308 
2N396A 2N1169 t 2N1309 
2N397 2N1170 t 2N1319 t 
2N404 2N1302 2N1605 
2N404A 2N1303 2N1605A 
2N414 2N1304 3907/2N404 
2N581 

High-Speed Switching 
(Stag e Delays of 30 to 100 

Nanoseconds*) 
2N697 2N1384 2N1854 
2N1300 2N1683 2N2476 
2N1301 2N1853 2N2477 

Very-High-Speed Switching 
(Stage Delays of 10 to SO 

Nanoseconds*) 
2N705 2N834 2N965 
2N706 2N914 2N966 
2N706A 2N960 2N967 
2N708 2N961 2N1708 
2N710 2N962 2N2205 
2N711 2N963 2N2206 
2N828 2N964 

Ultra-High-Speed Switching 
(Stage Delays o f 5 to 10 

Nanoseconds*) 
2N709 2N955A 2N2938 
2N955 2N2475 

High-Speed Saturated Switching 
2N960 2N963 2N966 
2N961 2N984 2N967 
2N962 2N965 2N2938 

* Measured in resistor-capacitor-transistor 
logic circuit. Nanoseconds = 1 0 - 9 sec
onds. 

t Bidirectional type. 
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POWER SWITCHING APPLICATIONS 
Dissipations up to U.9 W 

2N697 2N1092 2N2895 
2N699 2N1613 2N2896 
2N706 2N1708 2N2897 
2N706A 2N1711 2N2898 
2N708 2N1893 2N2899 
2N718A 2N2205 2N2900 
2N720A 2N2206 2N3119 
2N834 2N2476 40084 
2N914 2N2477 

Dissipations from 5 W to I>9., 
2N1067 2N1480 2N1768 
2N1068 2N1481 2N1769 
2N1183 2N1482 2N2102 
2N1183A 2N1483 2N2270 
2N1183B 2N1484 2N2339 
2N1184 2N1485 2N2405 
2N1184A 2N1486 2N3053 
2N1184B 2N17&0 40053 
2N1479 2N1701 2N3054 

Dissipations of 50 W or More 
2N173 2N1358 2N1703 
2N174 2N1412 2N1905 
2N277' 2N1487 2N1906 
2N278 2N1488 2N2015 
2N441 2N1489 2N2016 
2N442 2N1490 2N2338 
2N443 2N1511 2N3055 
2N1069 2N1512 2N3263 
2N1070 2N1513 2N3264 
2N1099 2N1514 2N3265 
2N1100 2N1702 2N3266 

High-Voltage Saturated Switching 
2N3119 

High-Voltage, High-Frequency Pulse-Amonfief 
2N3119 

VIDEO AMPLIFIER APPLICATIONS 
2N274 2N1224 2N1397 
2N384 2N1225 2N1491 
2N699 2N1226 2N1492 
2N1023 2N1395 2N1493 
2N1066 2N1396 

RECTIF IERS 

MAX. PEAK MAX. AMBIENT 
REVERSE TEMPERATURE 

TYPE VOLTS (Operating — S C) 

Average Forward Current — 
0.125 A (Note 1) 

1N3754 100 100 
1N3755 200 100 
1N3756 400 100 

Average Forward Current — OJ* A 
1N3563 1000 100 

Average Forward Current = 0.5 A 
1N1763 400 100 
1N1764 500 100 
1N3196 800 100 
1N3256 800 100 

Average Forward Current =. 0.75 A 
1N440B 100 165 
1N441B 200 165 
1N442B 300 165 
1N443B 400 165 
1N444B 500 150 
1N445B 600 150 
1N536 50 165 
1N537 100 165 

MAX. PEAK MAX. AMBIENT 
REVERSE r i :- JATURE 

TYPE VOLTS (Operating — °C) 

1N538 206 165 
1N539 300 165 
1N540 4@0 165 
1N547 600 165 
1N1095 500 165 
1N2859 100 125 
1N2860 200 125 
1N2861 300 125 
1N2862 400 125 
1N2863 500 125 
1N2864 600 125 
1N3193 200 100 
1N3194 400 100 
1N3195 600 100 
1N3253 200 100 
1N3254 400 100 
1N3255 600 100 

Average Forward Current — 5 A 
(Note 2„ > 

1N1612 50 175 
1N1613 100 175 
1N1614 200 175 
1N1615 400 175 
1N1616 600 175 
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RECTIFIERS (cont'd! 
MAX. PEAK MAX. AMBIENT 

REVERSE TEMPERATURE 
TYPE VOLTS (Operating—°C1 

Average Forward Current = 10 A 
(Note 2) 

40108 50 175 
40109 100 175 
40110 200 175 
40111 300 175 
40112 400 175 
40113 500 175 
40114 600 175 
40115 800 175 
40116 1000 175 

Average Forward Current — 12 A 
(Note 2) 

1N1199A 50 200 
1N1200A 100 200 
1N1202A 200 200 
1N1203A 300 200 
1N1204A 400 20« 
1N1205A 500 200 
1N1206A 600 200 

Average Forward Current = 18 A 
(Note 2) 

40208 50 175 
40209 109 175 
40210 200 175 
40211 300 175 
40212 400 175 
40213 500 175 
40214 600 175 

Average Forward Current = 20 A 
(Note 2) 

1N248C 55 175 
1N249C 110 175 
1N250C 220 175 
1N1195A 300 175 
1N1196A 400 175 
1N1197A 500 175 
1N1198A 600 175 

Average Forward Current = UO A 
(Note 2) 

1N1183A 50 200 
1N1184A 100 200 
1N1186A 200 200 
1N1187A 300 175 
1N1188A 400 175 
1N1189A 500 175 
1N1190A 600 175 

MAX. PEAK MAX. AMBIENT 
REVERSE TEMPERATURE 

TYPE VOLTS (Operating—°C1 

High-Voltag 2, Low-Current Types 
CR101 1200 125 
CR102 2000 125 
CR103 3000 125 
CR104 4000 125 
CR105 5000 125 
CR106 6000 125 
CR107 7000 125 
CR108 8000 125 
CR109 9000 125 
CR110 10000 125 
CR201 1500 125 
CR203 3000 125 
CR204 4500 125 
CR206 6000 125 
CR208 8000 125 
CR210 10000 125 
CR212 12000 125 
CR301 2400 125 
CR302 3600 125 
CR303 4800 125 
CR304 6000 125 
CR305 7200 125 
CR306 8400 125 
CR307 9600 125 
CR311 2400 125 
CR312 3600 125 
CR313 4800 125 
CR314 6000 125 
CR315 7200 125 
CR316 8400 125 
CR317 9600 125 
CR321 2400 125 
CR322 3600 125 
CR323 4800 125 
CR324 6000 125 
CR325 7200 125 
CR331 2400 125 
CR332 3600 125 
CR333 4800 125 
CR334 6000 125 
CR335 720O 125 
CR341 2400 125 
CR342 3600 125 
CR343 4800 125 
CR344 6000 125 
CR351 2400 125 
CR352 3600 125 
CR353 4800 125 
CR354 6000 125 

N O T E 1 : With capacitive load. A l l other current values are for resistive or induc
tive load. 

N O T E 2 : Types in these groups are available in reverse-polarity versions. M a x i 
m u m operating temperatures are case temperatures. 
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SILICON CONTROLLED RECTIF IERS 
MAX, PEAK MAX. AMBIENT 

REVERSE TEMPERATURE 
TYPE VOLTS: (Operating—"C) 

Average Forward Current = 3:2 A 
2N3228 200 100 

Average Forward Current 10 A 
2N1842A 25 125 
2N1843A 50 125 
2N1844A 100 125 
2N1845A 150 125 
2N1846A 200 125 
2N1847A 250 125 
2N1848A 300 125 
2N1849A 400 125 
2N1850A 500 125 

MAX, PEAK . IMAX. AMBIENT 
REVERSE TEMPERATURE 

TYPE. . , VOLTS t(0perating"-sC) 

Average Forward Current — 16 A 
2X681 25 125 
2N682 50 125 
2N683 100 125 
2N684 150 125 
2N685 200 125 
2N686 250 125 
2N687 300 125 
2N688 400 125 
2N689 500 125 

Other 
40216 600 125 

TUNNEL AND VARACTOR DIODES 
See charts at end of Technical 
Data Section for complete data. 



Technical Data 

This section contains technical descriptions of current R C A transistors, 
diodes, silicon controlled rectifiers, and other semiconductor devices. These 

types are listed according to the numerical-alphabetical-numerical sequence 
of their type designations. It also contains tabular data on R C A discontinued 
transistors (see page 323). I n addition, this section has been expanded to in
clude the following important semiconductor devices: 

• Fin-mounted silicon rectifiers 
• Tunnel diodes and tunnel rectifiers 
• Varactor diodes 

For K e y to Terminal Diagrams, see inside back cover. 

For data, see pages 

320 
324 
328 

SILICON RECTIFIER 
Hermetically sealed 20-ampere j N248A 

types used in generator-type power 
supplies in mobile equipment; dc-to- ] N248B 
dc converters and battery chargers; 
power supplies for aircraft, marine, | N248C 

I * and missile equipment; transmitters, 
rf generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifications. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. DO-5 package; outline 3, Outlines Section. Types 1N248A and 1N248B are 
discontinued types listed for reference only; they are similar to type 1N248C 
except for some slightly lower ratings, and can be directly replaced by type 
1N248C. Type 1N248C is identical with type 1N1198A except for the following 
items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 55 max volts 
R M S Supply Voltage 39 max volts 
D C Blocking Voltage 50 max volts 

C H A R A C T E R I S T I C S 
Maximum Reverse Current : 

Dynamic* .". 3-8 ma 

• Average value for one complete cycle at max imum peak reverse voltage, maximum 
average forward current, and case temperature = 150 C . 
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SILICON RECTIFIER 
1 N248RA These types are reverse-polarity 

versions of types 1N248A, 1N248B, 
1N248RB and 1N248C, respectively. Types 

1N248RA and 1N248RB are discon-I N248RC tinued types listed for reference only. 
J E D E C No. DO-5 package; outline 
3, Outlines Section. 

SILICON RECTIFIER 
1 N249A Hermetically sealed 20-ampere 

types used in generator-type power 
1 N249B supplies in mobile equipment; dc-to-

dc converters and battery chargers; "| N249C power supplies for aircraft, marine, 
and missile equipment; transmitters, ^ K 

rf generators, and dc-motor supplies; machine-tool controls; welding and elec
troplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifications. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. DO-5 package; outline 3, Outlines Section. Types 1N249A and 1N249B are 
discontinued types listed for reference only; they are similar to type 1N249C 
except for some slightly lower ratings, and can be directly replaced by type 
1N249C. Type 1N249C is identical with type 1N1198A except for the following 
items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive toad 

Peak Reverse Voltage 110 max volts 
R M S Supply Voltage i 77 max volts 
D C Blocking Voltage 100 max volts 

C H A R A C T E R I S T I C S 
Maxium Reverse Current : 

Dynamic* 3.6 ma 
• Average value for one complete cycle at max imum peak reverse voltage, max imum 

average forward current, and case temperature =; 150°C. 

1N250A 
1N250B 
1N250C 

SILICON RECTIFIER 
1 N 9 4 9 R A These types are reverse-polarity 

versions of types 1N249A, 1N249B, 
1N249RB and 1N249C, respectively. Types 

1N249RA and 1N249RB are discon-| N249RC tinued types listed for reference only. 
J E D E C No. DO-5 package; outline 
3, Outlines Section. 

SILICON RECTIFIER 
Hermetically sealed 20-ampere 

supplies in mobile equipment; dc-to-
types used in generator-type power 
dc converters and battery chargers; 
power supplies for aircraft, marine, 
and missile equipment; transmitters, 

rf generators, and dc-motor power supplies; machine-tool controls; welding and 
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electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifications. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. DO-5 package; outline 3, Outlines Section. Types 1N250A and 1N250B are 
discontinued types listed for reference only; they are similar to type 1N250C 
except for some slightly lower ratings, and can be directly replaced by type 
1N250C. Type 1N250C is identical with type 1N1198A except for the following 
items: 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 220 max volts 
R M S Supply Voltage 154 max volts 
D C Blocking Voltage 200 max volts. 

C H A R A C T E R I S T I C S 
Maximum Reverse Current : 

Dynamic* 3.4 ma 

• Average value for one complete cycle at max imum peak reverse voltage, max imum 
average forward current, and case temperature — 150°C. 

SILICON RECTIFIER 
These types are reverse-polarity i M O C f t D A 

versions of types 1N250A, 1N250B, 1 

and 1N250C, respectively. Types 1 N250RB 
1N250RA and 1N250RB are discon- _ - tnrfxnf* 
tinued types listed for reference only. | |\|.ZDUK^ 
J E D E C No. DO-5 package; outline 
3, Outlines Section, 

1N440B 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 100 volts. It is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N443B except for the following items: 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

C H A R A C T E R I S T I C S 
Maximum Reverse Current : 

Dynamic* 
B t a t i c t 

100 max volts 
70 max volts 

100 max volts 

100 
0.3 

• Average value for one complete cycle at max imum peak reverse voltage, max imum 
average forward current, and ambient temperature = 150°C. 

t D C value at max imum peak reverse voltage, average forward current = 0, and ambient 
temperature = 25°C. 



RCA Transistor Manual 

SILICON RECTIFIER 

Hermetically sealed 750-milli-
ampere type for use at peak reverse 
voltages up to 200 volts. It is used in 
magnetic amplifiers, dc-blocking c i r 
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N443B except for the following items: ^ < 

1N441B 

M A X I M U M R A T I N G S 

For -power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 200 m a x volts 
R M S Supply Voltage 140 m a x volts 
D C Blocking Voltage 200 max volts 

C H A R A C T E R I S T I C S 
Maximum Reverse Current: 

Dynamic* — 100 #a 
Statict 0.75 jtta 

* Average value for one complete cycle at max imum peak reverse voltage, max imum 
average forward current, and ambient temperature = 150°C. 

t D C value at max imum peak reverse voltage, average forward current = 0, and ambient 
temperature = 25aC. 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 300 volts. It is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N443B except for the following items: 

1N442B 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 300 max volts 
R M S Supply Voltage 210 max volts 
D C Blocking Voltage 300 max volts 

C H A R A C T E R I S T I C S 
Maximum Reverse Current : 

Dynamic* 200 /m 
Statict 1 Ma 

* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and ambient temperature = 150°C. 

t D C value at maximum peak reverse voltage, average forward current — 0, and ambient 
temperature = 25°C. 
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SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 400 volts. I t is used in | M / l / l ' S E2. 
magnetic amplifiers, dc-blocking cir- • I M * l H O D 
cuits, power supplies, and other rec
tifying applications. This type, is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1, Outlines Section. 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 400 max volts 
R M S Supply Voltage 280 max volts 
D C Blocking Voltage 400 max volts 
Average F o r w a r d Current : 

At ambient temperature of 50°C 750 max ma 
At other ambient temperatures See Rating Chart 

Peak Recurrent Current 3.5 max amperes 
Surge Current (One Cyc le ) 15 max amperes 
Ambient-Temperature Range: 

Operating —65 to 185 °C 
Storage —85 to 175 °C 

RATING C H A R T 

750 

? 5 

TYF E IK 4 4 3 B 

\ 
\ 

\ \ 
50 100 150 
AMBIENT TEMPERATURE-

92CS-I0060T 

C H A R A C T E R I S T I C S 
Maximum F o r w a r d Voltage Drop* 1 5 vo l ts 
Maximum Reverse current: 

D y n a m i c J 200 /ia 
Staticf ..• 1.5 i i a 

* D C value at full-load average current and ambient temperature = 25°C. 
J Average value for one complete cycle at m a x i m u m peak reverse voltage, max imum 

average forward current, and ambient temperature = 150°C. 
t D C value; at max imum peak reverse voltage, average forward current = 0, ambient 

temperature = 25°C. 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 500 volts. It is used in 
magnetic amplifiers, dc-blocking c i r 
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1, Outlines Section. 

1N444B 
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M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 500 max volts 
5 ^ ? S ™ S u P p l y Vojtage 350 max volts 
D C Blocking Voltage 500 max volts 
Average Forward Current: 

At ambient temperature of 35°C 750 max ma 
At other ambient temperatures See Rating Chart 

Peak Recurrent Current 3.5 max amperes 
Surge Current (One Cycle) 15 max amperes 
Ambient-Temperature Range: 

Operating —65 to 150 °C 
Storage —65 to 175 °C 

CHARACTERISTICS 
Maximum Forward Voltage Drop* 1.5 volts 
Maximum Reverse Current: 

Dynamic}: 200 ,tia 
Staticf 1-75 fia 

* D C value at full-load average current and ambient temperature = 25°C. 
X Average value for one complete cycle at maximum peak reverse voltage, max imum 

average forward current, and ambient temperature — 1 5 0 ° C 
t D C value at maximum peak reverse voltage, average forward current = 0, and ambierrt 

temperature ~- 25°C. 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 

I i V i y i / I ^ D voltages up to 600 volts. I t is used in 
; r . j ' - magnetic amplifiers, dc-blocking cir

cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical 
DO-1 package; outline 1, Outlines Section. 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps. single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 
Average Forward Current: 

At ambient temperature of 35°C 
At other ambient temperatures 

tests 

600 max volts 
420 max volts 
600 max volts 

750 max m a 
See Rating Chart 
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Peak Recurrent Current 3-5 m a x amperes 
Surge Current (One Cycle) 15 max amperes 
Ambient-Temperature Range: , „ „ ^ 

Operating —65 to 150 
Storage - 6 5 to 175 °C 

C H A R A C T E R I S T I C S 
Maximum F o r w a r d Voltage Drop* . 1.5 volts 
Maximum Reverse Current : 

Dynamici . 200 tia 
Statict 2 /ia 

* D C value at full-load average current and ambient temperature = 25°C. 
X Average value for one complete cycle at maximum peak reverse voltage, max imum 

average forward current, and ambient temperature — 150°C. 
t D C value at max imum peak reverse voltage, average forward current =: 0, and ambient 

temperature — 25°C. 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 50 volts. I t is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N547 except for the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 50 max volts 
RMS Supply Voltage 35 max volts 
D C Blocking Voltage 50 max volts 

C H A R A C T E R I S T I C S 
Maximum F o r w a r d Voltage Drop* 1.1 volts 
Maximum Reverse Current : 

Dynamict 0 4 ma 

* D C value at average forward ma = 500 and ambient temperature = 25° C . 
% Average value for one complete cycle at max imum peak reverse voltage, maximum 

average forward current, and ambient temperature = 150°C. 
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SILICON RECTIFIER 

1N537 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 100 volts. It is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent /environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1,1 Outlines Section. This type is identical with type 
1N547 except for the following items: 

M A X I M U M R A T I N G S i . 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

C H A R A C T E R I S T I C S 
Maximum F o r w a r d Voltage Drop* 
Maximum Reverse Current : 

Dynamic t 

100 max volts 
70 max volts 

100 max volts 

1.1 

0.4 

volts 

* D C value at average forward ma = 500 and ambient temperature = 25°C. 
J Average value for one complete cycle at max imum peak reverse voltage, m a x i m u m 

average forward current, and ambient temperature = 150°C. 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 200 volts. It is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec- ^ 
tifying applications. This type is ^ K 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N547 except for the following items: 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

1N538 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

C H A R A C T E R I S T I C S 
Maximum F o r w a r d Voltage Drop* 
Max imum Reverse Current : 

Dynamic t 

200 max volts 
140 max volts 
200 max volts 

1.1 

0.3 

volts 

* D C value at average forward ma = 500 and ambient temperature = 25°C. 
$ Average value for one complete cycle at max imum peak reverse voltage, max imum 

average forward current, and ambient temperature = 150 °C. 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 300 volts. I t is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 

1N539 
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D O - l package^ outline 1, Outlines Section. This type is identical with type 
IN547 except for the following items: 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 300 max volts 
R M S Supply Voltage 210 max volts 
D C Blocking Voltage 300 max volts 

C H A R A C T E R I S T I C S 
Maximum F o r w a r d Voltage , Drop* ; 1.1 volts 
Maximum Reverse Current : 

Dynamic J 0.3 ma 

• D C value at average forward ma = 500 and ambient temperature .= 25°C. 
t Average value for one complete cycle at m a x i m u m peak reverse voltage, max imum 

average forward current, and ambient temperature = 150°C. 

1N540 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 400 volts. I t is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
D O - l package; outline 1, Outlines Section. This type is identical with type 
1N547 except for the following items: 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

C H A R A C T E R I S T I C S 
Maximum F o r w a r d Voltage Drop* 
Maximum Reverse Current : 

Dynamic!. 

400 max volts 
280 max volts 
400 max volts 

1.1 

0.3 

volts 

* D C value at average forward ma = 500 and ambient temperature = 25°C. 
t Average value for one complete cycle at max imum peak reverse voltage, max imum 

average forward current, and ambient temperature = 1 5 0 ° C 

SILICON RECTIFIER 
Hermetically sealed 750-milli-

ampere type for use at peak reverse 
voltages up to 600 volts. It is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec-

^ tifying applications. This type is 
designed to meet stringent environmental and mechanical tests. J E D E C No. 
D O - l package; outline 1, Outlines Section, 

M A X I M U M R A T I N G S 

1N547 

F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 

600 max 
420 max 

volts 
volts 
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D C Blocking Voltage 600 max volts 
Average F o r w a r d Current : 

At ambient temperature of 50°C 750 max ma 
At other ambient temperatures See Rating Chart 

Surge Current (One Cyc le ) 15 max amperes 
Operating Frequency 100 max kc 
Ambient-Temperature Range: 

Operating —65 to 165 °C 
Storage —65 to 175 °C 

RATING C H A R T 
l I r 

TYPE I N 5 4 7 

0 5 0 100 150 2 0 0 
A M B I E N T T E M P E R A T U R E - ° C 

9 E C S - I 0 0 8 2 T 

CHARACTERISTICS 
Maximum F o r w a r d Voltage Drop* 1.2 volts 
Maximum Reverse Current : 

D y n a m i c ! 0.35 ma 
Statict 5 ^a 

• D C value at average forward ma = 500 and ambient temperature — 25°C. 
t Average value for one complete cycle at maximum peak reverse voltage, max imum 

average forward current, and ambient temperature = 150°C. 
t D C value at max imum peak reverse voltage, average forward current = 0, and ambient 

temperature = 25°C. 

1N1095 

SILICON RECTIFIER 

Hermetically sealed 750-milli-
ampere type for use at peak reverse 
voltages up to 500 volts. It is used in 
magnetic amplifiers, dc-blocking cir
cuits, power supplies, and other rec
tifying applications. This type is 

designed to meet stringent environmental and mechanical tests. J E D E C No. 
DO-1 package; outline 1, Outlines Section. This type is identical with type 
1N547 except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

CHARACTERISTICS 
Maximum Reverse Current : 

Dynamic* 

500 max volts 
350 max volts 
500 max volts 

• Average value for one complete cycle at max imum peak reverse voltage, max imum 
average forward current, and ambient temperature — 150°C. 
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SILICON RECTIFIER 
Hermetically sealed 40-ampere 

type for use at peak reverse voltages 
up to 50 volts. It is used in genera- 1 K l l 1 Q C A 
tor-type power supplies in mobile I I V I S O w M 
equipment; dc-to-dc converters and 
battery chargers; power supplies for 

aircraft, marine and missile equipment; transmitters, rf generators, and dc-
motor power supplies; machine-tool controls; welding and electroplating equip
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty equipment. This type is designed to meet stringent environmental 
and mechanical specifications. The special copper-alloy mounting stud can 
withstand an installing torque up to 50 inch-pounds. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. This type is identical with type 1N1186A ex
cept for the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 50 max volts 
R M S Supply Voltage 35 max volt.3 
D C Blocking Voltage 50 max volts 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1183A. J E D E C No. 1 K | l ] O Q D A 
DO-5 package; outline 3, Outlines I I M 1 1 O O B \ > 4 
Section. 

SILICON RECTIFIER 
Hermetically sealed 40-ampere 

type for use at peak reverse voltages 
up to 100 volts. It is used in genera- n 111 "l QM £k 
tor-type power supplies in mobile I 1^1 • I © * T / V 

equipment; dc-to-dc converters and 
^ K battery chargers; power supplies for 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc-
motor power supplies; machine-tool controls; welding and electroplating equip
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty equipment. This type is designed to meet stringent environmental 
and mechanical specifications. The special copper-alloy mounting stud can 
withstand an installing torque up to 50 inch-pounds. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. This type is identical with type 1N1186A ex
cept for the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

R M £ ITWJ86 ,Y°Atage • 100 max volts 
D C Blocking Voltage 100 max volts 

E K SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1184A. J E D E C No. QA n A 
DO-5 package; outline 3, Outlines I B^ i I I o 4 K / \ 

J A Section. 
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SILICON RECTIFIER 

1N1186A 

Hermetically sealed 40-ampere 
type for use at peak reverse voltages 
up to 200 volts. I t is used in genera
tor-type power supplies in mobile 
equipment; dc-to-dc converters and 
battery chargers; power supplies for 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc-
motor power supplies; machine-tool controls; welding and electroplating equip
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty applications. This type is designed to meet stringent environmental 
and mechanical specifications. The special copper-alloy mounting stud can 
withstand an installing torque up to 50 inch-pounds. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 
Average F o r w a r d Current : 

At case temperature of 150°C 
At other case temperatures . . 

Peak Recurrent Current 
Surge Current :* 

F o r one-half cycle, sine wave 
F o r one or more cycles 

Case-Temperature Range: 
Operating and storage 

200 max volts 
140 max volts 
200 max volts 

40 max amperes 
See Rat ing Chart I 

195 max amperes 

800 max amperes 
See Rat ing Chart I I 

. . —65 to 200 
RATING CHART I 

HEAT-SINK COOLING CHART T Y P E I N I I 86A 1 1 

L O A D : R E S I S T I V E O R I N D U C T I V E 
C U R V E ( T Y P E O F O P E R A T I O N 

A D I R E C T C U R R E N T 
B S I N G L E P H A S E 

- C T H R E E P H A S E 
D S I X P H A S E 

160 170 1 8 0 190 2 0 0 

C A S E T E M P E R A T U R E - ° C 

RATING CHART U 

5 0 1 0 0 1 5 0 2 0 ( 
• A M B I E N T T E M P E R A T U R E — ° C 

92CM-U348T 

' T Y P E IN I I 86A -+— 1 

S U P P L Y F R E Q U E N C Y = 6 0 C P S S I N E W A V E 
L O A D : R E S I S T I V E O R I N D U C T I V E 

- R M S S U P P L Y V O L T A G E = M A X I M U M -
R A T E D V A L U E 

A V E R A G E F O R W A R D C U R R E N T 1 M A X I 
M U M R A T E D V A L U E 

C A S E T E M P E R A T U R E = I 5 0 ° C 

S U R G E - C U R R E N T D U R A T I O N - C Y C L E S 
92CS-II350T 
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CHARACTERISTICS 
M a x i m u m F o r w a r d Voltage DropJ 0.65 volt 
Max imum Reverse Current : 

D y n a m i c i 2.5 ma 
Stat ic ! 0.015 ma 

M a x i m u m T h e r m a l Resistance: 
Junction-to-case 1 ° C / w a t t 

* Superimposed on device operating wi th in m a x i m u m voltage, current, and temperature 
ratings; may be repeated after sufficient time has elapsed for the device to return to 
the presurge thermal-equi l ibrium conditions. 

J Average value over one complete cycle at max imum peak reverse voltage, maximum 
average forward amperes, and case temperature = 150°C. 

t D C value at m a x i m u m peak reverse voltage, average forward current = 0, and case 
temperature = 25°C. 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1186A. J E D E C No. 1 11 1 Q £ D A 
DO-5 package; outline 3, Outlines I I N I I O O K M 
Section. 

SILICON RECTIFIER 
Hermetically sealed types for 

use at peak reverse voltages up _ . ._ _ 
to 300 volts. They are used in I N i l 87 
generator-type power supplies in "I |k|\ * A 
mobile equipment; dc-to-dc convert- ' ™ • • ® * 

' K ers and battery chargers; power sup
plies for aircraft, marine, and missile equipment; transmitters, r f generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers; and a wide variety 
of other heavy-duty applications. These types are designed to meet stringent 
environmental and mechanical specifications. The special copper-alloy mount
ing stud can withstand an installing torque up to 50 inch-pounds. J E D E C No. 
DO-5 package; outline 3, Outlines Section. Type 1N1187 is a discontinued type 
listed for reference only. T h e s e types are identical with types 1N1190 and 
1N1190A, respectively, except for the following items: 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

1N1187 1N1187A 
Peak Reverse Voltage 300 300 max volts 
R M S Supply Voltage 212 212max volts 
D C Blocking Voltage 240 300max volte 

CHARACTERISTICS 
M a x i m u m Reverse Current : 

D y n a m i c * — 2.5 ma 

* Average value for one complete cycle at m a x i m u m peak reverse voltage, max imum 
forward amperes, and case temperature = 150°C. 

SILICON RECTIFIER 
Jk These types are reverse-polarity 

versions of types 1N1187 and _ ._ _ 
1N1187A. Type 1N1187R is a discon- 1 N l 1 8 / R 
tinued type listed for reference only. 1 |\ ' I I r | Q"7 k 

J E D E C No. DO-5 package; outline 1 W • ' *>/ l \ M 
3, Outlines Section. 
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SILICON RECTIFIER 
Hermetically sealed types for use J T J A 

. . . . . . . at peak reverse voltages up to 400 
I IN 1 l o o volts. They are used in generator-
I K I l l Q Q A type power supplies in mobile 
" ' ' ' equipment; dc-to-dc converters and 

battery chargers; power supplies for ^ K 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc-
motor power supplies; machine-tool controls; welding and electroplating equip
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty applications. These types are designed to meet stringent environ
mental and mechanical specifications. The special copper-alloy mounting stud 
can withstand an installing torque up to 50 inch-pounds. J E D E C No. DO-5 
package; outline 3, Outlines Section. Type 1N1188 is a discontinued type listed 
for reference only. These types are identical with types IN1190 and IN1190A, 
respectively, except for the following items: 

MAXIMUM RATINGS —o 
F o r power-supply frequency of 60 cps. single-
phase operation, with resistive or inductive load 

1N1188 1N1188A 
Peak Reverse Voltage 400 400 max volts 
R M S Supply Voltage 284 284 max volts 
D C Blocking Voltage 320 400 max volts 

CHARACTERISTICS 
Maximum Reverse Current: 

Dynamic* — 2 .2 ma 

* Average value for one complete cycle at max imum peak reverse voltage, m a x i m u m 
forward amperes, and case temperature = 150°C. 

SILICON RECTIFIER 

1N1188R 
1N1188RA 

These types are reverse-polarity 
versions of types 1N1188 and 
1N1188A. Type 1N1188R isea discon
tinued type listed for reference only. 
J E D E C No. DO-5 package; outline 
3, Outlines Section. 

1N1189 
1N1T89A 

SILICON RECTIFIER 
Hermetically sealed types for use 

at peak reverse voltages up to 500 
volts. They are used in generator-
type power supplies in mobile 
equipment; dc-to-dc converters and 
battery chargers; power supplies for IHK 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc-
motor power supplies; machine-tool controls; welding and electroplating equip
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty applications. These types are designed to meet stringent environ
mental and mechanical specifications. The special copper-alloy mounting stud 
can withstand an installing torque up to 50 inch-pounds. J E D E C No. DO-5 
package; outline 3, Outlines Section. Type 1N1189 is a discontinued type listed 
for reference only. These types are identical with types 1N1190 and 1N1190A, 
respectively, except for the following items: 
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MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps. single-
phase operation, with resistive or inductive load 

1N1189 1N1189A 
Peak Reverse Voltage 500 500 max volts 
R M S Supply Voltage 355 355 max volts 
D C Blocking Voltage 400 500 max volts 

CHARACTERISTICS 
Maximum Reverse Current : 

Dynamic* — 2 ma 
* Average value for one complete cycle at maximum peak reverse voltage, maximum 

forward amperes, and case temperature = 150°C. 

SILICON RECTIFIER 
These types are reverse-polarity 

versions of types 1N1189 and 
1N1189A. Type 1N1189R is a discon
tinued type listed for reference only. 
J E D E C No. DO-5 package; outline 
3, Outlines Section. 

1N1189R 
1N1189RA 

SILICON RECTIFIER 
Hermetically sealed types for use 

at peak reverse voltages up to 600 _ _ _ _ 
volts. They are used in generator- I N 1 I " U 
type power supplies in mobile 1 K J " 1 "I Q f | A 
equipment; dc-to-dc converters and I I ™ I I / " M 

^ K battery chargers; power supplies for 
aircraft, marine, and missile equipment; transmitters, rf generators, and dc-
motor power supplies; machine-tool controls; welding and electroplating equip
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other 
heavy-duty applications. These types are designed to meet stringent environ
mental and mechanical specifications. The special copper-alloy mounting stud 
can withstand an installing torque up to 50 inch-pounds. Type 1N1190 is a dis
continued type listed for reference only. J E D E C No. DO-5 package; outline 
3, Outlines Section. 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps. single-* 
phase operation, with resistive or inductive load 

1N1190 1N1190A 
Peak Reverse Voltage 600 600 max volts 
R M S Supply Voltage 4 2 4 424 max volts 
D C Blocking Voltage 480 600 max volts 
Average F o r w a r d Current : 

At case temperature of 140°C „ 35 40 max amperes 
At other case temperatures — See Rating Chart I 

Peak Recurrent Current 130 195 max amperes 
Surge C u r r e n t : * 

F o r one-half cycle, sine wave 500 800 max amperes 
F o r one or more cycles » : . . * . v — See Rating Chart I I 

Case-Temperature Range: 
Operating a n d Storage „ „ . . . . . . . . . . . . . . . . . . . —65 to 175 —65 to 200 °C 

* Superimposed on device operating wi th in maximum voltage, current, and temperature 
ratings; may be repented after sufficient t ime has elapsed for the device to return to 
presurge thermal-eq- lUbrium conditions. 
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Sjjj 
UJ 

So 

RATING CHART X 
TYPE INII90A 

HEAT-SINK COOLING CHART 
LOAD: RESISTIVE OR INDUCTIVE 

CURVE I TYPE OF OPERATION -
DIRECT CURRENT SINGLE PHASE THREE PHASE SIX PHASE 

JOO 120 140 160 180 200 220 
CASE TEMPERATURE—°C 

S2CS-JI342TI 

RATING CHART IT 
TYPE INII90A SUPPLY FREQUENCY = 60 CPS SINE WAVE CASE TEMPERATURE = 150» C LOAD: RESISTIVE OR INDUCTIVE RMS SUPPLY VOLTAGE = MAXIMUM-RATED VALUE AVERAGE FORWARD CURRENT » MAXIMUM-RATED VALUE 

iB400 Sec 
g OL 

oL 

40 

35 

-] 1 1 1 1 1 1 
TYPE INII90A 
NATURAL COOLING. SINGLE-PHASE OPERATION. N.RECTIFIER STUD-MOUNTED \ niRPrvnv nu HFAT SINK 

\ H E AT SINK : I/I6"-THICK COPPER WITH MAT 
RI Ari/ QI kDCAPP TW1CO — 

iMAL "EMIS SIVITY » 0.9 
i i 

\% 
\ 

V. 
\e>. J 

u A. - I * . 
*\ 

50 100 150 AMBIENT TEMPERATURE-°C 
4 6 8 |o Z 4 6 8 100 

SURGE— CURRENT DURATION CYCLES 
92CS-D55QT 

CHARACTERISTICS 
Maximum F o r w a r d Voltage Drop** , 1.7 0.65 volts 
Max imum Reverse Current : 

Dynamic t _ 10 18 m a 
Static* 0.025 0.015 m a 

Maximum T h e r m a l Resistance: 
Junction-to-case 1 1 "C/watt 

** Peak value at max imum average forward current, case temperature = 140°C. 
t Average value for one complete cycle at m a x i m u m peak reverse voltage, m a x i m u m 

average forward current, and case temperature = 140°C. 
X D C value at m a x i m u m peak reverse voltage, average forward current = 0, and case 

temperature — 25° C . 

1N1190R 
1N1190RA 

SILICON RECTIFIER 
These types are reverse-polarity 

versions of types 1N1190 and 
1N1190A. Type 1N1190R is a discon
tinued type listed for reference only. 
J E D E C No. DO-5 package; outline 
3, Outlines Section. 
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1N1195 
1NI195A 

SILICON RECTIFIER 
Hermetically sealed types used 

in generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 
supplies for aircraft, marine, and 
missile equipment; transmitters, r f 

generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifications. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. DO-5 package; outline 3, Outlines Section. Type 1N1195 is a discontinued 
type listed for reference only; it is similar to type 1N1195A except for some 
slightly lower ratings, and can be directly replaced by type 1N1195A. Type 
1N1195A is identical with type 1N1198A except for the following items; 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps single-
phase operation, with resistive or inductive toad 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

CHARACTERISTICS 
Maximum Reverse Current : 

Dynamic* 

300 max volts 
212 max volts 
300 max volts 

3.2 

* Average value for one complete cycle at max imum peak reverse voltage, maximum 
average forward amperes, and case temperature = 150°C. 

SILICON RECTIFIER 
These types are reverse-polarity 

versions of types 1N1195 and 
1N1195A, respectively. Type 1N1195R 
is a discontinued type listed for ref
erence only. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. 

SILICON RECTIFIER 

1N1195R 
1NU95RA 

1N1196 
1N1196A 

Hermetically sealed types used 
in generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 
supplies for aircraft, marine, and 
missile equipment; transmitters, rf 

generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers, and a wide 
variety of other heavy-duty applications. These types are designed to meet 
stringent environmental and mechanical specifications. The special copper-alloy 
mounting stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. DO-5 package; outline 3, Outlines Section. Type 1N1196 is a discontinued 
type listed for reference only; it is similar to type 1N1196A except for some 
slightly lower ratings, and can be directly replaced by type 1N1196A. Type 
1N1196A is identical with type 1N1198A except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps. sinqle-
phase operation, with resistive or inductive toad 

Peak Reverse Voltage 400 max volts 



104 RCA Transistor Manual 

R M S Supply Voltage 284 max volts 
D C Blocking Voltage 400 max volts 

CHARACTERISTICS 
Maximum Reverse Current : ' ' 

Dynamic* 2.5 m a 

* Average value for one complete cycle at m a x i m u m peak reverse voltage, m a x i m u m 
average forward amperes, and case temperature = 150°C. 

1N1196R 

SILICON RECTIFIER 
These types are reverse-polarity 

versions of types 1N1196 and 
1N1196A, respectively. Type 1N1196R 
is a discontinued type listed for ref
erence only. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. 

1N1197 

SILICON RECTIFIER 
Hermetically sealed types for use 

at peak reverse voltages up to 500 
volts. They are used in generator-
type power supplies in mobile 
equipment; dc-to-dc converters and 
battery chargers; power supplies for 

aircraft, marine, and missile equipment; transmitters, rf generators, and dc-
motor supplies; machine-tool controls; welding and electroplating equipment; 
dc-blocking service; magnetic amplifiers, and a wide variety of other heavy-
duty applications. These types are designed to meet stringent environmental 
and mechanical specifications. The special copper-alloy mounting stud can 
withstand an installing torque up to 50 inch-pounds. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. Type 1N1197 is a discontinued type listed for 
reference only; it is similar to type 1N1197A except for some slightly lower 
ratings, and can be directly replaced by type 1N1197A. Type 1N1197A is iden
tical with type 1N1198A except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, svrtgle-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

CHARACTERISTICS 
Maximum Reverse Current : 

Dynamic* 

500 max volts 
355 max volts 
500 max volts 

2.2 

* Average value for one complete cycle at max imum peak reverse voltage, max imum 
average forward amperes, and case temperature = 150°C. 

1N1197R 
1N1197RA 

SILICON RECTIFIER 
These types are reverse-polarity 

versions of types 1N1197 and 
1N1197A, respectively. Type 1N1197R 
is a discontinued type listed for ref
erence only. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. 
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SILICON RECTIFIER 

1 N 1 1 9 8 

1N1198A 

Hermetically sealed 20-ampere 
.types for use at peak reverse volt
ages up to 600 volts. They are used 
in generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety of 
other heavy-duty applications. These types are designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 50 inch-pounds. J E D E C No. DO-5 
package; outline 3, Outlines Section. Type 1N1198 is a discontinued type listed 
for reference only; it is similar to type 1N1198A except for some slightly lower 
ratings, and can be directly replaced by type 1N1198A. 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage . , 
R M S Supply Voltage 
D C Blocking Voltage 
Average F o r w a r d Current : 

At case temperature of 150°C 
At other case temperatures . . 

Peak Recurrent Current 
Surge C u r r e n t : * 

F o r one-half cycle, sine wave 
F o r one or more cycles 

Case-Temperature Range: 
Operating and storage 

<o RATING CHART I 

600 max volts 
424 max volts 
600 max volts 

20 max amperes 
See Rating Chart I 

90 max amperes 

350 max amperes 
See Rating Chart I I 

-65 to 175 °C 

p 40 

TYPE I N I I 9 8 A f ' ' 
LOAD: RESISTIVE OR INDUCTIVE 
CURVEI TYPE OF OPERATION 

A f DIRECT CURRENT 
" B SINGLE PHASE 

C THREE PHASE 
_ D | SIX PHASE 

H E A T - S I N K COOLING CHART 

120 140 160 180 
CASE TEMPERATURE-°C 

9 2 C S - I 0 7 1 6 T I 

RATING CHART TX 

! 400 
J 

! 300 

TYPE IN I I98A 
SUPPLY FREQUENCY=60 CPS SINE WAVE 
CASE TEMPERATURE = I50°C 
LOAD' RESISTIVE OR INDUCTIVE 
RMS SUPPLY VOLTAGE = MAXIMUM-RATED VALUE 
AVERAGE FORWARD CURRENT* MAXIMUM-RATED 

50 100 150 200 
AMBIENT TEMPERATURE-°C 

9 2 C M - I 0 7 4 I T 

2 4 6 8 10 2 4 6 8 |00 
S U R G E - CURRENT DURATION - C Y C L E S 

9 2 C S - I 0 9 0 9 T I 
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CHARACTERISTICS 
Maximum F o r w a r d Voltage Drop J 
Maximum Reverse Current : 

D y n a m i c ! 

0.6 

1.5 

volt 

* Superimposed on device operating within maximum Voltage, current, and temperature 
ratings; may be repeated after sufficient time has elapsed for the device to return to the 
presurge thermal-equil ibrium conditions. 

J Average value for one complete cycle at max imum peak reverse voltage, m a x i m u m 
average forward current, and case temperature = 150 C . 

1N1198R 
1N1198RA 

SILICON RECTIFIER 
These types are reverse-polarity 

versions of types 1N1198 and 
1N1198A, respectively. Type 1N1198R 
is a discontinued type listed for ref
erence only. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. 

1N1199A 

SILICON RECTIFIER 
Hermetically sealed 12-ampere 

type for use at peak reverse volt
ages up to 50 volts. I t is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety of 
other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps. smgle-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 50 max volts 
Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds m a x i m u m . . . . 100 max volts 
R M S Supply Voltage 35 max volts 
D C Blocking Voltage 50 max volts 

CHARACTERISTICS 
Maximum Reverse Current : 

Dynamic* 3 m a 
* Average value for one complete cycle at max imum peak reverse voltage, max imum 

average forward current, and case temperature = 150°C. 

1N1199RA 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1199A. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 
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SILICON RECTIFIER 
rjA Hermetically sealed 12-ampere 

type for vise at peak reverse volt
ages up to 100 volts. I t is used in 1 K | 1 Q f i f t A 
generator-type power supplies in * ' * U U M 
mobile equipment; dc-tordc .. con-

^ K verters and battery chargers; power 
supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps. single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 100 max volts 
Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds max imum 200 max volts 
R M S Supply Voltage 70 max volts 
D C Blocking Voltage . 100 max volts 

CHARACTERISTICS 
M a x i m u m Reverse Current : 

D y n a m i c * 2.5 ma 

* Average value for one complete cycle at m a x i m u m peak reverse voltage, max imum 
average forward current , and case temperature = 150°C. 

SILICON RECTIFIER 

1N1200RA 

1N1202A 

This type is a reverse-polarity 
version of type 1N1200A. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

SILICON RECTIFIER 
Hermetically sealed 12-ampere 

type for use at peak reverse volt
ages up to 200 volts. I t is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, r f generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for the following items: 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 200 max volts 



108 RCA Transistor Manual 

Transient Reverse Voltage: 
Non-repetitive, for duration of 5 milliseconds maximum . . . 0 350 m a x volts 

R M S Supply Voltage 140 max volts 
D C Blocking Voltage 200 max volts 

CHARACTERISTICS 
Maximum Reverse Current : 

Dynamic* „ 2 ma 

* Average value for one complete cycle at maximum peak reverse voltage, maximum 
average forward current, and case temperature = 150°C. 

SILICON RECTIFIER m 
This type is a reverse-polarity 

I N 1 O H O P A v e r s i o n of type 1N1202A. J E D E C No. 
I X I Z U X I X / * DO-4 package; outline 2, Outlines 

Section. ST* 

SILICON RECTIFIER 
Hermetically sealed 12-ampere 

type for use at peak reverse volt
's K J I O r t O A ages up to 300 volts. I t is used in 
I 1^1 I & v v H generator-type power supplies in 

mobile equipment; dc-to-dc con
verters and battery chargers; power ^ K 

supplies for aircraft, marine, and missile equipment; transmitters, r f generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type IN1206A 
except for the following items: 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 300 max volts 
Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds m a x i m u m . . . . 450 max volts 
R M S Supply Voltage 212 max volts 
D C Blocking Voltage 300 max volts 

CHARACTERISTICS 
Maximum Reverse Current : 

Dynamic* 1.75 ma 
* Average value for one complete cycle at m a x i m u m peak reverse voltage,., m a x i m u m 

average forward current, and case temperature - 1 5 0 ¾ . 

SILICON RECTIFIER J D K 
This type is a reverse-polarity 

1 K I 1 9 0 - ¾ B A v e r s i o n o f t v P e 1N1203A. J E D E C No. 
I N I x U O l \ A \ DO-4 package; outline 2, Outlines 

Section. ISA 

SILICON RECTIFIER 
Hermetically sealed 12-ampere (qA 

type for use at peak reverse volt-

111 I * " 4 M mobile equipment; dc-to-dc con
verters and battery chargers; power 
generator-type power supplies in L!K 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
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and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for the following items; 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps. single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 400 max vorts 
Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds m a x i m u m 600 max volts 
R M S Supply Voltage 284 max volts 
D C B l o c k m g Voltage 400 max volts 

CHARACTERISTICS 
M a x i m u m Reverse Current : 

D y n a m i c * 1.5 ma 

• Average value for one complete cycle at max imum peak reverse voltage, maximum 
average forward current, and case temperature = 150 C . 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1204A. J E D E C No. | K | l O f i d D A 
DO-4 package; outline 2, Outlines S H i • X U H I v M 
Section. 

SILICON RECTIFIER 
Hermetically sealed 12-ampere 

type for use at peak reverse volt
ages up to 500 volts. I t is used in 1 K | 1 0 / \ J T A 
generator-type power supplies in I I N I & U j M 
mobile equipment; dc-to-dc con-

"K verters and battery chargers; power 
supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1206A 
except for the following items: 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps. single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 500 max volts 
Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds maximum . . . . 700 max volts 
R M S Supply Voltage 355 max volts 
D C Blocking Voltage 500 max volts 

CHARACTERISTICS 
Maximum Reverse Current : 

Dynamic* 1.25 ma 

* Average value for one complete cycle at maximum pealt reverse voltage, max imum 
average forward current, and case temperature — 150°C. 
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SILICON RECTIFIER 
This type is a reverse-polarity 

1 M 1 O f l 1 * P A v e r s i o n o f type 1N1205A. J E D E C No. 
I M I X U J U M DO-4 package; outline 2, Outlines 

Section. 

SILICON RECTIFIER 

TN1206A 
Hermetically sealed 12-ampere 

type for use at peak reverse volt
ages up to 600 volts. I t is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. 

RATING CHART I 
HEAT-SINK COOLING CHART 

T Y P E IN1206A 
N A T U R A L C O O L I N G . 
S I N G L E - P H A S E O P E R A T I O N . 
R E C T I F I E R S T U D - M O U N T E D 

D I R E C T L Y ON H E A T S I N K . 
H E A T S I N K : 1 / I 6 " - T H I C K C O P P E R 

W I T H M A T B L A C K S U R F A C E , 
T H E R M A L E M I S S I V I T Y = 0 . 9 

5 0 100 1 5 0 2 0 0 
A M B I E N T T E M P E R A T U R E - ° C 

9 2 C M - I I 0 6 8 T I 

gZO -

£ 

§ a: 
> 1 0 

< 
i 5 

T Y P E I N I 2 0 6 A 
L O A D : R E S I S T I V E O R I N D U C T I V E 

C U R V E T Y P E O F O P E R A T I O N 

1 5 0 1 6 0 170 180 190 2 0 0 
C A S E T E M P E R A T U R E - 1 ^ 

9 2 C S - I I 0 6 5 T J 

RATING CHART 3t 

T Y P E I N I 2 0 6 A 
S U P P L Y F R E Q U E N C Y ' 6 0 C P S S I N E W A V E 
C A S E T E M P E R A T U R E = 1 5 0 ° C 

- L O A D : R E S I S T I V E O R I N D U C T I V E 
R M S S U P P L Y V O L T A G E =• M A X I M U M -

R A T E D V A L U E 
A V E R A G E F O R W A R D C U R R E N T = M A X I M U M -

R A T E D V A L U E 

3 1 5 0 

s 
= 1 0 0 

x 
< 5 0 

i r 

| 2 4 6 8 | 0 2 4 6 8 100 
S U R G E - C U R R E N T D U R A T I O N - C Y C L E S 

9 2 C S - 1 I 0 6 6 T I 
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MAXIMUM RATINGS 
For power-supply frequency of 60 cps. single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 600 max volts 
Transient Reverse Voltage: 

Non-repetitive, for duration of 5 milliseconds m a x i m u m 800 max volts 
R M S Supply Voltage 424 max volts 
D C Blocking Voltage 600 max volts 
Average F o r w a r d Current : 

A t case temperature of 150°C 12 max amperes 
A t other case temperatures See Rating Chart I 

Peak Recurrent Current 50 max amperes 
Surge C u r r e n t : ! 

F o r one-half cycle, sine wave 240 max amperes 
F o r one or more cycles See Rating Chart H 

Case-Temperature Range: 
Operating and storage —65 to 200 C 

t Superimposed on device operating wi th in max imum voltage, current, and temperature 
ratings; m a y be repeated after sufficient time has elapsed for the device to return to 
the presurge thermal-equil ibrium conditions. 

CHARACTERISTICS 
M a x i m u m F o r w a r d Voltage Drop* 0.55 volt 
M a x i m u m Reverse Current : 

D y n a m i c * 1 ma 
Staticf 0.004 ma 

M a x i m u m T h e r m a l Resistance: 
Junction-to-case 2 C /wat t 

* Average value for one complete cycle at max imum peak reverse voltage, maximum 
average forward current, and case temperature = 150^. 

t D C value at m a x i m u m peak reverse voltage and case temperature = 25°C. 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1206A. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

1N1206RA 

SILICON RECTIFIER 
Hermetically sealed 5-ampere 

type for use at peak reverse volt
ages up to 50 volts. I t is used in I M l / h l O 
generator-type power supplies in I W I O l * 
mobile equipment; dc-to-dc con-

i-K verters and battery chargers; power 
supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N16I6 
except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 50 max volts 
R M S Supply Voltage 35 max volts 
D C Blocking Voltage 50 max volts 
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SILICON RECTIFIER 
This type is a reverse-polarity 

1 N T A 1 9 H version of type 1N1612. J E D E C No. 
I I N I U I Z ^ DO-4 package; outline 2, Outlines 

Section. 

SILICON RECTIFIER 
Hermetically sealed 5-ampere jqA 

type for use at peak reverse volt- : 
1 M l / » 1 * 1 a g e s u p to ^ volts. It is used in 
l l l l l l l w generator-type power supplies in 

mobile equipment; dc-to-dc con-
• ' verters and battery chargers; power 151K 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1616 
except for the following items: 
M A X I M U M R A T I N G S 

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 100 max volts 
R M S Supply Voltage 70 max volts 
D C Blocking Voltage 100 max volts 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1613. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

SILICON RECTIFIER 
Hermetically sealed 5-ampere 

type for use at peak reverse volt-

• ' I O I " generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power IS K 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1616 
except for the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 200 max volts 
R M S Supply Voltage 140 max volts 
D C Blocking Voltage 200 max volts 
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SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1614. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

1N1614R 

: 7 - ' .V6" . ' . ' ; . 

SILICON RECTIFIER 
Hermetically sealed 5-ampere 

mobile equipment; dc-to-dc con-
type for use at peak reverse volt
ages up to 400 volts. I t is used in 
verters and battery chargers; power 

: generator-type power supplies in 
supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. This type is identical with type 1N1616 
except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-

: phase operation, with resistive or inductive load 

Peak Reverse Voltage 400 max volts 
R M S Supply Voltage 280 max volts 
D C Blocking Voltage 400 max volts 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 1N1615. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

1N1615R 

SILICON RECTIFIER 

1N1616 

Hermetically sealed 5-ampere 
type for use at peak reverse volt
ages up to 600 volts. It is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety 
of other heavy-duty applications. This type is designed to meet stringent en
vironmental and mechanical specifications. The special copper-alloy mounting 
stud can withstand an installing torque up to 25 inch-pounds. J E D E C No. DO-4 
package; outline 2, Outlines Section. 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

Peak Reverse Voltage 
R M S Supply Voltage 

600 max 
420 max 

volts 
volts 
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D C Blocking Voltage 600 m a x volts 
Average Forward Current : 

At case temperature of 135° C 5 max amperes 
At other case temperatures S e e Rat ing Chart 

Peak Recurrent Current 15 max amperes 
Case-Temperature Range: 

Operating and storage —65 to 175 "C 

R A T I N G C H A R T 

130 135 140 145 150 155 160 165 170 
CASE TEMPERATURE-°C 

9 2 C S - I I 2 9 5 T 

CHARACTERISTICS 
Maximum F o r w a r d Voltage Drop* 1.5 vo l ts 
M a x i m u m Reverse Current : 

D y n a m i c J 1 ma 
Statict 0.01 ma 

* At max imum average forward current and case temperature = 25°C. 
t Average value for one complete cycle at maximum peak reverse Voltage, max imum 

average forward current, and case temperature = 135°C. 
t D C value at m a x i m u m peak reverse voltage and case temperature = 25°C. 

SILICON RECTIFIER 
This type is a reverse-polarity 

1 M l A I A D version of type 1N1616. J E D E C No. 
I I N I O I O K DO-4 package; outline 2, Outlines 

Section. 

SILICON RECTIFIER 

1N1763 
O K 

Hermetically sealed 500-rnilli-
ampere type for use at peak reverse 
voltages up to 400 volts. I t is used in 
power supplies of color and black-
and-white television receivers, radio 
receivers and phonographs, and in 

other rectifying applications. This type is intended for rectifier applications in 
which the device operates direct from a power line at ac voltages up to 140 
volts. J E D E C No. DO-1 package; outline 1, Outlines Section. For forward-
characteristic curve, refer to type 1N3196. 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-
phase operation, with capacitor input to filter 

Peak Reverse Voltage 
R M S Supply Voltage 
Average Forward Current : 

At ambient temperatures up to 75°C . 
A t ambient temperatures above 75°C 

Peak Recurrent Current : 
At ambient temperatures up to 75° C 
At ambient temperatures above 75°C 

400 max 
140 m a x 

Volts 
vo l ts 

500 max ma 
See Rating Chart 

5 max amperes 
See Rating Chart 
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Surge Current (for turn-on time of 2 milliseconds durat ion) : 
A t ambient temperatures up to 75°C „ 35 max amperes 
At ambient temperatures above 75 °C See Rating Chart 

Ambient-Temperature Range: c „ 

s^g..::::::::::::::::::::::::::::::::::::::::::::::::::^ -8 
CHARACTERISTICS 
Maximum F o r w a r d Voltage Drop* 3 volts 
Max imum Reverse Current (at maximum peak reverse vol tage): 

At ambient temperature of 2 5 °C 100 na 
. A t ambient temperature of 100°C 1 ma 

* Instantaneous value at average forward amperes = 15 and ambient temperature = 25°C. 

RATING C H A R T 
T Y P I C A L C H A R A C T E R I S T I C S 
FULL-WAVE VOLTAGE DIVIDER 

35 

5of;- 7 5 

a s . 

TYPE INI763 
SUPPLY FREQUENCY=60 CPS 

\ 
\ 

-75 - 5 0 - 2 5 O 25 50 75 100 
AMBIENT TEMPERATURE-°C 

92CS-9727T2 

£ 4 0 0 

o 

g 3 0 0 

200 

loo 

TYPE I N I 7 6 3 
AMBIENT TEMPERATURE = 25°C 

•SUPPLY FREQUENCY = 60 CPS 

-p> DC 4 OUTPUT 
_L+- VOLTAGE 

0.1 OS. 0.3 0.4 0.5 
DC LOAD AMPERES 

TYPICAL OPERATION 
As Half-Wave Rectifier 

R M S Supply Voltage 
F i l t er - Input Capacitor 
Surge-Limit ing Resistancet 
D C Output Voltage (Approx.) at input to filter: 

A t half-load current of 250 mill iamperes 
A t full- load current of 500 mill iamperes 

Voltage Regulation ( A p p r o x . ) : 
Half- load to ful l- load current 

R M S Supply Voltage 
F i l t er - Input Capacitor 
Surge-Limit ing Resistancet 
D C Output Voltage (Approx.) at input to filter: 

A t half- load current of 2 5 0 mil l iamperes 
At ful l- load current of 500 mill iamperes 

Voltage Regulation ( A p p r o x . ) : 
Half- load to full- load current 

As Full-Wave Voltage Doublet 

R M S Supply Voltage 117 117 volts 
F i l t er - Input Capacitor 50 100 250 /if 
Surge-Limit ing Resistancet 5.6 5-6 5.6 ohms 
D C Output Voltage (Approx.) at input to filter: 

A t half-load current of 250 mill iamperes 260 280 290 volts 
At full- load current of 500 mil l iamperes 220 260 275 volts 

Voltage Regulation ( A p p r o x . ) : 
Half-load to ful l- load current 40 20 15 volts 

t The transformer series resistance or other resistance i n the l ine may be deducted from 
the value shown. 

117 
50 
5.6 

117 
100 
5.6 

117 
250 
5.6 

126 
100 

146 
132 

150 
139 

26 14 11 

Doublet 

117 
100 
5.6 

117 
250 
5.6 

273 
235 

288 
262 

38 26 

Doublet 

117 
50 

5.6 

117 
100 
5.6 

117 
250 
5 6 

260 
220 

280 
260 

290 
275 

40 20 15 

volts 
ohms 

volts 
volts 
volts 

volts 

ohms 

volts 
volts 

volts 
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1N1764 

SILICON RECTIFIER 
Hermetically sealed 500-rniIli-

ampere type for use at peak reverse 
voltages up to 500 volts. It is used 
in power supplies of color and black-
and-white television receivers, radio 
receivers, and phonographs, and in 

other rectifying applications. This type is intended for rectifier applications in 
which the device operates from the power line through a step-up transformer 
at ac output voltages up to 175 volts. J E D E C No. DO-1 package; outline 1, 
Outlines Section. For forward-characteristic curve, refer to type 1N3196\ 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-
phase operation, with capacitor input to filter 

Peak Reverse Voltage 500 max 
R M S Supply Voltage 175 max 
Average F o r w a r d Current : 

At ambient temperatures up to 75°C 
At ambient temperatures above 7 5 ° C 

Peak Recurrent Current : 
At ambient temperatures up to 75°C 
At ambient temperatures above 75 °C 

Surge Current (for turn-on time of 2 milliseconds duration) : 
At ambient temperatures up to 75 ° C 
At ambient temperatures above 75°C 

Ambient-Temperature Range: 
Operating —65 to 100 
Storage - 6 5 to 150 

volts 
volts 

500 max m a 
See Rating Chart 

5 m a x amperes 
See Rat ing Chart 

35 m a x amperes 
See Rat ing Chart 

°C 
° C 

CHARACTERISTICS 
Maximum F o r w a r d Voltage Drop* 
Maximum Reverse Current (at max imum peak reverse voltage): 

At ambient temperature of 25 °C 
A t ambient temperature of 100°C 

100 
1 

volts 

m a 

* Instantaneous value at average forward amperes = 15 and ambient temperature = 25 ° C . 

RATING CHART 
1 1 1 1 1 

TYPE IN I764 
SUPPLY FRE0UENCY=60 CPS 

\ 
\ 

-75 - 50 - 2 5 0 25 50 75 100 
AMBIENT TEMPERATURE-°C 

9 2 C S - 9 7 2 7 T 2 

T Y P I C A L C H A R A C T E R I S T I C S 
FULL-WAVE VOLTAGE DIVIDER 

300 

200 0.2 0.3 OA 0.5 
DC LOAD AMPERES 

TYPICAL OPERATION 
As Half-Wave Rectifier 

R M S Supply Voltage 
Fi l ter - Input Capacitor 
Surge-Limit ing Resistance! 
D C Output Voltage (Approx.) at input to filter: 

A t half-load current of 250 milliamperes 
At full-load current of 500 milliamperes 

Voltage Regulation (Approx.)-. 
Half-load to full-load current 

150 150 150 
50 100 250 

6.8 6.8 6.8 

158 184 190 
128 170 178 

30 14 12 

volts 
Hi 

ohms 
volts 
volts 

volts 
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A s HuH-Wave Vo/fage Doublef 

150 150 volts 
100 250 fit 
6.8 6.8 ohms 

345 367 volts 
3 0 1 336 volte 

44 3 1 volte 

Doublef 

150 150 150 volte 
50 100 250 fit 

6.8 6.8 6-8 ohms 

340 370 380 volts 
290 340 360 volts 

50 30 20 volts 

R M S Supply Voltage 
Fi l ter-Input Capacitor 
Surge-Limit ing Resistancet 
D C Output Voltage (Approx.) at input to filter: 

At half-load current of 250 rmlliamperes 
A t full- load current of 500 milliamperes 

Voltage Regulation (Approx.) : 
Half- load to full- load current 

R M S Supply Voltage 
Fi l ter-Input Capacitor 
Surge-Limit ing Resistance! 
D C Output Voltage (Approx.) at input to filter: 

At half-load current of 250 mill iamperes 
At full- load current of 500 milliamperes 

Voltage Regulation ( A p p r o x . ) : 
Half- load to full- load current 

f The transformer series resistance or other resistance in the line may be deducted from 
the value shown. 

DIODE 
Hermetically sealed germanium 

type used to compensate for the ef
fects of temperature and supply-
voltage changes in class B push-pull 
a u d i o-frequency power-amplifier 
stages. I n a typical af power-ampli

fier circuit, it maintains the bias voltage applied to the output stage within 
±0.015 volt for supply-voltage variations up to —40 per cent, and simul
taneously compensates for ambient-temperature variations over the range from 
- 2 0 to 71°C. Package is similar to J E D E C No. T O - 1 (outline 4, Outlines Sec
tion) except that lead No. 3 is omitted. 

1N2326 

MAXIMUM RATINGS 
Temperature and voltage-compensation service 

Peak F o r w a r d Current 200 max 
Reverse Voltage* — 1 max 
Average F o r w a r d Current 100 max 
Ambient-Temperature Range: 

Operating and Storage — 6 5 to 85 

CHARACTERISTICS 
Forward Voltage Drop: 

At average forward ma = 2 135 
At average forward ma = 100 260 

* Operation wi th reverse voltages is not recommended. 

ma 
volt 
ma 

°C 

mv 
mv 

T Y P I C A L FORWARD C H A R A C T E R I S T I C 

| 150 

e 
m 100 

TYPE I N 2 3 2 6 
AVERAGE FORWARD MILLIAMPERES » 2 

10 20 30 . 40 50 60 70 
AMBIENT TEMPERATURE - ° C 

' 9ZCS-I0I10TI 

« 1 0 

UJ 8 
S 4 

T Y P I C A L FORWARD C H A R A C T E R I S T I C 

- T Y P E I N 2 3 2 6 ' 
_ MIDirkIT TCUDCHATllDr-
- T Y P E I N 2 3 2 6 ' 
_ MIDirkIT TCUDCHATllDr- 25°C 25°C 

/ 
/ 

/ 
25 50 75 100 125 150 175 20( 

AVERAGE FORWARD MILLIVOLTS 
92CS-I0I4ITI 
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SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 50 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i -
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. J E D E C No. DO-1 package; 
outline 1, Outlines Section. This type is identical with type 1N2864 except for 
the following items: 

1N2858 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

Resistive or 
Inductive Load 

50 max 
3 5 max 
50 m a x 

Capacitive 
Load 

50 max 
17 m a x 
50 max 

CHARACTERISTICS 
Maximum Reverse Current (at m a x i m u m peak reverse voltage) 

volts 
volts 
volts 

0.4 

1N2859 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 100 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i 
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. J E D E C No. DO-1 package; 
outline 1, Outlines Section. This type is identical with type 1N2864 except for 
the following items: 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

Resisttue or 
Inductive Load 

100 max 
70 max 

100 m a x 

Capacitvue 
L o a d 

100 max 
35 max 

100 m a x 

CHARACTERISTICS 
Maximum Reverse Current (at max imum peak reverse voltage^ . 

volts 
volts 
volts 

OA 

SILICON RECTIFIER 

1N2860 

o 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 200 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i 
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. J E D E C No. DO-1 package; 
outline 1, Outlines Section. This type is identical with type 1N2864 except for 
the following items: 

O K 
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MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-phase operation 

Resistive or Capacitive 
Inductive Load Load 

Peak Reverse Voltage . . . . . . . . 200 max 200 max 
R M S Supply Voltage 140 max 70 max 
D C Blocking Voltage . . . . . k 200 max 200 max 

CHARACTERISTICS 
M a x i m u m Reverse Current (at max imum peak reverse voltage) . 0:4 

volts 
volts 
volts 

1N2861 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 300 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i -

O K amperes for resistive or inductive 
loads and 500 milliamperes for capacitive loads. J E D E C No. DO-1 package; 
outline 1, Outlines Section. This type is identical with type 1N2864 except for 
the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

Resistive or 
Inductive Load 

300 max 
210 max 
300 max 

Capacitive 
Load 

300 max 
105 max 
300 max 

volts 
volts 
volts 

1N2862 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 400 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i -

^ K amperes for resistive or inductive 
loads and 500 milliamperes for capacitive loads. J E D E C No. DO-1 package; 
outline 1, Outlines Section. This type is identical with type 1N2864 except for 
the following items: 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

Resistive or 
Inductive Load 

400 max 
280 max 
400 max 

Capacitive 
Load 

400 max 
140 max 
400 max 

volts 
volts 
volts 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 500 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i 
amperes for resistive or inductive 

1N2863 

loads and 500 milliamperes for capacitive loads. J E D E C No. DO-1 package; 
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outline 1, Outlines Section. This type is identical with type 1N2864 except for 
the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage 
R M S Supply Voltage 
D C Blocking Voltage 

Resistive or 
Inductive Load 

500 max 
350 max 
500 max 

Capacitive 
Load 

500 max 
175 max 
500 max 

volts 
volts 
volts 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 600 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i -
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. J E D E C 
outline 1, Outlines Section. 

i mm. 
o 

No. DO-1 package; 

MAXIMUM R A T I N G S 
For power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage . 
R M S Supply Voltage 
D C Blocking Voltage 
Average F o r w a r d Current : 

At ambient temperatures up 
to 75°C 

At ambient temperatures 
above 75°C 

Surge Current: 
For one cycle at ambient 

temperature of 25°C . . 
F o r more than one cycle and at 

other ambient temperatures . . 
Ambient-Temperature Range: 

Operating and Storage 

Resistive or 
Inductive Load 

600 max 
420 max 
600 max 

Capacitive 
Load 

600 max 
210 max 
600 max 

volts 
volts 
volts 

750 max 500 max 

See Rating Chart I 

40 max 40 max 

See Rat ing Chart I I 

-65 to 125 —65 to 125 ° C 

RATING CHART JL 

50 100 150 200 
AMBIENT TEMPERATURE-°C 

32CS-I0474T 

-( 2 4 6 8 10 2 4 6 8100 
S U R G E - C U R R E N T D U R A T I O N — C Y C L E S 

S2CS- I0476T 

C H A R A C T E R I S T I C S 

Maximum F o r w a r d Voltage Drop* 11 V°™ 

Maximum Reverse Current (at max imum peak reverse voltage) . 0.3 ma 
* D C value at average forward ma = 500 and ambient temperature = 2 5 ° C . 
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See R C A T U N N E L DIODE C H A R T starting on page 
324 for complete data on these types. 

1N3128 
to 

1N3130 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 200 volts. This 
type has a maximum aver age-for
ward-current rating of 750 mil l i -
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 21, Outlines Section. This type is 
identical with type 1N3196 except for the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-phase operation 

Resistive or 
Inductive Load 

Peak Reverse Voltage 200 max 
R M S Supply Voltage - 140 max 
Average F o r w a r d Current : 

At ambient temperatures up 
to 75°C 750 max 

Peak Recurrent Current — 

Capacitive 
Load 
200 max 

70 max 

500 max 
6 max 

volts 
volts 

ma 
amperes 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 400 volts. This 
type has a maximum average-for
ward-current rating of 750 mil l i 
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. I t is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 21, Outlines Section. This type is 
identical with type 1N3196 except for the following items: 

T Y P I C A L C H A R A C T E R I S T I C S 
H A L F - W A V E V O L T A G E D I V I D E R 

T Y P E I N 3 I 9 4 ' ' ' f 
A M B I E N T T E M P E R A T U R E = 2 5 ° C 

- S U P P L Y F R E Q U E N C Y = 6 0 C P S 

0 0.1 0 . 2 0 . 3 0 . 4 0 .5 0 . 6 0.7 
D C L O A D A M P E R E S 

92CS-I09I6TI 

T Y P I C A L C H A R A C T E R I S T I C S 
F U L L - W A V E V O L T A G E D I V I D E R 

T Y P E I N 3 I 9 4 ' 1 1 1 
A M B I E N T T E M P E R A T U R E = 2 5 ° C 

- S U P P L Y F R E Q U E N C Y = 6 0 C P S 

0 0.1 0 .2 0 .3 . 0 . 4 0 . 5 0.6 0.7 
D C L O A D A M P E R E S 

92CS-I09I8TI 
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MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage 
R M S Supply Voltage 
Average F o r w a r d Current : 

At ambient temperatures u p 
to 75°C 

Peak Recurrent Current . 

Resistive or 
Inductive Load 

400 max 
280 max 

750 max 

Capttcititoe 
Load 

400 max 
140 max 

500 max 
6 max 

volts 
volts 

ma 
amperes 

1N3T95 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 600 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i 
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. I t is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 21, Outlines Section. This type is 
identical with type 1N3196 except for the following items: 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage 
R M S Supply Voltage 
Average F o r w a r d Current : 

At ambient temperatures up 
to 75°C 

Peak Recurrent Current 

Resistive or 
Inductive Load 

600 max 
420 max 

750 max 

Capacitive 
Load 

600 max 
210 max 

500 max 
6 max 

volts 
volts 

ma 
amperes 

1N3T96 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 800 volts. This 
type has a maximum average-for
ward-current rating of 500 mi l l i 
amperes for resistive or inductive 

loads and 400 milliamperes for capacitive loads. I t is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 21, Outlines Section. 

MAXIMUM RATINGS 
F o r power-supply frequency of 60 cps, single-phase operation 

Peak Reverse Voltage 
R M S Supply Voltage 
Average F o r w a r d Current : 

At ambient temperatures up 
to 75°C 

At other ambient temperatures . 
Peak Recurrent Current 
Surge Current : 

For turn-on time of 2 
milliseconds duration 

Ambient-Temperature Range: 
Operating 
Storage 

Lead Temperature: 
For 10 seconds maximum 

Resistive or Capacitive 
Inductive Load Load 

800 max 800 max 
560 max 280 max 

500 max 400 max 
See Rating Chart 

— 5 max 

35 max 

-65 to 100 
-65 to 175 

—65 to 100 
—65 to 175 

volts 
volts 

ma 

amperes 

amperes 

"C 
°C 

255 max 255 max "C 
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CHARACTERISTICS 
M a x i m u m F o r w a r d Voltage Drop* 1-2 volts 
M a x i m u m Reverse Current : 

Dynamic): .." 0.2 ma 
Statict • ° - 0 0 5 1 : 1 1 3 

• Instantaneous value at average forward amperes = 0.5 and ambient temperature.= 25°C. 
J Average value for one complete cycle at max imum peak reverse voltage, maximum 

average forward current, and ambient temperature = 75°C. 
t D C value at max imum peak reverse volts, average forward current = 0, and ambient 

temperature = 25°C. 

RATING CHART T Y P I C A L F O R W A R D C H A R A C T E R I S T I C 

5? 

fegg-'oo 

S i 0 " . 75 

£ * 50 

25 

T Y P E I N 3 I 9 6 
S U P P L Y F R E Q U E N C Y = 6 0 C P S 

\ 
»75 - 5 0 - 2 5 0 25 50 75 100 

AMBIENT TEMPERATURE-°C 
92GS-9727T8 

£ 3 5 

£ 3 0 
in „t: => 2b o 
£ 2 0 

2 15 

2 
< 10 

z 5 

1 1 1 1 1 
T Y P E I N 3 I 9 6 
A M B I E N T T E M P E R A T U R E = 2 5 ° C 

0 .5 I 1.5 2 2 . 5 3 
I N S T A N T A N E O U S F O R W A R D V O L T S 

9 2 C S - 9 7 3 0 T 2 

1N3253 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 200 volts. This 
type has a maximum average-for
ward-current rating of 750 mi l l i 
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. I t is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 22, Outlines Section. This type is 
identical with type 1N3193 except that it has a transparent, high-dielectric-
strength plastic sleeve over the metal case. 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 400 volts. This •• M ^ O T / i 
type has a maximum average-for- I I N 0 A 3 * I 
ward-current rating of 750 mi l l i 
amperes for resistive or inductive 

loads and 500 milliamperes for capacitive loads. I t is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 22, Outlines Section. This type is 
identical with type 1N3194 except that it has a transparent, high-dielectric -
strength plastic sleeve over the metal case. 
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SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
reverse voltages up to 600 volts. This 

• N O . £ J j type has a maximum average-for
ward-current rating of 750 mi l l i 
amperes for resistive or inductive O ' 

loads and 500 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 22, Outlines Section. This type is 
identical with type 1N3195 except that it has a transparent, high-dielectric-
strength plastic sleeve over the metal case. 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
1 K I O O * * / * reverse voltages up to 800 volts. This 
I l \ 0 . Z 3 0 type has a maximum average-for

ward-current rating of 500 mi l l i 
amperes for resistive or inductive 

loads and 400 milliamperes for capacitive loads. I t is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 22, Outlines Section. This type is 
identical with type 1N3196 except that it has a transparent, high-dielectric-
strength plastic sleeve over the metal case. 

SILICON RECTIFIER 
Hermetically sealed type used in 

power-supply applications at peak 
n K J Q J C ^ O reverse voltages up to 1000 volts. 
I I N v J O v This type has a maximum average-

forward-current rating of 400 mi l l i 
amperes for resistive or inductive 

loads and 300 milliamperes for capacitive loads. It is designed to meet stringent 
temperature-cycling and humidity requirements of critical applications. Pack
age is similar to J E D E C No. T O - 1 ; outline 22, Outlines Section. In addition, 
this type has a transparent, high-dielectric-strength plastic sleeve over the 
metal case and a protective coating to guard against the effects of severe en
vironmental conditions. This type is electrically identical with type 1N3196 
except for the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps, single-phase operation 

Resistive or Capacitive 
Inductive Load Load 

Peak Reverse Voltage 1000 max 1000 max volts 
R M S Supply Voltage 700 max 350 max volts 
Average Forward Current: 

At ambient temperatures up 
to 75°C 400 max 300 max ma 

Peak Recurrent Current — 4 max amperes 
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1N3754 

S I L I C O N R E C T I F I E R 

Hermetically sealed 125-milli-
ampere type used in power-supply 
applications at peak reverse voltages 
up to 100 volts. This type is designed 
to meet stringent temperature-
cycling and humidity requirements 

of critical applications. Package is similar to J E D E C No. T O - 1 (outline 4, Out
lines Section) except that lead No. 3 is omitted. It is identical with type 1N3756 
except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-phase operation, with capacitive load 

Peak Reverse Voltage 
R M S Supply Voltage 

100 max 
3 5 m a x 

volts 
volts 

1N3755 

S I L I C O N R E C T I F I E R 

Hermetically sealed 125-milli-
ampere type used in power-supply 
applications at peak reverse voltages 
up to 200 volts. This type is designed 
to meet stringent temperature-
cycling and humidity requirements 

of critical applications. Package is similar to J E D E C No. TO-1 (outline 4, Out
lines Section) except that lead No. 3 is omitted. It is identical with type IN3756 
except for the following items: 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-phase operation, with capacitive load 

Peak Reverse Voltage 200 max volts 
RMS Supply Voltage 70 max volts 

S I L I C O N R E C T I F I E R 

Hermetically sealed 125-milli-
ampere type used in power-supply 
applications at peak reverse voltages " l R I O T E D 

0-4 M up to 400 volts. This type is designed • I N O / J O 
K * ' I to meet stringent temperature-

cycling and humidity requirements 
of critical applications. Package is similar to J E D E C No. T O - 1 (outline 4, Out
lines Section) except that lead No. 3 is omitted. 

MAXIMUM RATINGS 
For power-supply frequency of 60 cps, single-phase operation, with capacitive load 

Peak Reverse Voltage 400 max volts 
RMS Supply Voltage 140 max volts 
Average F o r w a r d Current : 

At ambient temperatures up to 65°C 125 max ma 
At ambient temperatures above 65°C See Rating Chart 

Peak Recurrent Current 1.3 max amperes 
Surge Current : 

For turn-on time of 2 milliseconds duration 30 max amperes 
Ambient-Temperature Range: 

Operating —65 to 100 ° C 
Storage - 6 5 to 175 °C 

Lead Temperature: 
For 10 seconds maximum 255 max ° C 

CHARACTERISTICS 
Maximum F o r w a r d Voltage Drop* 1 volt 
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Maximum Reverse Current : 
D y n a m i c ! 
Statict 

0.3 
0.005 

ma 
ma 

* Instantaneous value at m a x i m u m average forward current and ambient temperature 
— 25°C. 

t Average value for one complete cycle at m a x i m u m peak reverse voltage, max imum 
average forward current, and ambient temperature = 65°C. 

t D C value at m a x i m u m peak reverse voltage, average forward current = 0, and ambient 
temperature — 2 5 ° C . 

RATING CHART T Y P I C A L R E V E R S E C H A R A C T E R I S T I C S 
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1N3847 
. See R C A T U N N E L D I O D E C H A R T for complete 

data on these tunnel diodes and rectifiers. 
1N3863 

TWIN DIODE 

2DG001 

Hermetically sealed germanium 
type used in high-speed switching 
service in electronic data-processing 
systems. Maximum ratings: dc re
verse voltage = —20 volts; average 
forward current = —40 milliamperes; 

ambient temperature range = —65 to 85°C. Package is similar to J E D E C No. 
TO-33 (outline 13, Outlines Section) except that lead No. 2 is omitted. This is 
a discontinued type listed for reference only. 
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TRANSISTOR 

Germanium p-n-p type used 
in low-power audio-frequency am
plifier applications. In a common- O K I T H A 

yfrffi 7%) emitter circuit, this type has a X l N I U * t 
E B c forward-current transfer ratio of 44, 

a low-frequency power gain of 41 
db, and an integrated noise factor of 12 db maximum. J E D E C No. TO-40 pack
age; outline 15, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —30 max volts 
Collector Current —50 max ma 
Emitter Current 50 max ma 
Transistor Dissipation: 

At ambient temperatures up to 25°C 150 max mw 
At ambient temperature of 50°C 80 max mw 
A t ambient temperature of 70°C 30 max mw 

Ambient-Temperature Range: 
Operating —65 to 70 °C 
Storage —65 to 85 C C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (with collector na = —20 

and emitter current = 0) —30 min volts 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) —10 max jua 
Emitter-Cutoff Current (with emitter-to-base volts = —12 and 

collector current = 0) —10 max na 
Thermal Resistance: 

Junction-to-ambient 0.4 ° C / m w 

In Common-Base Circuit 

Smal l -S ignal F o r w a r d - C u r r e n t - T r a n s f e r -
Ratio Cutoff Frequency: 

With collector-to-base volts = —6 and collector ma = —1 . . 700 kc 
With collector-to-base volts = —3 and collector ma = —0.2 . 530 kc 

Power Ga in (with collector-to-emitter volts =J —6, collector ma 
= — 1 , input resistance == 170 ohms, and load resistance = 
0.5 megohm) 32.4 db 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

- 6 - 8 -10 -12 
COLLECTOR-TO-EMITTER VOLTS 

In Common-Emitter Circuit 

Small-Signal Forward-Current -Trans fer -
Ratio Cutoff Frequency: 

With collector-to-emitter volts = —6 and collector ma = —1 
With collector-to-emitter volts = —3 and collector ma = —0.2 

13.9 
16.5 

kc 
kc 



128 RCA Transistor Manual 

Power Ga in (with collector-to-emitter volts — —6, collector ma 
= — 1 , input resistance = 1400 ohms, and load resistance = 
20000 ohms) . 41 

Noise Figure (with collector-to-emi'tter volts = —4, collector ma 
= —0.7, and generator resistance = 518 ohms) 12 max 

In Common-Collector Circuit 

Power Ga in (with emitter-to-collector volts = —3, collector ma 
= —0.2, input resistance = 0.5 megohm, and load resistance 
= 18000 ohms) 14 3 

db 

db 

db 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

1 1 1 1 1 1 
TYPE 2N I04 
COMMON-EMITTER CIRCUIT BASE INPUT. 
AME SIENT r E M P E W U R E - 2 5 "C 

- 5 0 

- 4 0 

- 3 0 

BASE JI1CRO* M P E R :s*-2< 

-10 

-2.0 -2.5 -3.0 -3.5 -4.0 
C O L L E C T O R - T O - E M I T T E R V O L T S 9 2 C M - 8 5 2 4 T I 

2K 0 5 
See list of Discontinued Transistors at end of Tech
nical Data Section for abbreviated data. 

Germanium p-n-p type used 
in large-signal audio-frequency am

ir- ./1 -j r••-: '/ plifier applications. It is used in 
2 1 ¾ 1 U / class B push-pull power-output 

stages of battery-operated portable E B C 
radio receivers and audio amplifiers 

and in class A high-gain driver stages. J E D E C No. TO-40 package; outline 15, 
Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —35 max volts 
Collector-to-Emitter Voltage —25 max volts 
Emitter-to-Base Voltage (with collector open) —12 max volts 
Collector Current —150 max ma 
Emitter Current 70 max ma 
Transistor Dissipation: 

At ambient temperatures up to 25°C 165 max m w 
At ambient temperatures above 25°C See curve page 80 

Temperature Range: 
Operating - 6 5 to 71 °C 
Storage —65 to 85 °C 

L e a d Temperature (for 10 seconds maximum) 255 max C 

CHARACTERISTICS 
Collector-Cutoff Current (with collector-to-base volts = —30 

and emitter current = 0) —7 max pa 
Emitter-Cutoff Current (with emitter-to-base volts = —12 and 

collector current = 0) —7 max fia 
Base-to-Emitter Voltage (with collector-to-emitter volt = —1 

and collector ma — —50 ma) 0.2 to 0.4 volt 
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Collector-to-Emitter Saturation Voltage (with collector ma = 
—50 and base current — —5 ma) 

Collector-to-Base Breakdown Voltage (with collector #a = —50 
and emitter current = 0) 

Emitter- to-Base Breakdown Voltage (with emitter tia = —7 and 
collector current = 0) 

Collector-to-Emitter Breakdown Voltage (with collector ma = 
—1 and base current = 0) 

Sit Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 
—6 and emitter current — 0) 

In Common-Emitter Circuit 

-0.15 max 

—35 m i n 

—12 min 

—25 min 

20 to 60 

D C F o r w a r d Current -Transfer Ratio (with collector-to-emitter 
volts = —6, collector m a = — 1 , and frequency = 1 ki locycle) 50 to 150 

Input Resistance at 1 ki locycle 1000 to 4000 

volt 

volts 

volts 

volts 

pf 

ohms 

TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT 
Values are for two transistors except as noted 

D C Collector-to-Emitter Supply Voltage 
D C Base-to-Emitter Voltage 
Peak Collector Current (approx.) per transistor 
Maximum-Signa l D C Collector Current (approx.) per 

transistor 
Zero-Signal D C Collector Current (approx.) per transistor 
Signal-Source Impedance per base 
Load Impedance per collector 
Signal Frequency 
Circui t Efficiency at m a x i m u m rated output 
Power G a i n 
Total Harmonic Distortion 
Maximum-Signa l Power Output 

- 4 . 5 - 9 volts 
-0 .15 -0.15 volt 

- 3 5 -40 ma 

—11.5 - 1 3 ma 
- 2 - 2 ma 
375 375 ohms 
100 200 ohms 

1 1 kc 
60 69 per cent 
30 33 db 
10 max 10 max per cent 
75 160 m w 

TYPICAL T R A N S F E R CHARACTERISTIC T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C 

-0.1 - 0 . 2 - 0 . 3 - 0 . 4 
BASE-TO-EMITTER VOLTS 

92CS-8598T2 

0.2 -0 .4 -0.6 -0 .8 
BASE MILLIAMPERES 

92CS-8600T2 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

1 1 1 1 1 1 1 
T Y P E 2N I09 
AMB1EN T T E ^ 4 P E R A T U R E 

Ull , b 
= 25 C 

W i n 

0 
-0.9 
-0 .8 
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0. 5 

- ( ).4 

U.3 • 

E R E S = - 0 . ; 1 s~ 
B A S E 

1 
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-16 
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TRANSISTOR 

2N139 

Germanium p-n-p type used 
primarily in 455-kilocycle inter-
mediate^frequency amplifier-appli
cations in battery-operated portable 
radio receivers and automobile radio 
receivers operating from either a 

6-volt or a 12-volt supply. J E D E C No. TO-40 package; outline 15, Outlines 
Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —16 max volts 
Emitter-to-Base Voltage (with collector open) —12 max volts 
Collector Current —15 max ma 
Emitter Current 15 max ma 
Transistor Dissipation 35 max m w 
Ambient-Temperature Range: 

Operating , —65 to 70 °C 
Storage —65 to 85 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (with collector fia 

= —10 and emitter current = 0) —16 m l n volts 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) —6 max /ta 
Emitter-Cutoff Current (with emitter-to-base volts = —12 

and collector current = 0) —40 max /ia 

In Common-Base Circuit 

Smal l -Signal F o r w a r d Current-Transfer Rat io: 
With collector-to-base volts = —9 and collector ma = —0.5 . . 0.978 
V/ith collector-to-base volts = —9 and collector ma = —1 . . . . 0.98 

Smal l -Signal Forward-Current -Transfer -Rat io Cutoff Frequency: 
With collector-to-base volts = —9 and collector ma = —0.5 . . 4.5 Mc 
With collector-to-base volts = —9 and collector ma = —1 . . . . 4.7 Mc 

In Common-Emitter Circuit 

Small -Signal F o r w a r d Current-Transfer Rat io: 
With collector-to-emitter volts = —9 and collector ma = —0.5 . 45 
With collector-to-emitter volts = —9 and collector ma = - 1 . . 48 

TYPICAL OPERATION IN 455-KC IF AMPLIFIER CIRCUIT 
D C Collector-to-Emitter Voltage 
D C Collector Current 
Input Resistance (approx.) 
Output Resistance (approx.) 
Maximum Power Ga in (approx.) 
Useful Power G a i n (approx.) 
Spot Noise Figure (approx.) 

- 9 - 9 volts 
- 0 . 5 - 1 ma 
1000 500 ohms 

70000 30000 ohms 
38 37 db 

27.6 30.4 db 
4.5 4.5 db 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

- 2 - 4 - 6 - 8 -10 -12 -14 -16 -18 - 2 0 
COLLECTOR-TO-EMITTER VOLTS 92CM-6849TI 
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TRANSISTOR 
Germanium p-n-p type used 

•* " v primarily in converter and mixer-
f J ~ \ / ~ | ). oscillator applications in A M battery- O K I 1A(\ 
V I .y . operated portable radio receivers and A I N I H U . 

e B c automobile radio receivers operating 
from either a 6-volt or a 12-volt 

supply. J E D E C No. TO-40 package; outline 15, Outlines Section. For curves 
of typical collector characteristics, refer to type 2N139. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) . . . —16max volts 
Emitter- to-Base Voltage (with collector open) —0.5 max volt 
Collector Current —15max ma 
Emit ter C u r r e n t 15 max ma 
Transistor Dissipation 80 max m w 
Ambient-Temperature Range: 

Operating * —65 to 71 °C 
Storage —65 to 85 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (with collector /*a = —10 

and emitter current = 0) —16min volts 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) —6 max ua 
Emitter-Cutoff Current (with emitter-to-base volts — —0.5 

and collector current = 0) —12 max ua 

In Common-Emitter Circuit 

Smal l -S ignal F o r w a r d Current -Transfer Ratio 
(with collector-to-emitter volts = —9 and collector ma = —0.6) 75 

TYPICAL OPERATION AT 1 MC IN SELF-EXCITED CONVERTER CIRCUIT 
D C Collector-to-Emitter Voltage —9 volts 
D C Collector Current —0.6 ma 
R M S Base-to-Emitter Oscillator Inject ion Voltage (approx.) . . . 100 mv 
Input Resistance (approx.) 700 ohms 
Output Resistance (approx.) 75000 ohms 
Useful Conversion Power G a i n (approx.) 32 d.b 

POWER TRANSISTOR 
Germanium p-n-p type used in 

a wide variety of switching and am
plifier applications in industrial and 0 M 1 7 Q 
military equipment requiring tran- A I N I / O 
sistors having high voltage, current, 
and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satisfac
tory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-38 package; outline 14, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter-to-base volts — —1.5) . . —60 max volts 
Emitter-to-Base Voltage (with collector open) —40 max volts 
Collector Current —15 max amperes 
Emitter Current 15 max amperes 
Base Current —4 max amperes 
Transistor Dissipation: 

A t case temperatures up to 25°C 150 max watts 
At case temperatures above 25 °C See curve page 80 

Case-Temperature Range: 
Operating and storage —65 to 100 °C 
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CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 
— 0.3 —50 m i n volts 

With base open and collector amperes = 0.3 —50 volts 
With base open and collector amperes = - 1 —45 min volts 

Base-to-Emitter Voltage (with collector-to-emitter volts = —2 
and collector amperes = —5) —0-65 

Emitter-to-Base Voltage (with collector-to-base volts = —80 
and emitter current = 0) —0.15 

Collector-to-Emitter Saturation Voltage (with collector 
amperes = —12 and base amperes = —2) 

Collector-to-Emitter Reach-Through Voltage 
Emitter-Cutoff Current (with emitter-to-base volts = —40 

and collector current = 0) , 
Collector-Cutoff Current: 

With collector-to-base volts = —2 and emitter current = 0 . . —100 /iia 
With collector-to-base volts = —60 and emitter current = 0 . . —2 ma 

Thermal Resistance (junction-to-case) 0.35 ° C / w a t t 
Thermal Capacity (for puLses in the l-to-10-millisecond range) , 0.075 w a t t - s e c / ° C 
Thermal Time Constant 26.25 msec 

- 0 . 3 
—60 m i n 

- 1 

volt 

volt 

volt 
volts 

ma 

In Common-Emrftet Circuit 

D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 
volts = - 2 ) : 
With collector amperes = —5 35 to 70 
With collector amperes = —12 25 

Small -Signal Forward-Current -Transfer -Rat io Cutoff 
Frequency (with collector-to-emitter volts = —6 and collector 
amperes = —5) , 10 k c 

T Y P I C A L T R A N S F E R CHARACTERISTICS 

TYPE 2 N I 7 3 
-COMMON-EMITTER CIRCUIT, BASE INPUT. 

COLLECTOR-TO-EMITTER VOLTS =-2 

-0.2 -0.4 -0.6 -0 .B 
BASE-TO-EMITTER VOLTS 

9 2 C S - I 0 7 0 9 T 

T Y P I C A L T R A N S F E R CHARACTERISTICS 
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Technical Data 133 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
D C Collector Supply Voltage —12 volts 
D C Base Supply Voltage 6 volts 
On D C Collector Current —12 amperes 
T u r n - 0 « D C Base Current —2 amperes 
Turn-Of f D C Base Current 0 amperes 
Switching T i m e : 

Rise time 15 usee 
F a l l time 15 /usee 

POWER TRANSISTOR 
Germanium p-n-p type used in 

a wide variety of switching and am
plifier applications in industrial and *\ R J 1 'TfA 
military equipment requiring tran- A I X I / *t 
sistors having high voltage, current, 

J B and dissipation values. It is used in 
power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satisfac
tory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter-to-base volts = —1.5) —80 max volts 
Emitter-to-Base Voltage (with collector open) —60 max volts 
Collector Current —15 max amperes 
Emitter Current 15 max amperes 
Base Current —4 max amperes 
Transistor Dissipation: 

At case temperatures up to 25°C 150 max watts 
At case temperatures above 2 5 ° C See curve page 80 

Case-Temperature Range: 
Operating and storage —65 to 100 °C 

T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C S 
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CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to the emitter and collector 
amperes = —0.3 

With base open and collector amperes = —1 
Base-to-Emitter Voltage (with coliector-to-emitter volts == —2 

and collector amperes = —5) 
Emitter-to-Base Voltage (with collector-to-base volts = —80 

and emitter current = 0) 
Collector-to-Emitter Saturation Voltage (with collector 

amperes = —12 and base amperes = —2) 
Collector-to-Emitter Reach-Through Voltage 
Emitter-Cutoff Current (with emitter-to-base volts = —60 and 

collector current = 0) 

—70 min 
—55 min 

—0.65 

—1 max 

-0 .3 
- 8 0 

- 1 

volts 
volts 

volt 

volt 

volt 
volts 
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Collector-Cutoff Current : 
With collector-to-base volts = —2 and emitter current = 0 . . —100 na 
With collector-to-base volts = —80 and emitter current = 0 . — 2 ma 

Thermal Resistance (junction-to-case) 0.35 ° C / w a t t 
Thermal Capacity (for pulses i n the l - to-10-mil l isecond range) . 0 075 w a t t - s e c / ° C 
Thermal Time Constant 26 25 msec 

In Common-Emitter Circuit 

D C Forward Current-Transfer Ratio (with collector-to-emitter 
volts = — 2 ) : 
With collector amperes = — 5 2 5 to 50 
With collector amperes = —12 20 

Small -Signal Forward-Current -Transfer -Rat io Cutoff 
Frequency (with collector-to-emitter volts = —6 and collector 
amperes = — 5 ) 10 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
D C Collector Supply Voltage —12 
D C Base Supply Voltage 6 
On D C Collector Current —12 
T u r n - O n D C Base Current — 2 
Turn-Off D C Base Current 0 
Switching Time : 

Rise time 15 
F a l l time 15 

k c 

volts 
volts 

amperes 
amperes 
amperes 

Msec 
tisec 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
- 1 — i — i — i — i — i i — i — r 

T Y P E 2NI74 
-COMMON - EMITTER CIRCUIT, BASE INPUT. 

CASE TEMPERATURE = 25°C 

-10 - 2 0 - 3 0 - 4 0 - 5 0 - 6 0 - 7 0 - 8 0 
C O L L E C T O R - T O - E M I T T E R VOLTS 92CM-I0736T 

TRANSISTOR 
Germanium p-n-p type used in 

low-level preamplifier or input stages 
O I V I 1 7 C °^ audio-frequency amplifiers. This 
X l \ l 0 / J type is free from microphonism and 

hum and has a low noise figure. 
These features make it possible to 

obtain high small-signal sensitivity in transistorized audio equipment such as 
hearing aids, microphone preamplifiers, and recorders. I n addition, the low 
noise figure and the low input impedance permit the design of audio amplifiers 
in which the transistor is operated directly from low-level, low-impedance 
devices such as magnetic microphones and magnetic pickups without an input 
coupling transformer. J E D E C No. TO-40 package; outline 15, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —10 max volts 
Emitter-to-Base Voltage (with collector open) —10 max volts 
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Collector Current —2 max volts 
Emitter Current 2 max ma 
Transistor Dissipation: 20 max m w 
Ambient-Temperature Range: 

Operating —65 to 50 °C 
Storage —65 to 85 ° C 

CHARACTERISTICS 
Collector-Cutoff Current (with collector-to-base volts = —25 

and emitter current = 0) —12 max fia 
Emitter-Cutoff Current (with emitter-to-base volts = —12 

and collector current = 0) —12 max #a 

In Common-Base Circuit 

Smal l -S ignal Forward-Current -Trans fer -Rat io Cutoff 
Frequency (with collector-to-base volts = —4 and collector 
ma = —0.5) 0.85 Mc 

In Common-Emitter Circuit 

Noise F igure (wi th collector-to-emitter volts = —4, collector 
ma = —0.5, and generator resistance = 1000 ohms) 6 max db 

Matched-Impedance Power Ga in (with collector-to-emitter volts 
= --4, collector ma = —0.5, input resistance = 2000 ohms, 
and output resistance = 70000 ohms) 43 db 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

0 - 2 - 4 - 6 - 8 -10 
COLLECTOR-TO-EMITTER VOLTS 92CM-89I4T1 

POWER TRANSISTOR 

[ F J C Germanium p-n-p type used in 
N T X large-signal audio-frequency ampli

f y l ) fier applications. It is used in class 4% m.u •• •7A 
Y>. A power-output stages and class B I / O 

E-D ( J B push-pull amplifier stages in auto
mobile radio receivers. Package is 

similar to J E D E C No. TO-3; outline 23, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —40 max volts 
Collector Current - 3 max amperes 
Emitter Current 3 m a x amperes 
Transistor Dissipation: 

A t mounting-flange temperatures up to 80°C* 10 max watts 
Mounting-Flange-Temperature Range: 

Operating and storage —65 to 90 °C 

* This rating is reduced 1 w a t t / C for mounting-flange temperatures above 80 °C . 
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CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage (with collector ma 

= —330 and base short-circuited to emitter) ~30 m i n volts 
Collector-Cutoff Current (with collector-to-base volts = —30 

and emitter current = 0) —3 max m a 
Emitter-Cutoff Current (with emitter-to-base volts = —10 

and collector current = 0) —2 max m a 
Thermal Resistance: 

Junction-to-ambient 1 "C/watt 

In Common-Emitter Circuit 

D C Forward Current-Transfer Ratio (with collector-to-emitter 
volts = —2 and collector amperes = —0.5) 63 

Smal l -Signal F o r w a r d Current-Transfer Ratio at 1 
kilocycle (with collector-to-emitter volts = —2 and collector 
amperes = —0.5) 45 

Smal l -Signal Input Resistance at 1 kilocycle 13.5 ohms 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
D C Collector-Supply Voltage —14.4 volts 
D C Collector-to-Emitter Voltage —13.7 volts 
D C Base-to-Emitter Voltage —0.24 volt 
Peak Collector Current —1 ampere 
Zero-Signal Collector Current —0.5 ampere 
Emitter Resistance 1 ohm 
Load Impedance 25 ohms 
Signal Frequency 1 k c 
Signal-Source Impedance 10 ohms 
Power Ga in 35.5 db 
Total Harmonic Distortion 4 per cent 
Zero-Signal Collector Dissipation 6.83 watts 
Maximum-Signal Power Output 2 watts 

2N206 See List of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 

2N215 

TRANSISTOR 
Germanium p-n-p type used in 

low-power audio-frequency ampli
fier applications. J E D E C No. T O - 1 
package; outline 4, Outlines Section. 
This type is electrically identical 
with type 2N104. 

TRANSISTOR 
Germanium p-n-p type used in 

large-signal audio-frequency ampli
fier applications. It is used in class 
B push-pull power-output stages of 
battery-operated portable radio re
ceivers and audio amplifiers and in 

class A high-gain driver stages. J E D E C No. T O - 1 package; outline 4, Outlines 
Section. This type is electrically identical with type 2N109. 

2N217 

TRANSISTOR 
Germanium p-n-p type used 

primarily in 455-kilocycle intermedi
ate-frequency amplifier applications 
in battery-operated portable radio 
receivers and automobile radio re
ceivers operating from either a 6-

volt or a 12-volt supply. J E D E C No. T O - 1 package; outline 4, Outlines Section. 
This type is electrically identical with type 2N139. 

2N218 
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TRANSISTOR 
Germanium p-n-p type used 

primarily in converter and mixer -
oscillator applications in A M battery-
operated portable radio receivers and 
automobile radio receivers operating 
from either a 6-volt or a 12-volt 

supply. J E D E C No. T O - 1 package; outline 4, Outlines Section. This type is 
electrically identical with type 2N140. 

2N219 

type 2N175. 

TRANSISTOR 
Germanium p-n-p low-noise 

type used in low-level preamplifier 
or input stages of audio-frequency 
amplifiers. J E D E C No. T O - 1 pack
age; outline 4, Outlines Section. This 
type is electrically identical with 

2N220 

See List of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 2N247 

See Lis t of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 2N269 

TRANSISTOR 

Cm) 
0 © 

2N270 

Germanium p-n-p type used in 
large-signal audio-frequency am
plifier applications. It is used in 
single-ended or double-ended out
put stages, in high-gain class A 

E 6 0 driver stages of radio receivers and 
audio amplifiers, and in class B push-pull audio-amplifier service. This type is 
also used in battery-operated equipment such as radio receivers, communica
tion receivers, and phonographs. Package is similar to J E D E C No. TO-7; out
line 25, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) . 
Emitter-to-Base Voltage (with collector open) 
Collector C urrent : 

Peak 
D C 

Emitter Current : 
Peak 
D C 

Transistor Dissipation: 
At ambient temperatures up to 25°C 
At ambient temperature of 55°C 
At ambient temperature of 71°C 

Ambient-Temperature Range: 
Operating 
Storage 

CHARACTERISTICS 
' In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 
volts = —1 and collector ma = —150) 

—25 max 
—12 max 

—150 max 
—75 max 

150 max 
75 max 

250 max 
150 max 

60 max 

-65 to 71 
-65 to 85 

70 

volts 
volts 

ma 
ma 

m a 
ma 

m w 
mw 
mw 

°C 
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T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

-140 

co -120 

| -100 
< 

1 - 8 0 

rj - 6 0 
LiJ 

8 - 4 0 

- 2 0 

1 1 1 1 1 1 1 
TYPE 2N270 
r A i i u O f k i c u i T T C D r v n r i l l T D A C C tMDI I T 

. AMBIENT TEMP ERATU RE = 2J • C 

• •--1.2. 
-10 

— 0 6 

- 0 . 4 

r BASE WILLIA UPERE S = - 0 . 2 

/ 

- 2 - 4 - 6 - 8 -10 -12 -14 
C O L L E C T O R - T O - E M I T T E R VOLTS 92CM-9I82T 

TYPICAL OPERATION IN CLASS A AF AMPLIFIER CIRCUIT 
D C Collector Supply Voltage — 9 volts 
D C Collector-to-Emitter Voltage —6.7 volts 
D C Base-to-Emitter Voltage —0.19 volt 
D C Collector Current —19 ma 
Emitter Resistance 400 ohms 
Load Impedance 400 ohms 
Signal Frequency 1 kc 
Power Ga in 3 5 d b 
Total Harmonic Distortion: 

At power output = 60 m w 10 m a x per cent 
At power output — 10 m w 4 m a x per cent 

Zero-Signal Transistor Dissipation 128 m w 
Maximum-Signal Power Output 60 m w 

TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT 
Valwes are for two transistors except as noted 

D C Collector Supply Voltage —12 volts 
Zero-Signal D C Base-to-Emitter Voltage —0.11 volt 
Peak Collector Current per transistor —110 ma 
Maximum-Signal D C Collector Current per transistor — 3 5 ma 
Zero-Signal D C Collector Current per transistor — 2 ma 
Signal-Source Impedance per base 1000 ohms 
Load Impedance per collector 150 ohms 
Signal Frequency 1 kc 
Circui t Efficiency 75 per cent 
Power Ga in 3 2 d b 
Total Harmonic Distortion: 

At power output = 500 m w 10 max per cent 
A t power output = 10 m w 5 max per cent 

Maximum-Signal Power Output 500 m w 

T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C 
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2N274 

TRANSISTOR 
Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment. 
It is used in the design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re
sistance and collector-transition capacitance, and improves performance at 
higher frequencies. The center lead connected internally to the metal case 
provides integral shielding which minimizes interlead capacitance and coupling 
to adjacent circuit components. For curves of typical collector characteristics 
and for video-amplifier circuit, refer to type 2N384. J E D E C No. TO-44 package; 
outline 16, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —40 max volts 
Collector-to-Emitter Voltage (with base-to-emitter volts = 0.5) . —40 max volts 
Emitter-to-Base Voltage (with collector open) —0.5 max volt 
Collector Current . . —10 max ma 
Emitter Current '; 10 max ma 
Transistor Dissipation: 

At ambient temperatures up to 25° C •. • 120 max mw 
At ambient temperatures above 25°C See curve page 80 
A t case temperatures up to 25°C (with heat s ink) 240 max mw 
At case temperatures above 25 °C See curve page 80 

Temperature Range: 
Operating and storage , —65 to 100 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (with collector u.a — —50 

and emitter current = 0) —80 volts 
Collector-to-Emitter Reach-Through Voltage 

(with emitter-to-base volts = —0.5) . —80 volts 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) —4 ua 
Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current = 0): . : —1 fia 
Thermal Resistance: 

Junction-to-case , 0.31 max " C / m w 
Junction-to-ambient 0.62 max ' C / r a w 

In Common-Base Circuit 

Smal l -S ignal Forward-Current -Transfer -Rat io Cutoff 
Frequency (with collector-to-base volts = —12 and emitter 
ma = 1.5) 

Collector-to-Base Capacitance (with collector-to-base volts 
= —12 and emitter current = 0) 

30 

2 

Mc 
pf 

In Common-Emitter Circuit 

Small -Signal F o r w a r d Current-Transfer Ratio at 1 kilocycle 
(with collector-to-emitter volts = —12 and emitter ma = 1.5) 60 

Input Resistance with ac output circuit shorted: 
With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 12.5 Mc 150 ohms 
With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 1.5 Mc 1350 ohms 
Output Resistance with ac input circuit shorted: 

With collector-to-emitter volts = —12, emitter m a = 1.5, 
and signal frequency — 12.5 Mc 4000 ohms 

With collector-to-emitter volts = —12, emitter ma = 1.5, 
and signal frequency = 1.5 Mc 70000 ohms 

Power G a i n : 
With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 12.5 Mc 22 db 
With collector-to-emitter volts = —12, emitter ma = 1.5, 

and signal frequency = 1.5 Mc 45 db 
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TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT 
D C C o l l « c t o r - t o - E m i t t e r Voltage —12 volts 
D C Emitter Current 5.8 ma 
Source Impedance 150 ohms 
Capacitive Load 16 pf 
Frequency Response 20 cps to 9 Mc 
Pulse-Rise T ime 0.039 /tsec 
Voltage G a i n 26 db 
Maximum Peak-to-Peak Output Voltage , „ 29 volts 

POWER TRANSISTOR 
Germanium p-n-p type used in 

a wide variety of switching and am-
' J K I Q ' T ' T plifier applications in industrial and 
X l N X / / military equipment requiring tran

sistors having high voltage, current, 
and dissipation values. I t is used in L - L J S 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satisfac
tory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section. 
This type is identical with type 2N173 except for the following items; 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter-to-base volts = —1.5) . . —40 m a x volts 
Emitter-to-Base Voltage (with collector open) —20 max volts 

CHARACTERISTICS 
Ck>Uector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 
=: —0.3 o —40 mm. volts 

With base open and collector amperes = —0.3 —40 volts 
With base open and collector amperes — —1 —25 m i n volts 

Emitter-to-Base Voltage (with collector-to-base volts = —40 
and emitter current = 0) —1 max volt 

Collector-to-Emitter Reach-Through Voltage —40 min volts 
Emitter-Cutoff Current (with emitter-to-base volts = —20 

and collector current — 0) —1 m a 
Collector-Cutoff Current (with collector-to-base volts • —40 

and emitter current = 0) —2 ma 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

- 2 0 
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1 1 1 1 1 1 1 1 1 
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r n u u r t u — C U I T T C B r i o r n i T O A e i r I K I D I I T 
C / S E T E M P E . R A T I R E = 25°C 

- 8 
• 

- 8 
• ° -6C 0 

- 5 
- 4 0 0 

- 2 C 0 
-15( J 

, \ 0 O 
) 

S E & I L L ! ; M P E R E S J 
„ \ 3 

0 
„ \ 3 

0 

0 - 5 -10 -15 - 2 0 - 2 5 - 3 0 - 3 5 - 4 0 
C O L L E C T O R - T O - E M I T T E R VOLTS 9 2 C M - I 0 7 2 5 T 



Technical Data 1 ' I 

POWER TRANSISTOR 
Germanium p-n-p type used in 

a wide variety of switching and am
plifier applications in industrial and 
military equipment requiring tran
sistors having high voltage, current, 
and dissipation values. I t is used in 

2N278 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satisfac
tory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section, 
This type is identical with type 2N173 except for the following items: 

MAXIMUM RATINGS 
ColIector-to-Base Voltage (wi th emitter-to-base volts 
Emitter-to-Base Voltage (with collector open) 

-1.5) —50 max 
—30 max 

volts 
volts 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

-15 

- 5 

1 1 1 1 1 1 t 
TYPE 2N278 

COMMON - EMITTER CIRCUIT, BASE INPUT. CASE TEM 
-80ol 

3ERAT URE = 25 C 

0. 
600— 

-50C 
) 

-400__ 
0 _ -30 0 _ 

-200 

BASE WILLI T « 
AMPERES^ 22-22-

°J 1 °J 
0 -10 - 2 0 -30 -40 -50 -60 

COLLECTOR-TO-EMITTER VOLTS 92CM-I0V39? 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to the emitter and collector amperes 
~ —0.3 —45 min volts 

With base open and collector amperes = —0.3 —45 volts 
With base open and collector amperes — —1 —30 m i n volts 

Emitter-to-Base Voltage (with collector-to-base volts = —50 
and emitter current = 0) , —1 max volt 

Collector-to-Emitter Reach-Through Voltage —50 m i n volts 
Emitter-Cutoff Current (with emitter-to-base volts = —30 

and collector current = 0) , . —1 ma 
Collector-Cutoff Current (with collector-to-base volts — —50 

and emitter current = 0) —2 ma 

See Lis t of Discontinued Transistors at end of x I N o U I 
Technical Data Section for abbreviated data. 2N301A 
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POWER TRANSISTOR 

Germanium p-n-p type used in 
large-signal audio-frequency ampli-

2(̂ J3Q]̂  ^ e r a P P ^ c a ^ o n s such as class A and class B audio-frequency amplifiers, 
class A driver amplifiers, low-fre
quency oscillators, converters, i n 

verters, power supplies, light flashers, and communications systems. Package 
is similar to J E D E C No. TO-3; outline 26, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —35 max volts 
Collector-to-Emitter Voltage —35 max volts 
Collector Current —1 max ma 
Emitter Current , 1 max ma 
Transistor Dissipation: 

At mounting-flange' temperatures up to 25°C 10 max watts 
At mounting-flange temperatures above 25°C See curve page 80 

Mounting-Flange Temperature Range: 
Operating and storage —65 to 75 °C 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (with collector ma 

= —200 and base ma = —20) —1 max volt 
Collector-Cutoff Current (with collector-to-emitter volts = —35 

and external base-emitter resistance = 30 ohms) —15 max ma 
Thermal Resistance: 

Junction-to-mountLng flange 5 ° C / w a t t 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 
volts = —1.5 and collector ma = —200) 20 

Small -Signal Forward-Current -Transfer -Rat io Cutoff Frequency 
(with collector-to-emitter volts = —1.5 and collector ma = 200) 3 ke 

2N331 See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

POWER TRANSISTOR 

Germanium p-n-p type used in 
large-signal audio-frequency ampli- ^ — ^ 
n e r applications. It is used primarily ( V\ / J 

I in class A power-output stages and \ ^ \ J 
class B push-pull amplifier stages E Q O B 
in automobile radio receivers. Pack

age is similar to J E D E C No. TO-3; outline 23, Outlines Section. This type is 
identical with type 2N176 except for the following items: 

CHARACTERISTICS 
In Common-Emitter Circuit 

D C Forward-Current Transfer Ratio (with collector-to-emitter 
volts = —2 and collector amperes — —0.7) 65 

Small -Signal F o r w a r d Current-Transfer Ratio at 1 ki locycle 
(with collector-to-emitter volts — —2 and collector amperes 

= 0.7) 45 
Small -Signal Input Resistance 13 ohms 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
Mounting-flange temperature of 80°C 

D C Collector Supply Voltage —14.4 volts 
D C Collector-to-Emitter Voltage —13.2 volts 
D C Base-to-Emitter Voltage —03 volt 
Peak Collector Current —1-4 amperes 
Zero-Signal D C Collector Current —0.7 ampere 
Emitter Resistance 1 ohm 
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Load Impedance 15 ohms 
Signal Frequency 1 k c 
Signal-Source Impedance 10 ohms 
Power Ga in 33.5 db 
Total Harmonic Distortion at power output of 4 watts 5 per cent 
Zero-Signal Transistor: Dissipation 9-25 watts 
Maximum-Signal Power Output 4 watts 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 2N356 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

2N357 

2N358 

O 
E B IS 

6 

TRANSISTOR 

Germanium p-n-p type used as 
an amplifier in A M broadcast-band 
battery-operated portable radio re
ceivers and short-wave receivers. 
J E D E C No. TO-7 package; outline 
7, Outlines Section. 

2N370 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —20 max volts 
Emitter-to-Base Voltage (with collector open) —1.5 max volts 
Collector Current : —10 max ma 
Emit ter Current 10 max ma 
Collector Dissipation: 

A t ambient temperatures up to 2 5 ° C 80 max mw 
At ambient temperature of 55°C 40 max mw 
At ambient temperature of 71° C 20 max m w 

Ambient-Temperature Range: 
Operating —65 to 71 °C 
Storage —65 to 85 ° C 

CHARACTERISTICS 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) —20 max ixa 
Emitter-Cutoff Current (wi th emitter-to-base volts = —1.5 

and collector current — 0) —50 max /j,a 

In Common-Base Circuit 

Smal l -S ignal F o r w a r d Current-Transfer Ratio at 1 kilocycle 
(with collector-to-base volts = —12 and collector ma = 1) . . 

Smal l -Signal Forward-Current -Transfer -Rat io Cutoff Frequency 
(with collector-to-base volts = —12 and collector ma = 1) . . 

Interlead Capacitance between collector and base leads (with 
interlead shield grounded and al l leads cut to %6 inch) 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio at 1 kilocycle (with 
collector-to-emitter volts = —12 and collector ma — —1) 

Gain-Bandwidth Product (with collector-to-emitter volts 
-: —12 and collector ma = —1) 

TYPICAL OPERATION 
Frequency 1.5 10 
D C Collector-to-Emitter Voltage —12 —12 
D C Collector Current 1 1 
Input Resistance 1750 200 
Output Resistance 180000 18000 
Maximum Power Ga in 50.5 26.2 
Maximum Useful Power Ga in in an 

unneutralized circuit 31 17.6 
Intrinsic Transconductance 37800 21400 
Collector Transit ion Capacitance 1.7 1.7 

0.984 

30 

0.3 

60 

1 3 2 

20 
- 1 2 

1 
100 

11000 
17 

M c 

P f 

Mc 

Mc 
volts 

ma 
ohms 
ohms 

db 

12.5 db 
13700 jumhos 

1.7 pf 
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T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

TYPE 2N370 ' ' ' 
COMMON - EMITTER CIRCUIT. BASE INPUT. 
AM BIENT TEMF 'ERAT JRE = 2 

- 4 0 

- 3 0 

| BA|E_ MICRO* MPERE 0 

-IP 

-10 -12 -|4 -16 -18 
COLLECTOR-TO-EMITTER VOLTS 

2N371 

TRANSISTOR 

CM) 

o 
E B IS 

0 

Germanium p-n-p type used as 
a radio-frequency oscillator in A M 
broadcast - band battery - operated 
portable radio receivers and short
wave receivers. J E D E C No. TO-7 
package; outline 7, Outlines Section. 

Ratings and characteristics for this type are the same as for type 2N370 except 
for the following items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage 

CHARACTERISTICS 
(with collector open) —0.5 max volt 

Emitter-Cutoff Current (with emitter-to-base volts = —0 .5 
and collector current — 0 ) 

2N372 

TRANSISTOR 
Germanium p-n-p type used as 

a radio-frequency mixer in A M 
broadcast - band battery - operated 
portable radio receivers and short
wave receivers. J E D E C No. TO-7 
package; outline 7, Outlines Section. 

—50 max 

2 

6 Z ) f 3 
E B IS 

© 
This type is electrically identical with type 2N370 except for the following items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage (with collector open) 

CHARACTERISTICS 
Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current — 0 ) 

—0.5 max volt 

- 5 0 p.a 

2N373 See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 
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POWER TRANSISTOR 
c Gerrnanium p-n-p type used in 

:——v. large-signal audio-frequency ampli-
] fier applications. I t is used primarily O K J ' J T A 

~ C T J in class A power-output stages and X l M w / O 
£{J Q B class B push-pull amplifier stages of 

automobile radio receivers. Package 
is similar to J E D E C No. TO-3; outline 23, Outlines Section. This type is iden
tical with type 2N176 except for the following items: 

CHARACTERISTICS 
In Common-Emitter Circuit 

Smal l -S ignal F o r w a r d Current-Transfer Ratio at 1 ki locycle 
(with collector-to-emitter volts = —2 and collector amperes 
= - 0 . 7 ) 60 

D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 
volts = —2 and collector amperes = —0.7) 78 

Smal l -S ignal Input Resistance 16 ohms 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
Mounting-flange temperature of 80°C 

D C Collector Supply Voltage —14.4 volts 
D C Collector-to-Emitter Voltage —13.2 volts 
D C Base-to-Emitter Voltage —0.3 volt 
Peak Collector Current —1.4 amperes 
Zero-Signal D C Collector Current —0.7 ampere 
Emitter Resistance 1 ohm 
L o a d Impedance 15 ohms 
Signal Frequency 1 k c 
Signal-Source Impedance 10 ohms 
Power G a i n 35 db 
Total Harmonic Distortion 5 per cent 
Zero-Signal Transistor Dissipation 9.25 watts 
Max imum-Signa l Power Output 4 watts 

2N384 

TRANSISTOR 
Germanium p-n-p type used in 

rf- and if-amplifier circuits; oscilla
tor, mixer, and converter circuits; 
and low-level video-amplifier cir
cuits in industrial and military 
equipment. I t is used in the design 

of rf circuits having high input-circuit efficiency, excellent operating stability, 
good automatic-gain-control capabilities over a wide range of input-signal 
levels, and good signal-to-noise ratio. The drift-field construction provides low 
base resistance and collector-transition capacitance, and improves performance 
at higher frequencies. The center lead internally connected to the metal case 
provides integral shielding which minimizes interlead capacitance and coupling 
to adjacent circuit components. J E D E C No. TO-44 package; outline 16, Out
lines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —40 max volts 
Collector-to-Emitter Voltage (with base-to-emitter volts = 0.5) —40 max volts 
Emitter-to-Base Voltage (with collector open) —0.5 max volt 
Collector Current —10 max ma 
Emitter Current 10 max ma 
Transistor Dissipation: 

At case temperatures up to 25 °C 240 max m w 
At case temperatures above 25°C See curve page 80 
At ambient temperatures up to 2 5 ° C 120 max m w 
At ambient temperatures above 25°C . . . See curve page 80 

Ambient-Temperature Range: 
Operating (junction) and storage —65 to 100 ° C 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (with collector /j,a = —50 

and emitter current = 0 ) " . . . . . . . . —80 volts 
Collector-to-Emitter Reach-Through Voltage • ' 

(with emitter-to-base volts = —0.5) —80 volts 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0 ) —4 ua 
Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current = 0 ) — 1 
Thermal Resistance: 

Junction-to-case 0.31 max ° C / m w 
Junction-to-ambient 0.62 max ° C / m w 

III Common-Base Circuit 

Small-Signal Forward-Current -Transfer -Rat io Cutoff 
Frequency (with collector-to-base volts = —12 and emitter 
ma = - 1 . 5 ) : 100 Mc 

Input Resistance with ac output circuit shorted (with collector-
to-base volts = — 1 2 , emitter ma — 1.5, and signal frequency 
= 50 Mc) 30 ohms 

Output-Resistance with ac input circuit shorted (with collector-
.. to-base volts = — 1 2 , emitter ma = 1.5, and signal frequency 
" = • 5 0 Mc) 5000 ohms 

Collector-to-Base Capacitance (with collector-to-base volts 
= — 1 2 , and emitter current = 0 ) : 2 p f 

Power Ga in (with collector-to-base volts = — 1 2 , emitter ma 
= 1.5, signal frequency = 50 Mc) 18 d b 

In Common-Emitter Circuit 

Small-Signal Forward Current-Transfer Ratio at 1 kilocycle 
(with collector-to-emitter volts = —12 and emitter ma = 1.5) 60 

Input Resistance with ac output circuit shorted: 
With collector-to-emitter volts = — 1 2 , emitter ma = 1.5, 

and signal frequency = 30 Mc 50 o h m s 
With collector-to-emitter volts = — 1 2 , emitter ma — 1.5, 

and signal frequency — 12.5 Mc 250 ohms 
Output Resistance with ac input circuit shorted: 

With collector-to-emitter volts = — 1 2 , emitter ma = 1.5, 
and signal frequency = 30 Mc 5000 o h m s 

With collector-to-emitter volts = — 1 2 , emitter ma = 1.5, 
and signal frequency = 12.5 Mc 16000 ohms 

Power G a i n : 
With collector-to-emitter volts = — 1 2 , emitter ma = 1.5, 

and signal frequency = 30 Mc 20 d b 
With collector-to-emitter volts — — 1 2 , emitter ma = 1.5, 

and signal frequency — 12.5 Mc : 28 d b 

T Y P I C A L C O L L E C T O R CHARACTERISTICS 

TYPE 2 N 3 8 4 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

-3.5 -AMBIENT TEMPERATURE = 25°C 

-0.5 

0 -z - 4 - 6 - 8 -10 -12 -14 -16 -18 - 20 - 2 2 - 2 4 -26 
COL LECTOR-TO-EMITTER VOLTS 92CM-94I8T 
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TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT BELOW 
D C Collector-to-Emitter Voltage ; —12 
D C Emitter Current • .. 5 - ° 
Source Impedance • • • 1 5 0 
Capacitive Load •• . J„ , -
Frequency Response . 20 cps to 10 Mc 
Pulse-Rise Time 0.035 
Voltage G a i n 26 
Maximum Peak-to-Peak Output Voltage , M 

volts 
ma 

ohms 
. P f 

^sec 
db 

volts 

- 2 8 V O L T S D C 

T O P R E V I O U S 
S T A G E 

= 2 5 (if, 1 2 volts 
C 2 = 2 5 fit, 2 5 volts 
C 3 = 1 0 0 to 3 0 0 nfii (variable) 
C 4 = 1 0 0 ni, 1 2 volts 
L = 3 0 nh 
R j = 2 0 0 0 0 ohms, 0 . 2 5 watt 
R 2 = 3 6 0 0 ohms, 0 . 2 5 watt 
R 3 = 2 0 0 0 ohms, 0 . 2 5 watt 
R^ = 6 2 ohms, 0 . 2 5 watt 
R J J = 6 2 0 ohms, 0 . 2 5 watt 

9 2 C S - I 0 3 9 4 R I 

TRANSISTOR 
Germanium n-p-n types used in 

medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. 

2N388 
2N388A 

MAXIMUM RATINGS 
2N388 2N388A 

Collector-to-Base Voltage (with emitter open) . . 25 max- 40 max 
Collector-to-Emitter Voltage: 

With external base-to-emitter resistance 
— 10000 ohms 20 max 20 max 

With base-to-emitter volts = —0.5 — 40 max 
Emitter-to-Base Voltage (with collector open) . . 15 max 15 max 
Collector Current 200 max 200 max 
Transistor Dissipation: 

At ambient temperatures up to 25°C 150 max 150 max 
At ambient temperatures above 25°C See curve page 80 

Ambient-Temperature Range: 
(Operating and storage) —65 to 100 —65 to 100 

Lead Temperature (for 10 seconds maximum) 235 max 235 max 

CHARACTERISTICS 
Base-to-Emitter Voltage: 

With collector ma = 200 and base ma = 10 . . 
With collector ma = 100 and base ma = 4 

Collector-Cutoff Current : 
With collector-to-base volts = 40 and emitter 

current = 0 
With collector-to-base volts — 25 and emitter 

current = 0 
With collector-to-base volts = 1 and emitter 

current = 0 

2N388 

1.5 max 
0.8 max 

10 max 

5 max 

2N388A 

1.5 max 
0.8 max 

40 max 

10 max 

5 max 

volts 

volts 
volts 
volts 

ma 

mw 

volts 
volt 

Ma 
^a 
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in Common-Emitter CircvH 

F o r w a r d Current-Transfer Ratio: 
With collector-to-emitter volts = 0.75 

and collector ma = 200 
With collector-to-emitter volts = 0.5 

and collector ma = 30 , 

30 m i n 

60 to 180 

in Common-Base Circuit 

Forward-Current -Transfer -Rat io Cutoff Frequency 
(with collector-to-base volts = 6 and collector 

ma = 1) 5 min 
Collector-to-Base Capacitance (with collector-to-

base volts — 6 and collector ma = 1) , . 20 max 

30 m i n 

60 to 180 

5 min 

20 max 

Mc 

Pf 

TRANSISTOR 
Germanium p-n-p type used in 

medium-speed switching applica-2N395 tions in data-processing equipment 
J E D E C No. TO-5 package; outline 
6, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (wi th emitter open) 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance - 10000 ohms) 
Emitter-to-Base Voltage (wi th collector open) 
Collector Current 
Transistor Dissipation: 

A t ambient temperatures up to 25°C 
A t ambient temperatures above 2 5 ° C . . . . . . . 

Ambient-Temperature Range: 
Operating 
Storage 

L e a d Temperature (for 10 seconds maximum) . . . . . . . . . . . 

-30 max volts 

—15 max 
—20 max 

—200 max 

volts 
volts 

m a 

150 max m w 
See curve page 80 

—65 to 85 
—65 to 100 

230 max 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (with collector 

ma = 50 and base ma — —5) 
Collector-Cutoff Current (with collector-to-base 

volts = —15 and emitter current = 0) 

In Common-Base Circvif 

CoLlector-to-Base Capacitance (with collector-to-base 
volts = —5 and emitter ma = 1) 

Forward-Current -Transfer -Rat io Cutoff Frequency (with 
collector-to-base volts = —5 and emitter m a = 1) 

in Common-Emitteir CitcvH 

D C F o r w a r d Current-Transfer Rat io: 
With collector-to-emitter volts = —1 and collector ma = —10 . . 
With collector-to-emitter volts = —0.35 and collector ma — —200 

20 m a x 

3 min 

20 to 150 
10 min 

°c 
°c 

—0.2 max volt 

—6 max n& 

pf 

Mc 

2N396 
2N396A 

TRANSISTOR 
Germanium p-n-p types used in 

medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. Ratings for these 
types are the same as for type 2N395 

except for the following items: 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 

With base open 
With external base-to-emitter resistance 

= 10000 ohms 
Transistor Dissipation: 

At ambient temperatures up to 25°C 

2N39S 

—20 max 

150 max 

2N396A 

—20 max 

200 max 

volts 

volts 

m w 
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CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (with collector ma 

- —50 and base m a = —3.3) 
Collector-Cutoff Current (with collector-to-base volts — —20 

and emitter current = 0 ) 

ha Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = —5 
and emitter ma - 1) 

Forward-Current -Trans fer -Rat io Cutoff Frequency (with 
collector-to-base volts = —5 and emitter ma — 1) 

In Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Rat io: 
With collector-to-emitter volts = —1 and collector ma = —10 . 30 to 150 
With collector-to-emitter volts = —0.35 and collector m a = —200 15 min 

-0.2 max 

—6 max 

20 max 

5 m i s 

volt 

P f 

Mc 

TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N395 except for 

the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(wi th collector m a —50 and base ma = -2.5) 

In Common-Base Circuit 

Forward-Current -Trans fer -Rat io Cutoff Frequency fwith 
collector-to-base volts = —5 and emitter ma = 1) 

In Common-Emitter Circuit 
F o r w a r d Current -Transfer Rat io: 

With collector-to-emitter volts = —1 and collector ma = —10 . . 
With collector-to-emitter volts ~ —0.35 and collector ma — —200 

2N397 

-0.2 max 

10 min 

volt 

Mc 

40 to 150 
20 min 

TRANSISTOR 
Germanium p-n-p types used for 

direct high-voltage control of "on-
off" devices such as neon indicators, 
relays, incandescent-lamp indica
tors, and indicating counters of elec
tronic computers. J E D E C No. TO-5 

package; outline 6, Outlines Section. 

AX1WIUM RATINGS 
Collector-to-Base Voltage 

(with emitter open) 
Collector-to-Emitter Voltage 

(with emitter-to-base volts = — 1 ) 
Emitter- to-Base Voltage 

(wi th collector open) 
Collector Current 
Emitter Current 
Transistor Dissipation: 

At ambient temperatures up to 
25°C 

At ambient temperatures above 
2 5 ° C 

Ambient-Temperature Range: 
Operating 
Storage 

Lead Temperature 

2N398 
2N398A 
2N398B 

2N39S 2N398A 2N398B 

—105 max —105 max —105 max volts 

—105 max —105 max —105 max volts 

—50 max —50 max —75 max volts 
—100 max —200 max —200 max ma 

100 max 200 max 200 max ma 

50 max 150 max 250 max mw 

See curve page 80 

—65 to 55 —65 to 100 —65 to 100 °C 
- 6 5 to 85 —65 to 100 —65 to 100 °C 
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CHARACTERISTICS 
Base-to-Emitter Saturation Voltage 

(with collector ma = —5 and 
base ma = —0.25) —0.4 max —0.4 max 

Collector-to-Emitter Saturation 
Voltage (with collector ma — —5 
and base ma = —0.25) —0.35 max —0.35 max 

Collector-Cutoff Current : 
With collector-to-base volts = —2.5 

and emitter current = 0 —14 max —14 max 
With coliector-to-base volts 

= —105 and emitter current 
= 0 —50 max —50 max 

In Common-Base Circuit 

Small-Signal Forward-Current -
Transfer-Ratio Cutoff Frequency 
(with colleetor-to-base volts = 
—6 and emitter ma = 1) 

In Common-Emitter Circuit 

DC Forward Current-Transfer Ratio: 
With collector-to-emitter volts 

= —0.35 and collector ma =; — 5 
With collector-to-emitter volts 

= —0.25 and collector ma = —5 
Small-Signal F o r w a r d Current -

Transfer Ratio (with eollector-to-
emitter volts = —6, collector ma 
- - 1 , and frequency = i kilocycle) 

20 min 20 min 

20 min 

—0.3 max volt 

—0.25 max volt 

—6 max fia 

—25 max na 

1 min 

20 min 

40 min 

Mc 

2N404 

TRANSISTOR 
Germanium p-n-p .types used in 

medium-speed switching applica
tions in data-processing equipment. 
These types also have wide applica
tion in other low-level, medium-
speed "on-off" control circuits. 

J E D E C No. TO-5 package; outline 6, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage 

(with emitter-to-base volts = —1) 
Emitter-to-Base Voltage (with collector open) 
Collector Current 
Emitter Current 
Transistor Dissipation: 

At ambient temperatures up to 25 °C 
At ambient temperatures above 25 °C 

Ambient-Temperature Range: 
Operating 
Storage 

Lead Temperature (for 10 seconds maximum) . . 

2N404 2N404A 
—25 max —40 max 

—24 max 
—12 max 

—100 max 
100 m a x 

—35 max 
—25 max 

—150 max 
150 max 

150 max 150 max 
See curve page 80 

—65 to 85 
—65 to 100 

255 max 

-65 to 100 
-65 to 100 

255 max 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage: 

With collector ma = —12 and base ma = —0.4 —0.15 max 
With collector ma = —24 and base ma = —1 —0.2 max 

Base-to-Emitter Saturation Voltage: 
With collector ma = —12 and base ma = —0.4 —0 35 max 
With collector ma = —24 and base ma = —1 —0.40 max 

Collector-Cutoff Current (with collector-to-base volts — —12 
and emitter current = 0) —5 max 

Stored Base Charge (with collector ma = —10 and base ma = —1) —1400 max 

in Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts : 
and collector current = 0) 

Forward-Current -Transfer-Rat io Cutoff Frequency (with 
collector-to-base volts = —6 and collector ma = —1) . . . 

20 max 

4 min 

volts 

volts 
volts 

ma 
ma 

mw 

°C 
°C 

°c 

volt 
volt 

volt 
volt 

fia 
pcoul 

p f 

Mc 
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In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Rat io: 
With collector-to-emitter volts = —0.2 and collector ma = —24 24 min 
With collector-to-emitter volts - - —0.15 and collector ma - —12 30 min 

type is electrically 

TRANSISTOR 
Germanium p-n-p type used in 

low-power class A audio-frequency 
driver-amplifier applications in bat
tery-operated portable radio-receiv
ers. J E D E C No. TO-40 package; 
outline 15, Outlines Section. This 
identical with type 2N406. 

2N405 

TRANSISTOR 
' a , Germanium p-n-p type used in 

class A audio-frequency driver-am
plifier applications in battery- ft K M HA 
operated portable radio receivers. A I N I WO 
J E D E C No. T O - 1 package; outline 
4, Outlines Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —20 max 
Collector-to-Emitter Voltage —18 max 
Emitter-to-Base Voltage (with collector open) —2.5 max 
Collector Current —35 max 
Emitter Current 35 max 
Collector Dissipation: 

A t ambient temperatures up to 25 °C 150 max mw 
At ambient temperature of 55°C 50 max mw 
A t ambient temperature of 71 °C 20 max mw 

Ambient Temperature: 
Operating —65 to 71 °C 
Storage —65 to 85 °C 

volts 
volts 
volts 

ma 
ma 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

1 1 1 1 1 1 1 1 
TYPE 2N406 

- c o 
AN 

MMO 
Bl El* 

4-EH 
T Tt 

ITTE 
IMPE 

R CI 
=*ATU 

RCUI 
RE = 2 

r, BA 
5 'C 

SE 1 MPUT _ - 5 0 

- 4 0 

BASE MlCf. (OAM =ERES «-3C ) 

- 2 0 

-10 

COLLECTOR-TO-EMITTER VOLTS 92CM-9464TI 

CHARACTERISTICS 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) 
Emitter-Cutoff Current (with emitter-to-base volts = —2.5 

and collector current — 0) 

-14 max 

-14 max 
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In Common-Base Circuit 
Small -Signal Forward-Current -Trans fer -Rat io Cutoff Frequency 

(with collector-to-base volts = —6 and collector ma = —1) . . 

In Common-Emitter Circuit 
D C Collector-to-Emitter Voltage 
D C Collector Current 
Power G a i n (with load resistance of 8500 ohms and input 

resistance of 750 ohms) 

650 

- 6 
—1 

43 

k c 

volts 
ma 

db 

TRANSISTOR 
Germanium p-n-p type used in 

class A output stages and class B 
push-pull output stages of battery-
operated portable radio receivers and 
audio amplifiers. J E D E C No. TO-40 
package; outline 15, Outlines Section. 

This type is electrically identical with type 2N408. 

2N407 

TRANSISTOR 
Germanium p-n-p type used in 

class A output stages and class B 
push-pull output stages of battery-
operated portable radio receivers and 
audio amplifiers. J E D E C No. T O - 1 
package; outline 4, Outlines Section. 

For curves of collector characteristics and transfer characteristics, refer to 
type 2N109. 
MAXIMUM RATINGS 

2N408 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage 
Emitter-to-Base Voltage (with collector open) 
Collector Current 
Emitter Current 
Collector Dissipation: 

At ambient temperatures up to 25°C 
At ambient temperature of 55°C 
At ambient temperature of 71°C 

Ambient-Temperature Range: 
Operating 
Storage 

CHARACTERISTICS 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) 
Emitter-Cutoff Current (with emitter-to-base volts = —1.5 

and collector current — 0) 

In Common-Emitter Circuit 
D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 

volts = —1 and collector ma - —50) 

—20 max 
—18 max 

—2.5 max 
—70 max 

70 max 

150 max 
50 max 
20 max 

-65 to 71 
-65 to 85 

-14 max 

-14 max 

75 

volts 
volts 
volts 

ma 
ma 

mw 
mw 
mw 

°C 
°c 

TYPICAL OPERA 1 ON IN CLASS B AF AMPLIF IER CIRCUIT 
Values are for two transistors except as noted 

D C Collector Supply Voltage 
Base-to-Emitter Voltage 
Peak Collector Current (Approx.) per transistor 
Maximum-Signal D C Collector Current 

(Approx.) per transistor 
Zero-Signal D C Collector Current 

(Approx.) per transistor 
Signal Frequency 
Signal-Source Impedance per base 
Load Impedance per collector 
Power Gain 
Circuit Efficiency 
Total Harmonic Distortion 
Maximum-Signal Power Output 

- 4 . 5 - 9 volts 
—0.15 -0 .15 volt 

- 3 5 - 4 0 ma 

-11 .5 - 1 3 ma 

—2 - 2 ma 
1 1 kc 

375 375 ohms 
100 200 ohms 

30 33 db 
60 69 per cent 
10 max 10 max per cent 
75 160 m w 
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TRANSISTOR 

Germanium p-n-p type used in 
455-kilocycle intermediate -frequency 
amplifier applications in battery-
operated portable radio receivers. 
J E D E C No. TO-40 package; outline 
15, Outlines Section. This type is 

electrically identical with type 2N410. 

2N409 

TRANSISTOR 

Germanium p-n-p type used in 
455-kilocycle intermediate-frequency 
amplifier applications in battery-
operated portable radio receivers. 
J E D E C No. T O - 1 package; outline 
4, Outlines Section. For curves of 

collector characteristics, refer to type 2N139. 

2N410 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —13 max 
Emitter-to-Base Voltage (with collector open) —0.5 max 
Collector Current —15 max 
Emit ter Current 15 max 
Collector Dissipation: 

At ambient temperatures up to 25°C 80 max 
At ambient temperature of 55°C 35 max 
At ambient temperature of 71°C 10 max 

Ambient-Temperature Range: 
Operating —65 to 71 
Storage - 6 5 to 85 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(with collector tia = —10 and emitter current = 0) —13 min 
Collector-Cutoff Current (wi th collector-to-base volts = —13 

and emitter current = 0) —10 max 
Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current = 0) —12 max 

volts 
volt 

ma 
ma 

mw 
mw 
mw 

D C 
' C 

volts 

Common-Base Circuit 

Smal l -Signal F o r w a r d Current -Transfer Ratio at 1 ki locycle: 
With collector-to-base volts = —9 and collector ma = —0.5 
With collector-to-base volts = —9 and collector ma := —1 . . 

Smal l -S ignal Forward-Current -Trans fer -Rat io 
Cutoff Frequency at 1 ki locycle: 
With collector-to-base volts - —9 and collector ma = —0.5 
With collector-to-base volts = —9 and collector ma — —1 . . 

0.978 
0.98 

6.8 
6.7 

Me 
Mc 

In Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Ratio at 1 ki locycle: 
With collector-to-emitter volts = —9 and collector ma = —0.5 
With collector-to-emitter volts = —9 and collector ma = —1 . 

45 
48 

TYPICAL OPERATION IN 455-KC IF AMPLIFIER CIRCUIT 
D C Collector-to-Emitter Voltage —9 —9 volts 
D C Emitter Current 0.5 1 ma 
Input Resistance 1000 500 ohms 
Output Resistance 70000 30000 ohms 
Spot Noise Factor 4.5 4.5 db 
Maximum Power Ga in 38.8 37.8 db 
Useful Power Gain 28.4 31.2 db 
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TRANSISTOR 

Germanium p-n-p type used in 
converter and mixer-oscillator . ap
plications in battery-operated port
able radio receivers. J E D E C No. 
TO-40 package; outline 15, Outlines 
Section. This type is electrically 

identical with type 2N412. 

2N411 

TRANSISTOR 

Germanium p-n-p type used in ® B 

converter and mixer-oscillator ap-
O M ^ I O plications in battery-operated port-
X l M f l x able radio receivers. J E P E C No. 

T O - 1 package; outline 4, Outlines 
Section. For curves of collector char

acteristics, refer to type 2N139. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) —13 max 
Emitter-to-Base Voltage (with collector open) —0.5 max 
Collector Current „ —15 max 
Emitter Current 15 max 
Collector Dissipation: 

At ambient temperatures up to 25°C 80 max 
At ambient temperature of 55°C 35 max 
At ambient temperature of 71°C 10 max 

Ambient-Temperature Range: 
Operating —65 to 71 
Storage —65 to 85 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(with collector /ia — —10 and emitter current = 0) —13 min 
Collector-Cutoff Current (with collector-to-base volts = —13 

and emitter current = 0) —10 max 
Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current = 0) —12 max 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio at 1 kilocycle (with 
collector-to-emitter volts = —9 and collector ma = —0.6) . . . . 75 

TYPICAL OPERATION IN CONVERTER CIRCUIT 
D C Collector-to-Emitter Voltage —9 
D C Collector Current —0.6 
Input Resistance 700 
Output Resistance 75000 
R M S Base-to-Emitter Oscil lator-Injection Voltage (Approx.) . . 100 
Signal Frequency 1 
Useful Conversion Power Ga in (Approx.) 32 

volts 
volt 

ma 
ma 

m w 
m w 
m w 

°C 
°C 

volts 

^ a 

volts 
ma 

ohms 
ohms 

mv 
Mc 
db 

TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica-
tions in data-processing equipment. 

I ™ J E D E C No. TO-5; outline 6, Outlines 
Section. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage: 

With base open 
With base-to-emitter volts = 1 

-15 max 
-20 max 

volts 
volts 
volts 
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Emitter-to-Base Voltage (with collector open) —20 max volts 
Peak Collector Current —400 max ma 
D C Collector Current —200 max ma 
Transistor Dissipation: 

At ambient temperatures up t o - 2 5 ° C . . . ; . 150 max mw 
At ambient temperatures above 25°C , See curve page 80 

Ambient-Temperature Range:,: 
Operating and storage —65 to 85 °C 

Lead Temperature (for 10 seconds maximum) 240 max °C 

CHARACTERISTICS 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) . . . —5 max fia 

In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts 
= —6 and emitter ma = 1) 11 pf 

Forward-Current -Trans fer -Rat io Cutoff Frequency 
(with collector-to-base volts — —6 and emitter ma = 1) . . . . 8 Mc 

Smal l -Signal Open-Circui t Reverse Voltage-Transfer Ratio (with 
collector-base volts = —6, emitter ma — 1, and frequency 
= 1 ki locycle) 0.0005 

In Common-Emitter Circuit 

Smal l -Signal F o r w a r d Current-Transfer Ratio (with collector-
to-emitter volts — —6, emitter ma — 1, and frequency 
= 1 ki locycle) 80 

2N441 

POWER TRANSISTOR 

Germanium p-n-p type used in 
a wide variety of switching and am
plifier applications in industrial and 
military equipment requiring tran
sistors having high voltage, current 
and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satis
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section. 

iX IW.RATINGS 
Collector-to-Base Voltage (with emitter-to-base volts = —1.5) . . —40 max volts 
Emitter-to-Base Voltage (with collector open) —20 max volts 
Collector Current —15 max amperes 
Emitter ^Current 15 max amperes 
Base Current —4 max amperes 
Transistor Dissipation: 

At case temperatures up to 25°C 150 max watts 
At case temperatures above 25°C See curve page 80 

Case-Temperature Range: 
Operating and storage —65 to 100 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 
= —0.3 —40 min volts 

With base open and collector amperes = —0.3 —40 volts 
Base-to-Emitter Voltage (with collector-to-emitter volts = —2 

and collector amperes = —5) —0.65 volt 
Emitter-to-Base Voltage (with collector-to-base volts = —40 

and emitter current = 0) —1 max volt 
Collector-to-Emitter Saturation Voltage (with collector amperes 

= —12 and base amperes — —2) —0.3 volt 
Collector-to-Emitter Reach-Through Voltage —40 min volts 
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Emitter-Cutoff Current (with emitter-to-base volts = —20 
and collector current = 0) _ i m a 

Collector-Cutoff Current: 
With collector-to-base volts = —2 and emitter current = 0 . . . . —100 /ta 
With collector-to-base volts = —40 and emitter current = 0 —2 ma 

Thermal Resistance (junction-to-case) 0.35 ° C / w a t t 
T h e r m a l Capacity (for pulse durations of 1 to 10 milliseconds) . . 0.075 w a t t - s e c / ° C 
Thermal Time Constant 26.25 msec 

In Common-Emitter Circuit 

D C Forward Current-Transfer Rat io: 
With collector-to-emitter volts = —2 and collector amperes 

= —5 , 20 to 40 
With collector-to-emitter volts = —2 and collector amperes 

= - 1 2 2» 
Smal l -S ignal Forward-Current -Transfer -Rat io Cutoff Frequency 

(with collector-to-emitter volts = —6 and collector amperes 
= - 5 ) I f k c 

TYPICAL TRANSFER CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 

5-10 

TYP 
-COM 

COL 

E 2N 
MON 
LECT 

441 
-EMU 
OR-T 

TER 
0 - E h 

CIRCl 
ITTE 

JIT, E 
R V0 

ASE 
LTS = 

NPU1 
- 2 • 

0 # 

1 

< - I O 
a: 
I 
A -5 

0 - 0 . 2 - 0 . 4 - 0 . 6 -0 .8 -t 
BASE-TO-EMITTER VOLTS 

92CS-I0720T 

1 
TYP 
COM 
COL 

E 2N 
MON 
LECT 

441 
-EMI" 
OR-T 

rTER 
0-Efc 

CIRCl 
ITTE 

i 1 

JIT, BASE INPUT. 
R VOLTS = - 2 

1 J * 

• 

c"" 

- 0 . 4 - 0 . 6 
BASE AMPERES 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
D C Collector Supply Voltage —12 volts 
D C Base Supply Voltage 6 volts 
O n D C Collector Current —12 amperes 
T u r n - O n D C Base Current —2 amperes 
Turn-Off D C Base Current 0 amperes 
Switehing T ime: 

Rise time , 15 (isec 
F a l l time 15 /usee 

TYPICAL COLLECTOR CHARACTERISTICS 
1 1 1 I 1 
T Y P E 2N44I 

1 1 1 

: O M M 
C A S E 

O N - f 
T E M 

: M I T 
P E R ; 

rER 
T U R E 

: I R C I . 
= 25 

J I T , 
C 

B A S E INPl IT. • 

00 
OOO 

| _ - R C )0 
_ - 6 0 0 

" 4 0 0 
5 0 0 

" 4 0 0 " 4 0 0 

3 0 0 
_ - z o o 

— 0 0 

_ - z o o 

— 0 0 

B A S E : M I . L I AH IPER iO. 
r 

A 
0 - 5 - 1 0 - 1 5 - 2 0 - 2 5 - 3 0 - 3 5 - 4 0 

COLLECTOR-TO-EMITTER VOLTS 92CM-I0732T 
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POWER TRANSISTOR 
Germanium p-n-p type used in 

a wide variety of switching and am
plifier applications in industrial and OHjMAO 
military equipment requiring tran- A l N H * t X 
sistors having high voltage, current, 

J B and dissipation values. I t is used in 
power-supply, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satis
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section, 
This type is identical with type 2N441 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter-to-base volts = —1 .5 ) . . —50 max volts 
Emitter- to-Base Voltage (with collector open) . . . . . . . . . . . . . . . . . . —30 max volts 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to the emitter and collector amperes 
= — 0 . 3 —45 rain volts 

W i t h base open and collector amperes = — 0 . 3 — 4 5 volts 
Emitter- to-Base Voltage (with collector-to-base volts — —50 

and emitter current = 0 ) — 1 max volt 
Collector-to-Emitter Reach-Through Voltage „ —50 min volte 
Emitter-Cutoff Current (with emitter-to-base volts = —30 

and collector current = 0) —1 m a 
Collector-Cutoff Current (with collector-to-base volts = —40 

and emitter current = 0 ) . . — 2 m a 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
1 r i i • - ) i i 

T Y P E 2 N 4 4 2 
COMMON - EMITTER CIRCUIT, BASE INPUT, 
CASE TEMPERAT U R E « 2 5 " C 

22— 
-eo< \_ 

- 6 0 0 _ 
500__ 
- 4 0 0 

-3 00 

-20C 

- 0 0 

_ B A ! ;E Ml .L1AM 3 E R E S = - 5 0 

> > 
-10 - 2 0 - 3 0 - 4 0 - 5 0 

COLLECT0R-TO-EMITTER VOLTS 

POWER TRANSISTOR 
Germanium p-n-p type used in 

a wide variety of switching and am
plifier applications in industrial and 
military equipment requiring tran
sistors having high voltage, current, 
and dissipation values. I t is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 

2N443 
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power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satis
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section. 
This type is identical with type 2N441 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter-to-base volts = —1 .5 ) . . —60 max volts 
Emitter-to-Base Voltage (with collector open) —40 max volts 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to the emitter and collector amperes 
= —0.3 —50 m i n volts 
With base open and collector amperes = —0-3 

Emitter-to-Base Voltage (with collector-to-base volts = —60 — 5 5 volts 
and emitter current = 0 ) — l .max volt 

Collector-to-Emitter Reach-Through Voltage —60 m i n volts 
Emitter-Cutoff Current (with emitter-to-base volts = —40 

and collector current — 0 ) — 1 m a 
Collector-Cutoff Current (with collector-to-base volts = —60 

and emitter current — 0 ) —2 ma 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
1 1 1 1 1 1 1 

TYPE 2 N 4 4 3 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE «25°C 

-I00C 
- 8 0 0 

- 6 0 0 
- - • - 5 )0 

' - 4 0 0 
- 3 0 0 

' - 4 0 0 
- 3 0 0 

- 2 0 0 

. -100 

- 2 0 0 

. -100 

PE2& BA SE M LLIAV PE2& 
0 
J 

0 - 1 0 - 2 0 - 3 0 - 4 0 - 5 0 - 6 0 
COLLECTOR-TO-EMITTER VOLTS SZCM-lorar 

2N456 

2N457 

2N497 

2N544 

2N561 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 
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See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

TRANSISTOR 
Germanium p-n-p type used in 

medium-speed switching applica
tions in data-processing equipment 
J E D E C No; TO-5 package; outline 
6, Outlines Sec t ion .This type is 
identical with type 2N404 except for 

the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage (with emitter-to-base volts = —1) 
Emitter-to-Base Voltage (with collector open) 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(with collector ma = —20 and base ma = —1) 
Base-to-Emitter Saturation Voltage 

(with collector ma = —20 and base ma = —1) 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) 
Stored Base Charge (with collector ma = —20 and base ma = —2) 

In Common-Emitter Circuit 

F o r w a r d Current -Transfer Ratio (with collector-to-emitter volts 
—0.3 and collector ma - —20) 

TRANSISTOR 
Germanium p-n-p type used in 

/ \ medium-speed switching applica-
E I , ' . \ c tions in data-processing equipment. 

© — k / \ A ~ ® J E D E C No. TO-5 package; outline 
J 6, Outlines Section. This type is 

identical with type 2N404 except for 

the following items: 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage (with emitter-to-base volts — —1) 
CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage: 

With collector ma = —24 and base ma = —0.6 
With collector m a = —100 and base ma = —5 

Base-to-Emitter Saturation Voltage: 
With collector ma = —24 and base ma = —0.6 
With collector ma - —100 and base ma = —5 

Stored Base Charge 
(with collector ma = —24 and base ma = —1.2) 

In Common-Base Circuit 

Forward-Current -Trans fer -Rat io Cutoff Frequency 
(with collector-to-base volts = —6 and collector ma = —1) . . 

2N578 

2N579 

2N580 

2N581 

—18 max 
—15 max 
—10 max 

- 0 . 3 

—0.5 max 

—10 max 
2400 max 

20 m i n 

2N582 

—14 max volts 

—0.2 max volt 
—0.3 max volt 

—0.4 max volt 
—0.8 max volt 

1200 max pcoul 

14 m i n Mc 

volts 
volts 
volts 

volt 

volt 

pcoul 
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in Common-Emitter Circuit 

F o r w a r d Current-Transfer Rat io: 
With collector-to-emitter volts = —0.2 and collector ma = —24 
With collector-to-emitter volts = —0.3 and collector ma - —100 

40 m i n 
20 min 

2N583 See Lis t of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 

2N584 See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. -> 

TRANSISTOR 
Germanium n-p-n type used in 

switching circuits of compact, i 
2 M 5 8 5 medium-speed electronic computers, 

w J E D E C No. TO-5 package; outline 
6, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 25 max 
Collector-to-Emitter Voltage: 

With base open 15 max 
With base-to-emitter volts = —1 24 max 

Emitter-to-Base Voltage (wi th collector open) 20 max 
Collector Current 200 max 
Transistor Dissipation: 

A t ambient temperatures up to 25°C . 120 max 
At ambient temperature of 55°C 35 max 
A t ambient temperature of 71°C 10 max 

Ambient-Temperature Range: 
Operating —65 to 71 
Storage —65 to 85 

volts 

volts 
volts 
volts 

m a 

m w 
m w 
m w 

°C 
°C 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Saturation Voltage 

(with collector ma = 20 and base ma = 1) 0.2 max volt 
Base-to-Emitter Saturation Voltage 

(with collector ma = 20 and base ma = 1) 0.45 max volt 
Collector-Cutoff Current : 

With collector-to-base volts = 0.25 and emitter current = 0 . . 6 m a x na 
With collector-to-base volts = 12 and emitter current = 0 . . . . 8 m a x iia 

Stored Base Charge (with collector ma = 20 and base ma = 2) . . 3000 max pcoul 

in Common-Base Circuit 

Forward-Current -Transfer -Rat io Cutoff Frequency 
(with collector-to-base volts — 6 and collector ma = 1) 8 m i n M c 

Collector-to-Base Capacitance (with collector-to-base volts — 6 
and emitter open) 25 max pf 

In Common-Emitter Circuit 

F o r w a r d Current-Transfer Ratio (with collector-to-emitter volts 
— 0.2 and collector ma = 20) 20 m i n 

TRANSISTOR 
Germanium p-n-p type used in 

low-speed switching applications in 
industrial and military equipment. 
It is used as a relay-actuating de
vice and in voltage-regulator, multi
vibrator, dc-to-dc converter, and E 5 c 

power-supply circuits. I t can also be used in audio-frequency service as an 
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oscillator and in large-signal class A and class B circuits as a push-pull audio 
amplifier. Outline is similar to J E D E C No. TO-7 package; outline 25, Outlines 
Section. 
M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Emitter-to-Base Voltage (with collector open) 
Collector Current 
Emitter Current 
Transistor Dissipation: 

At ambient temperatures up to 25° 
A t ambient temperatures above 25°C 

Ambient-Temperature Range: 
Operating and storage 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector #a = —50 
With base open and collector ma = — 1 

Collector-to-Emitter Reach-Through Voltage 
(with emitter-to-base volts = — 1 and emitter current =0) 

Base-to-Emitter Voltage 
(with collector ma = —250 and base ma = —7) 

Collector-to-Emitter Saturation Voltage 
(with collector ma = —250 and base ma = —25) 

Collector-Cutoff Current (with collector-to-base volts = —45 
and emitter current = 0) 

Emitter-Cutoff Current (with emitter-to-base volts =: —12 
and collector current = 0) 

—45 max volts 
—12 max volts 

—250 max ma 
250 max ma 

250 max m w 
See curve page 80 

—65 to 85 °C 

In Common-Emitter Circuit 

- 7 0 volts 
- 3 5 volts 

- 7 5 volts 

- 0 . 7 volt 

-0 .25 volt 

- 8 n& 

- 4 

D C F o r w a r d Current -Transfer Ratio (with collector-to-emitter 
volts =- —0.5 and collector ma = —250) 55 

T Y P I C A L T R A N S F E R CHARACTERISTIC T Y P I C A L TRANSFER CHARACTERISTIC 

CO 

tr UJ 
-250 

< 
-200 

z 
rr - 1 5 0 
o 
D-o 
IaJ 

- 1 0 0 
1 1 o 

• U 
- 5 0 

TYPE 2 N 5 8 6 
.COMMON-EMITTER CIRCUIT, BASE 
COLLECTOR-TO-EMITTER VOLTS 
AMBIENT TEMPERATURE E 25°C 

INPl 
= -0. 

IT.— 

-200 

- 150 

-I - 2 - 3 
BASE MILLIAMPERES 

TYPE 2 N 5 8 6 
_C0MM0N- EMITTER CIRCUIT,BASE INPUT.. 

C0LLECT0R-T0- EMITTER V0LTS = - 0 . 5 
AMBIENT TEMPERATURE = 25°C 

- 0 . 8 - 0 . 2 - 0 . 4 - 0 . 6 
B A S E - T O - E M I T T E R VOLTS 

92CS-I0079T 

- 2 5 0 
T Y P I C A L C O L L E C T O R CHARACTERIST ICS 

- 4 
1 1 1 1 1 1 1 1 
T Y P E 2 N 5 8 6 rriMuriM-FMiTTrR ripniiT P A S T I W P I I T 

- 4 

A M B I 
I j 

I N T ' E M P E R A T U R E = 25°C 

- 4 

- 2 \ 

-

0 5 - V 

1 
B A S E M LLIAf A P E R E S = -

- - — ^ - L _ £ ! £ S I P A T I O N 

0.25 | | 1 
( M I L LIVW T T S «25( ) 

-10 -15 - 2 0 - 2 5 - 3 0 
C O L L E C T O R - T O - E M I T T E R VOLTS 

- 3 5 - 4 0 
92CM-I0094T 
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TRANSISTOR 
(2 1Q 

Germanium p-n-p type used in 
large-signal audio-frequency driver-
amplifier applications. It is used p r i -

SttH J 7 I marily in high-gain class A audio- Ci 
driver stages in automobile radio E 

receivers. J E D E C No. T O - 1 package; 
outline 4, Outlines Section. 
M A X I M U M R A T I N G S 
Collector-to-Emitter Voltage —32 max volts 
Collector Current : 

Peak —40 max 
D C —20 m a x 

Emitter Current : 
Peak 40 max 
D C 20 max 

With heat Without 
Collector Dissipation: 0 sink heat sink. 

At ambient temperatures up to 55°C 100 50 
At ambient temperature of 71°C 40 20 

Ambient-Temperature Range: 
Operating 71 max °C 
Storage —65 to 85 °C 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Breakdown Voltage (with collector ma = 

—0.3, base resistance — 4700 ohms, and emitter resistance 
=: 500 ohms) —32 m i n volts 

Collector-Cutoff Current (with collector-to-base volts = —10 
and emitter current = 0) —7 max /xa 

Emitter-Cutoff Current (with emitter-to-base volts = —1 
and collector current = 0) —20 max jtta 

Thermal Resistance: 
Junction-to-ambient 0.34 ° C / m w 
Junction-to-heat sink 0.15 ° C / m w 

ma 
ma 

ma 
ma 

m w 
m w 

lit Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio at 1 ki locycle 
(with collector-to-emitter volts = —12 and collector ma = —2) 70 

Smal l -S ignal Forward-Current -Transfer -Rat io Cutoff Frequency 
(with collector-to-emitter volts = —12 and collector ma = —2) 0.7 

T Y P I C A L O P E R A T I O N I N C L A S S A A F D R I V E R - A M P L I F I E R C I R C U I T 
D C Collector Supply Voltage —14.4 
D C Collector-to-Emitter Voltage - 1 2 
D C Base-to-Emitter Voltage —0.13 
D C Collector Current —2 
Signal Frequency 1 
Input Resistance 1000 
Output Resistance 10000 
Power Ga in 41 
Total Harmonic Distortion 3 
Transistor Dissipation » 25 
Power Output 5, 

Mc 

volts 
volts 
volt 
ma 
k c 

ohms 
ohms 

db 
per cent 

m w 
m w 

2N640 

2N641 

2N642 

2N643 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 
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See List of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 2N644 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 2N645 

TRANSISTOR 

2N647 

Germanium n-p-n type used in 
large-signal audio-frequency ampli
fier applications. I t is designed es
pecially for use with its p-n-p 
counterpart, RCA-2N217, in class B 
complementary-symmetry power-

output stages of compact transformerless, battery-operated portable radio re
ceivers, phonographs, and audio amplifiers operating at battery-supply voltages 
up to 9 volts. This type can also be used in conventional class B push-pull and 
class A audio-amplifier circuits. J E D E C No. T O - 1 package; outline 4, Outlines 
Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 25 max 
Collector-to-Emitter Voltage 25 max 
Emitter-to-Base Voltage (with collector open) 12 max 
Collector Current : 

Peak 100 max 
D C 50 max 

Emitter Current : 
Peak —100 max 
D C —50 max 

Collector Dissipation: 
At ambient temperatures up to 25°C 100 max 
At ambient temperature of 55°C 50 max 
At ambient temperature of 71°C 20 max 

Ambient Temperature: 
Operating —65 to 71 
Storage —65 to 85 

C H A R A C T E R I S T I C S 
Collector-Cutoff Current (wi th collector-to-base volts = 25 

and emitter current = 0) 14 max 
Emitter-Cutoff Current (wi th emitter-to-base volts — 12 

and collector current = 0) 14 max 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 
volts = 1 and collector ma = 50) 70 

volts 
volts 
volts 

ma 
ma 

ma 
ma 

mw 
mw 
mw 

°C 
°C 

T Y P I C A L T R A N S F E R CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC 

TYF 
. coiv 

AME 

E 2 
MON-
IENT 

»1647 
EMITT 
TEMF 

ER CI 
>ERAT 

?CUIT, 
URE = 

BASE INPUT . 
25°C ^ 

4 4y 
w 

COL L E S l 
0.1 0.2 0.3 OA 

BASE-TO-EMITTER VOLTS 
92CS-98«6T 

TYF 
_ CON 

B 
AME 

E 2t 
1M0N-
&SE 1 
ilENT 

J647 
EMIT 
vIPUT 
TEM 

TER C 

= ' 25' 

1 

IRCUIT, 

C sjC &\ 

d 

0.4 0.6 0.8 1.0 I. 
BASE MILLIAMPERES 

92CS-9847T 
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T Y P I C A L O P E R A T I O N I N C L A S S B C O M P L E M E N T A R Y - S Y M M E T R Y C I R C U I T 
D C Collector Supply Voltage 
D C Collector-to-Emitter Voltage for driver stage 
Zero-Signal D C Base-to-Emitter Voltage for output stage 
Peak Collector Current for each transistor i n output stage 
Zero-Signal D C Collector Current for each transistor 

(driver and output stage) < 
Signal Frequency .,, 
Input Resistance . 
Load Resistance 
Power Ga in 
Total Harmonic Distortion 
Power Output (wi th input = 20 millivolts) 

6 
2.3 

0.14 
70 

1.5 
1 

1100 
45 
54 

volts 
volts 
volt 

ma 

ma 
kc 

ohms 
ohms 

db 
10 max per cent 

100 m w 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

6 8 10 12 
COLLECTOR-T0-EMITTER VOLTS 

14 16 
92CM-9844T 

TRANSISTOR 
Germanium n-p-n type used in © 9 

large-signal audio-frequency ampli-
OKI/iAQ ^ e r a P P n c a t i o n s - I * ^ designed es- E , , » 
• Z I M O H i f pecially for use with its p-n-p 

counterpart, RCA-2N408, in class B 
complementary-symmetry power-

output stages of compact, transformerless, battery-operated portable radio re
ceivers, phonographs, and audio amplifiers operating at battery-supply voltages 
up to 9 volts. This type can also be used in conventional class B push-pull and 
class A audio-amplifier circuits. J E D E C No. T O - 1 package; outline 4, Outlines 
Section. This type is identical with type 2N647 except for the following items: 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) . . 20 max volts 
Collector-to-Emitter Voltage (with base open) 18 max volts 
Emitter-to-Base Voltage (with collector open) 2.5 max volts 

C H A R A C T E R I S T I C S 
Collector-Cutoff Current (with collector-to-base volts = 12 

and emitter current = 0) 14 max fia 
Emitter-Cutoff Current (with emitter-to-base volts = 2.5 and 

collector current = 0) 14 max n& 

In Common-Emiiler Circuit 

D C Forward Current-Transfer Ratio (with collector-to-emitter 
volts = 1 and collector ma = 50) 65 

See Lis t of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 
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SILICON CONTROLLED RECTIFIER 

Diffused-junction n-p-n-p type 
used in a wide variety of power-
control and power-switching appli- 0 N A S 1 
cations in industrial and military A 

equipment. This type has a maxi -
( S T U D ) mum peak forward blocking voltage 

of 25 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength 
copper-alloy stud can withstand an installing torque up to 50 inch-pounds. 
J E D E C No. TO-48 package; outline 19, Outlines Section. 

M A X I M U M R A T I N G S 
For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 25 max volts 
Non-repetitive (transient) 35 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) 25 max volts 
Peak Gate Voltage: 

Forward 10 max volts 
Reverse 5 max volts 

Average F o r w a r d Current : 
At case temperature of 65°C and conduction angle of 180° . . . . 16 max amperes 
For other case temperatures and conduction angles See Rating Chart I 

Peak Surge Current : 
For one cycle of applied voltage 150 maxamperes 
F o r more than one cycle of applied voltage See Rating Chart I I 

Peak F o r w a r d Gate Current 2 maxamperes 
Peak Gate Power 5 max watts 
Average Gate Power 0.5 max watt 
Temperature Range: 

Operating (case) —65 to 125 °C 
Operating (ambient) See Rating Chart I I I 
Storage - 6 5 to 150 °C 

C H A R A C T E R I S T I C S 
F o r w a r d Breakover Voltage (at case temperature of 125°C) 
F o r w a r d Voltage Drop (at case temperature of 65°C) 
D C Gate-Trigger Voltage: 

At case temperature of —65°C 
At case temperature of 125°C 

Average Blocking Current (at case temperature of 125°C) : 
F o r w a r d 
Reverse 

D C Gate-Trigger Current (at case temperature of 125°C) . . 
Holding Current (at case temperature of 125°C) 
Thermal Resistance (junction-to-case) 

25 m i n 
0.86 max 

3 max 
0.25 min 

volts 
volt 

volts 
volt 

6.5 max ma 
6.5 max ma 
25 max ma 

5 ma 
2 max ° C / w a t t 

RATING CHART X RATING CHART H 

T Y P E 2N6SI S ~ \ 
C U R R E N T W A V E F O R M = S I N U S 0 I - A \ 
• DAL x l L . 
LOAD : RESISTIVE OR INDUCTIVE O L ^ - J I S O * 

0 5 1 0 15 2 0 
- A V E R A G E F O R W A R D C U R R E N T — A M P E R E S 

92CS-M928TS 

; 1 5 0 

. 125 

' 1 0 0 
> 

> 

j 5 0 

; 25 

T Y P E 2N68I 
S U P P L Y F R E Q U E N C Y = 6 0 C P S S I N E W A V E 
C A S E T E M P E R A T U R E = 6 5 ' C 

SR F S I S T I V E L O A D 
( E P E T I T I V E P E A K R E V E R S E V O L T A G E 

= M A X I M U M R A T E D V A L U E 
A V E R A G E F O R W A R D C U R R E N T » -

M A X I M U M R A T E D V A L U E 

I 2 4 6 8 | 0 2 4 6 8 ,00 
S U R G E C U R R E N T D U R A T I O N — C Y C L E S 

92CS-II9I8TI 
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RATING CHART 3ff FORWARD CHARACTERIST ICS 

TYPE 2 N 6 8 I 
NATURAL COOLING 
KINfil F-PHASF DPFRATIDM. 
CON 
HEA 

DUCTION ANGLE 
• SINK«I / I6-Th 

= 180 
ICK 

ft. 

2 5 50 75 100 
AMBIENT TEMPERATURE—°C 

125 

TYF E 2f\ 681 

S2CS-1I91OTJ 

0 0.5 I 1.5 2 
I N S T A N T A N E O U S F O R W A R D V O L T A G E D R O P — V O L T S 

92CS-II9I7T 

G A T E T R I G G E R - V O L T A G E CHARACTERIST ICS 

? 
TYF 
F O R 

E 2N68I 
WARD CURRENT • 0 

-
f rflNIM. M G 

' 0 T 
KTE > 
?IGGE 

/ O L T ; 
^ UN 

GE REQUIF 
IT 

ED 

—M, JX/Ml 
I L L J 

—M, JX/Ml 
I L L J 

'M •lE \ R/GG HAT 

- 7 5 - 5 0 -25 0 25 50 75 100 
CASE TEMPERATURE—°C 

S2CS-II92IT2 

GATE T R I G G E R - C U R R E N T C H A R A C T E R I S T I C 

a: co 

O L 
- 7 5 

TYF E 2N 681 

4, 

[ft r / ? E C r / ? E C )U/RE D 

- 5 0 -25 0 25 50 75 100 
CASE TEMPERATURE—°C 

3ZCS-II9ZZT8 

SILICON CONTROLLED RECTIFIER 
TERMINAL! f SHORT 

Diffused-junction n-p-n-p type ^ H r * ™ ^ 
used in a wide variety of power- f ]) \ 

2J^^32 control and power switching appli-cations in industrial and mihtary 
equipment. This type has a maxi 
mum peak forward blocking voltage (STUD) 

of 50 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for the following items: 

M A X I M U M R A T I N G S 
For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 50 max volts 
Non-repetitive (transient) 75 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) 50 max volts 

CHARACTERISTICS 
Forward Breakover Voltage (at case temperature of 1 2 5 ° C ) 50 min volts 
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SILICON CONTROLLED RECTIFIER 
tLON C 

TERMINAL)' fSHORT . r-\ A, TERMINAL) i . 
/ ^ \ ~ | N . Diffused-]unction n-p-n-p type 

j W \ used in a wide variety of power-
( J L J control and power switching appli- OKJ/LQO 
\. J cations in industrial and military A l N U O O 

T I T equipment. This type has a maxi-
( S T U D ) mum peak forward blocking voltage 

of 100 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for the following items: 
M A X I M U M R A T I N G S 

For sinusoidal ac supply voltage of 50 to 
, 400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 100 max volts 
Non-repetitive (transient) 150 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) 100 max volts 

C H A R A C T E R I S T I C S 
F o r w a r d Breakover Voltage (at case temperature of 1 2 5 ° C ) . . . . 100 min volts 

T W A L ) _ rfHORT 

ft) 

SILICON CONTROLLED RECTIFIER 

T E R M I N A L ) 

Diffused-junction n-p-n-p type . . 
used in a wide variety of power-
control and power switching appli- OIVIAQA 

V I / cations in industrial and military A l N O O 4 ! 
equipment. This type has a maxi -

( S T U D > mum peak forward blocking voltage 
of 150 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for the following items: 

M A X I M U M R A T I N G S 
F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 150 max volts 
Non-repetitive (transient) 225 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) 150 max volts 

C H A R A C T E R I S T I C S 
F o r w a r d Breakover Voltage (at case temperature of 1 2 5 ° C ) 150 min volts 
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SILICON CONTROLLED RECTIFIER 

Diffused-junction n-p-n-p type 
used in a wide variety of power- f • [/• \ 

O I U | / l Q C control and power switching appli- V *r J 
A I M O O J cations in industrial and military \ ^ I 

equipment. This type has a maxi - j 
mum peak forward blocking voltage l S T U D ' 

of 200 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for the following items: 

M A X I M U M R A T I N G S 
F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 200 max volts 
Non-repetitive (transient) 300 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) 200 max volts 

C H A R A C T E R I S T I C S 
F o r w a r d Breakover Voltage (at case temperature of 125°C) . . . . 200 min volts 
Average Blocking Current (at case temperature of 1 2 5 ° C ) : 

F o r w a r d 6 max ma 
Reverse 6 max ma 

SILICON CONTROLLED RECTIFIER 

Q / s TERMINAL} 

Diffused-jtinction n-p-n-p type / ^ | J \ • 
used in a wide variety of power- f \ 

O K I A Q A control and power switching appli- \ ^ / 
A I N O O O cations in industrial and military v ^ L x ^ 

equipment. This type has a max i - /v 
mum peak forward blocking voltage <STUDJ 

of 250 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for the following items: 

M A X I M U M R A T I N G S 
F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 250 max volts 
Non-repetitive (transient) 350 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) . . . . . . . . . . . . . . . . . . 250 max volts 

C H A R A C T E R I S T I C S 
F o r w a r d Breakover Voltage (at case temperature of 125°C) . . . . 250 min volts 
Average Blocking Current (at case temperature of 1 2 5 ° C ) : 

F o r w a r d • • • 5.5 max ma 
Reverse • • • 5-5 max ma 



Technical Data 169 

SILICON CONTROLLED RECTIFIER 
y 

T E R M I N A L } ' f SHORT . 
^TERMINAL} / s T E R M 

> r \ T \ Diffused-junction n-p-n-p type 
/ - 1 ' - \ used in a wide variety of power-
l ^ J control and power switching appli- 0 M A Q 7 
\ l > / cations in industrial and military A I N O O / 

equipment. This type has a maxi -
(STUD) mum peak forward blocking voltage 

of 300 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for the following items: 

M A X I M U M R A T I N G S 
For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 
Non-repetitive (transient) . . . 

Peak F o r w a r d Blocking Voltage (repetitive) . . . . . . . 

C H A R A C T E R I S T I C S 
F o r w a r d Breakover Voltage (at case temperature of 125°C) . . . . 
Average Blocking Current (at case temperature of 1 2 5 ° C ) : 

F o r w a r d 
Reverse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

300 max volts 
400 max volts 
300 max volts 

300 min 

5 max 
5 max 

volts 

ma 
ma 

SILICON CONTROLLED RECTIFIER 
K .JLONG 

TERMINAL) 
r \ _ V S T E f l 

fSHORT 
TERMINAL) 

2N688 
Diffused-junction n-p-n-p type 

I \ used in a wide variety of power-
\ ^ ) control and power switching appli-

N J ^ / cations in industrial and military 
Y " ^ equipment. This type has a maxi-

(STUD) mum peak forward blocking voltage 
of 400 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for the following items: 

M A X I M U M R A T I N G S 
F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 
Non-repetitive (transient) 

Peak F o r w a r d Blocking Voltage (repetitive) . . . . . . . . . . . . . . . . . . . 

C H A R A C T E R I S T I C S 
F o r w a r d Breakover Voltage (at case temperature of 125°C) . . . . 
Average Blocking Current (at case temperature of 125°C) : 

F o r w a r d 
Reverse 

400 max volts 
500 max volts 
400 m a x volts 

400 m i n volts 

4 max 
4 max 

ma 
ma 
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SILICON CONTROLLED RECTIFIER 

Difrused-jtrnction n-p-n-p type 
used in a wide variety of power-

O K J £ Q Q control and power switching appli-
A l l O O / cations in industrial and military 

equipment. This type has a maxi 
mum peak forward blocking voltage (STUD) 

of 500 volts and a forward-current capability of 16 amperes (average value) 
or 25 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N681 except for the following items: 

M A X I M U M R A T I N G S 
F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 500 max volts 
Non-repetitive (transient) 600 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) 500 max volts 

C H A R A C T E R I S T I C S 
Forward Breakover Voltage (at case temperature of 125*C) . . . . 500 m i n volts 
Average Blocking Current (at case temperature of 1 2 5 ° C ) : 

Forward 3 max ma 
Reverse 3 max m a 

2N696 See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

TRANSISTOR 
Silicon n-p-n type used in high

speed switching applications in data-
processing equipment. This type is 
especially effective under conditions 
of severe thermal and mechanical 
stress and other environmental haz

ards. J E D E C No. TO-5 package; outline 6, Outlines Section. 

2N697 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 60 max volts 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 10 ohms or less) 
Emitter-to-Base Voltage (with collector open) 
Collector Current 
Transistor Dissipation: 

A t case temperatures up to 25°C 
A t ambient temperatures up to 25°C 
At case or ambient temperatures above 25°C 

Temperature Range: 
Operating (junction) and Storage —65 to 175 

Lead Temperature (for 10 seconds maximum) 

40 max 
5 max 

500 max 

2 max 
0.6 max 

volts 
volts 

ma 

watts 
watt 

See curve page 80 

255 max 

C H A R A C T E R I S T I C S 
Base-to-Emitter Saturation Voltage (with pulsed collector ma 

= 150* and base ma = 15) 1.3 max volts 
Collector-to-Emitter Saturation Voltage (with pulsed collector 

ma = 150* and base ma = 15) 1.5 max volts 
Collector-Cutoff Current (with collector-to-base volts — 30 and 

emitter current = 0) 1 max fia 
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In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 10 
and emitter current = 0) 35 max p f 

In Common-Emitter Circuit 

D C - P u l s e F o r w a r d Current -Transfer Ratio (with collector-to-
emitter volts = 10 and collector ma = 150**) 40 to 120 

Smal l -Signal F o r w a r d Current-Transfer Ratio (with collector-
to-emitter volts = 10, collector ma — 50, and frequency 
= 20 Mc) 2.5 min 

Gain-Bandwidth Product 100 

* Pulse duration = 300 /tsec or less; duty cycle = 0.02 or less. 
** Pulse duration = 12 milliseconds or less; duty cycle = 0.02 or less. 

2N699 

TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of small-signal and 
medium-power applications in in 
dustrial and military equipment. It 
can be used in rf service as an am
plifier, mixer, oscillator, and con

verter; in af service for small-signal and power applications; in switching 
service for high-speed switching circuits. I t features low saturation voltage, 
high sustaining voltage, and low output capacitance. J E D E C No. TO-5 pack
age; outline 6, Outlines Section. For curves of collector characteristics, refer 
to type 2N1613. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (wi th emitter open) 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance of 10 ohms or less) 
Emitter-to-Base Voltage (with collector open) 
Transistor Dissipation: 

At case temperatures up to 25°C 
A t ambient temperatures up to 25°C 
At case or ambient temperatures above 25°C 

Temperature Range: 
Operating (junction) 
Storage 

120 max volts 

80 max 
5 max 

volts 
volts 

2 max watts 
0.6 max watt 

See curve page 80 

C H A R A C T E R I S T I C S 
Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) 
Collector-to-Emitter Sustaining Voltage (with external base-to-

emitter resistance = 10 ohms or less and collector ma = 100) 
Base-to-Emitter Saturation Voltage (with pulsed collector ma 

=150* and emitter ma = 15) 
Collector-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and emitter ma = 15) 
Collector-Cutoff Current (with collector-to-base volts = 60 

and emitter current = 0) 
Emitter-Cutoff Current (with emitter-to-base volts = 2 

and collector current = 0) 
T h e r m a l Resistance: 

Junction-to-case 
Junction-to-ambient 

-65 to 175 
-65 to 300 

120 min 

80 min 

1.3 max 

5 max 

2 max 

100 max 

volts 

volts 

volts 

volts 

/xa 

Aa 

75 max ° C / w a t t 
250 max ° C / w a t t 

In Common-Base Circuit 

Input Resistance at 1 ki locycle: 
With collector-to-base volts = 5 and collector ma = 1 
With collector-to-base volts = 10 and collector ma = 5 

Output Capacitance (with collector-to-base volts = 10 
and emitter ma = 0) 

Output Conductance at 1 ki locycle: 
With collector-to-base volts = 5 and collector ma = 
With collector-to-base volts = 10 and collector ma = 

Smal l -Signal Open-Circui t Reverse Voltage-Transfer 
Ratio at 1 ki locycle: 
With collector-to-base volts = 5 and collector ma = 
With collector-to-base volts = 10 and collector ma = 

20 to 30 
10 max 

20 max 

0.1 to 0.5 
1 max 

0.00025 max 
0.0003 max 

ohms 
ohms 

P f 

Atmho 
/anho 
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In Common-Emitter Circuit 
D C - P u l s e F o r w a r d Current-Transfer Ratio (with collector-to-

emitter volts = 10 and collector ma = 150*) 40 to 120 
Smal l -S ignal F o r w a r d Current-Transfer Ratio: 

With collector-to-emitter volts = 5, collector m a = 1, 
and frequency = 1 kilocycle 35 to 100 

With collector-to-emitter volts = 10, collector ma = 5, 
and frequency = 1 ki locycle 45 m i n 

With collector-to-emitter volts = 10, collector m a — 50, 
and frequency = 20 Mc 2.5 m i n 

* Pulse duration = 300 /isec or less; duty cycle = 0.02 or less. 

TRANSISTOR 
Germanium p-n-p type used in 

high-speed logic-circuit applica-2N705 tions in data-processing equipment. 
J E D E C No. TO-18 package; outline 
12, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (wi th emitter open) 
Collector-to-Emitter Voltage 

(with external base-to-emitter resistance = 10 ohms or less) 
Emitter-to-Base Voltage (wi th collector open) 
Collector Current 
Emitter Current 
Transistor Dissipation: 

A t ambient temperatures up to 25°C . . . . . . . . . . . . . . . . . . . 
A t case temperatures up to 25°C 
At ambient or case temperatures above 25°C . . . . . . . . . . . . . . . . 

Temperature Range: 
Operating (junction) and storage 

L e a d Temperature (for 10 seconds maximum) 

C H A R A C T E R I S T I C S 
Base-to-Emitter Voltage (with collector m a = —10 

and base ma = —0.4) 
Collector-to-Emitter Saturation Voltage 

(with collector ma - —10 and base m a = —0.4) 
Collector-Cutoff Current (wi th collector-to-base volts =; —5 

and emitter current = 0) 
Collector Transit ion Capacitance (with collector-to-base volts 

= —10, emitter current = 0, and frequency = 1 Mc) 
Emitter Transit ion Capacitance (with emitter-to-base volts 

— —2, collector current - : 0, and frequency = 1 Mc) 

—15 m a x volts 

—15 max 
—3.5 max 
—50 max 

50 m a x 

150 max 
300 max 

volts 
volts 

ma 
ma 

m w 
mw 

See curve page 80 

-65 to 100 
230 max 

In Common-Emitter Circuit 
Smal l -S ignal F o r w a r d Current -Transfer Ratio (wi th collector-

to-emitter volts = —5, collector ma = —10, and frequency 
= 100 Mc) 

D C F o r w a r d Current-Transfer Ratio (wi th collector-to-emitter 
volts = —0.3 and collector ma = —10) 

—0.44 max 

—0.3 max 

—3 m a x 

5 

3-5 

25 m i n 

volt 

volt 

#a 

Pf 

Pf 

TRANSISTOR 
Silicon n-p-n type used in high-2N706 speed switching applications in data-

processing equipment. J E D E C No. 2N706A T O _ 1 8 package; outline 12, Outlines 
Section. 

M A X I M U M R A T I N G S 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage (with external 

base-to-emitter resistance — 10 ohms) 
Emitter-to-Base Voltage (with collector open) 
Collector Current 
Transistor Dissipation: 

At ambient temperatures up to 25°C . . . . 
At ambient temperatures above 25°C 
At case temperatures up to 25 °C 
At case temperature of 100°C 

2N706 2N706A 
25 max 25 max volts 

20 max 20 max volts 
3 max 5 max volts 

— 50 max ma 

0.3 max 0.3 max watt 
See curve page 80 

watt 1 max 1 max watt 
0.5 max 1 max watt 
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Temperature Range: 
Operating (junction) and storage . . . . . . . . . . . . 

C H A R A C T E R I S T I C S 
Base-to-Emitter Saturation Voltage 

(with collector ma = 10 and base m a = 1) 
Collector-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 1) 
Collector-Cutoff Current (wi th collector-to-base 

volts = 15 and emitter current = 0) 

- 6 5 to 175 

0.9 max 

0.6 max 

0.5 max 

In Common-Base Circuit 

0.9 m a x volt 

0.6 max volt 

0.5 max jua 

Collector-to-Base Capacitance (wi th collector-
to-base volts - • 10 and emitter current = 0) 6 max Pf 

In Common-Emitter Circuit 

D C - P u l s e F o r w a r d Current -Transfer Ratio (with 
dc collector-to-emitter volts = 1, collector ma 
= 10, pulse duration = 12 milliseconds or less 8 

and duty factor = 0.02 or less) 
Smal l -S ignal F o r w a r d Current -Transfer Ratios 

With collector-to-emitter volts = 15, 
collector ma = 10, and frequency = 100 Mc 

With collector-to-emitter volts = 10, 
collector ma = 10„ and frequency = 100 M c 

2N706 

20 min 

2 min 

2N706A 

20 min 

2 m i n 

2N708 

TRANSISTOR 
Silicon n-p-n type used in very-

high-speed switching and high-fre
quency applications in equipment 
which requires high reliability and 
high packaging densities. J E D E C No. 
TO-18 package; outline 12, Outlines 
Section* 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) -« 40 max 
Collector-to-Emitter Voltage: 

Wi th external base-to-emitter resistance =: 10 ohms or less . . 20 max 
With base open 15 max 

Emitter- to-Base Voltage (with collector open) 5 max 
Transistor Dissipation: 

A t case temperatures up to 25°C 1.2 max watts 
At ambient temperatures up to 25°C 0.36 max watt 
A t case or ambient temperatures above 25°C See curve page 80 

Temperature Range: 
Operating (junction) —65 to 200 °C 
Storage —65 to 300 °C 

L e a d Temperature (for 10 seconds maximum) , . . . . . . . . . . . . . 300 max "C 

C H A R A C T E R I S T I C S 

Base-to-Emitter Saturation Voltage 
(with collector ma = 10 and base m a = 1) . . . . . . . . . . . . . . . . ,¾ 0.8 max 

Collector-to-Emitter Saturation Voltage 
(wi th collector ma = 10 and base ma = 1) 0.4 max 

Collector-Cutoff Current (with collector-to-base volts = 20 
and emitter ma = 0) 0.025 max 

In Common-Base Circuit 

Collector-to-Base Capacitance (wi th collector-to-base volts = 10 
and emitter current = 0 ) 6 max 

In Common-Emitter Circuit 

Smal l -S ignal F o r w a r d Current -Transfer Ratio (with collector-
to-emitter volts = 10, collector ma = 10, and frequency 
= 100 Mc) 3 min 

D C F o r w a r d Current-Transfer Ratio: 
With collector-to-emitter volts = 1 and collector ma = 10 30 to 120 
With collector-to-emitter volts = 1 and collector ma = 0.5 . . . 15 m i n 

volts 

volts 
volts 
volts 

volt 

volt 

iia 

Pf 
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2N709 

TRANSISTOR 
Silicon n-p-n type used in ultra-

high-speed logic-circuit applica
tions in data-processing equipment. 
J E D E C No. TO-18 package; outline 
12, Outlines Section. This type is 
electrically identical with type 

2N2475 except for the following items: 

C H A R A C T E R I S T I C S 
Base-to-Emitter Saturation Voltage 

(with collector ma = 3 and base ma = 0.15) 0.7 to 0.85 
Collector-to-Emitter Saturation Voltage 

(with collector ma = 3 and base ma = 0.15) 0.3 max 

volt 

volt 

In Common-Base Ci'rcuif 

Input Capacitance (with emitter-to-base volts = 0.5, 
collector current = 0, and frequency = 140 kilocycles) 

In Common-Emitter Circuit 

Small -Signal F o r w a r d Current-Transfer Ratio (with collector-to-
emitter volts =: 4, collector ma = 5, and frequency =; 100 Mc) 

D C F o r w a r d Current-Transfer Ratio: 
With collector-to-emitter volts = 1 and collector ma = 30 . . . . 
With collector-to-emitter volts = 0.5 and collector ma = 10 . . 

2 max 

6 min 

15 min 
20 to 120 

Pf 

TRANSISTOR 
Germanium p-n-p type used in 

high-speed logic-circuit applica-
* 7 M " T T A tions in data-processing equipment. 
Z I N / I U J E D E C No. TO-18 package; outline 

12, Outlines Section. This type is 
identical with type 2N705 except for 

the following items: 

M A X I M U M R A T I N G S 
Emitter-to-Base Voltage (with collector open) 
C H A R A C T E R I S T I C S 
Base-to-Emitter Voltage (with collector ma = —10 and base ma 

= —0.4) 
Collector-to-Emitter Saturation Voltage 

(with collector ma = —10 and base ma = —0.4) 

In Common-Emitter Circuit 

F o r w a r d Current-Transfer Ratio (with collector-to-emitter volts 
= —0.5 and collector ma = —10) 

—2 max volts 

—0.5 max 

—0.5 max 

25 min 

volt 

volt 

2N711 

TRANSISTOR 
Germanium p-n-p type used in 

high-speed logic-circuit applica
tions in data-processing equipment. 
J E D E C No. TO-18 package; outline 
12, Outlines Section. This type is 
identical with type 2N705 except 

for the following items: 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage 

(with external base-to-emitter resistance = 10 ohms or less) . . 

-12 max 

-12 max 

volts 

volts 
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Emitter-to-Base Voltage (with collector open) —1 max volt 
Collector Current —100 max ma 
Emitter Current 100 max ma 

C H A R A C T E R I S T I C S 
Base-to-Emitter Voltage (with collector m a = —10 and base ma 

= —0.5) —0.5 max volt 
Collector-to-Emitter Saturation Voltage 

(with collector ma = —10 and base ma = —0.5) —0.5 max volt 

In Common-Emitter Circuit 
Smal l -S ignal F o r w a r d Current -Transfer Ratio (with collector-to-

emitter volts = —5, collector ma = —10, and frequency 
= 100 Mc) 2 

D C F o r w a r d Current -Transfer Ratio (with collector-to-emitter 
volts = —0.5 and collector ma = —10) 20 min 

TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of small-signal and 
high-speed switching applications. 
J E D E C No. TO-18 package; outline 
12, Outlines Section. 

2N718A 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage (with base open) 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance — 10 ohms or less) 
Emitter-to-Base Voltage (with collector open) 
Transistor Dissipation: 

A t case temperatures up to 25°C 
A t ambient temperatures up to 25°C 
At ease or ambient temperatures above 25°C 

Temperature Range: 
Operating (junction) —65 to 200 
Storage —65 to 300 

75 max 
32 max 

50 max 
7 max 

1.8 max 
0.5 max 

volts 
volts 

volts 
volts 

watts 
watt 

See curve page 80 

Lead Temperature (for 10 seconds maximum) 255 max 

C H A R A C T E R I S T I C S 
Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) 75 min volts 
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current = 0) 7 m i n volts 
Collector-to-Emitter Sustaining Voltage (with external base-to-

emitter resistance = 10 ohms and pulsed collector ma = 100*) 50 m i n volts 
Base-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and pulsed base ma = 15*) . 1.3 max volts 
Collector-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and pulsed base ma = 15*) . 1.5 max volts 
Collector-Cutoff Current (with collector-to-base volts = 60 and 

emitter current = 0) 0.01 max /ia 
Emitter-Cutoff Current (with emitter-to-base volts = 5 and 

collector current = 0) 0.01 max /ia 
T h e r m a l Resistance: 

Junction-to-case 97 max ° C / w a t t 
Junction-to-ambient 350 max ° C / w a t t 

In Common-Base Circuit 
Emltter-to-Base Capacitance (with emitter-to-base volts = 0.5 

and collector current = 0) 80 max pf 
Collector-to-Base Capacitance (with collector-to-base volts = 

10 and emitter current = 0) 25 max pf 

fn Common-Emitter Circuit 
D C F o r w a r d Current -Transfer Rat io: 

With collector-to-emitter volts = 10 and pulsed collector 
ma = 150* 

With collector-to-emitter volts = 10 and pulsed collector 
ma = 500* 

With collector-to-emitter volts = 10 and pulsed collector 
ma — 10* 

With collector-to-emitter volts = 10 and collector ma 
= 0.1 

With ambient temperature = —55°C, collector-to-emitter 
volts = 10, and pulsed collector ma = 10* 

40 to 120 

20 min 

35 m i n 

20 min 

20 min 
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Small -Signal F o r w a r d Current-Transfer Rat io: 
With collector-to-emitter volts = 5, collector ma = 1, and 

frequency = 1 kilocycle 30 to 100 
With collector-to-emitter volts = 10, collector ma = 5, and 

frequency = 1 kilocycle 35 to 150 
With collector-to-emitter volts = 10, collector ma = 50, and 

frequency = 20 Mc 3 m i n 
Smal l -Signal Open-Circuit Reverse Voltage-Transfer Ratio at 

1 ki locycle: 
With collector-to-emitter volts = 5 and collector ma = 1 . . . 3 x 10 - 4 max 
With collector-to-emitter volts = 10 and collector ma = 5 . . . 3 x 10 -* max 

Input Resistance at 1 ki locycle: v 

With collector-to-emitter volts = 5 and collector ma = 1 . . . 24 to 34 ohms 
With collector-to-emitter volts = 10 and collector ma = 5 . . , 4 to 8 ohms 

Output Conductance at 1 ki locycle: 
With collector-to-emitter volts = 5 and collector ma = 1 . . . 0.1 to 0.5 /imho 
With collector-to-emitter volts = 10 and collector ma = 5 . . . 0.1 to 1 /tmho 

Noise Figure (with collector-to-emitter volts = 10, collector ma 
= 0.3, generator resistance = 510 ohms, circuit bandwidth 
= 1 cps, and signal frequency = 1 ki locycle) 12 max d b 

Total Switching Time** (delay time plus rise time plus fal l 
time) 30 max nsec 

* Pulse duration = 300 jttsec; duty factor = 0.02 or less. 
• * Refer to type 2N2102 for Total-Stuitching-Time Measurement Circui t . 

>;. 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
i — i — i — i — i — i — ; — I — I — I — 

T Y I ' E 2 N 7 I 8 A 
C O M M O N - E M I T T E R C I R C U I T , B A S E INPUT. 
A M B I E N T T E M P E R A T U R E - Z S ' C 

0 2 4 6 8 10 1 2 
COLLECTOR-TO-EMITTER VOLTS 82CM-1II89T 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C S 
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TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of small-signal and 
high-speed switching applications. 
J E D E C No. TO-18 package; outline 
12, Outlines Section. For curves of 
typical collector and transfer charac-

2N720A 

teristics, refer to type 2N718A. 

volts 
volts 

volts 
volts 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 120 max 
Collector-to-Emitter Voltage (with base open) 80 max 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 10 ohms or less) 100 max 
Emitter-to-Base Voltage (with collector open) 7 max 
Transistor Dissipation: 

A t case temperatures up to 25°C 1.8 max watts 
A t ambient temperatures up to 25°C 0.5 max watt 
A t case or ambient temperatures above 25°C See curve page 80 

Temperature Range: 
Operating (junction) —65 to 200 °C 
Storage —65 to 300 °C 

L e a d Temperature (for 10 seconds maximum) 255 max °C 

C H A R A C T E R I S T I C S 
Collector-to-Base Breakdown Voltage (with collector ma = 0.1 

and emitter current = 0) 120 min 
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 

and collector current = 0) 7 m i n 
Collector-to-Emitter Sustaining Voltage (with pulsed collector 

m a = 100* and base current = 0) 80 min 
Collector-to-Emitter Sustaining Voltage (with external base-to-

emitter resistance = 10 ohms and pulsed collector ma = 100*) 100 min 
Base-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and pulsed base ma = 15*) 1.3 max 
Collector-to-Emitter Saturation Voltage 

(with pulsed collector ma = 150* and pulsed base ma = 15*) 5 max 
Collector-Cutoff Current (with collector-to-base volts = 90 and 

emitter current = 0) 0.01 max 
Emitter-Cutoff Current (wi th emitter-to-base volts = 5 and 

collector current = 0) 0.01 max 
Thermal Resistance: 

Junction-to-case 97 max 
Junction-to-ambient 350 max 

in Common-Base Circuit 

Emitter-to-Base Capacitance (wi th emitter-to-base volts = 0.5 
and collector current = 0) 85 max 

Collector-to-Base Capacitance (with collector-to-base volts = 10 
and emitter current = 0) 15 max 

volts 

volts 

volts 

volts 

volts 

volts 

/ia 
C/wat t 
C / w a t t 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

5 6 

T Y P E 2 N 7 2 0 A 
COMMON-EMITTER C I R C U I T . B A S E INPUT. 
AMBIENT T E M P E R A T U R E - 2 5 ° C 

2 0 4 0 6 0 8 0 100 
C O L L E C T O R - T O - E M I T T E R VOLTS 

9ZCS-III75T 
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In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio: 
With collector-to-emitfer volts = 10 and pulsed collector 

ma = 150* 40 to 120 
With collector-to-emitter volts = 10 and pulsed collector 

ma = 10* 35 m i n 
With collector-to-emitter volts = 10 and collector ma 

= 0.1 20 min 
With ambient temperature = —55°C, collector-to-emitter volts 

= 10, and pulsed collector ma = 10* 20 m i n 
Smal l -Signal F o r w a r d Current-Transfer Ratio: 

With collector-to-emitter volts = 5, collector ma = 1, and 
frequency = 1 kilocycle 30 to 100 

With collector-to-emitter volts = 10, collector ma = 5, and 
frequency = 1 ki locycle 45 min 

With collector-to-emitter volts = 10, collector ma = 50, and 
frequency = 20 Mc 2.5 m i n 

Smal l -Signal Open-Circui t Reverse Voltage-Transfer Ratio at 
1 ki locycle: 
With collector-to-emitter volts = 5 and collector ma = 1 . . . . 1.25 x 10~a max 
With collector-to-emitter volts = 10 and collector ma = 5 . . . . 1.5 x 10 -* max 

Input Resistance at 1 ki locycle: 
With collector-to-emitter volts = 5 and collector ma = 1 20 to 30 ohms 
With collector-to-emitter volts = 10 and collector ma = 5 4 to 8 ohms 

Output Conductance at 1 ki locycle: 
With collector-to-emitter volts = 5 and collector m a = 1 0.5 max /xmho 
With collector-to-emitter volts = 10 and collector ma = 5 0.5 max /xmho 

* Pulse duration = 300 fisec; duty factor = 0.02 or less. 
** Refer to type 2N2102 for Total-Switching-Time Measurement Circuit. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

2N794 

2N795 

2N796 

TRANSISTOR 

2N828 

Germanium p-n-p type used in 
high-speed switching applications in 
which high reliability and high 
packaging densities are required. 
J E D E C No. TO-18; outline 12, Out
lines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) —15 max volts 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance " 10 ohms or less) —15 m a x volts 
Emitter-to-Base Voltage (with collector open) —2.5 max volts 
Collector Current —200 max ma 
Transistor Dissipation: 

A t case temperatures up to 25°C 300 max m w 
At ambient temperatures up to 25°C 150 max mw 
A t case or ambient temperatures above 25°C See curve page 80 

Temperature Range: 
Operating (junction) and storage —65 to 100 "C 

Lead Temperature (for 10 seconds maximum) 230 max *C 

C H A R A C T E R I S T I C S 
Base-to-Emitter Saturation Voltage 

(with collector ma = —10 and base ma = —1) 0.34 to 0.44 
Collector-to-Emitter Saturation Voltage: 

With collector ma = —10 and base ma = —1 —0.2 max 
With collector ma = —50 and base ma = —5 —0.25 max 

Collector-Cutoff Current (with collector-to-base volts = —6 
and emitter current = 0) —3 max 

volt 

volt 
volt 
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fit Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = —6, 
emitter current = 0, and frequency = 100 Mc) 6 max pf 

In Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Ratio (with collector-to-emitter 
volts = —0.3 and collector ma - —10) 25 min 

Smal l -S ignal F o r w a r d Current -Transfer Ratio (with collector-to-
emitter volts — — 1 , collector ma = —10, and frequency 

= 100 Mc) 3 m i n 
Gain-Bandwidth Product (with collector-to-emitter volts = —1 

and collector ma = —10) 300 min M c 

TRANSISTOR 
Silicon n-p-n type used in very-

high-speed switching applications in 
equipment requiring high reliability OKIQQA 
and high packaging densities. J E D E C ZIMOOI 

c No. TO-18 package; outline 12, Out
lines Section. 

M A X I M U M R A T I N G S 

Collector-to-Base Voltage (with emitter open) 40 max 
Collector-to-Emitter Voltage (with base short-circuited 

to emitter) 30 max 
Emitter-to-Base Voltage (with collector open) 5 max 
Collector Current 200 max 
Transistor Dissipation: 

At case temperatures up to 25°C 1 max watt 
At ambient temperatures up to 25°C 0.3 max watt 
A t case or ambient temperatures above 25°C See curve page 80 

Temperature Range: 
Operating (junction) and storage —65 to 175 °C 

Lead Temperature (for 10 seconds maximum) 240 max °C 

C H A R A C T E R I S T I C S 
Base-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 1) 0.9 max 
Collector-to-Emitter Saturation Voltage: 

With collector ma = 10 and base ma = 1 0.25 max 
With collector ma = 50 and base ma = 5 0.4 max 

Collector-Cutoff Current (with collector-to-base volts = 20 
and emitter current = 0) 0.5 max 

In Common-Base Circuit 

Collector-to-Base Capacitance (with collector-to-base volts = 10, 
emitter current = 0, and frequency = 100 Mc) 4 max 

In Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Ratio (with collector-to-emitter 
volts = 1 and collector m a = 10) 25 min 

Smal l -S ignal F o r w a r d Current -Transfer Ratio (with collector-to-
emitter volts = 15, collector ma = 10, and frequency — 100 Mc) 3.5 min 

Gain-Bandwidth Product (with collector-to-emitter volts = 15, 
collector ma =; 10, and frequency = 100 Mc) 350 m i n Mc 

volts 

volts 
volts 

ma 

volt 

volt 
volt 

IXSl 

pf 

TRANSISTOR 
Silicon n-p-n type used in high

speed logic-switching and very-
high-frequency amplifier applica
tions. J E D E C No. TO-18 package; 
outline 12, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage: 

With external base-to-emitter resistance = 10 ohms or less . . 
With base open 

2N914 

40 max volts 

20 max volts 
15 max volts 
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Emitter-to-Base Voltage (with collector open) . . . . . . . . . . . . . . . . 5 max volts 
Transistor Dissipation: 

At case temperatures up to 25°C 1.2max watts 
At ambient temperatures up to 25°C 0.36 m a x watt 
A t case or ambient temperatures above 25°C See curve page 80 

Temperature Range: 
Operating (junction) —65 to 200 °C 
Storage —65 to 300 °C 

Lead Temperature (for 10 seconds maximum) . . . . . . . . . . . . . . . . 300 max °C 

C H A R A C T E R I S T I C S 
Base-to-Emitter Saturation Voltage 

(with collector ma = 10 and base ma = 1) . . . . . . . . . . . . . . . . . . 0.7 to 0.8 volt 
Collector-to-Emitter Saturation Voltage 

(with collector ma = 200 and base ma = 20) 0.7 max volt 
Collector-Cutoff Current (with collector-to-base volts = 20 

and emitter current = 0) 0.025 max #a 

fn Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = —0.5, 
collector current — 0, and frequency = 140 kilocycles) 

Collector-to-Base Capacitance (with collector-to-base volts = 10, 
emitter ma — 0, and frequency = 140 kilocycles) 

In Common- -mitto.' Cin ' 

D C - P u l s e F o r w a r d Current-Transfer Rat io: 
With collector-to-emitter volts = 1 and collector ma = 10 
W i t h collector-to-emitter volts = 5 and collector ma = 500 . . . 

Smal l -Signal F o r w a r d Current-Transfer Ratio 
(with collector-to-emitter volts = 10 and collector ma = 20) . . 

9 max 

6 max 

30 to 120 
10 m i n 

Pf 

Pf 

3 m i n 

TRANSISTOR 
Germanium n-p-n types used in 2N955 high-speed logic-circuit applica

tions in data-processing equipment. 
J E D E C No. TO-18 package; outline 
12, Outlines Section. 

0 

M A X I M U M R A T I N G S 

Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage (with base open) 
Emitter-to-Base Voltage (with collector open) 
Collector Current 
Transistor Dissipation: 

A t ambient temperatures up to 25°C . . . . 
A t ambient temperatures above 25°C . . . . . . . . 

Ambient-Temperature Range: 
Operating and storage 

Lead Temperature (for 10 seconds maximum) . 

C H A R A C T E R I S T I C S 
Base-to-Emitter Saturation Voltage 

(with collector ma = 30 and base ma = 1) 
Collector-to-Emitter Saturation Voltage: 

With collector ma = 30 and base m a = 1 . . . . 
With collector ma = 100 and base ma = 5 . . 

Collector-Cutoff Current (with collector-to-base 
volts = 5 and emitter current = 0) 

Total Stored Charge (with collector ma = 30 
and base ma = 1.5) 

fn Common-Base Circuit 

Input Capacitance (with emitter-to-base volts 
= 0.5 and collector current = 0) 

Output Capacitance (with collector-to-base volts 
= 5 and emitter current — 0) 

fn Common-Emiffer Circuit 

Smal l -Signal F o r w a r d Current-Transfer Ratio 
(with collector-to-emitter volts = 5, collector 
ma = 20, and frequency = 100 Mc) 10 

2N955 
12 max 

8 max 
2 max 

100 max 

2N955A 
12 max 
8 max 
2 max 

150 max 

volts 
volts 
volts 

ma 

150 max 
See 

150 m a x 
curve page 80 

mw 

230 max 
65 to 100 

230 max °C 

0.3 to 0.6 0.3 to 0.6 volt 

0.5 max 0.3 max 
0.6 max 

volt 
volt 

5 max 5 max iia 

125 max 65 max pcoul 

10 max 10 max pf 

6 max 6 max pf 

10 
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D C F o r w a r d Current-Transfer Ratio: 
With collector-to-emitter volts — 0.5 

and collector ma = 30 30 min — 
With collector-to-emitter volts = 0.3 and . 

collector ma = 30 — 30 m m 

© B TRANSISTOR 
Germanium p-n-p type used in 

high-speed saturation switching ap
plications in industrial data-process
ing equipment. J E D E C No. TO-18 
package; outline 12, Outlines Section. 

£ f I _ \ c nign-speea saiurauuii switciuiig ap-
0—Lj( \Jh® plications in industrial data-process- 2N960 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage —15 max volts 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 0) 
Collector-to-Emitter Voltage 
Emitter-to-Base Voltage 
Collector Current 
Transistor Dissipation: 

A t case temperatures up to 25°C 
At ambient temperatures up to 25°C 
A t case or ambient temperatures above 25°C 

Temperature Range: 
Operating —55 to 100 
Storage —65 to 100 

—15 max 
—7 max 

—2.5 max 
—100 max 

300 max 
150 max 

volts 
volts 
volts 

ma 

mw 
mw 

L e a d Temperature (for 10 seconds maximum) 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Saturation Voltage: 

With collector ma = —10 and base ma = —1 
With collector ma = —50 and base ma = —5 
With collector m a = —100 and base ma - —10 

Collector-Cutoff Current (with collector-to-base volts = 
and emitter current = 0) 

See curve page 80 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = 
— 1 , collector current = 0, and frequency = 100 kc ) 

Collector-to-Base Capacitance (with collector-to-base volts 
—10, emitter current = 0, and frequency = 1 Mc) 

Ga in -Bandwidth Product (with collector-to-base volts = —1, 
emitter current — 20, and frequency = 100 Mc) 

In Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Ratio: 
With collector-to-emitter volts = —0.3 and collector ma =: —10 
With collector-to-emitter volts = —1 and collector ma = —50 
With collector-to-emitter volts = —1 and collector ma — —100 

230 max 

-0.2 max 
—0.4 max 
—0.7 max 

—3 max 

3.5 max 

4 max 

300 min 

20 m i n 
20 min 
20 min 

volt 
volt 
volt 

pf 

pf 

Mc 

© I TRANSISTOR 
Germanium p-n-p type used in 

high-speed saturated switching ap
plications in industrial data-process
ing equipment. J E D E C No. TO-18 
package; outline 12, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 0) 
Collector-to-Emitter Voltage 
Emitter-to-Base Voltage , 
Collector Current 
Transistor Dissipation: 

At case temperatures up to 25°C 
At ambient temperatures up to 25°C , 
A t case or ambient temperatures above 25°C 

2N961 

—12 max 

—12 max 
—7 max 
—2 max 

—100 max 

volts 

volts 
volts 
volts 

ma 

300 max m w 
150 max m w 

See curve page 80 
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Temperature Range: 
Operating —55 to 100 
Storage —65 to 100 

L e a d Temperature (for 10 seconds maximum) 230 max 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Saturation. Voltage: 

With collector ma = —10 and base ma = —1 —0.2 max 
With collector ma = —50 and base ma = —5 —0.4 m a x 
With collector ma = —100 and base ma = —10 —0.7 max 

Collector-Cutoff Current (with collector-to-base volts = —6 
and emitter current = 0) —3 max 

volt 
volt 
volt 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = 
— 1 , collector current = 0, and frequency = 100 k c ) 3.5 max pf 

Collector-to-Base Capacitance (with collector-to-base volts = 
—10, emitter current = 0, and frequency = 1 M c ) 4 max pf 

Gain-Bandwidth Product (with collector-to-base volts = — 1 , 
emitter current = 20, and frequency — 100 Mc) 300 min Mc 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio: 
With collector-to-emitter volts = —0.3 and collector ma = —10 
With collector-to-emitter volts = —1 and collector ma = —50 
With collector-to-emitter volts — —1 and collector ma = —100 

20 min 
20 min 
20 m i n 

TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap-
plications in industrial data-process-
ing equipment. J E D E C No. TO-18 
package; outline 12, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage —12 max volts 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 0) —12 max volts 
Collector-to-Emitter Voltage —7 max volts 
Emitter-to-Base Voltage —1.25 max volts 
Collector Current —100 max m a 
Transistor Dissipation: 

At case temperatures up to 25 "C 300 max m w 
At ambient temperatures up to 25°C 150 max m w 
At case or ambient temperatures above 25°C 

Temperature Range: 
Operating —55 to 100 
Storage —65 to 100 

See curve page 80 

L e a d Temperature (for 10 seconds maximum) 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Saturation Voltage: 

With collector ma = —10 and base ma = —1 
With collector ma = —50 and base ma = —5 
With collector ma = —100 and base ma = —10 . . . . 

Collector-Cutoff Current (with collector-to-base volts 
and emitter current - - 0) 

—6 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = 
— 1 , collector current = 0, and frequency = 100 kc ) 

Collector-to-Base Capacitance (with collector-to-base volts = 
—10, emitter current = 0, and frequency = 1 Mc) 

Gain-Bandwidth Product (with collector-to-base volts = — 1 , 
emitter current = 20, and frequency = 100 Mc) 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio: 
With collector-to-emitter volts = —0.3 and collector ma = —10 
With collector-to-emitter volts = —1 and collector ma = —50 
With collector-to-emitter volts = —1 and collector ma = —100 

230 max 

—0.2 max 
—0.4 max 
—0.7 max 

—3 max 

3.5 max 

4 max 

300 min 

20 min 
20 min 
20 min 

°C 
°C 
°C 

volt 
volt 
volt 

pf 

pf 

Mc 
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© 3 

TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap
plications in industrial data-process
ing equipment. J E D E C No. TO-18 
package; outline 12, Outlines Section. 

2N963 

M A X I M U M R A T I N G S 

Collector-to-Base Voltage —12 max volts 
Collector-to-Emitter Voltage (with external base-to-emitter 

resistance = 0) —12 max volts 
Collector-to-Emitter Voltage —7 max volts 
Emitter- to-Base Voltage —1.25 max volts 
Collector Current —100 max ma 
Transistor Dissipation: 

At case temperatures up to 25 °C 300 max m w 
A t ambient temperatures up to 25°C 150 max m w 
At case or ambient temperatures above 25°C See curve page 80 

Temperature Range: 
Operating —55 to 100 *C 
Storage —65 to 100 °C 

L e a d Temperature (for 10 seconds maximum) 230 max °C 

C H A R A C T E R I S T I C S 

Collector-to-Emitter Saturation Voltage (with collector ma = —19 
and base ma = —1) 

Collector-Cutoff Current (with collector-to-base volts = —6 
and emitter current = 0) 

In Common-Base Circuit 

Emitter-to-Base Capacitance (with emitter-to-base volts = — 1 , 
collector current = 0, and frequency = 100 kc ) 

Collector-to-Base Capacitance (with collector-to-base volts = —5, 
emitter current = 0, and frequency = 1 Mc) 

Ga in -Bandwidth Product (with collector-to-base volts = 1, 
emitter current = 20, and frequency = 100 Mc) 

In Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Ratio (with collector-to-emitter 
volts = —0.3 and collector ma = —10) 

—0.2 max volt 

—5 max na 

4 max 

5 max 

250 m i n 

20 m i n 

P f 

P f 

Mc 

TRANSISTOR 

2N960 except for the following items: 

Germanium p-n-p type used in 
high-speed saturated switching ap
plications in industrial data-process
ing equipment. J E D E C No. TO-18 
package; outline 12, Outlines Section. 
This type is identical with type 

2N964 

C H A R A C T E R I S T I C S 

Collector-to-Emitter Saturation Voltage: 
With collector m a = —10 and base ma = - 1 . , 
With collector ma = —50 and base ma = —5. , 
With collector ma = —100 and base ma = —10 

—0.18 max volt 
—0.35 max volt 

—0.6 max volt 

In Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Ratio: 
With collector-to-emitter volts = —0.3 and collector ma = —10 
With collector-to-emitter volts = —1 and collector ma = —50 
With collector-to-emitter volts = —1 and collector ma = —100 

40 min 
40 m i n 
40 min 
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TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap
plications in industrial data-process
ing equipment. J E D E C No. TO-18 
package; outline 12, Outlines Section. 
This type is identical with type 

2N961 except for the following items: 

2N965 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Saturation Voltage: 

With collector ma = —10 and base ma = — 1 . . . . . . . . . . . . . . . . —0.18 max volt 
With collector ma = —50 and base ma = —5 . . . . . . —0.35 max volt 
With collector m a = —100 and base ma = —10 —0.6 max volt 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Rat io: 
With collector-to-emitter volts = —0.3 and collector ma = —10 40 min 
With collector-to-emitter volts = —1 and collector ma = —50 40 min 
With collector-to-emitter volts = —1 and collector ma = —100 40 m i n 

TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap-

f\KlQJLJL plications in industrial data-process-
2lM700 big equipment. J E D E C No. TO-18 

package; outline 12, Outlines Section. 
This type is identical with type 

2N962 except for the following items: 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Saturation Voltage: 

With collector ma = —10 and base ma — — 1 . . 
With collector ma = —50 and base ma = —5 . . 
With collector ma = —100 and base ma = —10 

—0.18 max volt 
—0.35 max volt 

—0.6 max volt 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio: 
With collector-to-emitter volts = —0.3 and collector m a = —10 
With collector-to-emitter volts = —1 and collector ma = —50 
With collector-to-emitter volts = — 1 and collector ma = —100 

40 min 
40 min 
40 m i n 

TRANSISTOR 

Germanium p-n-p type used in 
high-speed saturated switching ap
plications in industrial data-process
ing equipment. J E D E C No. TO-18 
package; outline 12, Outlines Section. 
This type is identical with type 

2N963 except for the following items: 

C H A R A C T E R I S T I C S 

2N967 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 
volts = —0.3 and collector ma = —10) 40 min 
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TRANSISTOR 
Germanium n-p-n type used in 

low-noise small-signal audio-fre
quency amplifier applications. I t is 
used in input stages of audio-fre
quency amplifiers operating from 
extremely small input signals, such 

as high-fidelity preamplifiers, tape-recorder amplifiers, microphone preampli
fiers, and hearing aids, in which low noise is an important design considera
tion. J E D E C No. T O - 1 package; outline 4, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 10 max 
Collector-to-Emitter Voltage 10 max 
Emitter-to-Base Voltage (with collector open) 10 max 
Collector Current 2 max 
Emitter Current —2 max 
Transistor Dissipation: 

At ambient temperatures up to 55 D C 20 max 
Ambient-Temperature Range: 

Operating —65 to 55 
Storage —65 to 85 

C H A R A C T E R I S T I C S 
Collector-Cutoff. Current (with collector-to-base volts = 

and emitter current = 0) 
Emitter-Cutoff Current (with emitter-to-base volts = 2.5 

and collector current = 0) 

10 

In Common-Base Circuit 

Smal l -S ignal Forward-Current -Transfer -Rat io Cutoff Frequency 
(with collector-to-base volts = 3.5 and collector ma = 0.3) . . . 

In Common-Emitter Circuit 

Smal l -S ignal F o r w a r d Current-Transfer Ratio at 1 kilocycle 
(with collector-to-emitter volts = 3.5 and collector ma = 0.3) 

Noise Figure (with generator resistance = 1000 ohms 
and integrated noise bandwidth — 15 kilocycles) 

10 max 

6 max 

35 

5 

volts 
volts 
volts 

ma 
ma 

m w 

°C 
' C 

,tia 

Mc 

db 

See Lis t of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 2N1014 

2N1023 

TRANSISTOR 
Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment. 
I t is used in the design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilites over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re
sistance and collector-transition capacitance, and improves performance at 
high frequencies. The center lead is internally connected to the metal case to 
provide integral shielding which minimizes interlead capacitance and coupling 
to adjacent circuit components. For curves of typical collector characteristics 
and for video-amplifier circuit, refer to type 2N384. J E D E C No. TO-44 package; 
outline 16, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage (with base-to-emitter volts 0.5) 

—40 max 
—40 max 

volts 
volts 
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Emitter-to-Base Voltage (with collector open) —0.5 max volt 
Collector Current —10 max ma 
Emitter Current 10 max ma 
Transistor Dissipation: 

At case temperatures up to 25°C 240 max m w 
A t ambient temperatures up to 25 °C 120 max mw 
A t case or ambient temperatures above 25°C See curve page 80 

Temperature Range: 
Operating (junction) and storage —65 to 100 °C 

C H A R A C T E R I S T I C S 
Collector-to-Base Breakdown Voltage 

(with collector /ta — —50 and emitter current = 0) —80 volts 
Collector-to-Emitter Reach-Through Voltage 

(with emitter-to-base volts = —0.5) —80 volts 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) —4 /ia 
Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current = 0) —1 /ta 
Thermal Resistance: 

Junction-to-case •, 0.31 max "C/mw 
Junction-to-ambient 0.62 max ° C / m w 

In Common-Base Circuit 
Small -Signal Forward-Current -Transfer -Rat io Cutoff Frequency 

(with collector-to-base volts = —12 and emitter ma = 1.5) . . 120 Mc 
Input Resistance with ac output circuit shorted (with collector-

to-base volts — —12, emitter ma = 1.5, and frequency = 50 Mc) 25 ohms 
Output Resistance wi th ac input circuit shorted (with collector-

to-base volts = —12, emitter m a = 1.5 and frequency = 50 Mc) 8000 ohms 
Collector-to-Base Capacitance (with collector-to-base volts 

= —12 and emitter current = 0) 2 pf 
Power G a i n (with collector-to-base volts = —12, 

emitter ma = 1.5, and frequency = 50 Mc) 21 db 

In Common-Emitter Circuit 
Small -Signal Forward Current-Transfer Ratio (with collector-to-

emitter volts = —12, emitter ma = 1.5 and frequency 
= 1 ki locycle) 60 

Input Resistance wi th ac output circuit shorted (with collector-
to-emitter volts = —12, emitter ma = 1.5, and frequency 
= 30 Mc) 100 ohms 

Output Resistance with ac input circuit shorted (with collector-
to-emitter volts — —12, emitter ma ~ —1.5, and frequency 
= 30 Mc) 8000 ohms 

Power G a i n (with collector-to-emitter volts = —12, 
emitter ma = 1.5, and frequency = 30 Mc) 23 db 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T 
D C Collector-to-Emitter Voltage —12 volts 
D C Emitter Current 5 8 ma 
Source Impedance 150 ohms 
Capacitive L o a d 16 pf 
Frequency Response 20 cps to 11 Mc 
Pulse Rise Time 0.032 
Voltage Gain 26 
Maximum Peak-to-Peak Output Voltage 20 

TRANSISTOR 
Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment. 
It is used in the design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re
sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead is internally connected to the metal case to provide 
integral shielding which minimizes interlead capacitance and coupling to adja
cent circuit components. J E D E C No. TO-33 package; outline 13, Outlines Sec
tion. This type is electrically identical with type 2N1023. 

2N1066 
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POWER T R A N S I S T O R 
Silicon n-p-n type used in a 

•wide variety of intermediate-power 
switching and amplifier applications O Kl 1 flfJf 
in industrial and military equipment. A I N I U O # 
I t is used in power-switching, dc-to-
dc converter, inverter, chopper, 

solenoid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-8 package; outline 8, Outlines Section. 
M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e s h o r t - c i r c u i t e d to e m i t t e r 60 m a x v o l t s 
W i t h b a s e o p e n 45 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 12 m a x v o l t s 
C o l l e c t o r C u r r e n t 0.5 m a x a m p e r e 
E m i t t e r C u r r e n t —0.5 m a x a m p e r e 
B a s e C u r r e n t 0.2 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 5 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e —65 to 175 ° C 

C H A R A C T E R I S T I C S 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 

a n d c o l l e c t o r m a = 200) —1.2 v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 60 

a n d e m i t t e r c u r r e n t = 0 ) 15 / ta 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 12 

a n d c o l l e c t o r c u r r e n t = 0 ) 1 Ma 
C o l l e c t o r C u r r e n t : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 60 a n d b a s e s h o r t - c i r c u i t e d 
to e m i t t e r 100 / ta 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 30 a n d b a s e o p e n 100 /xa 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 15 " C / w a t t 
J u n c t i o n - t o - a m b i e n t 100 m a x ° C / w a t t 

T h e r m a l T i m e C o n s t a n t 8 m s e c 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 28 a n d c o l l e c t o r m a = 5 ) . . . . 1.5 M c 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
— i — i — i — i — i — i — n — r — i — i — 
TYPE 2 N I 0 6 7 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING— BASE TEMPERATURE=25°C 

0 5 10 1 5 20 25 30 35 40 45 50 
COL LECTOR-TO-EMITTER VOLTS 92CM-I000ITI 
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In Common-Emitter Circuit 

(with collector-to-emitter D C Forward Current-Transfer Ratio 
volts = 4 and collector ma = 200 ) 

D C Collector-to-Emitter Saturation Resistance 
(with collector ma = 200 and base ma = 20 ) 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T B E L O W 
D C Collector Supply Voltage ( B 2 ) 
D C Base Supply Voltage ( B i ) . . . 
Generator Resistance 
On D C Collector Current (Ic) . . . 
T u r n - O n D C Base Current (IBI) 
Turn-Off D C Base Current (I B 2) 
Switching T ime: 

Delay time (td) 
Rise time ( t r ) 
Storage time ( t s ) 
F a l l time (tt) 

35 

12 
- 1 2 

50 
200 

20 
- 2 0 

0.2 
1.2 
0.7 
0.9 

ohms 

volts 
volts 
ohms 

ma 
ma 
ma 

Asec 
/isec 
/tsec 
/isec 

T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C S 

Ul 
01 

2 5 

UJ a. 5 
< 20 

M
IL

 

1 5 

Ul 
<n 
<. 10 
<E 

5 

0 

T Y P E 2 N I 0 6 7 
. C O M M O N - E M I T T E R C I R C U I T , 

B A S E I N P U T . 
C O L L E C T O R - T O - E M I T T E R V O L T S - 4 
M O U N T I N G - B A S E 

T E M P E R A T U R E ' S 

500 | 

400 • 

300 i 

Ct R 2 

2N1068 

1 2 3 9 2 C S - I 0 0 2 3 
B A S E - TO - E M I T T E R V O L T S 

9 2 C S - I 0 0 0 2 T 
B i , B 2 = 12 volts 
C i = 5 /af, electrolytic, 25 volts 
R i = 51 ohms, 1 watt 
R 2 = 280 ohms, 0.5 watt 
R s = 700 ohms, 1 watt 
Ri — 59 ohms, 2 watts 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of intermediate-power 
switching and amplifier applications 
in industrial and military equip
ment. I t is used in power switching, 
dc-to-dc converter, inverter, chop

per, solenoid and relay control circuits; in oscillator, regulator, and pulse-
amplifier circuits; and as a class A or class B push-pull audio and servo 
amplifier. I t features low saturation resistance, high current and power dissi
pation, high beta at high current, and excellent high-temperature performance. 
J E D E C No. TO-8 package; outline 8, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage 60 max volts 
Collector-to-Emitter Voltage: 

With base short-circuited to emitter 60 max volts 
With base open 45 max volts 

Emitter-to-Base Voltage (with collector open) 12 max volts 
Collector Current 1.5 max amperes 
Emitter Current —1.5 m a x amperes 
Base Current 0.5 max ampere 
Transistor Dissipation: 

At case temperatures up to 25°C 10 max watts 
At case temperatures above 25°C See curve page 80 

Temperature Range: 
Operating (junction) and storage — 6 5 to 175 "C 
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CHARACTERISTICS 
Emitter-to-Base Voltage (with collector-to-emitter volts = 4 

and collector ma = 750) 
Collector-Cutoff Current (with collector-to-base volts = 60 

and emitter current = 0) 
Emitter-Cutoff Current (with emitter-to-base volts = 12 

and collector current = 0) 
Collector Current : 

With collector-to-emitter volts = 60 and base short-circuited 
to emitter 

With collector-to-emitter volts = 30 and base open 
Thermal Resistance: 

Junction-to-case 
Junction-to-ambient 

T h e r m a l T ime Constant 

—1.2 
15 

1 

100 
100 

volts 

DA 

7.5 0 C / w a t t 
100 max ° C / w a r t 

8 msec 

In Common-Base Circuit 

Small -Signal Forward-Current -Trans fer -Rat io Cutoff Frequency 
(with collector-to-base volts = 28 and collector m a = 5) . . . . 1.5 Mc 

In Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Ratio (wi th collector-to-emitter 
volts — 4 and collector ma = 750) 38 

D C Collector-to-Emitter Saturation Resistance 
(with collector ma = 750 and base ma = 20) 3 ohms 

TYPICAL COLLECTOR CHARACTERISTICS 

1.2 

^ 0 . 6 

0.4 

0 . 2 

T Y P E 2 N I 0 6 8 1 1 1 1 

C O M M O N - E M I T T E R CIRCUIT, B A S E INPUT. 
MOU NTING - B A S E : T E M I 5 E R A T J R E « 2 5°C 

2 5 

20_ 

!_ 
i3 N ; 

h 1 0 h 
5 'PATi, 

• 1 0 3 — r - ^ T i l • 1 0 

3 A S E M I L L I A M P E R E S - ! 

1 1 1 
10 15 20 25 30 35 4 0 4 5 5 0 

COLLECTOR - T O - E M I T T E R VOLTS 92CM-I0006TI 

TYPICAL TRANSFER CHARACTERISTICS 

3 

T Y F 
cot, 
C O L 
M01 

E 2N 
W O N 
L E C T 
JNTIN 

106! 
- E M I 
0 R - T 
6 - B A 

i 
T T E R 
0 - E N 
S E T 

C I R C 
I T T E 
E M P E 

UIT. E 
R V 0 
. R A T I 

A S E I 
_TS«4 
) R E = 

NPUT. 

2 5 ° C 

- 4 y - 4 

r 

0 . 5 ^ 
u 

0 .5 I 1.5 2 
B A S E - T O - E M I T T E R V O L T S 

S2CS-I0OOTT 

TRANSISTOR 
Q R 2 

C - ) f t v W 

9 2 C S - I 0 0 a 3 
B i , B 3 = 12 volts 
C i = 5 / i f . electrolytic, 25 volts 
R i = 51 ohms, 1 watt 
R2 = 100 ohms, 0.5 watt 
R 3 = 320 ohms, 1 watt 
R4 = 15.9 ohms, 2 watts 
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T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T 
D C Collector Supply Voltage ( B 2 ) 12 volts 
D C Base Supply Voltage (B i ) —12 volts 
Generator Resistance 50 ohms 
O n D C Collector Current ( I c ) 750 ma 
T u r n - O n D C Base Current (IBI) 50 ma 
Turn-Off D C Base Current (IB2) —50 ma 
Switching T ime: 

. Delay time (ta) 0.2 /isec 
Rise time (tr) 1.6 /isec 
Storage time (ts) 1 Asec 
F a l l time (tt) 1.8 usee 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of intermediate-power f^5 

switching and amplifier applications f r v / 
in industrial and military equip- V 1 * i ^ / 
ment. It is used in power switching, E © ( I ) B 
dc-to-dc converter, inverter, chopper, 

solenoid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-3 package; outline 5, Outlines Section. This type is identical with type 
2N1070 except for the following: 

C H A R A C T E R I S T I C S 
Emitter-to-Base Voltage (with collector-to-emitter volts = 4 

and collector amperes = 1.5) —1.7 volts 

In Common-Emitter Circuit 

D C Collector-to-Emitter Saturation Resistance 
(with collector amperes = 1.5 and base ma = 300) 0.7 ohm 

POWER TRANSISTOR 

Silicon n-p-n type used in a 
wide variety of intermediate-power ^ 

O K l 1 iY7(\ switching and amplifier applications [ f~V / i 
X l N I U / U in industrial and military equipment. k^" J 

It is used in power switching, dc-to- E © 
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. I t 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-3 package; outline 5, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 60 max volts 
Collector-to-Emitter Voltage: 

With base short-circuited to emitter 60 max volts 
With base open 45 max volts 

Emitter-to-Base Voltage (with collector open) 9 max volts 
Collector Current 4 max amperes 
Emitter Current —4 max amperes 
Base Current 1.3 max amperes 
Transistor Dissipation: 

At mounting-flange temperatures up to 25°C 50 max watts 
At mounting-flange temperatures above 25°C See curve page 80 

Temperature Range: 
Operating (junction) and storage —65 to 175 c 
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CHARACTERISTICS 
Emitter-to-Base Voltage (with collector-to-emitter volts = 4 

and collector amperes — 1.5) 
Collector-Cutoff Current (with collector-to-base volts = 60 

and emitter current = 0) 
Emitter-Cutoff Current (with emitter-to-base volts = 9 

and collector current = 0) 
Collector Current : 

With collector-to-emitter volts = 60 and base short-circuited 
to emitter 

With collector-to-emitter volts = 45 and base open 
T h e r m a l Resistance: 

Junction-to-mounting-flange 
T h e r m a l T i m e Constant 

In Common-Base Circuit 

Smal l -S ignal Forward-Current -Trans fer -Rat io Cutoff Frequency 
(with collector-to-base volts = 12 and collector ma = 100) . . 

la Common-Emitter Circuit 

D C F o r w a r d Current -Transfer Ratio (with collector-to-emitter 
volts ; 4 and collector amperes = 1.5) 

D C Collector-to-Emitter Saturation Resistance 
(with collector amperes = 1.5 and base m a = 1.5) 

-1.1 

25 

1 

200 
200 

1 2 

20 

0.4 

volts 

iia 

ju.a 

•C/wat t 
msec 

Mc 

ohm 

T Y P I C A L C O L L E C T O R CHARACTERIST ICS 
1 1 1 1 I 1 • 1 

TYPE 2N I070 
_COMMON-EMITTER CIRCUIT, BASE INPUT 

MOU MTING - FLAr JGE TE MPER ATURE «25°C 

B ^SE M LL1AM PERES = 100 

^ 6 0 ^ ̂ 50 
^"O-V 
4 0 > 2^50 

30 

20 
10 • • 

5 

• 

3.5 -

10 15 20 25 30 35 40 4 5 50 
C O L L E C T O R - T O - EMITTER VOLTS 

T Y P I C A L T R A N S F E R CHARACTERIST ICS 
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R VO 

i 1 
\ S E INPUT. 
TURE-=25°C 
-TS»4 

0.5 I 1.5 
BASE-TO—EMITTER VOLTS 

92CS-I00Z6T 

(/> uj 
a: 
UJ 
a. 

2 § 
oz 
u 

' c! 

0.5 

0 

Ct R 2 

92CS-I0023 
B i , B 2 = 12 volts 
C i = 5/if, electrolytic, 25 volts 
R i = 51 ohms, 1 watt 
Ra = 10 ohms, 0.5 watt 
R3 = 75 ohms, 1 watt 
R4 = 7.5 ohms, 2 watts 
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T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T 

D C C o l l e c t o r S u p p l y V o l t a g e (B2) 12 v o l t s 
D C B a s e S u p p l y V o l t a g e ( B i ) . 12 v o l t s 
G e n e r a t o r R e s i s t a n c e 50 o h m s 
O n D C C o l l e c t o r C u r r e n t ( I C ) 1.5 a m p e r e s 
T u r n - O n D C B a s e C u r r e n t ( IBI ) 200 m a 
T u r n - O f l D C B a s e C u r r e n t (IBZ) „ —200 m a 
S w i t c h i n g T i m e : 

D e l a y t i m e ( td) 0.2 / i s e c 
R i s e t i m e ( t r ) 1.8 ^ s e c 
S t o r a g e t i m e ( t 8 ) 0.8 usee 
F a l l t i m e ( t t ) 1.4 / / . sec 

TRANSISTOR (?)b 
Germanuim n-p-n type used in 

O K I 1 A A A high-current, medium-speed switch-
X l M I UVU hig circuits in electronic computers. 

J E D E C No. TO-5 package; outline 
6, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) . . . . . . . . . . . . . . . . . 25 m a x 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e - t o - e m i t t e r v o l t s = - 1 . . . . 18 m a x 
W i t h b a s e o p e n 15 m a x 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 20 m a x 
C o l l e c t o r C u r r e n t 400 m a x 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 120 m a x 
A t a m b i e n t t e m p e r a t u r e o f 5 5 ° C 35 m a x 
A t a m b i e n t t e m p e r a t u r e o f 7 1 ° C 10 m a x 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g a n d s t o r a g e . . . . . . . . . . . . . , . , . . . . . . . . . . . . . . . . . . . . . = — 6 5 to 85 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e : 

W i t h c o l l e c t o r m a = 20 a n d b a s e m a = 0.67 0-4 m a x 
W i t h c o l l e c t o r m a = 200 a n d b a s e m a = 10 1 5 m a x 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 
W i t h c o l l e c t o r m a = 20 a n d b a s e m a = 0.67 0.2 m a x 
W i t h c o l l e c t o r m a = 200 a n d b a s e m a = 10 0.3 m a x 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 12 
a n d e m i t t e r c u r r e n t = 0 ) 8 m a x 

S t o r e d B a s e C h a r g e ( w i t h c o l l e c t o r m a = 20 a n d b a s e m a = 1.33) 1600 m a x 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 6 
a n d e m i t t e r c u r r e n t = 0 ) 2 5 m a x 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 6 a n d e m i t t e r m a = —1) . . 5 m i n 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : . 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.2 a n d c o l l e c t o r m a = 20 . . 30 m m 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.3 a n d c o l l e c t o r m a = 200 . . 20 m m 

v o l t s 

v o l t s 
v o l t s 
v o l t s 

m a 

m w 
m w 
m w 

v o l t 
v o l t s 

v o l t 
v o l t 

M a 
pcoul 

pf 
M c 

2N1091 

following items: 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e - t o - e m i t t e r v o l t s = — 1 
W i t h b a s e o p e n 

TRANSISTOR 
Germanium n-p-n type used in 

high-current, medium-speed switch
ing circuits in electronic computers. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. This type is iden
tical with type 2N1090 except for the 

15 m a x 
12 m a x 

v o l t s 
v o l t s 
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C H A R A C T E R I S T I C S 
Base-to-Emitter Voltage: 

With collector ma = 20 and base ma = 0.5 0.35 max volt 
With collector ma = 200 and base ma = 6.7 1.1 max volts 

Collector-to-Emitter Saturation Voltage: 
With collector ma = 20 and base ma = 0.5 0.2 max volt 
With collector ma = 200 and base ma = 6.7 0.3 max volt 

Collector-Cutoff Current (with collector-to-base volts = 12 
and emitter current = 0) « „ „ 8 m a x ^ a 

Stored Base Charge (with collector ma = 20 and base ma — 1) 1000 max pcoul 

In Common-Base Circuit 

Forward-Current -Trans fer -Rat io Cutoff Frequency 
(with collector-to-base volts = 6 and emitter ma = —1) 10 m m Mc 

Collector-to-Base Capacitance (with collector-to-base volts = 6 
and emitter current = 0) 25 max pf 

In Common-Emitter Circuit 

F o r w a r d Current -Transfer Ratio: 
With collector-to-emitter volts = 0.2 and collector ma = 20 . . 40 min 
With collector-to-emitter volts = 0.3 and collector ma = 200 . , 30 min 

2N1092 

POWER TRANSISTOR 
Silicon n-p-n type used in -a 

wide variety of intermediate-power 
switching and amplifier applications 
in industrial and military equip
ment. I t is used in power switching, 
dc-to-dc converter, inverter, chop

per, solenoid and relay control circuits; in oscillator, regulator, and pulse-
amplifier circuits; and as a class A or class B push-pull audio and servo 
amplifier. It features low saturation resistance, high current and power dissi
pation, high beta at high current, and excellent high-temperature performance. 
J E D E C No. TO-5 package; outline 6, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage: 

With base short-circuited to emitter 
With base open „ 

Emitter-to-Base Voltage (wi th collector open) 
Collector Current 
Emitter Current 
Base Current 
Transistor Dissipation: 

A t case temperatures up to 25°C 
A t case temperatures above 25° C 

Temperature Range: 
Operating (junction) and storage —65 to 175 

C H A R A C T E R I S T I C S 
Emitter-to-Base Voltage (with collector-to-emitter volts = 4 

and collector ma = 200) 
Collector-Cutoff Current (with collector-to-base volts = 60 

and emitter current = 0) 
Emitter-Cutoff Current (wi th emitter-to-base volts = 12 

and collector current — 0) 
Collector Current : 

With collector-to-emitter volts = 60 and base 
short-circuited to emitter 

With collector-to-emitter volts = 30 and base open 
Thermal Resistance: 

Junction-to-case 
Junction-to-ambient 

T h e r m a l T ime Constant 

60 max volts 

volts 
volts 
volts 

60 max 
30 max 
12 max 

0.5 max ampere 
—0.5 max ampere 

0.2 max ampere 

2 max watts 
See curve page 80 

- 1 . 2 

15 

1 

100 
100 

volts 

lia 

na 

na 

35 ° C / w a t t 
225 max ° C / w a t t 

8 msec 

In Common-Base Circuit 
Small -Signal Forward-Current -Transfer -Rat io Cutoff Frequency 

(with collector-to-base volts = 28 and collector ma = 5) . . . . 

In Common-Emitter Circuit 

(with collector-to-emitter D C F o r w a r d Current-Transfer Ratio 
volts = 4 and collector ma = 200) , 

1.5 

35 

Mc 
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D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e 
( w i t h c o l l e c t o r m a = 200 a n d b a s e m a = 20 ) 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T B E L O W 
D C C o l l e c t o r S u p p l y V o l t a g e ( B 2 ) 
D C B a s e S u p p l y V o l t a g e ( B i ) 
G e n e r a t o r R e s i s t a n c e 
O n D C C o l l e c t o r C u r r e n t ( I c ) 
T u r n - O n D C B a s e C u r r e n t ( IBI ) 
T u r n - O f f D C B a s e C u r r e n t ( IB 2 ) 
S w i t c h i n g T i m e : 

D e l a y t i m e ( td) 
R i s e t i m e ( t r ) 
S t o r a g e t i m e ( t » ) 
F a l l t i m e ( t r ) 

3 o h m s 

12 v o l t s 
- 1 2 v o l t s 

50 o h m s 
200 m a 

20 m a 
- 2 0 m a 

0.2 Msec 
1.2 / t s e c 
0.7 /usee 
0.9 / t s e c 

T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C S 

to 
UJ 
tr 

25 
lij 
O-
2 < 20 
- J 
-1 

15 
Z 

15 

UJ 
in 10 
<L 

10 
m 

5 

0 

TYPE 2 N I 0 9 2 
_COMMON- EMITTER CIRCUIT, 

BASE INPUT. 
COLLECTOR-TO-EMITTER V0LTS=4 
CASE TEMPERATURE =25°0 / 

V 

400 

300 

200 ' 

100 

• EMITTER VOLTS 
92CS-I0044T 

T R A N S I S T O R _ C 

C i R 2
 I B | 

9 2 C S - 1 0 0 8 3 
B i , B 2 =: 12 v o l t s 
C i = 5 / i f , e l e c t r o l y t i c , 25 v o l t s 
R i - 51 o h m s , 1 w a t t 
R 2 : 280 o h m s , 0.5 w a t t 
R s --- 700 o h m s , 1 w a t t 
R * = 59 o h m s , 2 w a t t s 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
• 1 1 1 1 1 

TYPE 2N1092 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

- 1 CM 

re 
bs. 

A 
JZ 

IC 

4 \ 
T/0)V 

(WATT BASE MILLIAMPERES = 2 (WATT 

1 1 

I 600 

500 
1 

I 

400 

300 

200 

100 

20 25 30 35 40 45 50 
COLLECTOR-TO-EMITTER VOLTS 92CM-IQ043T1 

POWER TRANSISTOR 

2N1099 

Germanium p-n-p type used in 
a wide variety of switching and am
plifier applications in industrial and 
military equipment requiring tran
sistors having high voltage, current, 
and dissipation values. I t is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
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power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satis
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section. 
This type is identical with type 2N173 except for the following items: 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter-to-base volts = 1.5) —80 max volts 
Emitter-to-Base Voltage (with collector open) —40 max volts 

C H A R A C T E R I S T I C S 
Collector-to-Emitter Breakdown Voltage: 

With base short-circuited to emitter and collector amperes 
= —0-3 —70 m i n volts 

With base open and collector amperes = —0.3 —60 volts 
Collector-to-Emitter Reach-Through Voltage —80 m i n volts 
Collector-Cutoff Current (with collector-to-base volts = —80 

and emitter current = 0) —2 ma 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

i i—i i i—m—i—r 
TYPE 2 N I 0 9 9 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE*25°C 

- 3 0 - 4 0 - 5 0 - 6 0 
C O L L E C T O R - T O - E M I T T E R VOLTS 

- 8 0 
92CM-I0733T 

POWER TRANSISTOR 

2N1100 

Germanium p-n-p type used in 
a wide variety of switching and am
plifier applications in industrial and 
military equipment requiring tran
sistors having high voltage, current, 
and dissipation values. It is used in 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satis
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section. 
This type is identical with type 2N174 except for the following items: 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter-to-base volts = —1.5) . . —100 max volts 
Emitter-to-Base Voltage (with collector open) —80 max volts 
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C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h b a s e 

s h o r t - c i r c u i t e d to e m i t t e r a n d c o l l e c t o r a m p e r e s = —0 .3 ) . . . „ - —80 m i n v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —100 

a n d e m i t t e r c u r r e n t = 0 ) — 1 m a x v o l t 
C o l l e c t o r - t o - E m i t t e r R e a c h - T h r o u g h V o l t a g e ^ 1 0 0 m i n v o l t s 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —80 

a n d c o l l e c t o r c u r r e n t = 0 ) — 1 m a 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —100 

a n d e m i t t e r c u r r e n t = 0) — 2 m a 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

tn 

- 4 0 - 6 0 
COLLECT0 .R-TO-

- 8 0 - 1 0 0 
EMITTER VOLTS 

TRANSISTOR 
Germanium n-p-n bidirectional 

type used in medium-speed switch
ing circuits in data-processing 
equipment. This type is designed so 
that the emitter can also function 
as a collector and the collector can 

also function as an emitter. I t is especially useful in bidirectional switching, 
core-driver, and ac-signal relay circuits. J E D E C No. TO-5 package; outline 6, 
Outlines Section. 

2N1T69 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 25 m a x 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 25 m a x 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e - t o - e m i t t e r v o l t s = - 1 20 m a x 
W i t h b a s e o p e n 18 m a x 

C o l l e c t o r C u r r e n t ± 4 0 0 m a x 
E m i t t e r C u r r e n t ± 4 0 0 m a x 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 120 m a x 
A t a m b i e n t t e m p e r a t u r e of 5 5 ° C 35 m a x 
A t a m b i e n t t e m p e r a t u r e o f 7 1 ° C 10 m a x 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g — 6 5 to 71 
S t o r a g e • • - 6 5 to 85 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = 200 a n d b a s e 

m a = 10) 1-5 m a x 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a 

= 200 a n d b a s e m a = 10) 0.3 m a x 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 12 

a n d e m i t t e r o p e n ) 10 m a x 

v o l t s 
v o l t s 

v o l t s 
v o l t s 

m a 
m a 

m w 
m w 
m w 

° C 
° C 

v o l t s 

v o l t 

ua 
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In Common-Base Circuit 
Forward-Current -Trans fer -Rat io Cutoff Frequency 

(with collector-to-base volts = 6 and collector ma = 1) . . . . 
Collector-to-Base Capacitance (with collector-to-base volts =: 6 

and collector current = 0) 

In Common-Emitter Circuit 

F o r w a r d Current -Transfer Ratio (wi th collector-to-emitter volts 
= 0.3 and collector ma = 200) 

4.5 min 

19 

20 min 

Mc 

Pf 

2N1170 

TRANSISTOR 
Germanium n-p-n bidirectional 

type used in medium-speed switch
ing circuits in data-processing 
equipment. This type is designed so 
that the emitter can also function 
as a collector and the collector can 

also function as an emitter. It is particularly useful in bidirectional switching, 
core-driver, and ac-signal relay circuits. J E D E C No. TO-5 package; outline 6, 
Outlines Section. This type is identical with type 2N1169 except for the fol
lowing items: 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Emitter-to-Base Voltage (with collector open) 
Collector-to-Emitter Voltage: 

With base-to-emitter volts = —1 
With base open 

C H A R A C T E R I S T I C S 
Collector-Cutoff Current 

and emitter open) 
(with collector-to-base volts = 12 

40 max 
40 max 

39 max 
20 max 

volts 
volts 

volts 
volts 

8 max 

TRANSISTOR 
H Germanium p-n-p type used in 

( "N radio-frequency amplifier applica
nt— I J tions in F M and A M / F M radio re- O K I 1 1 7 7 

—r\ ceivers. I n a typical F M tuner A I N I I / / 
V B is c operating at 100 megacycles, this 

type can provide a power gain of 
14 db. J E D E C No. TO-45 package; outline 17, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (wi th emitter open) —30 max 
Emitter-to-Base Voltage (with collector open) —1 max 
Collector Current —10 max 
Emitter Current 10 max 
Transistor Dissipation: 

At ambient temperatures up to 25°C 80 max 
A t ambient temperature of 55°C 50 max 
At ambient temperature of 71°C 23 max 

Ambient-Temperature Range: 
Operating —65 to 71 
Storage —65 to 85 

C H A R A C T E R I S T I C S 
Collector-to-Base Breakdown Voltage 

(with emitter-to-base volts = —0.5 and collector /xa = —50) . . —30 min 
Collector-Cutoff Current (with collector-to-base volts = —12 

and emitter current = 0) —12 max 
Emitter-Cutoff Current (with emitter-to-base volts = —1 

and collector current = 0) —12 max 

fn Common-Bose Circuit 
Smal l -S ignal F o r w a r d Current-Transfer Ratio (with collector-

to-base volts = —12, collector ma = — 1 , and frequency = 1 
kilocycle) 0.99 

volts 
volt 

ma 
ma 

mw 
mw 
mw 

°C 
°C 

volts 

/13. 
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Small-Signal Forward-Current -Trans fer -Rat io Cutoff Frequency 
(with collector-to-base volts — —12 and collector ma = — 1 ) 140 Mc 

In Common-Emitter Circuit 

D C Forward Current-Transfer Ratio (with collector-to-emitter 
volts = — 1 2 , collector ma = — 1 , and frequency = 1 ki locycle) 

TYPICAL OPERATION 
D C Collector-to-Base Voltage 
D C Collector Current 
Signal Frequency 
Input Resistance (with ac output circuit shorted) 
Output Resistance (with ac input circuit shorted) 
Extr ins ic Transconductance 
Collector-to-Base Output Capacitance 
Maximum Available Power Gain 

100 

—12 
- 1 . 5 

100 
45 

3800 
24250 

2 
14 

volts 
ma 
Mc 

ohms 
ohms 

timhos 
Pf 
db 

T Y P I C A L C O L L E C T O R CHARACTERIST ICS 

- 0 . 5 

0 

1 1 1 1 1 1 
T Y P E 2NI I77 
C O M M O N - E M I T T E R C I R C U I T , B A S E I N P U T . 
A M B 
P IN 

E N T T 
3 CON 

E M P E F 
X E C T E 

A T U R 
3 T O C 

: - 2 5 " 
R 0 U N C 

C 
). 0 . 

MICR< 3 A M P E ? E S = - 0 B A S E MICR< 3 A M P E ? E S = - 0 0 

- 2 - 4 - 6 - 8 - 1 0 - 1 2 - 1 4 - 1 6 - 1 8 - 2 0 - 2 2 - 2 4 - 2 6 
C O L L E C T O R - T O - E M I T T E R V O L T S 92CM-I0200T) 

TRANSISTOR 

2N1178 

Germanium p-n-p type used in 
radio-frequency oscillator applica
tions in F M and A M / F M radio re
ceivers. In local-oscillator service at 
a frequency above the incoming rf 
signal, this type can supply an rf 

mixer stage with required oscillator-injection voltage for optimum mixing 
throughout the F M band. J E D E C No. TO-45 package; outline 17, Outlines Sec
tion. This type is identical with type 2N1177 except for the following items: 

C H A R A C T E R I S T I C S 

In Common-Base Circuit 

Smal l -Signal F o r w a r d Current-Transfer Ratio (with collector-to-
base volts = — 1 2 , collector ma = — 1 , and frequency 
= 1 ki locycle) 0.976 

In Common-Emitter Circuit 

D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 
volts =: — 1 2 , collector ma = — 1 , and frequency = 1 ki locycle) 40 

T Y P I C A L O P E R A T I O N 
D C Collector-to-Base Voltage — 1 1 volts 
Collector Current —2 .5 ma 



Technical Data 199 

Signal Frequency 110.7 Mc 
Extr ins ic Transconductance 21800 /tmhos 
Collector-to-Base Output Capacitance 2 pf 

TRANSISTOR 
Germanium p-n-p type used in 

) radio-frequency mixer applications 
in F M and A M / F M radio receivers. A M I 1 7 Q 
I n a typical F M tuner operating at Z I M 1 1 / 7 
100 megacycles, this type can pro
vide a conversion power gain of 

17 db. J E D E C No. TO-45 package; outline 17, Outlines Section. This type is 
identical with type 2N1177 except for the following items: 

M A X I M U M R A T I N G S 

In Common-Base Circuit 

Smal l -Signal F o r w a r d Current-Transfer Ratio (with collector-
to-base volts — —12, collector ma = — 1 , and frequency 
= 1 ki locycle) 0.988 Mc 

In Common-Base Circuit 

D C F o r w a r d Current-Transfer Ratio (with collector-to-emitter 
volts = —12, collector ma — — 1 , and frequency = 1 kilocycle) 80 

T Y P I C A L O P E R A T I O N 
D C Collector-to-Base Voltage —12 volts 
D C Collector Current —0.8 ma 
Signal Frequency 100 Mc 
Input Resistance (with ac output circuit shorted) 40 ohms 
Output Resistance (with ac input circuit shorted and 

intermediate frequency = 10.7 Mc) 90000 ohms 
R M S Base-to-Emitter Oscillator 

Injection Voltage 125 mv 
Extr ins ic Conversion Transconductance 7500 /tmhos 
Collector-to-Base Output Capacitance 2 pf 
Maximum Available Conversion Power G a i n 17 db 

TRANSISTOR 
Germanium p-n-p type used in 

) intermediate-frequency amplifier ap-

J plications in F M and A M / F M radio Q K ] 1 1 Q f i 
receivers. I n a three-stage 10.7- A I V I I O U 

c megacycle if amplifier circuit, this 
type can provide a useful power 

gain of 65 db with neutralization or 57 db without neutralization. J E D E C No. 
TO-45 package; outline 17, Outlines Section. This type is identical with type 
2N1177 except for the following items: 
M A X I M U M R A T I N G S 
Emitter-to-Base Voltage (with collector open) —0.5 max volt 

C H A R A C T E R I S T I C S 
Emitter-Cutoff Current (with emitter-to-base volts = —0.5 

and collector current = 0) —12 max fia 

In Common-Base Circuit 

Smal l -Signal F o r w a r d Current-Transfer Ratio (with collector-
to-base volts = —12, collector ma = — 1 , and frequency 
= 1 ki locycle) 0.988 

Small -Signal Forward-Current -Transfer -Rat io Cutoff Frequency 
(with collector-to-base volts = —12 and collector ma = —1) . . 100 Mc 
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tin Common-Emitter Circuit 
D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 

v o l t s — — 1 2 , c o l l e c t o r m a = — 1 , a n d f r e q u e n c y = 1 k i l o c y c l e ) 

T Y P I C A L O P E R A T I O N 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e 
D C C o l l e c t o r C u r r e n t 
S i g n a l F r e q u e n c y 
I n p u t R e s i s t a n c e ( w i t h a c o u t p u t c i r c u i t s h o r t e d ) 
O u t p u t R e s i s t a n c e ( w i t h a c i n p u t c i r c u i t s h o r t e d ) 
E x t r i n s i c T r a n s c o n d u c t a n c e 
C o l l e c t o r - t o - B a s e O u t p u t C a p a c i t a n c e 
M a x i m u m P o w e r G a i n : 

Single Stage 
A v a i l a b l e . . . . . . . . . . . . . . < > 35 
U s e f u l : 

I n n e u t r a l i z e d c i r c u i t 23 
I n u n n e u t r a l i z e d c i r c u i t 20 

80 

—12 v o l t s 
- 1 . 5 m a 
10.7 M c 
325 o h m s 

24000 o h m s 
40250 ( i m h o s 

2 P f 

Three Stages 
35 d b 

21.6 d b 
19 d b 

2N1183 
2N1183A 
2N1183B 

2N1183B 

—80 m a x v o l t s 

—80 m a x v o l t s 
—60 m a x v o l t s 
—40 m a x v o l t s 

—20 m a x v o l t s 
— 3 m a x a m p e r e s 
3.5 m a x a m p e r e s 

—0.5 m a x a m p e r e 

POWER TRANSISTOR 
Germanium p-n-p types used in 

intermediate-power switching and 
low-frequency amplifier applications 
in industrial and military equipment. 
They are used in power switching, 
dc-to-dc converters, choppers, sole

noid drivers, and relay controls; in oscillator, regulator, and pulse-amplifier 
circuits; and as class A or class B amplifiers for servo and linear amplifier 
applications. J E D E C No. TO-8 package; outline 8, Outlines Section. 

M A X I M U M R A T I N G S 
2N1183 2N1183A 

C o l l e c t o r - t o - B a s e V o l t a g e 
( w i t h e m i t t e r o p e n ) — 4 5 m a x —60 m a x 

C o l l e c t o r - t o - E m i t t e r V o l t a g e : 
W i t h e m i t t e r - t o - b a s e v o l t s = —1.2 . —45 m a x —60 m a x 
W i t h b a s e s h o r t - c i r c u i t e d to e m i t t e r —35 m a x —50 m a x 
W i t h b a s e o p e n —20 m a x —30 m a x 

E m i t t e r - t o - B a s e V o l t a g e 
( w i t h c o l l e c t o r o p e n ) —20 m a x —20 m a x 

C o l l e c t o r C u r r e n t — 3 m a x — 3 m a x 
E m i t t e r C u r r e n t 3.5 m a x 3.5 m a x 
B a s e C u r r e n t —0.5 m a x —0.5 m a x 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C . . 7.5 m a x 7-5 m a x 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 1 m a x 1 m a x 
A t c a s e o r a m b i e n t t e m p e r a t u r e s 

a b o v e 2 5 ° C 
T e m p e r a t u r e R a n g e : 

O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e . . 

C H A R A C T E R I S T I C S 
2N1183 2N1183A 

C o l l e c t o r - t o - E m i t t e r B r e a k d o w n 
V o l t a g e : 
W i t h e m i t t e r - t o - b a s e v o l t s = —1.2 

a n d c o l l e c t o r m a = —0-25 —45 m i n —60 m i n 
W i t h b a s e s h o r t - c i r c u i t e d to e m i t t e r 

a n d c o l l e c t o r m a = —50 —35 m i n —50 m i n 
W i t h b a s e o p e n a n d c o l l e c t o r m a 

= —50 —20 m i n —30 m i n 
E m i t t e r - t o - B a s e V o l t a g e 

( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s 
= — 2 a n d c o l l e c t o r m a = —400) . 1.5 m a x 1.5 m a x 

C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = —1.5 

a n d e m i t t e r c u r r e n t = 0 —30 m a x —30 m a x 
W i t h c o l l e c t o r - t o - b a s e v o l t s = —45 

a n d e m i t t e r c u r r e n t = 0 —250 m a x — 
W i t h c o l l e c t o r - t o - b a s e v o l t s = —60 

a n d e m i t t e r c u r r e n t — 0 — —250 m a x 
W i t h c o l l e c t o r - t o - b a s e v o l t s = —80 

a n d e m i t t e r c u r r e n t = 0 — — 
E m i t t e r - C u t o f f C u r r e n t 

( w i t h e m i t t e r - t o - b a s e v o l t s = —20 
a n d c o l l e c t o r c u r r e n t = 0 ) —100 m a x —100 m a x 

7.5 m a x 
1 m a x 

w a t t s 
w a t t 

S e e c u r v e p a g e 80 

—65 to 100 

2N1183B 

—80 m i n 

—60 m i n 

—40 m i n 

1.5 m a x 

—30 m a x 

—250 m a x 

—100 m a x 

v o l t s 

v o l t s 

v o l t s 

v o l t s 
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C o l l e c t o r S a t u r a t i o n R e s i s t a n c e ( w i t h 
c o l l e c t o r m a = —400 a n d b a s e m a 
= — 4 0 ) 1.25 m a x 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - b a s e 10 m a x 
J u n c t i o n - t o - a m b i e n t 75 m a x 

In Common-Base Circuit 
S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s 

f e r - R a t i o C u t o f f F r e q u e n c y ( w i t h 
c o l l e c t o r - t o - b a s e v o l t s = —6 a n d 
e m i t t e r m a = 1 ) 500 m i n 

In Common-Emitter Circuit 
D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o 

( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s 
= — 2 a n d c o l l e c t o r m a - — 4 0 0 ) . . 20 to 60 

1.25 m a x 

10 m a x 
75 m a x 

500 m i n 

20 to 60 

1.25 m a x o h m s 

10 m a x ° C / w a t t 
75 m a x " C / w a t t 

500 m i n 

20 to 60 

kc 

T Y P I C A L T R A N S F E R CHARACTERISTIC 

S - 2 UJ CL 
5 

1 - , 

T Y P E 
COMV 

• C A S E 
Wl 

2 N I I 8 
ON -E t 
T E M P 

TH HE 

3FJ 
AITTEF 
ERATU 
kt s i r 

! CIRCL 
R E - 2 
K . 

IT, BA 
5 ° C 

; E INP JT. 

0 . 5 I 1.5 2 2 .5 
E M I T T E R - T O - B A S E VOLTS 

9ZCS-I0433TI 

9 2 C S - I 0 4 5 7 R I 
B i , B 2 = 12 v o l t s 
C i = 10 ju-f, e l e c t r o l y t i c , 25 v o l t s 
R i = 51 o h m s , 2 w a t t s 
R2 = 120 o h m s , 2 w a t t s 
R s = 230 o h m s , 1 w a t t 
R i — 29.5 o h m s , 5 w a t t s 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T A B O V E 
D C C o l l e c t o r S u p p l y V o l t a g e ( B 2 ) 
D C B a s e S u p p l y V o l t a g e ( B i ) 
G e n e r a t o r R e s i s t a n c e 
O n D C C o l l e c t o r C u r r e n t ( I c ) 
T u r n - O n D C B a s e C u r r e n t ( IBI) 
T u r n - O f f D C B a s e C u r r e n t (IB2) 
S w i t c h i n g T i m e : 

D e l a y t i m e ( t a ) 
R i s e t i m e ( t r ) 
S t o r a g e t i m e ( t 8 ) 
F a l l t i m e ( t i ) 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
1 1 1 r 

T Y P E 2 N I I 8 3 B 
- C O M M O N - E M I T T E R CIRCUIT, B A S E INPUT. 

C A S E T E M P E R A T U R E - = 2 5 - 0 
WITH H E A T SINK. 

- 1 2 
12 
50 

—400 
—40 

40 

0.2 
2 

1.8 
1.4 

v o l t s 
v o l t s 

o h m s 
m a 
m a 
m a 

/ i s e c 
M-sec 
fisec 
fisee 

- 1 0 - 1 2 - 1 4 - 1 6 - 1 8 - 2 0 
C O L L E C T O R - T O - E M I T T E R V O L T S 9ZCM-I0425TI 
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T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
1 1 1 1 1 

TYPE 2 N I I 8 3 B 
-COMMON-EMITTER CIRCUIT, BASE IN 

CASE TEMPERATURE » 25°C 
WITH HEAT SINK. 

PUT : " 

1 1 1 1 1 
TYPE 2 N I I 8 3 B 

-COMMON-EMITTER CIRCUIT, BASE IN 
CASE TEMPERATURE » 25°C 

WITH HEAT SINK. 

A — " 

%~ 

-160 
" -14 0 

-120 
_ - 1 0 0 

- «. . . 

^80 
| -6C ) 

- 4 0 

- 2 0 

BASE WILLI/ M P F R F S = - IO l i j s l • T.5 

0 - 2 - 4 - 6 - 8 -10 -12 -14 -16 -18 - 2 0 
COLLECTOR-TO-EMITTER VOLTS 9ECM-I0440H 

POWER TRANSISTOR 
Germanium p-n-p types used in 

intermediate-power switching and 
low-frequency amplifier applications 
in industrial and military equipment. 
They are used in power switching, 
dc-to-dc converters, choppers, sole

noid drivers, and relay controls; in oscillator, regulator, and pulse-amplifier 
circuits; and as class A or class B amplifiers for servo and linear amplifier 
applications. J E D E C No. TO-8 package; outline 8, Outlines Section. These types 
are identical with types 2N1183, 2N1183A and 2N1183B, respectively, except 
for the following items: 

2N1184 
2N1184A 
2N1184B 

C H A R A C T E R I S T I C S 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = - — 2 a n d c o l l e c t o r m a = — 4 0 0 ) 40 to 120 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
1 1 1 1 — ~ r — i 1 1 1 

T Y P E 2 N I I 8 4 B 
-COMMON-EMITTER CIRCUIT, BASE INPUT. —. 

CASE TEMPERATURE = 25°C 
WITH HEAT SINK. 

0 - 2 - 4 - 6 - 8 -10 -12 -14 -16 -18 - 2 0 
COLLECTOR-TO-EMITTER VOLTS 92CM-I0426TI 
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T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

-6 - 8 -10 -12 -14 -16 -18 - 2 0 
COLLECTOR-TO-EMITTER VOLTS 92CM-I0439TI 

See Lis t of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 2N1213 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 2N1214 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 2N1215 

See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 2N1216 

2N1224 

TRANSISTOR 
Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
mixer and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment. 
It is used in the design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re
sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead internally connected to the metal case provides 
integral shielding which minimizes interlead capacitance and coupling to adja
cent circuit components. J E D E C No. TO-33 package; outline 13, Outlines Sec
tion. This type is electrically identical with type 2N274. 
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2N1225 

TRANSISTOR 
Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment 
I t is used in the design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re
sistance and collector-transition capacitance, and improves performance at 
high frequencies. A fourth lead internally connected to the metal case provides 
integral shielding which minimizes interlead capacitance and coupling to adja
cent circuit components. J E D E C No. TO-33 package; outline 13, Outlines Sec
tion. This type is electrically identical with type 2N384. 

2N1226 

TRANSISTOR 
Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment. 
It is used in the design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re
sistance and collector-transition capacitance, and improves performance at 
high frequencies. A fourth lead internally connected to the metal case provides 
integral shielding which minimizes interlead capacitance and coupling to adja
cent circuit components. J E D E C No. TO-33 package; outline 13, Outlines Sec
tion. This type is electrically identical with type 2N274 except for the following 
items: 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) —60 max volts 
Collector-to-Emitter Voltage (with base-to-emitter volts = 0.5) —60 m a x volts 

C H A R A C T E R I S T I C S 
Collector-to-Base Breakdown Voltage (with collector /ia = —50 

and emitter current = 0) —100 volts 
Collector-to-Emitter Reach-Through Voltage 

(with emitter-to-base volts - - —0.5) . . . . . . . . —100 volts 

TRANSISTOR 
Germanium p-n-p type used in 

high-speed switching applications in 2N1300 data-processing equipment. J E D E C 
No. TO-5 package; outline 6, Out
lines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Collector-to-Emitter Voltage (with base open) 
Emitter-to-Base Voltage (with collector open) 
Collector Current 
Emitter Current 
Transistor Dissipation: 

At ambient temperatures up to 25°C 
At ambient temperatures above 25°C 

—13 max 
—12 max 

—1 max 
—100 max 

100 max 

150 max 

volts 
volts 
volt 
ma 
ma 

mw 
See curve page 80 
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Ambient-Temperature Range: 
Operating and storage —65 to 85 C 

L e a d Temperature (for 10 seconds max imum) . . . . . . . . . . . . . . . . . . 255 max C 

C H A R A C T E R I S T I C S 
Base-to-Emitter Voltage (wi th collector m a = —40 

and base ma = —1) —0.4 max volt 
Collector-Cutoff Current (with collector-to-base volts = —6 

and emitter open) —3 max #a 
Total Stored Charge (with collector m a = —10 

and base ma = —1) 400max pcoul 

In Common-Base Circuit 

Collector Capacitance (wi th collector-to-base volts = —6 
and emitter current - 0) 12max pf 

In Common-Emitter Circuit 

F o r w a r d Current -Transfer Ratio (wi th collector-to-emitter 
volts = —0.3 and collector ma = —10) 30 min 

Ga in -Bandwidth Product (with collector-to-emitter volts 
= —3 and collector m a = —10) „- 2 5 m i n Mc 

TRANSISTOR 
Germanium p-n-p type used in 

high-speed switching applications in 
data-processing equipment. J E D E C 
No. TO-5 package; outline 6, Out
lines Section. Maximum ratings for 
this type are the same as for type 

2N1300 except for the following items: 

M A X I M U M R A T I N G S 
Emitter-to-Base Voltage (with collector open) . . . . . . . . . . . . . . . . 

C H A R A C T E R I S T I C S 
Base-to-Emitter Voltage (wi th collector m a = —40 

and base ma = —1) . , 
Collector-Cutoff Current (with collector-to-base volts = —6 

and emitter current — 0) 
Total Stored Charge: 

With collector ma = —10 and base ma = —0.4 .: 
With collector ma = —40 and base ma = —1.6 

2N1301 

—4 max volts 

—0.6 max 

—3 max 

volt 

325 m a x pcoul 
800 max pcoul 

In Common-Base Circuit 

Collector Capacitance (wi th collector-to-base volts = —6 
and emitter open) 12 m a x Pf 

In Common-Emitter Circuit 

F o r w a r d Current-Transfer Ratio: 
With collector-to-emitter volts = —0.3 and collector m a = —10 
With collector-to-emitter volts = —0.5 and collector ma = —40 

Gain-Bandwidth Product (with collector-to-emitter volts = —3 
and collector ma — —10) 

30 min 
40 m i n 

35 min Mc 

TRANSISTOR 
Germanium n-p-n type used in 

medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. 

M A X I M U M R A T I N G S 
Collector-to-Base Voltage (with emitter open) 
Emitter-to-Base Voltage (with collector open) 
Collector Current 

2N1302 

25 max volts 
25 max volts 

300 max ma 
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T r a n s i s t o r D i s s i p a t i o n : 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 150 m a x m w 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g —65 to 85 ° C 
S t o r a g e —65 to 100 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 230 m a x ° C 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = 10 a n d b a s e 

m a = 0.5) 0.15 to 0.4 v o l t 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 

( w i t h c o l l e c t o r m a = 10 a n d b a s e m a = 0.5) 0.2 m a x v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 25 

a n d e m i t t e r c u r r e n t = 0 ) 6 m a x fia 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 5 
a n d e m i t t e r c u r r e n t = 0) 20 m a x p f 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d e m i t t e r m a = 1) 3 m i n M c 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 1 a n d c o l l e c t o r m a = 10 . . . . - 20 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.35 a n d c o l l e c t o r m a — 200 . 10 m i n 

2N1303 

TRANSISTOR 

Germanium p-n-p type used in 
medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) —30 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) — 2 5 m a x v o l t s 
C o l l e c t o r C u r r e n t —300 m a x m a 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 150 m a x m w 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g —65 to 85 ° C 
S t o r a g e - 6 5 to 100 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 230 m a x ° C 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = —10 a n d b a s e 

m a = —0.5) —0.15 to —0.4 v o l t 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 

( w i t h c o l l e c t o r m a = —10 a n d b a s e m a = —0.5) —0.2 m a x v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —25 

a n d e m i t t e r c u r r e n t = 0 ) —6 m a x /ia 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = — 5 
a n d e m i t t e r c u r r e n t = 0 ) 20 m a x p f 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = — 5 a n d e m i t t e r m a — 1 ) . . . . 3 m i n M c 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 1 a n d c o l l e c t o r m a = —10 . . 20 m m 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = —0.35 a n d c o l l e c t o r m a = —200 10 m m 
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TRANSISTOR 
Germanium n-p-n type used in 

medium-speed switching applica-
_ ^ c tions in data-processing equipment. 

J E D E C No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1302 except 

for the following: 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = 10 a n d b a s e m a 

= 0 .5) 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 

( w i t h c o l l e c t o r m a = 10 a n d b a s e m a = 0.25) 

In Common-Base Circuit 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d e m i t t e r m a = 1 ) 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 1 a n d c o l l e c t o r m a = 10 . . 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 0.35 a n d c o l l e c t o r m a = 200 . 

2N1304 

0.15 to 0.35 v o l t 

0.2 m a x v o l t 

5 m i n 

40 to 200 
15 m i n 

M c 

TRANSISTOR 
Germanium p-n-p type used in 

medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1303 except 

for the following: 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = —10 

a n d b a s e m a = —0.5 ) 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = —10 

a n d b a s e m a = —0.25) 

2N1305 

—0.15 to —0.35 v o l t 

—0.2 m a x v o l t 

In Common-Base Circuit 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = — 5 a n d e m i t t e r m a = 1) 5 m i n M c 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 

- 1 0 a n d c o l l e c t o r m a = —10 . 
-0 .35 a n d c o l l e c t o r m a = —200 

40 to 200 
15 m i n 

TRANSISTOR 
Germanium n-p-n type used in 

medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1302 except 

for the following: 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = 10 a n d b a s e m a 

= 0.5) 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 

( w i t h c o l l e c t o r m a = 10 a n d b a s e m a = 0.17) 

2N1306 

0.15 to 0.35 v o l t 

0.2 m a x v o l t 
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In Common-Base Circuit 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d e m i t t e r m a = 1 ) . . . . . „ - 1 0 m i n M c 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 1 a n d c o l l e c t o r m a = 10 . . . . 60 to 300 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.35 a n d c o l l e c t o r m a — 200 . 20 m i n 

2N1307 

for the following: 

TRANSISTOR 
Germanium p-n-p type used in 

medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1303 except 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = —10 

a n d b a s e m a — —0.5) 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 

( w i t h c o l l e c t o r m a = —10 a n d b a s e m a = —0.17) 

In Common-Base Circuit 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = — 5 a n d e m i t t e r m a = 1 ) 

—0.15 to - 0 . 3 5 v o l t 

—0.2 m a x v o l t 

10 m i n M c 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 1 a n d c o l l e c t o r m a = —10 . 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = —0.35 a n d c o l l e c t o r m a = —200 

60 to 300 
20 m i n 

2N1308 

for the following: 

TRANSISTOR 
Germanium n-p-n type used in 

medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1302 except 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = 10 a n d b a s e m a 

0.5) 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 

( w i t h c o l l e c t o r m a = 10 a n d b a s e m a - 0 .13) . „ 

In Common-Base Circuit 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d e m i t t e r m a — 1 ) . . . . . . . . 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 1 a n d c o l l e c t o r m a = 10 . . . . 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.35 a n d c o l l e c t o r m a — 200 . 

0.15 to 0.35 v o l t 

0.2 m a x v o l t 

15 m i n 

80 m i n 
20 m i n 

M c 
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TRANSISTOR 
Germanium p-n-p type used in 

medium-speed switching applica
tions in data-processing equipment. 
J E D E C No. TO-5 package; outline 
6, Outlines Section. This type is 
identical with type 2N1303 except 

for the following: 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = —10 

a n d b a s e m a = —0.5 ) 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 

( w i t h c o l l e c t o r m a = —10 a n d b a s e m a = —0.13) 

In Common-Base Circuit 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = — 5 a n d e m i t t e r m a = 1 ) . . . . 

fn Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 1 a n d c o l l e c t o r m a = —10 . . 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — —0.35 a n d c o l l e c t o r m a = —200 

2N1309 

—0.15 to —0.35 v o l t 

—0.2 m a x 

15 m i n 

80 m i n 
20 m i n 

v o l t 

M e 

TRANSISTOR 
Germanium p-n-p bidirectional 

type used in medium-speed switch
ing circuits in data-processing 
equipment. This type is designed 
so that the emitter can also function 
as a collector and the collector can 

also function as an emitter. It is especially useful in bidirectional switching,, 
core-driver, and ac-signal relay circuits. J E D E C No. TO-5 package; outline 6,, 
Outlines Section. 

2N1319 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e - t o - e m i t t e r v o l t s = 1 ) 
C o l l e c t o r C u r r e n t , 
E m i t t e r C u r r e n t , 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e o f 55 ° C 
A t a m b i e n t t e m p e r a t u r e o f 7 1 ° C 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g 
S t o r a g e 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = —400 

a n d b a s e m a = —26 .7 ) 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 

( w i t h c o l l e c t o r m a = —400 a n d b a s e m a =: —26.7 ) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 

a n d e m i t t e r c u r r e n t = 0) 
-12 

In Common-Base Circuit 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = —6 a n d e m i t t e r m a = 1 ) 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 
a n d e m i t t e r c u r r e n t = 0 ) 

In Common-Emitter Circuit 

—20 m a x 
—20 m a x 
—20 m a x 

± 4 0 0 m a x 
± 4 0 0 m a x 

120 m a x 
35 m a x 
10 m a x 

- 6 5 to 71 
- 6 5 to 85 

—1 .5 m a x 

—0.3 m a x 

—6 m a x 

3 m i n 

30 m a x 

v o l t s ; 
v o l t s 
v o l t s 

m a 
m a 

m w 
m w 
m w 

° C 
°C 

v o l t s 

v o l t 

MS 

M c 

P f 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s 
= —0.3 a n d c o l l e c t o r m a = —400) 15 m i n 
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POWER TRANSISTOR 
Germanium p-n-p type used in ^ i L L 

a wide variety of switching and am-
r%|klI Q C Q plifier applications in industrial and 
Am I >3 I O « 3 0 military equipment requiring tran- ? 

sistors having high voltage, current, 
and dissipation values. It is used in ^ B 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satis
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section. 
This type is identical with type 2N174 except for the following items: 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e : 

W i t h b a s e s h o r t - c i r c u i t e d to e m i t t e r a n d c o l l e c t o r a m p e r e s 
= —0.3 —70 m i n v o l t s 

W i t h b a s e o p e n a n d c o l l e c t o r a m p e r e s = —0 .3 —40 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s =; — 2 a n d c o l l e c t o r a m p e r e s 
= — 5 —0.65 v o l t 

W i t h c o l l e c t o r - t o - b a s e v o l t s = —2 a n d c o l l e c t o r a m p e r e s = —1.2 —0.35 v o l t 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —80 

a n d e m i t t e r c u r r e n t = 0 ) —0.15 v o l t 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —60 

a n d c o l l e c t o r c u r r e n t = 0 ) — 1 m a 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = — 2 

a n d e m i t t e r c u r r e n t = 0) —100 fia 

In Common-Base Circuit 
S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 

( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 a n d c o l l e c t o r a m p e r e s 
= — 1 ) 100 k c 

In Common-Emitter Circuit 
D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — —2 a n d c o l l e c t o r a m p e r e s 
= —1.2 55 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = —2 a n d c o l l e c t o r a m p e r e s 
= - 5 35 

2N1384 

TRANSISTOR 
Germanium p-n-p type used in 

high-speed switching circuits in 
electronic computers. J E D E C No. 
TO-11 package; outline 10, Outlines 
Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) —30 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) —30 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) — 1 m a x v o l t 
C o l l e c t o r C u r r e n t —500 m a x m a 
E m i t t e r C u r r e n t 500 m a x m a 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 240 m a x m w 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g a n d s t o r a g e —65 to 85 C 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = —200 

a n d b a s e m a = —10) —0.9 m a x v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —3 

a n d e m i t t e r c u r r e n t = 0 ) —8 m a x fia 
S t o r e d B a s e C h a r g e ( w i t h c o l l e c t o r m a = —10 a n d b a s e m a = — 1 ) 800 m a x p c o u l 
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In Common-Emitter Circuit 

0.5 a n d c o l l e c t o r m a 
F o r w a r d C u r r e n t - T r a n s f e r R a t i o 

( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s == 
= - 2 0 0 ) 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s 
— — 3 a n d c o l l e c t o r m a = —10) 

20 m i n 

20 m i n Mc 

2N1395 

TRANSISTOR 
Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment. 
I t is used in the design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re
sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead internally connected to the metal case provides 
integral shielding which minimizes interlead capacitance and coupling to adja
cent circuit components. J E D E C No. TO-33 package; outline 13, Outlines Sec
tion. This type is electrically identical with type 2N274 except for the collector-
characteristic curves shown below and a higher common-emitter small-signal 
forward current-transfer ratio of 90. 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

T Y P E 2 N I 3 9 5 8 2 N I 3 9 6 
COMMON-EMITTER CIRCUIT.BASE INPUT. 
AMBIENT TEMPERATURE = 25° C 

- 5 

5-4 

B A S E M I C R O A M P E R E S - ^ ? 

-10 -12 -14 -16 -18 -20 - 2 2 - 2 4 -26 
COLLECTOR-TO-EMITTER VOLTS 92CM-I0398T 

TRANSISTOR 
Germanium p-n-p type used in 

rf and if amplifier circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment. 
It is used in the design of rf circuits 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re-

2N1396 
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sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead internally connected to the metal case provides 
integral shielding which minimizes interlead capacitance and coupling to adja
cent circuit components. J E D E C No. TO-33 package; outline 13, Outlines 
Section. This type is electrically identical with type 2N384 except for the col
lector-characteristic curves, which are the same as for type 2N1395, and a 
higher common-emitter small-signal forward current-transfer ratio of 90» 

TRANSISTOR 

2N1397 

Germanium p-n-p type used in 
rf and if amplifier circuits; oscillator, 
mixer, and converter circuits; and 
low-level video-amplifier circuits in 
industrial and military equipment. 
I t is used in the design of rf circuits 09 IS 

having high input-circuit efficiency, excellent operating stability, good auto
matic-gain-control capabilities over a wide range of input-signal levels, and 
good signal-to-noise ratio. The drift-field construction provides low base re
sistance and collector-transition capacitance, and improves performance at high 
frequencies. A fourth lead internally connected to the metal case provides 
integral shielding which minimizes interlead capacitance and coupling to adja
cent circuit components. J E D E C No. TO-33 package; outline 13, Outlines 
Section. This type is electrically identical with type 2N1023 except for the col
lector-characteristic curves, which are the same as for type 2N1395, and a 
higher common-emitter small-signal forward current-transfer ratio of 90«, 

POWER TRANSISTOR 
Germanium p-n-p type used in a 

wide variety of switching and ampli-
ONil A10 ^ e r a P P n c a t i Q n s h i industrial and 
<& I N i H I A\ military equipment requiring tran

sistors having high voltage, current, 
and dissipation values. I t is used in ^ B 

power-switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency 
oscillator and audio-amplifier service. This type is designed to provide satis
factory performance under extreme environmental conditions of temperature, 
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact, 
and has a cold-weld seal to insure reliable performance under severe environ
mental conditions. J E D E C No. TO-36 package; outline 14, Outlines Section, 
This type is identical with type 2N174 except for the collector-characteristics 
curves, which are the same as for type 2N1100, and the following items: 
M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = —1.5 ) . , —100 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) „ —60 m a x v o l t s 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h b a s e s h o r t -

c i r c u i t e d to e m i t t e r a n d c o l l e c t o r a m p e r e s = —0 .3 ) „„ —80 m i n v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —80 

a n d e m i t t e r c u r r e n t = 0 ) — 1 m a x v o l t 
C o l l e c t o r - t o - E m i t t e r R e a c h - T h r o u g h V o l t a g e „ —100 m i n v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —100 

a n d e m i t t e r c u r r e n t = 0 ) , — 2 m a 

2N1425 See List of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 
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See Lis t of Discontinued Transistors at 
Technical Data Section for abbreviated data. 

end of 2N1426 

See Last of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 2N1450 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of medium-power 
switching and amplifier applications is|y| "l ATFQ 
in industrial and military equipment. ^ I ^ • " / J 
I t is used in power switching, dc-to-
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. I t 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-5 package; outline 6, Outlines Section. This type is identical with type 
2N1482 except for the following: 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 60 m a x v o l t s 
W i t h b a s e o p e n 40 m a x v o l t s 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = 1.5 a n d c o l l e c t o r m a = 0.25) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e 

( w i t h c o l l e c t o r m a = 50 a n d b a s e c u r r e n t = 0 ) 40 m i n v o l t s 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o 
( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d c o l l e c t o r m a = 400) . . 20 to 60 

D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e 
( w i t h c o l l e c t o r m a = 200 a n d b a s e m a — 2 0 ) 7 m a x o h m s 

2N1480 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of medium-power 
switching and amplifier applications 
in industrial and military equipment. 
I t is used in power switching, dc-to-
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits, and as a class A or class B push-pull audio and servo amplifier. I t 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-5 package; outline 6, Outlines Section. This type is identical with type 
2N1482 except for the following items: 

C H A R A C T E R I S T I C S 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 200) 20 to 60 

D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e 
( w i t h c o l l e c t o r m a = 200 a n d b a s e m a = 20) 7 m a x o h m s 
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2N1481 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of medium-power 
switching and amplifier applications 
in industrial and military equipment. 
It is used in power switching, dc-to-
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-5 package; outline 6, Outlines Section. This type is identical with type 
2N1482 except for the following items: 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 
W i t h b a s e o p e n 

60 m a x 

60 m a x 
40 m a x 

v o l t s 

v o l t s 
v o l t s 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e 

( w i t h e m i t t e r - t o - b a s e v o l t s = 1.5 a n d c o l l e c t o r m a = 0.25) 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e 

( w i t h c o l l e c t o r m a := 50 a n d b a s e c u r r e n t = 0 ) 

60 m i n 

40 m i n 

v o l t s 

v o l t s 

2N1482 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of medium-power 
switching and amplifier applications 
in industrial and military equipment. 
I t is used in power switching, dc-to-
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. It 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-5 package; outline 6, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 
W i t h b a s e o p e n 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 
C o l l e c t o r C u r r e n t 
E m i t t e r C u r r e n t -
B a s e C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 
A t c a s e t e m p e r a t u r e s a b o v e 25° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = 1.5 a n d c o l l e c t o r m a = 0.25) 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e 

( w i t h c o l l e c t o r m a = 50 a n d b a s e c u r r e n t = 0 ) 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 

a n d c o l l e c t o r m a — 200) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 

a n d e m i t t e r c u r r e n t = 0 ) 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 12 

a n d c o l l e c t o r c u r r e n t = 0 ) 

100 m a x v o l t s 

100 m a x v o l t s 
55 m a x v o l t s 
12 m a x v o l t s 

1.5 m a x a m p e r e s 
—1.75 m a x a m p e r e s 

1 m a x a m p e r e 

5 m a x w a t t s 
S e e c u r v e p a g e 80 

65 to 200 " C 

100 m i n v o l t s 

55 m i n v o l t s 

3 m a x v o l t s 

10 m a x tia 

10 m a x 
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T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - c a s e 
J u n c t i o n - t o - a m b i e n t . . 

T h e r m a l T i m e C o n s t a n t 

35 m a x ° C / w a t t 
200 m a x ° C / w a t t 

10 m s e c 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 28 a n d c o l l e c t o r m a = 5 ) 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 40 
a n d e m i t t e r c u r r e n t — 0 ) 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 400) 35 to 100 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s = 4 a n d c o l l e c t o r m a = 5 ) 50 

D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e 
( w i t h c o l l e c t o r m a — 200 a n d b a s e m a — 10) 7 m a x 

TYPICAL BASE MILLIAMPERES 

1.5 

150 

M c 

Pf 

o h m s 

UJ 
a. 

50 

CL 2 
< 40 
_l 

z 30 

AS
E 

20 

10 

0 

1 r 
T Y P E 2 

_COMMON 
COLLECT 

CURVE 

1 1 r 1 - | 
N I 4 8 2 
-EMITTER CIRCUIT.BASEINPUT. 
OR-TO- EMITTER VOLTS = 4 

CASE T E M P E R A T U R E - C 

— 

25 
- 6 5 
200 // 

'/'' 
V 

-

// s 
9 2 C S - I 0 4 2 7 R 2 

0.5 
B A S E -

I 1.5 2 
EMITTER VOLTS 

9 Z C S - I 0 4 3 8 T I 

V B B = 8.5 v o l t s 
V c o = 12 v o l t s 
R i = 50 o h m s , 1 w a t t 
R2 = 700 o h m s , 1 w a t t 
R3 = 59 o h m s , 2 w a t t s 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T A B O V E 
D C C o l l e c t o r S u p p l y V o l t a g e ( V c c ) 
D C B a s e S u p p l y V o l t a g e (VBB) 
G e n e r a t o r R e s i s t a n c e 
O n D C C o l l e c t o r C u r r e n t ( I C ) 
T u r n - O n D C B a s e C u r r e n t ( I B I ) 
T u r n - O f f D C B a s e C u r r e n t ( I B 2 ) 
S w i t c h i n g T i m e : 

D e l a y t i m e (td) 
R i s e t i m e ( t r ) 
S t o r a g e t i m e ( t s ) 
F a l l t i m e (it) 

12 v o l t s 
- 8 . 5 v o l t s 

50 o h m s 
200 m a 

20 m a 
- 8 . 5 m a 

0.2 tisec 
1 / i s e c 

0.6 (isec 
1 (isec 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

5 
1 

0 T 
1 1 1 1 1 1 1 

i-PE 2 N I 4 8 2 
)MM0N—EMITTER CIRCUIT, BASE INPUT — 
\ C C T C U D C D A T I I D r e 1 ' 40 — C( 

r 

1 1 1 1 1 1 1 
i-PE 2 N I 4 8 2 
)MM0N—EMITTER CIRCUIT, BASE INPUT — 
\ C C T C U D C D A T I I D r e 

30 

20 

BAS E Mil .LIAM PERE S =15 

10 
f. 8 
r 6 

• 

A, 

-

0 
• 1 0 

30 40 50 60 
COLLECTOR-TO-EMITTER VOLTS 

70 80 
92CM-I0453T 



216 RCA Transistor Manual 

POWER TRANSISTOR 

2N1483 

Silicon n-p-n type used in a 
wide variety of intermediate-power 
switching and amplifier applications 
in industrial and military equipment. 
It is used in power switching, dc-to-
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. I t 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-8 package; outline 8, Outlines Secton. This type is identical with type 
2N1486 except for the following: 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) . . . . . . . . . . . . . . . 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 . . . . . . . . . . . 
W i t h b a s e o p e n . . . . . . . . . . . . . . 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 
v o l t s = 1.5 a n d c o l l e c t o r m a = 0.25) 

C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r 
m a = 100 a n d b a s e c u r r e n t — 0 ) 

60 m a x v o l t s 

60 m a x 
40 m a x 

60 m i n 

40 m i n 

v o l t s 
v o l t s 

v o l t s 

v o l t s 

in Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 750) 20 to 60 

D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 
m a = 750 a n d b a s e m a = 75) 2.67 m a x o h m s 

2N1484 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of intermediate-power 
switching and amplifier applications 
in industrial and military equipment. 
I t is used in power switching, dc-to-
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. I t 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-8 package; outline 8, Outlines Section. This type is identical with type 
2N1486 except for the following: 

C H A R A C T E R I S T I C S 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 750) 20 to 60 

D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 
m a = 750 a n d b a s e m a = 75) 2.67 m a x o h m s 
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POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of intermediate-power 
switching and amplifier applications O I V l l A Q C 
in industrial and military equipment. ^ I N I H O > J 
I t is used in power switching, dc-to-
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. I t 
features low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-8 package; outline 8, Outlines Section. This type is identical with type 
2N1486 except for the following: 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) . . . . . . . . . . . . . . . . . 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 60 m a x v o l t s 
W i t h b a s e o p e n 40 m a x v o l t s 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = 1.5 a n d c o l l e c t o r m a = 0.25) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r 

m a = 100 a n d b a s e c u r r e n t = 0 ) 40 m i n v o l t s 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of intermediate-power 
switching and amplifier applications O K I 1 A Q A 
in industrial and military equipment. ' ' H O O 
It is used in power switching, dc-to-
dc converter, inverter, chopper, sole

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. It 
feaures low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-8 package; outline 8, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 100 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 100 m a x v o l t s 
W i t h b a s e o p e n 55 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 12 m a x v o l t s 
C o l l e c t o r C u r r e n t 3 m a x a m p e r e s 
E m i t t e r C u r r e n t —3.5 m a x a m p e r e s 
B a s e C u r r e n t 1.5 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 25 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e —65 to 200 ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = 1.5 a n d c o l l e c t o r m a = 0.25) 100 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r 

m a = 100 a n d b a s e c u r r e n t = 0 ) 55 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 

a n d c o l l e c t o r m a = 750) 3.5 m a x v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 

a n d e m i t t e r c u r r e n t = 0 ) 15 m a x pa 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 12 a n d 

c o l l e c t o r c u r r e n t = 0 ) 15 m a x pa 



218 RCA Transistor Manual 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - c a s e 
J u n c t i o n - t o - a m b i e n t . . 

T h e r m a l T i m e C o n s t a n t 

7 m a x ° C / w a t t 
100 m a x ° C / w a t t 

10 m s e c 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 28 a n d c o l l e c t o r m a = 5 ) . . . . 1.25 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e 
v o l t s = 40 a n d e m i t t e r c u r r e n t = 0 ) 175 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 750) 35 to 100 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 
m a = 750 a n d b a s e m a = 40 ) 1 m a x 

M c 

Pf 

o h m 

T Y P I C A L B A S E C H A R A C T E R I S T I C S 

T Y P E 2 N I 4 8 6 
C O M M O N - E M I T T E R C I R C U I T , B A S E I N P U T . 

" C O L L E C T O R - T O - E M I T T E R V O L T S = 4 
C U R V E C A S E T E M P . - C 

2 5 
- 6 5 / / 
2 0 0 If 

9 2 C S - I 0 4 2 7 R 2 

0 . 5 I 1.5 2 2 .5 3 
B A S E - T O - E M I T T E R V O L T S 

92CS-10443T3 

VBB = 8.5 v o l t s 
V c c = 12 v o l t s 
R i = 50 o h m s , 1 w a t t 
R2 = 220 o h m s , 1 w a t t 
R3 = 15.9 o h m s , 2 w a t t s 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T A B O V E 
D C C o l l e c t o r S u p p l y V o l t a g e ( V c c ) 12 v o l t s 
D C B a s e S u p p l y V o l t a g e (VBB) —8.5 v o l t s 
G e n e r a t o r R e s i s t a n c e 50 o h m s 
O n D C C o l l e c t o r C u r r e n t ( I c ) 750 m a 
T u r n - O n D C B a s e C u r r e n t ( I B I ) 65 m a 
T u r n - O f f D C B a s e C u r r e n t (IB2) —35 m a 
S w i t c h i n g T i m e : 

D e l a y t i m e ( ta ) 0.2 usee 
R i s e t i m e ( t r ) 1 / i s e c 
S t o r a g e t i m e ( t s ) 0.8 / i s e c 
F a l l t i m e (tt) 1.1 usee 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
T Y P E 2 N I 4 8 6 
C O M M O N - E M I T T E R C I R C U I T , B A S E I N P U T . 
C A S E T E f i A P E R J V T U R E = 2 5 

1 °c 

7 0 7 0 

6 0 

5 0 

4 0 

3 0 

B A S E M I L U A M P E R E S = 2 0 

V 

0 

V 

0 
3 0 4 0 5 0 6 0 

C O L L E C T O R - T O - E M I T T E R V O L T S 
7 0 8 0 

92CM-I0445TI 
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POWER TRANSISTOR 

2N1487 
Silicon n-p-n type used in a 

[ F | C wide variety of high-power switch
ing and amplifier applications in i n 
dustrial and military equipment. It 
is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. Package is similar 
to J E D E C No. TO-3; outline 23, Outlines Section. This type is identical with 
type 2N1490 except for the following: 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 
W i t h b a s e o p e n 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 
v o l t s = 1 5 a n d c o l l e c t o r m a = 0.5) 

C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r m a = 100 
a n d b a s e c u r r e n t = 0 ) 

60 m a x v o l t s 

60 m a x 
40 m a x 

60 m i n 

40 m i n 

v o l t s 
v o l t s 

v o l t s 

v o l t s 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r a m p e r e s = 1.5) 15 to 45 

D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 
a m p e r e s = 1.5 a n d b a s e m a — 300 ) 2 m a x o h m s 

POWER TRANSISTOR 
c Silicon n-p-n type used in a 

wide variety of high-power switch-

2N1488 ing and amplifier applications in i n 
dustrial and military equipment. It 

E Q O B is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. Package is similar 
to J E D E C No. TO-3; outline 23, Outlines Section. This type is identical with 
type 2N1490 except for the following: 

C H A R A C T E R I S T I C S 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r a m p e r e s = 1.5) 15 to 45 

D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 
a m p e r e s = 1.5 a n d b a s e m a = 300) 2 m a x o h m s 
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POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of high-power switch-
O M l A f i O * n g amplifier applications in i n -
X I N I HOw dustrial and military equipment. I t 

is used in power switching, dc-to-dc E ( J 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. I t features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. Package is similar 
to J E D E C No. TO-3; outline 23, Outlines Section. This type is identical with 
type 2N1490 except for the following: 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 60 m a x v o l t s 
W i t h b a s e o p e n 40 m a x v o l t s 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = 1.5 a n d c o l l e c t o r m a = 0.5) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r m a = 100 

a n d b a s e c u r r e n t = 0 ) 40 m m v o l t s 

2N1490 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of high-power switch
ing and amplifier applications in i n 
dustrial and military equipment. I t 
is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. I t features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. Package is similar 
to J E D E C No. TO-3; outline 23, Outlines Section. 
M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) . . . . . . . . . . . . . . . . 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 
W i t h b a s e o p e n 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 
C o l l e c t o r C u r r e n t 
E m i t t e r C u r r e n t 
B a s e C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t m o u n t i n g - f l a n g e t e m p e r a t u r e s u p to 2 5 ° C 
A t m o u n t i n g - f l a n g e t e m p e r a t u r e s a b o v e 25°C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e — 6 5 to 200 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = 1.5 a n d c o l l e c t o r m a = 0.5) 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r m a = 100 

a n d b a s e c u r r e n t = 0) 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 

a n d c o l l e c t o r a m p e r e s = 1.5) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 

a n d e m i t t e r c u r r e n t = 0 ) 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 10 a n d 

c o l l e c t o r c u r r e n t = 0 ) 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - m o u n t i n g - f l a n g e 
T h e r m a l T i m e C o n s t a n t 

100 m a x v o l t s 

100 m a x 
55 m a x 
10 m a x 

v o l t s 
v o l t s 
v o l t s 

6 m a x a m p e r e s 
—8 m a x a m p e r e s 

3 m a x a m p e r e s 

75 m a x w a t t s 
S e e c u r v e p a g e 80 

100 m i n v o l t s 

55 m i n v o l t s 

3.5 m a x v o l t s 

25 m a x 

25 m a x A3 

2.33 m a x ° C / w a t t 
12 m s e c 
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In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 1 2 a n d c o l l e c t o r m a = 1 0 0 ) . . 1 M c 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 4 0 
a n d e m i t t e r c u r r e n t = 0 ) 2 0 0 p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r a m p e r e s = 1 . 5 ) . . 2 5 to 7 5 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 
a m p e r e s = 1.5 a n d b a s e m a = 3 0 0 ) 0 .67 m a x o h m 

300 
T Y P I C A L B A S E C H A R A C T E R I S T I C S 

0.5 I 1.5 2 
BASE-TO-EMITTER VOLTS 

92CS-I045IT2 

- 1 ' + 
9 2 C S - 1 0 4 2 7 R 2 

VBB = 8.5 v o l t s 
V c o = 1 2 v o l t s 
R i = 5 0 o h m s , 1 w a t t 
R a = 3 0 o h m s , 1 w a t t 
R a = 7-8 o h m s , 2 w a t t s 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T A B O V E 

D C C o l l e c t o r S u p p l y V o l t a g e ( V c o ) 1 2 v o l t s 
D C B a s e S u p p l y V o l t a g e (VBB) —8.5 v o l t s 
G e n e r a t o r R e s i s t a n c e 5 0 o h m s 
O n D C C o l l e c t o r C u r r e n t ( I c ) 1.5 m a 
T u r n - O n D C B a s e C u r r e n t ( I B I ) 3 0 0 m a 
T u r n - O f f D C B a s e C u r r e n t (IBZ) — 1 5 0 m a 
S w i t c h i n g T i m e : 

D e l a y t i m e (t<j) 0 .2 iisec 
R i s e t i m e ( t r ) , 1 usee 
S t o r a g e t i m e ( t 8 ) . . 1 fisec 
F a l l t i m e ( t t ) 1 .2 /usee 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

4 

8 

1 ' I 1 - 1 1 - T " 1 —T— 
TYPE 2 N I 4 9 0 
rOMUInM FUITTTD riDri IIT Q A CP IWDIIT 
MOUNTING-FLANGE TE 

I I 1 I 
MPEF ATUF (E-=2 5°C 

225 
0 20 0 
75 

50 1 50 
125 

00 00 

BA SE Ml 
1 

.LIAMPERE S=75 

J 
—• 

\^ 

—• r > 
—5, 

0 
0 10 20 30 40 50 60 70 80 

COLLECTOR-TO-EMITTER VOLTS 92CM-10477T 
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2N1491 

TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of high-frequency and 
vhf applications in industrial and 
military equipment. It is used in 
large-signal power-amplifier, video-
amplifier, oscillator, and mixer cir

cuits over a wide temperature range. This type can also be used in switching 
service in circuits requiring transistors having high voltage, current, and dissi
pation values. J E D E C No. TO-39 package; outline 32, Outlines Section. This 
type is identical with type 2N1493 except for the following items: 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 30 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5) 30 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 1 m a x v o l t 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 
a n d e m i t t e r c u r r e n t = 0) 30 m i n v o l t s 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 a n d c o l l e c t o r m a = 15) . . . . 250 Mc 

In Common-Emitter Circuit 

P o w e r G a i n a t 70 M c ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 20 , 
e m i t t e r m a = — 1 5 , a n d p o w e r o u t p u t — 10 m w ) 15 d b 

2N1492 

TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of high-frequency and 
vhf applications in industrial and 
military equipment. I t is used in 
large-signal power-amplifier, video-
amplifier, oscillator, and mixer cir

cuits over a wide temperature range. This type can also be used in switching 
service in circuits requiring transistors having high voltage, current, and dissi
pation values. J E D E C No. TO-39 package; outline 32, Outlines Section. This 
type is identical with type 2N1493 except for the following items: 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0 .5) 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 

60 m a x v o l t s 
60 m a x v o l t s 

2 m a x v o l t s 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 
a n d e m i t t e r c u r r e n t = 0) 60 m i n v o l t s 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 a n d c o l l e c t o r m a = 15) . . . . 275 Mc 

In Common-Emitter Circuit 

P o w e r G a i n a t 70 M c ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30, 
e m i t t e r m a = — 1 5 , a n d p o w e r o u t p u t — 100 m w ) 15 d b 
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TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of high-frequency and 
vhf applications in industrial and 
military equipment. I t is used in 
large-signal power-amplifier, video-
amplifier, oscillator, and mixer cir

cuits over a wide temperature range. This type can also be used in switching 
service in circuits requiring transistors having high voltage, current, and dissi
pation values. J E D E C No. TO-39 package; outline 32, Outlines Section. 

2N1493 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 100 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5) 100 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 4.5 m a x v o l t s 
C o l l e c t o r C u r r e n t 50 m a x m a 
E m i t t e r C u r r e n t —50 m a x m a 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 3 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 0.5 m a x w a t t 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
> O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e — 6 5 to 175 ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 

a n d e m i t t e r c u r r e n t = 0 ) 100 m i n v o l t s 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5 

a n d c o l l e c t o r c u r r e n t = 0 ) 100 m a x y.a 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s == 12 

a n d e m i t t e r c u r r e n t = 0 ) 10 m a x fia 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 50 m a x " C / w a t t 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 a n d c o l l e c t o r m a = 15) . . . . 300 M c 

C o l l e c t o r - t o - B a s e - a n d - S t e m C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e 
v o l t s = 30 a n d e m i t t e r c u r r e n t = 0 ) 5 m a x p f 

In Common-Emitter Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 20 , c o l l e c t o r m a — 15, 

a n d f r e q u e n c y = 1 k i l o c y c l e 50 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 30, c o l l e c t o r m a = 15, 

a n d f r e q u e n c y = 100 M c 1.8 
P o w e r G a i n a t 70 M c : 

W i t h c o l l e c t o r - t o - b a s e v o l t s = 20 , e m i t t e r m a = — 1 5 , 
a n d p o w e r o u t p u t = 10 m w 16 d b 

W i t h c o l l e c t o r - t o - b a s e v o l t s = 30 , e m i t t e r m a = — 1 5 , 
a n d p o w e r o u t p u t = 100 m w 16 d b 

W i t h c o l l e c t o r - t o - b a s e v o l t s = 50, e m i t t e r m a = — 2 5 , 
a n d p o w e r o u t p u t = 500 m w 12 d b 

T Y P I C A L T R A N S F E R CHARACTERISTIC 

' 4 0 

TYP 
COM 

"COL 
AMB 

: 2 N i 
MON-
-ECT< 
IENT 

4 9 3 
EMIT 

3R-T 
TEM 

TER CIRCl 
D-EMITTE 
=ERATURE 

IT, Bt 
R VO 
= 25° 

\ S E 1 
L T S - ; 

JPUT. 
,o 

/ / / 
1 / 

T Y P I C A L T R A N S F E R CHARACTERIST IC 

0.2 0.4 0.6 
BASE-TO-EMITTER VOLTS 

TYPE 2 N I 4 9 3 
COMMON-EMITTER CIRCUIT, 

- BASE INPUT. 
COLLECTOR-TO-EMITTER / 

VOLTS =30 / 
AMDIC-MT T c r i m r D A T i m c / 

— • 

•=25 »c 

92CS- I0508T 
0.4 0.6 0.8 1.0 1.2 
BASE MILLIAMPERES 92CS-I05I9T 
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2N1511 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of high-power switch
ing and amplifier applications in i n 
dustrial and military equipment. I t 
is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. I t features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. This type is stud-
mounted to provide positive heat-sink contact and has a cold-weld seal. 
J E D E C No. TO-36 package; outline 14, Outlines Section. This type is electrically 
identical with type 2N1487. 

POWER TRANSISTOR 

2N1512 

Silicon n-p-n type used in a 
wide variety of high-power switch
ing and amplifier applications in i n 
dustrial and military equipment. I t 
is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. This type is stud-
mounted to provide positive heat-sink contact and has a cold-weld seal. 
J E D E C No. TO-36 package; outline 14, Outlines Section. This type is electrically 
identical with type 2N1488. 
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POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of high-power switch
ing and amplifier applications in i n - O K | T £ 1 Q 
dustrial and military equipment. It U I O 
is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. This type is stud-
mounted to provide positive heat-sink contact and has a cold-weld seal. 
J E D E C No. TO-36 package; outline 14, Outlines Section. This type is electrically 
identical with type 2N1489. 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of high-power switch
ing and amplifier applications in i n 
dustrial and military equipment. I t 
is used in power switching, dc-to-dc 
converter, inverter, chopper, solenoid 

2N1514 

and relay control circuits; in oscillator, regulator, and pulse-amplifier circuits; 
and as a class A or class B push-pull audio and servo amplifier. It features 
low saturation resistance, high current and power dissipation, high beta at 
high current, and excellent high-temperature performance. This type is stud-
mounted to provide positive heat-sink contact and has a cold-weld seal. 
J E D E C No. TO-36 package; outline 14, Outlines Section. This type is electrically 
identical with type 2N1490. 

TRANSISTOR 
Germanium p-n-p type used in 

intermediate-frequency amplifier ap
plications in battery-operated A M O K J 1 C O V l 
portable radio receivers. J E D E C No. X I N I J>2J\ 

' c T O - 1 package; outline 4, Outlines 
Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) —24 m a x 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) —0.5 m a x 
C o l l e c t o r C u r r e n t _10 m a x 
E m i t t e r C u r r e n t . . ! ! . . 10 m a x 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 80 m a x 
A t a m b i e n t t e m p e r a t u r e o f 5 5 ° C 50 m a x 
A t a m b i e n t t e m p e r a t u r e o f 7 1 ° C 23 m a x 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g a n d S t o r a g e —65 to 85 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = —0.5 a n d c o l l e c t o r na = —50) _ 2 4 m i n 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 
a n d e m i t t e r c u r r e n t = 0 ) . . . —16 m a x 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o i t s = —0.5 
a n d c o l l e c t o r c u r r e n t = 0 ) _ 1 6 m a x 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - a m b i e n t ¢.4 

v o l t s 
v o l t 

m a 
m a 

m w 
m w 
m w 

v o l t s 

/xa 

jua 

C / m w 
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In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
— —12 , e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 455 k i l o c y c l e s ) 3.6 m a x p f 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = — 1 2 , c o l l e c t o r m a = — 1 , 

a n d f r e q u e n c y = 1 k i l o c y c l e ) 3 3 Mc 

T Y P I C A L TRANSFER CHARACTERISTIC 

I 4 

d 
5 3 
tt 
o 

—J 

8 i 

1 1 1 1 
T Y P E 2N I524 
C O L L E C T O R - T O - E M I T T E R 

VL 
A M B 

LI S=-
E N T TE 

- 6 
: M P E R / 0 T J R E = 2 5 ° C 

50 100 150 200 250 
BASE-TO-EMITTER MILLIVOLTS 

92CS-I0679T 

fn Common-Emitter Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s — — 6 , c o l l e c t o r m a = 1 , a n d f r e q u e n c y = 1 
k i l o c y c l e ) 

P o w e r G a i n ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 5 . 7 , e m i t t e r 
m a = 1 , a n d f r e q u e n c y — 1 k i l o c y c l e ) 

17 m i n 

51 m a x db 

T Y P I C A L O P E R A T I O N I N S I N G L E - S T A G E 455-KC A M P L I F I E R C I R C U I T 
D C C o l l e c t o r - S u p p l y V o l t a g e 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e 
C o l l e c t o r C u r r e n t 
I n p u t R e s i s t a n c e 
O u t p u t R e s i s t a n c e 
C o l l e c t o r - t o - B a s e C a p a c i t a n c e 
M a x i m u m P o w e r G a i n 
U s e f u l P o w e r G a i n : 

I n n e u t r a l i z e d c i r c u i t 

- 6 - 9 - 1 2 v o l t s 
- 5 . 7 —8.5 - 1 1 v o l t s 

— 1 - 1 - 1 m a 
1300 1350 1550 o h m s 
0.31 0.415 0.525 m e g o h m 

2.2 2.1 2 
51 52.4 54.4 d b 

33 33 33 d b 
29.7 30 30.2 d b 

T Y P I C A L O P E R A T I O N I N T W O - S T A G E 4 5 5 - K C A M P L I F I E R C I R C U I T 
D C C o l l e c t o r - S u p p l y V o l t a g e . 
D C C o l l e c t o r - t o - E m i t t e r 

V o l t a g e 
C o l l e c t o r C u r r e n t 
I n p u t R e s i s t a n c e 
O u t p u t R e s i s t a n c e . . . . " 
C o l l e c t o r - t o - B a s e C a p a c i t a n c e 
M a x i m u m P o w e r G a i n 
U s e f u l P o w e r G a i n : 

I n n e u t r a l i z e d c i r c u i t 
I n u n n e u t r a l i z e d c i r c u i t . . . 

- 6 - 6 - 9 —9 —12 - 1 2 v o l t s 

- 5 7 - 5 - 7 - 8 . 5 —8 .5 - 1 1 - 1 1 v o l t s 
- 1 —0.65 — 1 — 0 6 5 - 1 - 0 . 6 5 m a 

1300 2100 1350 2200 1550 2500 o h m s 
0.31 0.49 0.415 0.65 0.525 0.82 m e g o h m 

2.2 2.2 2.1 2.1 2 2 P f 
50.9 5 1 3 52.4 52.8 54 54.3 d b 

31.2 30 31.2 30 31.2 30 d b 
28 .1 26.6 28 .2 26.7 28.3 26.8 d b 

TRANSISTOR 
Germanium p-n-p type used in 

intermediate-frequency amplifier ap-
2 [V| 5̂2,5 plications in battery-operated A M 

portable radio receivers. J E D E C No. 
TO-40 package; outline 15, Outlines 
Section. This type is electrically e a 

identical with type 2N1524 
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2N1526 

TRANSISTOR 
Germanium p-n-p type used in 

converter (mixer-oscillator) appli
cations in battery-operated portable 
tadio receivers. I n a common-emitter 
circuit, this type is capable of pro
viding a useful conversion power 

gain of 34.5 db. J E D E C No. T O - 1 package; outline 4, Outlines Section, This 
type is identical with type 2N1524 except for the following items: 

C H A R A C T E R I S T I C S 

In CommonrEmiffer Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = 5 .7 , e m i t t e r m a — . .1 , a n d f r e q u e n c y = 1 

; k i l o c y c l e ) , ..„,.. 130 , 
P o w e r G a i n ( w i t h c o l l e c t O r - t o - e m i t t e r v b l t s = — 5, e m i t t e r 

m a = 0.65, a n d f r e q u e n c y = 1.5 M c ) 44.2 

T Y P I C A L O P E R A T I O N I N S E L F - E X C I T E D 1.5-MC C O N V E R T E R C I R C U I T 
D C C o l l e c t o r - S u p p l y V o l t a g e 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e ' . . . . . 

I n p u t R e s i s t a n c e 
O u t p u t R e s i s t a n c e 
R M S B a s e - t o - E m i t t e r O s c i l l a t o r - I n j e c t i o n V o l t a g e 
C o n v e r s i o n P o w e r G a i n : . 

M a x i m u m a v a i l a b l e • 
Useful ,. 

d b 

- 6 —9 —12 v o l t s 
- 5 —8 - 1 1 v o l t s 

- 0 . 6 5 —.0:65 —0.65 : • • m a 
1850 1950 2150 o h m s 
0.19 0.28 0.48 m e g o h m 
100 100 100 m v 

44.2 46 .1 48.9 d b 
34.2 34.5 35.8 d b 

(M) 
E a 

TRANSISTOR 
Germanium p-n-p type used in 

converter (mixer-oscillator) appli
cations in battery-operated A M 
portable radio receivers. This type 
is electrically identical wi th ; type 
2N1526V 

2N1527 

TRANSISTOR 
Germanium n-p-n type used in 

medium-speed switching applica
tions in data-processing equipment. 
These transistors are;ri-p-n comple
ments of the p-n-p types 2N404 and 
2N404A. J E D E C No. TO-5 package; 

outline 6, Outlines Section. 

M A X I M U M R A T I N G S 

- C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e - t o -
- e m i t t e r , v o l t s = " — 1 ) ,.. 
E m i t t e r - t d - B a s e V o l t a g e ( w i t h c o l l e c t o r 6 p e h ) " 
C o l l e c t o r C u r r e n t 
E m i t t e r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 " C 

A m b i e n t T e m p e r a t u r e R a n g e : .. : 
O p e r a t i n g a n d s t o r a g e .'. .". : . 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

2N1605 
2N1605A 

2N1605 
25 m a x 

2N1605A.:' 
. 40 m a x . v o l t s 

>,.,....24 m a x . 
12 m a x 

100 m a x 
—100 m a x 

40 m a x 
12 m a x 

l P Q m a x , 
: —100 m a x 

.vo l ts 
v o l t s 

. m a 
•••"ma 

\ ' ; 150 m a x 200 m a x . 
, . S e e c u r v e page . .80 ,; 

..., ; m w 

65, to 100 . 
,.' V i 235 m a x 

- 65 to 100 / 
....¢35 m a x 
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C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 
W i t h c o l l e c t o r m a = 12 a n d b a s e m a = 0.4 
W i t h c o l l e c t o r m a = 24 a n d b a s e m a = 1 

B a s e - t o - E m i t t e r V o l t a g e : 
W i t h c o l l e c t o r m a = 12 a n d b a s e m a = 0.4 
W i t h c o l l e c t o r m a = 24 a n d b a s e m a = 1 

C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 12 a n d 

e m i t t e r c u r r e n t = 0 . 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 40 

a n d e m i t t e r c u r r e n t = 0 
T o t a l S t o r e d C h a r g e ( w i t h c o l l e c t o r - t o - b a s e 

v o l t s = 5.25, c o l l e c t o r m a = 10, a n d b a s e 
m a = 1 ) 

2NW05 

0.15 m a x 
0.2 m a x 

0.35 m a x 
0.4 m a x 

5 m a x 

2N1605A 

0.15 m a x 
0.2 m a x 

G-35 m a x 
0.4 m a x 

vo l t 
vo l t 

vo l t 
vo l t 

1400 

10 m a x jua 

1400 m a x p c o u l 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r -
t o - b a s e v o l t s = 6 a n d c o l l e c t o r c u r r e n t = 0 ) 

F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f 
F r e q u e n c y ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 6 a n d e m i t t e r c u r r e n t = 1 ) 

2N160S 

20 m a x 

4 m i n 

2N1605A 

20 m a x 

4 m i n 

pi 

Mc 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.15 a n d 

c o l l e c t o r m a = 12 30 m i n 30 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.2 a n d 

c o l l e c t o r m a = 24 , 24 m i n 24 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 0 .25 a n d 

c o l l e c t o r m a — 20 40 m i n 40 m i n 

TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of small-signal and 
0 M 1 m e d i u m - p o w e r applications in i n -
Z I N I O I O dustrial and military equipment. I t 

can be used in rf service as an am
plifier, mixer, oscillator, and con

verter; in af service for small- and large-signal driver and power applications? 
in switching service for high-speed switching circuits requiring transistors 
having high voltage, high dissipation, high pulse beta, low output capacitance, 
and exceptionally low noise and leakage characteristics. J E D E C No. TO-5 pack
age; outline 6, Outlines Section. For curve of typical transfer characteristics, 
refer to type 2N2102. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 7 5 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e x t e r n a l b a s e - to - e m i t t e r 

r e s i s t a n c e = 10 o h m s o r l e s s ) 50 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 7 m a x v o l t s 
C o l l e c t o r C u r r e n t 1 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e temperatures u p to 2 5 ° C 3 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 0.8 m a x w a t t 
A t c a s e o r a m b i e n t temperatures a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) — 6 5 to 200 ttC 
S t o r a g e . — 6 5 to 300 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e 

( w i t h c o l l e c t o r m a = 0.1 a n d e m i t t e r c u r r e n t = 0 ) . . . . . . . . . . 75 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e 

( w i t h e m i t t e r m a = 0.25 a n d c o l l e c t o r c u r r e n t = 0 ) 7 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r R e a c h - T h r o u g h V o l t a g e 

( w i t h e m i t t e r - t o - b a s e v o l t s = 1.5 a n d c o l l e c t o r m a = 0 .1 ) 75 m m v o l t s 
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C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h e x t e r n a l b a s e -
t o - e m i t t e r r e s i s t a n c e - - 10 o h m s o r l e s s a n d c o l l e c t o r m a = 100) 50 m i n v o l t s 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e 
( w i t h c o l l e c t o r m a = 150 a n d b a s e m a = 15) 1-3 m a x v o l t s 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e 
( w i t h c o l l e c t o r m a = 150 a n d b a s e m a = 15 ) 1.5 m a x v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 60 
a n d e m i t t e r c u r r e n t = 0 ) 0.01 m a x / ta 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 5 
a n d c o l l e c t o r c u r r e n t = 0 ) 0.01 m a x ua 

T h e r m a l R e s i s t a n c e : „ _ 
J u n c t i o n - t o - c a s e =. 58.3 m a x ° C / w a t t 
J u n c t i o n to a m b i e n t 219 m a x ° C / w a t t 

In Common-Base Circuit 

I n p u t R e s i s t a n c e a t 1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 . . . . . 24 to 34 o h m s 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a = 5 . . . . . 4 to 8 o h m s 

I n p u t C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5 
a n d c o l l e c t o r c u r r e n t = 0 ) 80 m a x p f 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10 
a n d e m i t t e r c u r r e n t = 0 ) 25 m a x p f 

O u t p u t C o n d u c t a n c e a t 1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 0.1 to 0.5 / a n h o 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a ~ 5 0.1 to 1 / i m h o 

S m a l l - S i g n a l O p e n - C i r c u i t R e v e r s e V o l t a g e - T r a n s f e r R a t i o a t 
1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 . . . . . . 0.0003 m a x 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a = 5 . . . . . . 0.0003 m a x 

In Common-Emitter Circuit 

D C - P u l s e F o r w a r d C u r r e n t - T r a n s f e r R a t i o : * 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 10 a n d c o l l e c t o r m a = 150 . . 40 to 120 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 500 . . 20 m i n 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s ~ 10 a n d c o l l e c t o r m a = 0.1 . . 20 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 10 . . 35 m i n 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 5 , c o l l e c t o r m a = 1 , 

a n d f r e q u e n c y = 1 k i l o c y c l e 30 to 100 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 5, 

a n d f r e q u e n c y = 1 k i l o c y c l e 3 5 to 150 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50 

a n d f r e q u e n c y = 20 M c 3 m i n 
N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a 

= 0 .3, g e n e r a t o r r e s i s t a n c e = 1000 o h m s , c i r c u i t b a n d w i d t h 
= 15 k i l o c y c l e s , a n d s i g n a l f r e q u e n c y = 1 k i l o c y c l e ) 12 m a x d b 

T o t a l S w i t c h i n g T i m e t ( d e l a y t i m e p l u s r i s e t i m e p l u s f a l l t i m e ) 30 m a x n s e c 

* P u l s e d u r a t i o n = 300 # s e c ; d u t y f a c t o r = 0.018. 
t R e f e r to t y p e 2 N 2 1 0 2 f o r Total-Switching-Time Measurement Circuit, 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

TYPE 2N I6 I3 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

•AMBIENT TEMPERATURE = 25°C 

70 10 20 30 40 50 6C 
COLLECTOR-TO-EMITTER VOLTS 

. 92CS-III78T 
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TRANSISTOR 

2NT631 

Germanium p-n-p type used in 
radio-frequency amplifier applica
tions in battery-operated A M port
able radio receivers. I n an unneu-
tralized rf amplifier circuit, this type 
can provide a power gain of 25.6 db 

at 1.5 megacycles. J E D E C No. TO-40 package; outline 15, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t 6 ; - B a s e V o l t a g e ( w i t h , e m i t t e r o p e n ) , • —34 m a x 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) — 0 . 5 m a x 
C p l l e c t o r C u r x e n t .' . . . —10 m a x 
E m i t t e r C u r r e n t ; 10 m a x 
T r a n s i s t o r D i s s i p a t i o n : ! - . 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 80 m a x 
A t a m b i e n t t e m p e r a t u r e o f 5 5 ° C : . 50 m a x 
A t a m b i e n t t e m p e r a t u r e o f 7 1 ° C . . . 35 m a x 

A m b i e n t - T e m p e r a t u r e R a n g e : " • " •"• •• 
O p e r a t i n g — 6 5 to 71 
S t o r a g e — 6 5 to 85 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r /ia = —50 

a n d e m i t t e r c u r r e n t = 0) , —34 m i n 
C o l l e c t o r - C u t o f f C u r r e n t . ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 

a n d e m i t t e r c u r r e n t = 0) —16 m a x 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —0.5 

a n d c o l l e c t o r c u r r e n t - 0 ) —16 m a x 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - a m b i e n t ; 0.4 m a x 

v o l t s 
v o l t 

m a 
m a 

m w 
m w 
m w 

° C 
° C 

v o l t s 

/xa 

/.(a 

° C / m w 

in Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - b a s e v o l t s = — 1 2 , c o l l e c t o r m a — — 1 , a n d f r e q u e n c y 
= 1 k i l o c y c l e ) 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 a n d c o l l e c t o r m a = — 1 ) . . 

0.987 

45 Mc 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ; ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s — —12 , c o l l e c t o r m a = — 1 , a n d f r e q u e n c y — 1 k i l o c y c l e ) 80 
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T Y P I C A L TRANSFER CHARACTERISTIC 

54 

5 3 

— I I I 1 
TYPE 2NI63 I 
COLLECTOR-TO-EMITTER 

- VO 
AMBI 

LTS = -
ENT TE 

9 
MPERA TURE= >5°C 1 

50 100 150 200 250 
BASE-TO-EMITTER MILUVOLTS 

92CS-I0678T 

T Y P I C A L O P E R A T I O N 

D C C o l l e c t o r - S u p p l y V o l t a g e —6 —9 —12 v o l t s 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e —5.7 —8.5 —11 v o l t s 
D C C o l l e c t o r C u r r e n t — 1 — 1 — 1 m a 
S i g n a l F r e q u e n c y 1.5 1.5 1.5 M c 
I n p u t R e s i s t a n c e ( w i t h a c o u t p u t c i r c u i t s h o r t e d ) . 520 750 1000 o h m s 
O u t p u t R e s i s t a n c e ( w i t h a c i n p u t c i r c u i t s h o r t e d ) . 0.065 0 .11 0.18 m e g o h m 
E x t r i n s i c T r a n s c o n d u c t a n c e 36000 36000 36000 inmhos 
C o l l e c t o r - t o - B a s e C a p a c i t a n c e 2.2 2.1 2 p f 
M a x i m u m P o w e r G a i n 40.4 44.3 47.7 d b 
U s e f u l P o w e r G a i n : 

I n u n n e u t r a l i z e d c i r c u i t 25 .3 25.5 25.6 d b 

TRANSISTOR 
Germanium p-n-p type used in 

radio-frequency amplifier applica
tions in battery-operated A M port
able radio receivers. I n an unneu
tralized r f amplifier circuit, this type 
can provide a power gain of 25.6 db 

J E D E C No. T O - 1 package; outline 4, Outlines Section. 

2N1632 

at 1.5 megacycles 
type is electrically identical with type 2N1631. 

This 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

See Lis t of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

2N1633 

2N1634 

See List of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 2N1635 

See List of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 2N1636 
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2N1637 

TRANSISTOR 
Germanium p-n-p type used in 

radio-frequency amplifier applica
tions in A M automobile radio re
ceivers. In an unneutralized circuit, 
this type is capable of providing a 
useful power gain of 25.6 db at 1 

megacycle. J E D E C No. TO-1 package; outline 4, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 
C o l l e c t o r C u r r e n t 
E m i t t e r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e of 5 5 ° C 
A t a m b i e n t t e m p e r a t u r e of 7 1 ° C 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g 
S t o r a g e 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e 

( w i t h c o l l e c t o r /j.a = —50 a n d e m i t t e r c u r r e n t = 0 ) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 

a n d e m i t t e r c u r r e n t = 0) 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —1.5 

a n d c o l l e c t o r c u r r e n t = 0) 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - a m b i e n t 

—34 m a x 
—1.5 m a x 
—10 m a x 

10 m a x 

80 m a x 
50 m a x 
35 m a x 

-65 to 71 
-65 to 85 

—34 m i n 

—5 m a x 

—15 m a x 

0-4 m a x 

v o l t s 
v o l t s 

m a 
m a 

m w 
m w 
m w 

° C 

°c 

v o l t s 

na 

na 

° C / m w 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
b a s e v o l t s = — 1 2 , c o l l e c t o r m a = — 1 , a n d f r e q u e n c y 
= 1 k i l o c y c l e ) 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 a n d c o l l e c t o r m a = —1) . . 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = —12 a n d c o l l e c t o r m a = —1) 

0.987 

45 
2 

M c 
P f 

80 

T Y P I C A L TRANSFER CHARACTERISTIC 

up 
s 
I 4 

_ J 

5 3 

1 1 1 1 
TYPE 2NI637 
COLLECTOR-TO-EMITTER VC 
AMB 

LTS= -
ENT TE 

12 
MPERATURE* 

1 
>5°C J 

/ / 
50 100 150 200 250 
BASE-TO-EMITTER MILLIVOLTS 

92CS-I0556TI 

T Y P I C A L O P E R A T I O N 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e 
D C C o l l e c t o r C u r r e n t 
S i g n a l F r e q u e n c y 
I n p u t R e s i s t a n c e ( w i t h a c o u t p u t c i r c u i t s h o r t e d ) 
O u t p u t R e s i s t a n c e ( w i t h a c i n p u t c i r c u i t s h o r t e d ) 
M a x i m u m P o w e r G a i n 
M a x i m u m U s e f u l P o w e r G a i n : 

I n u n n e u t r a l i z e d c i r c u i t 

- 5 . 5 —11.2 v o l t s 
- 1 —1 m a 
1.5 1 5 M c 

520 1000 o h m s 
0.065 0.18 m e g o h m 

40.4 47.7 d b 

25.3 25.6 d b 
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TRANSISTOR 
Germanium p-n-p type used in 

262.5-kilocycle or 455-kilocycle in 
termediate-frequency amplifier ap- 0 | V | l / k Q Q 

> ^ ~ K / plications in A M automobile radio A I N I U O O 
receivers. In an unneutralized cir
cuit, this type is capable of provid

ing a useful power gain of 36.6 db at 262.5 kilocycles. J E D E C No. T O - 1 package; 
outline 4, Outlines Section. This type is identical with type 2N1637 except for 
the following: 

M A X I M U M R A T I N G S 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) —0.5 m a x v o l t 

C H A R A C T E R I S T I C S 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 

a n d e m i t t e r c u r r e n t = 0) —7 m a x fia 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —0.5 

a n d c o l l e c t o r c u r r e n t = 0) —8 m a x (ia 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
b a s e v o l t s = — 1 2 , c o l l e c t o r m a = — 1 , a n d f r e q u e n c y 
= 1 k i l o c y c l e ) 0.986 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 12 a n d c o l l e c t o r m a = —1) . . 40 M c 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = —12 a n d c o l l e c t o r m a = —1) 75 

T Y P I C A L O P E R A T I O N I N S I N G L E - S T A G E 2 6 2 . 5 - K C A M P L I F I E R C I R C U I T 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e — 5 —11 v o l t s 
D C C o l l e c t o r C u r r e n t —1.6 —2 m a 
I n p u t R e s i s t a n c e 1800 1400 o h m s 
O u t p u t R e s i s t a n c e 0.47 0.72 m e g o h m 
M a x i m u m P o w e r G a i n 58.6 61.5 d b 
U s e f u l P o w e r G a i n ' . 

I n u n n e u t r a l i z e d c i r c u i t 35 36.6 d b 

TRANSISTOR 
Germanium p-n-p type used in 

converter (mixer-oscillator) appli
cations in A M automobile radio re
ceivers. I n an unneutralized circuit, 
this type can provide a useful con
version power gain of 37 db at 1.5 

megacycles. J E D E C No. TO-1 package; outline 4, Outlines Section. This type 
is identical with type 2N1637 except for the following items: 

2N1639 

M A X I M U M R A T I N G S 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 

C H A R A C T E R I S T I C S 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 

a n d e m i t t e r c u r r e n t = 0) 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —0.5 

a n d c o l l e c t o r c u r r e n t = 0 ) 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
b a s e v o l t s = — 1 2 , c o l l e c t o r m a = — 1 , a n d f r e q u e n c y 
— 1 k i l o c y c l e ) 

-0 .5 m a x v o l t : 

- 7 

- 8 

1.986 

A 3 

IIS, 
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fn Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = —12 a n d c o l l e c t o r m a = — 1 ) 

T Y P I C A L O P E R A T I O N 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e — 5 
D C C o l l e c t o r C u r r e n t —0.65 
S i g n a l F r e q u e n c y 1.5 
I n p u t R e s i s t a n c e 1850 
O u t p u t R e s i s t a n c e a t 252.5 k i l o c y c l e s 0.1 
R M S B a s e - t o - E m i t t e r O s c i l l a t o r - I n j e c t i o n V o l t a g e . . . . 100 
U s e f u l C o n v e r s i o n P o w e r G a i n 35.4 

7 5 

- 1 1 
- 0 . 6 5 

1.5 
2200 

0.2 
100 
37 

v o l t s 
m a 
M c 

o h m s 
m e g o h m 

m v 
db 

v o l t s 
v o l t s 
v o l t s 

m a 
m a 

m w 

TRANSISTOR ~ 
( 2 ) 9 

Germanium p-n-p type used in 
high-speed switching applications in ^ 

2NT 683 data-processing equipment. J E D E C 
No. TO-5 package; outline 6, Out
lines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) — 1 3 m a x 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ! —12 m a x 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) —4 m a x 
C o l l e c t o r C u r r e n t '. —100 m a x 
E m i t t e r C u r r e n t 100 m a x 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 " C 150 m a x 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g a n d s t o r a g e — 6 5 to 85 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x C 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = —40 a n d b a s e 

m a = — 1 ) —0.6 m a x v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r v o l t s = — 6 

a n d e m i t t e r c u r r e n t = 0 ) — 3 m a x # a 
T o t a l S t o r e d C h a r g e : 

W i t h c o l l e c t o r m a — —10 a n d b a s e m a = —0.4 160 m a x p c o u l 
W i t h c o l l e c t o r m a = —40 a n d b a s e m a = —1.6 410 m a x p c o u l 

fn Common-Base Circuit 

C o l l e c t o r C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —6 
a n d e m i t t e r c u r r e n t = 0 ) 12 m a x pf 

f n Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — — 0 3 a n d c o l l e c t o r m a = —10 5 0 m m 
W i t h c o l e c t o r - t o - e m i t t e r v o l t s = —0.5 a n d c o l l e c t o r m a = —40 50 m i n 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = - 3 . 
a n d c o l l e c t o r m a = — 1 0 ) 50 m m M c 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of switching and ampli
fier applications in industrial equip
ment. I t is used in power switching, 
dc-to-dc converter, inverter, chop
per, and relay-control circuits; in 

oscillator, voltage- and current-regulator circuits; and in dc and servo ampli
fier circuits. J E D E C No. TO-5 package; outline 6, Outlines Section. 

2N1700 
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60 m a x v o l t s 
40 m a x v o l t s 

6 m a x v o l t s 
1 m a x a m p e r e 

0.75 m a x a m p e r e 

5 m a x w a t t s 
S e e c u r v e p a g e 80 

255 m a x 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s — 1.5 
W i t h b a s e ; o p e n 

E m i t t e r - t o - B a s e V o l t a g e 
C o l l e c t o r C u r r e n t 
B a s e C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C , 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C i 

T e m p e r a t u r e R a n g e : -
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e — 6 5 to 200 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n . V o l t a g e 

( w i t h e m i t t e r - t o - b a s e v o l t s = 1.5 a n d c o l l e c t o r m a = 0.5) 
C o l l e c t o r - t o 4 E m i t t e r S u s t a i n i n g V o l t a g e 

( w i t h c o l l e c t o r m a = 50 a n d b a s e c u r r e n t = 0 ) 
B a s e ^ t o - i E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 

a n d c o l l e c t o r m a = 100) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 

a n d e m i t t e r c u r r e n t — 0 ) i 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 6 

a n d c o l l e c t o r c u r r e n t == 0 ) 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e v . . : v. 
J u n c t i o n - t o - a m b i e n t x . . . . : i 

T h e r m a l T i m e C o n s t a n t 

60 m i n 

40 m i n 

2 m a x 

75 m a x 

25 m a x 

v o l t s 

v o l t s 

v o l t s 

lia 

/ ta 

35 m a x ° C / w a t t 
200 m a x ° C / w a t t 

10 m s e c 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 28 a n d c o l l e c t o r m a = 5 ) . . . . 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 40 
a n d , e m i t t e r c u r r e n t = 0 ) 

/ 
I n Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 100) ... -..'. 

S m a l l ^ S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o 
( w i t h c b l l e c t o r - t o - e m i t t e r v o l t s - 4 a n d c o l l e c t o r m a = 5 ) . . 

D C C o U e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e 
( w i t h c o l l e c t o r m a = 100 a n d b a s e m a = 10) 

1.2 

150 

M c 

p f 

20 to 80 

40 

10 m a x o h m s 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
' 0 
6 0 

1 I I 1 1 1 1 1 
T Y P E 2 N I 7 0 0 

•. COMMONS-EMITTER CIRCUIT, B A S E INPUT 

' 0 
6 0 

1 I I 1 1 1 1 1 
T Y P E 2 N I 7 0 0 

•. COMMONS-EMITTER CIRCUIT, B A S E INPUT 
- 5 0 
— - 4 0 

1 I I 1 1 1 1 1 
T Y P E 2 N I 7 0 0 

•. COMMONS-EMITTER CIRCUIT, B A S E INPUT 
- 5 0 
— - 4 0 

Ct S E T EMPE : R A T I I R E * 25»C 

- 3 

B A S I Mil L1AM 3 E R E "5-=10 

5 
r 

2. 
1 

C O L L E C T O R - T O - E M I T T E R V O L T S 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T 
D C C o l l e c t o r S u p p l y V q l t a g e ( V c c ) . . : . . : . . : . . . . . . . ' 1 2 : . . . - . . . . vo l ts 
D C B a s e S u p p l y V o l t a g e (VBB ) : i — 8 . 5 ; . . . - v o l t s 
G e n e r a t o r R e s i s t a n c e :• . . - . . , . . r . ; . . t^i:..... .••..- 50 .. o h m s 
O n D C C o l l e c t o r C u r r e n t ( I c ) . 1 . : 1 . . :... 2 0 0 . ., . m a 
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T u r n - O n D C B a s e C u r r e n t ( I B I ) . . . . 20 m a 
T u r n - O f f D C B a s e C u r r e n t ( L B 2 ) — 8 . 5 m a 
S w i t c h i n g T i m e : 

D e l a y t i m e ( td) 0.2 /xsec 
R i s e t i m e ( t r ) 1 usee 
S t o r a g e t i m e ( t s ) 0.6 usee 
F a l l t i m e ( t t ) 1 /usee 

TYPICAL BASE CHARACTERISTICS 

| 40 

- J 

bi 
«3 20 

TYPE 2 N I 7 0 0 
.COMMON - EMITTER CIRCU1T.BASE INPUT 
C0LLECT0R-T0-EMITTER VOLTS = 4 

CURVE CASE TEMPERATURE —°C 

0.5 I 1.5 2 
B A S E - T O - E M I T T E R VOLTS 

9 2 C S - I 1 8 6 9 T 

9 2 C S - I 0 4 2 7 R 3 
V B B = 
Vco = 
R i = 
R a = 
R a = 

8.5 v o l t s 
12 v o l t s 
50 o h m s , 1 w a t t 
700 o h m s , 1 w a t t 
59 o h m s , 2 w a t t s 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of switching and ampli-
3j l k i - I aJfS "I fier applications in industrial equip-
—1^1 I / U I ment. I t is used in power-switching, 

dc-to-dc converter, inverter, chop
per, and relay-control circuits; in 

oscillator, voltage- and current-regulator circuits; and in dc and servo ampli
fier circuits. J E D E C No. TO-8 package; outline 8, Outlines Section. 

• M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 , 60 m a x v o l t s 
W i t h b a s e o p e n , 40 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 6 m a x v o l t s 
C o l l e c t o r C u r r e n t 2.5 m a x a m p e r e s 
B a s e C u r r e n t 1 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 25 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 2 3 5 m a x °C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = 1.5 a n d c o l l e c t o r m a = 0 .75) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r m a 

= 100 a n d b a s e c u r r e n t = 0 ) 40 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 4 

a n d c o l l e c t o r m a = 300) 3 m a x v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 

a n d e m i t t e r c u r r e n t - 0 ) « 100 m a x im 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 6 

a n d c o l l e c t o r c u r r e n t = 0 ) 50 m a x / i a 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 7 m a x " C / w a t t 
J u n c t i o n - t o - a m b i e n t 100 m a x a C / w a t t 

T h e r m a l T i m e C o n s t a n t 10 m s e c 

In Common-Base CJrcvtf 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 28 a n d c o l l e c t o r m a = 5 ) 1 M c 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 40 
a n d e m i t t e r c u r r e n t = 0 ) I T S p f 
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In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 300) 20 to 80 

D C C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 
m a = 300 a n d b a s e m a — 3 0 ) 5 m a x o h m s 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT BELOW 
D C C o l l e c t o r S u p p l y V o l t a g e ( V c o ) 1 2 v o l t s 
D C B a s e S u p p l y V o l t a g e ( V B B ) — 8 - 5 v o l t s 
G e n e r a t o r R e s i s t a n c e 50 o h m s 
O n D C C o l l e c t o r C u r r e n t ( I c ) 750 m a 
T u r n - O n D C B a s e C u r r e n t ( I B I ) 20 m a 
T u m - O f f D C B a s e C u r r e n t ( I B S ) —8.5 m a 
S w i t c h i n g T i m e : 

D e l a y t i m e ( t a ) 0 .2 /usee 
R i s e t i m e ( t r ) 1 /xsec 
S t o r a g e t i m e ( t » ) 0.8 usee 
F a l l time (tt) „ . 1 J . usee 

TYPICAL BASE CHARACTERISTICS 
1 1 1 1 1 1 1 — 

T Y P E 2NI70I 

B A S E - T O - E M I T T E R V O L T S 

8.5 v o l t s 
12 v o l t s 
50 o h m s , 1 w a t t 
220 o h m s , 1 w a t t 
15.9 o h m s , 2 w a t t s 

V B B = 

V o o -
R i = 
R s = 
R a = 

2.5 
T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

2 2 0 
?6o 

T 1 
1 1 1 - i 1 1 i 

r P E 2NI70I 
I M M 0 N - E M I T T E R C I R C U I T , B A S E I N P U T . — 
G C T r i l D r D A T I I D C . 4COf« 

r— 1 8 0 Ct 

1 1 1 - i 1 1 i 
r P E 2NI70I 
I M M 0 N - E M I T T E R C I R C U I T , B A S E I N P U T . — 
G C T r i l D r D A T I I D C . 4COf« 

1 6 0 
Ct 

140 

I2C 

1 0 0 
1 

B O 

BO -

5 0 
4 0 

3 0 

. . . 
15 
1 0 

S ) 
2 

0.5 

COLLECTOR-TO-EMITTER VOLTS 92CMMIS62TI 
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POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of switching and ampli- E j £ — ^ 
O K 1 1 7 A 4 ) n e r applications in industrial equip- f r-v / A 
A I N • / w * : ; merit. I t is used in power-switching, \ l J 

dc-to-dc converter, inverter, chop- E ( J Q B 
per, and relay-control circuits; in 

oscillator, voltage- and current-regulator circuits; and in dc and servo ampli
fier circuits. Package is similar to J E D E C No. TO-3; outline 23, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s - 1.5 60 m a x v o l t s 
W i t h b a s e o p e n 40 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 6 m a x v o l t s 
C o l l e c t o r C u r r e n t 5 m a x a m p e r e s 
B a s e C u r r e n t 2 .5 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t m o u n t i n g - f l a n g e t e m p e r a t u r e s u p to 2 5 ° C ••, 75 m a x ; w a t t s 
A t m o u n t i n g - f l a n g e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ; ( j u n c t i o n ) a n d s t o r a g e | — 6 5 to 200 ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = ' 1 . 5 a n d c o l l e c t o r m a — 1 ) 60 m i n ; v o l t s 
C o l l e c t o r - t o r E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r m a = 100 

a n d b a s e c u r r e n t = 0 ) j I 40 r n i h ; v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r , v o l t s = 4 j I 

, a n d c o l l e c t o r m a = 800) 4 m a x ; v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 jj-" 

a n d e m i t t e r c u r r e n t = 0) 200 m a x ;! /ia 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 6 ! j ' 

a n d c o l l e c t o r c u r r e n t = 0 ) 100 m a x j fta 
T h e r m a l R e s i s t a n c e : ! • 

J u n c t i o h - t o - m o u n t i n g - f l a n g e , 2 .33 m a x ° C / w a t t 
T h e r m a l T i m e C o n s t a n t . ,. . 12 m s e c 

In Common-Base Circuit 

S m a l l - S i g n a l F o r ^ a r d - C u r r e h U T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
w i t h c o l l e c t o r - t o - b a s e v o l t s = •, 28 a h d : c o l l e c t o r m a = 5 ) . . . . 1 M c 

C o l l e c t o r - t o - B a s e " C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 40 a n d e m i t t e r c u r r e n t = 0 ) 200 p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 800) 15 to 60 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 
m a = S00 a n d . b a s e m a = . 8 0 ) 4 p a x o h m s 

I 1 1-5 
•EMITTER VOLTS ... 

V B B 
Vcc 
Ri 
R 2 ,.R3 • 

92CSr-i6427R2 
= 8.5 v o l t s ; ! j 
= 12 v o l t s ! 
= 50 o h m s , : 1 w a t t 

. .= 30 o h m s , 1 w a t t 
•= ' ,7 .8 o h m s , 2 w a t t s 



Technical Data 239 

T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T 
D C C o l l e c t o r S u p p l y V o l t a g e ( V o o ) 1 2 v o l t s 
D C B a s e S u p p l y V o l t a g e ( V B B ) —8.5 v o l t s 
G e n e r a t o r R e s i s t a n c e 5 0 o h m s 
O n D C C o l l e c t o r C u r r e n t ( I C ) 1.5 a m p e r e s 
T u r n - O n D C B a s e C u r r e n t ( I B I ) 300 m a 
T u r n - O f r D C B a s e C u r r e n t ( I B E ) — 1 5 0 m a 
S w i t c h i n g T i m e : 

D e l a y t i m e ( td) 0 .2 Msec 
R i s e t i m e ( t r ) 1 Msec 
S t o r a g e t i m e ( t s ) 1 A s e c 
F a l l t i m e ( t t ) 12 usee 

T Y P I C A L C O L L E C T O R CHARACTERIST ICS 

TO 3 TYP 
COM 

1 1 1 1 1 1 
I 2NI702 
MON-EMITTER CIRCUIT, BASE INPUT 
I TEMPERATURE = 25°C / 6 DO CAS 

1 1 1 1 1 1 
I 2NI702 
MON-EMITTER CIRCUIT, BASE INPUT 
I TEMPERATURE = 25°C 

\ ' 500 
30 4 30 

300 
250 

BASE MILLIAMPERE S •=200 
• T" 160 

120 
80 

60 60 
40 

[20_ 
10 

S . 
2 . 

0 10 20 30 40 50 60 70 80 
COLLECTOR—TO-EMITTER VOLTS 92CM-H564TI 

2N1703 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of switching and ampli
fier applications in industrial equip
ment. I t is used in power-switching, 
dc-to-dc converter, inverter, chop
per, and relay-control circuits; in 

oscillator, voltage- and current-regulator circuits; and in dc and servo ampli
fier circuits. This type is stud-mounted to provide positive heat-sink contact 
and has a cold-weld seal. J E D E C No. TO-36 package; outline 14, Outlines Sec
tion. This type is electrically identical with type 2N1702. 

TRANSISTOR 
Silicon n-p-n type used in very-

high-speed applications in equip
ments which require high reliability 
and high packaging densities. J E D E C 
No. TO-46 package; outline 18, Out
lines Section. 

2N1708 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e x t e r n a l b a s e - t o - e m i t t e r 

r e s i s t a n c e - - 1 0 0 0 o h m s a n d l o a d r e s i s t a n c e = 100 o h m s ) . 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 

25 m a x 

12 m a x 
3 m a x 

v o l t s 

v o l t s 
v o l t s 
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C o l l e c t o r C u r r e n t 0.2 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 1 m a x w a t t 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 0.3 m a x w a t t 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) — 6 5 to 175 ° C 
S t o r a g e — 6 5 to 300 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 235 m a x " C 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 10 

a n d b a s e m a = 1) 0.7 to 0.9 v o l t 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h c o l l e c t o r m a = 10 a n d b a s e m a = 1 0.22 m a x v o l t 
W i t h c o l l e c t o r m a = 50 a n d b a s e m a = 5 0.35 m a x v o l t 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 15 
a r id e m i t t e r c u r r e n t = 0) , 0.025 m a x # a 

/n Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s — 10, 
e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 6 m a x p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 1 a n d c o l l e c t o r m a = 10) 20 m i n 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s = 10, c o l l e c t o r m a = 10, a n d f r e q u e n c y — 100 M c ) 2 m i n 

2N1711 

TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of small-signal and 
medium-power applications in i n 
dustrial and military equipment. It 
can be used in rf service as an am
plifier, mixer, oscillator, and con

verter; in af service for small- and large-signal driver and power applications. 
It features low saturation voltage, high sustaining voltage, high dissipation, 
high pulse beta, low output capacitance, and exceptionally low noise and leak
age characteristics. J E D E C No. TO-5 package; outline 6, Outlines Section. For 
curves of transfer characteristics, refer to type 2N2102. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e x t e r n a l b a s e - t o - e m i t t e r 

r e s i s t a n c e = 10 o h m s o r l e s s ) 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h • c o l l e c t o r o p e n ) 
C o l l e c t o r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) 
S t o r a g e 

75 m a x v o l t s 

50 m a x v o l t s 
7 m a x v o l t s 
1 m a x a m p e r e 

3 m a x w a t t s 
0.8 m a x w a t t 

S e e c u r v e p a g e 80 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 

a n d e m i t t e r c u r r e n t = 0) 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1 

a n d c o l l e c t o r c u r r e n t = 0) 
C o l l e c t o r - t o - E m i t t e r R e a c h - T h r o u g h V o l t a g e ( w i t h e m i t t e r - t o -

b a s e v o l t s = 1.5 a n d c o l l e c t o r m a = 0 .1 ) 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h e x t e r n a l b a s e - t o -

e m i t t e r r e s i s t a n c e = 10 o h m s o r l e s s a n d p u l s e c o l l e c t o r m a 
= 100) 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 150 
a n d b a s e m a = 15) 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a 
= 150 a n d b a s e m a = 15) 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 60 
a n d e m i t t e r c u r r e n t = 0) 

-65 to 200 
-65 to 300 

75 m i n 

7 m i n 

75 m i n 

50 m i n 

1.3 m a x 

1.5 m a x 

0.01 m a x 

v o l t s 

v o l t s 

v o l t s 

v o l t s 

v o l t s 

v o l t s 
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T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

2 3 4 5 
C O L L E C T O R - T O - E M I T T E R VOLTS 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
-I 1 1 1 1 1 

TYPE 2NI7 I I 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

-AMBIENT TEMPERATURE = 25°C 

IO 20 30 40 50 60 
COLLECTOR-TO-EMITTER VOLTS 

9ZCS-II6J0T 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 5 
a n d c o l l e c t o r c u r r e n t = 0) 0.005 m a x /ta 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - c a s e 58.3 m a x " C / w a t t 
J u n c t i o n - t o - a m b i e n t 219 m a x ° C / w a t t 

In Common-Base Circuit 

I n p u t R e s i s t a n c e a t 1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 24 to 34 o h m s 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a = 5 4 to 8 o h m s 

I n p u t C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5 a n d 
c o l l e c t o r c u r r e n t = 0) 80 m a x p f 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d 
e m i t t e r c u r r e n t = 0) 25 m a x p f 

O u t p u t C a p a c i t a n c e a t 1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 0.1 to 0.5 / t m h o 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a = 5 0.1 to 1 / t m h o 

S m a l l - S i g n a l O p e n - C i r c u i t R e v e r s e V o l t a g e - T r a n s f e r R a t i o a t 
1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 0.0005 m a x 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a = 5 0.0005 m a x 

In Common-Emitter Circuit 

D C - P u l s e F o r w a r d C u r r e n t - T r a n s f e r R a t i o : * 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 10 . . 75 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 150 . . 100 to 300 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 500 . . 40 m i n 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 0.01 . . 20 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a — 0.1 . . . 35 m i n 
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S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 5, c o l l e c t o r m a = 1 , a n d 

f r e q u e n c y = 1 k i l o c y c l e 50 to 200 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 10, c o l l e c t o r m a = 5, a n d 

f r e q u e n c y = 1 k i l o c y c l e 70 to 300 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50, a n d 

f r e q u e n c y — 20 m e g a c y c l e s 3.5 m i n 
N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r 

m a = 0.3, g e n e r a t o r r e s i s t a n c e — 510 o h m s , c i r c u i t b a n d w i d t h 
— 1 c y c l e , a n d s i g n a l f r e q u e n c y = 1 k i l o c y c l e ) 8 m a x 

* P u l s e d u r a t i o n — 300 / t s e c ; d u t y f a c t o r = 0.018. 
d b 

2N1768 
© © 0 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of intermediate-power 
switching and amplifier applications 
in industrial equipment requiring 
transistors having high voltage, cur
rent, and dissipation values. It is \> a t. 

used in power switching, dc-to-dc converter, inverter, chopper, and relay 
actuating circuits; in voltage- and current-regulator circuits; and in dc and 
servo amplifier circuits. This type has an offset pedestal, stud-mount arrange
ment which provides positive heat-sink contact. Outline 28, Outlines Section. 
This type is electrically identical with type 2N1486 except for the following 
items: 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 
W i t h b a s e o p e n 

T r a n s i s t o r D i s s i p a t i o n : 
A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) . 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = 1.5 a n d c o l l e c t o r m a = 0.25) 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r m a = 100 

a n d b a s e c u r r e n t = 0 ) 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 
J u n c t i o n - t o - a m b i e n t 

60 m a x v o l t s 

60 m a x 
40 m a x 

v o l t s 
v o l t s 

40 m a x w a t t s 
S e e c u r v e p a g e 80 

255 m a x ° C 

60 m i n 

40 m i n 

v o l t s 

v o l t s 

4.375 m a x " C / w a t t 
175 m a x ° C / w a t t 

11 

( 3 ) 
c 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of intermediate-power 
switching and amplifier applications 
in industrial equipment requiring 
transistors having high voltage, cur
rent, and dissipation values. I t is 

used in power-switching, dc-to-dc converter, inverter, chopper, and relay 
actuating circuits; in voltage- and current-regulator circuits; and in dc and 
servo amplifier circuits. This type has an offset pedestal, stud-mount arrange
ment which provides positive heat-sink contact. Outline 28, Outlines Section. 
This type is identical with type 2N1486 except for the following items: 

o 
E 

M A X I M U M R A T I N G S 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 25° C 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

C H A R A C T E R I S T I C S 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 
J u n c t i o n - t o - a m b i e n t 

40 m a x w a t t s 
S e e c u r v e p a g e 80 

255 m a x ° C 

4.375 m a x 
175 m a x 

C / w a t t 
C / w a t t 
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SILICON CONTROLLED RECTIFIER 

2N1842A 

K 
I LONG . , 6 

TERMINAL) f SHORT , , 
n _ y j TERMINAL! 

/ \ T T \ Difrused-junction n-p-n-p type 
I • [' y used in a wide variety of power-
l ^ J control ! and power-switdiing appli-

x l ^ / cations in industrial and military 
. equipment. This type has a maxi -

(STUD) mum peak forward blocking voltage 
of 25 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes ( rmsva lue ) . This type is 'designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to,50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. 
M A X I M U M R A T I N G S 

F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e : 
R e p e t i t i v e 
N o n - r e p e t i t i v e ( t r a n s i e n t ) ; 

P e a k F o r w a r d B l o c k i n g V o l t a g e ( r e p e t i t i v e ) i 
P e a k G a t e V o l t a g e : : 

F o r w a r d 
R e v e r s e 

A v e r a g e F o r w a r d C u r r e n t : 
• At c a s e t e m p e r a t u r e o f 8 0 ° C a n d c o n d u c t i o n a n g l e pf 180 
F o r o t h e r c a s e t e m p e r a t u r e s a n d c o n d u c t i o n a n g l e s 

P e a k S u r g e C u r r e n t : ; • 
F o r o n e c y c l e o f a p p l i e d v o l t a g e ; 
F o r m o r e t h a n o n e c y c l e o f a p p l i e d v o l t a g e 

P e a k F o r w a r d G a t e C u r r e n t 
P e a k G a t e P o w e r 
A v e r a g e G a t e P o w e r •.,, 
T e m p e r a t u r e R a n g e : 

O p e r a t i n g ( c a s e ) 
O p e r a t i n g ( a m b i e n t ) 
S t o r a g e — 6 5 to 125 

C H A R A C T E R I S T I C S 

F o r w a r d B r e a k o v e r V p l t a g e ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) . 
A v e r a g e F o r w a r d V o l t a g e D r o p ( a t c a s e t e m p e r a t u r e of 8 0 ° C ) 
D C G a t e - T r i g g e r V o l t a g e : 

A t c a s e t e m p e r a t u r e o f — 4 0 ° C 
A t c a s e t e m p e r a t u r e o f — 6 5 ° C 
A t c a s e t e m p e r a t u r e o f 1 0 0 ° C 
A t c a s e t e m p e r a t u r e o f 1 2 5 ° C 

A v e r a g e B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 125°C)" i 
F o r w a r d . ! . . . . -
R e v e r s e 

D C G a t e - T r i g g e r C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) . . . 
H o l d i n g C u r r e n t ( a t c a s e : t e m p e r a t u r e o f 1 2 5 - C ) . , . . . . . . 
T h e r m a l R e s i s t a n c e ( j u n c t i o r i - t o - c a s e ) . . . . . . . . . . . . . . . . . . . . . 

25 m a x 
35 m a x 
25 m a x 

10 m a x 
5 m a x 

v o l t s 
v o l t s 
v o l t s 

v o l t s 
v o l t s 

10 m a x a r n p e r e s 
S e e R a t i n g C h a r t I 

125 m a x a m p e r e s 
S e e R a t i n g C b . a r t n 

2 m a x a m p e r e s 
5 m a x w a t t s 

0.5 m a x ' w a t t 

—65 to 125 °C 
S e e R a t i n g C h a r t I I I 

— 6 5 to 125 ° C 

25 m i n v o l t s 
1.2 m a x v o l t s 

3.5 m a x v o l t s 
3.7 m a x v o l t s 
0.3 m i n v o l t 

0.25 m i n v o l t 

22.5 m a x m a 
22 .5 m a x m a 

45 m a x m a 
. 8 v . m a 

2 m a x ° C / w a t t 

, RATING CHART I R A T I N G C H A R T ! 
T Y P E 2NI842A 
CURRENT WAVEFORM = SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 

0 k - H I 8 O ° 
CONDUCTION 

ANGLE 

£1 

5 10 15 20 
AVERAGE FORWARD C U R R E N T — A M P E R E S '• 

92CS-II905T2 

z 150 

(i.125 

s 
£ 1 0 0 

T Y P E 2NI842A 
S U P P L Y F R E Q U E N C Y »60 C P S S I N E W A V E 
C A S E T E M P E R A T U R E = 80° C 

. R E S I S T I V E L O A D 
R E P E T I T I V E P E A K R E V E R S E V O L T A G E 
. , » M A X I M U M - R A T E D V A L U E 

^ATH V A L U E 1 , 0 C U R R E N T = M A X J M U M 

• 10 ... 2 •* ,6'\S|0Q 
S U R G e C 0 R R ^ t t ^ l 6 ^ - ^ W C L t S " - " ' ' 

92CS-II904TI 
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G A T E T R I G G E R - V O L T A G E C H A R A C T E R I S T I C S G A T E T R I G G E R - C U R R E N T C H A R A C T E R I S T I C 

TYPE 2N I842A 
FORWARD CURRENT « 0 

— N INIMU M 6A 
TO 

TE V 
TRIG 

DLTA< 
GER 

>E RE 
JNIT 

OUIR EO 

_ M AXIMI 
Wll 

JM G 
- NO 

VTE \ 
r TRI 

'OLTA 
GGER 

GE 7 
UNC 

HAT 
r 

1 1 1 ' — 1 1 

CASE TEMPERATURE—"C 
82CS-U909TS 

150 

§ « , 1 2 5 

E£ioo 

til' 
I 5 0 

T Y P E 2N 482< 

\ 
• 

0 25 50 75 100 125 150 
CASE TEMPERATURE— 

92CS-11906TS 

SILICON CONTROLLED RECTIFIER 

•OR 
MNAL) 

Diixused-jtrnction n-p-n-p type 
used in a wide variety of power-

2 N1 843i\ c o n t r ° l power-switohing applications in industrial and military 
equipment. This type has a max i 
mum peak forward blocking voltage 15™0* 

of 50 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Cnitlines Section, This type is identical with 
type 2N1842A except for the following items: 

MAXIMUM RATINGS 
For sinusoidal ac supply voltage of 50 fo 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 50 max volts 
Non-repetitive (transient) . . . . 75max volts 

Peak Forward Blocking Voltage (repetitive) . . . . . . . . . . . . . . . . . . . 50max volts 
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CHARACTERISTICS 
F o r w a r d B r e a k o v e r V o l t a g e ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) . . . . 50 m i n v o l t s 
A v e r a g e B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) : 

F o r w a r d 19 m a x m a 
R e v e r s e , 19 m a x m a 

SILICON CONTROLLED RECTIFIER 

/ ^ T j S . Diffused-junction n-p-n-p type 
f • 1 ' \ used in a wide variety of power-
I J control and power-switching appli- f\M"1 QAA A 
\ l / cations in industrial and military ^ H i • Q * t Hr\ 

$ equipment. This type has a maxi-
{ S T U O J mum peak forward blocking voltage 

of 100 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for the following items: 

MAXIMUM RATINGS 
F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e : 
R e p e t i t i v e 100 m a x v o l t s 
N o n - r e p e t i t i v e ( t r a n s i e n t ) 150 m a x v o l t s 

P e a k F o r w a r d B l o c k i n g V o l t a g e ( r e p e t i t i v e ) . . . . . . . . . . . . . . . . . . 100 m a x v o l t s 

CHARACTERISTICS 
F o r w a r d B r e a k o v e r V o l t a g e ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) . . . . 100 m i n v o l t s 
A v e r a g e B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) : 

F o r w a r d 12.5 m a x m a 
R e v e r s e 1 2 . 5 m a x m a 

SILICON CONTROLLED RECTIFIER 

2N1845A 
Diffused-junction n-p-n-p type 

used in a wide variety of power-
control and power-switching appli
cations in industrial and military 
equipment. This type has a maxi-

(sfuoj mum peak forward blocking voltage 
of 150 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for the following items; 

MAXIMUM RATINGS 
For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e : 
R e p e t i t i v e 
N o n - r e p e t i t i v e ( t r a n s i e n t ) 

P e a k F o r w a r d B l o c k i n g V o l t a g e ( r e p e t i t i v e ) 

150 m a x v o l t s 
225 m a x v o l t s 
150 m a x v o l t s 
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C H A R A C T E R I S T I C S 
F o r w a r d B r e a k o v e r V o l t a g e ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) . . . . 150 m i n v o l t s 
A v e r a g e B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) : 

F o r w a r d 6.5 m a x m a 
R e v e r s e 6.5 m a x m a 

SILICON CONTROLLED RECTIFIER 

Difrused-junctiori n-p-n-p type 
used in a wide variety of power- I —T~ \ 
control and power-switching apph> \ \ J 

JL I N I O H O / A cations in industrial and military \ ^ \ ^ / 
equipment. This type has a maxi -
mum peak forward blocking voltage , S T U D , 

of 200 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for the following items: 

M A X I M U M R A T I N G S 
For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

P e a k R e v e r s e . V o l t a g e : 
R e p e t i t i v e 200 m a x v o l t s 
N o n - r e p e t i t i v e ( t r a n s i e n t ) 300 m a x v o l t s 

P e a k F o r w a r d B l o c k i n g V o l t a g e ( r e p e t i t i v e ) . ; 200 m a x v o l t s 

C H A R A C T E R I S T I C S 
F o r w a r d B r e a k o v e r V o l t a g e ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) v...- 200 m i n v o l t s 
A v e r a g e B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) : ; i. 

F o r w a r d . . . : 6 m a x m a 
R e v e r s e 6 m a x m a 

S ILICON CONTROLLED RECTIFIER 

2N1847A 
Diffused-junction n-p-n-p type 

used in a wide variety of power-
control and power-switching appli
cations in industrial and military 
equipment. This type has a maxi -

i • ;. • ;-.:.) mum peak forward blocking voltage; ISTUD). . • •,,-

of 250 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value) . This type is designed to meet stringent military 

: environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. .This type is identical with 
type 2N1842A except for the following items: 

M A X I M U M R A T I N G S 

For sinusoidal ac supply voltage x>f-50 to 
400 cps, with resistive:. or inductive load' 

P e a k R e v e r s e V o l t a g e : 
R e p e t i t i v e .: 

: N o n - r e p e t i t i v e ( t r a n s i e n t ) 
P e a k F o r w a r d B l o c k i n g V o l t a g e ( r e p e t i t i v e ) . . 

250 max v o l t s 
350 max v o l t s 
250 max . -vo l ts 
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CHARACTERISTICS 
F o r w a r d Breakover Voltage (at case temperature of 125°C) 
Average Blocking Current (at case temperature of 1 2 5 ° C ) : 

F o r w a r d 
Reverse 

250 min volts 

5.5 max 
5.5 max 

ma 
ma 

SILICON CONTROLLED RECTIFIER 

"TERMINAL) 

•^C""f*v Diffused-junction n-p-n-p type 
I — 0 - \ used in a wide variety of power -
( A . J control and power-switching appli- Q K I 1 QAQ A 
\. J cations in industrial and military 1 0 * t O A \ 

O equipment. This type has a maxi -
( S T U D I mum peak forward blocking voltage 

of 300 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for the following items: 

MAXIMUM RATINGS 
F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 300 max volts 
Non-repetitive (transient) 400 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) 300 max volts 

CHARACTERISTICS 
F o r w a r d Breakover Voltage (at case temperature of 125°C) . . . . 300 min volts 
Average Blocking Current (at case temperature of 1 2 5 ° C ) : 

F o r w a r d 5 max ma 
Reverse 5 max ma 

SILICON CONTROLLED RECTIFIER 

/ \ T T \ Diffused-junction n-p-n-p type 
f 1 ' A used in a wide variety of power-
\ \ J control and power-switching appli- O K I ! QAQ A 
\ ^ 1 cations in industrial and military ^IM 1 0 * t z / \ 

A equipment. This type has a maxi -
( S T U D I mum peak forward blocking voltage 

of 400 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for the following items: 

MAXIMUM RATINGS 
For sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

Peak Reverse Voltage: 
Repetitive 400 max volts 
Non-repetitive (transient) 500 max volts 

Peak F o r w a r d Blocking Voltage (repetitive) 400 max volts 
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C H A R A C T E R I S T I C S 
F o r w a r d B r e a k o v e r V o l t a g e ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) . . . . 400 m i n volts 
A v e r a g e B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e of 1 2 5 ° C ) : 

F o r w a r d 4 m a x m a 
R e v e r s e 4 m a x m a 

S I L I C O N C O N T R O L L E D R E C T I F I E R 

u 
TERMINAL)^ ^ TERSlNALl 

Diffused-junction n-p-n-p type 
used in a wide variety of power-

O K J 1 Q C A A control and power-switching appli-
/ 1 ¾ I O J V H cations in industrial and military 

equipment. This type has a maxi
mum peak forward blocking voltage ^™0' 

of 500 volts and a forward-current capability of 10 amperes (average value) 
or 16 amperes (rms value). This type is designed to meet stringent military 
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. J E D E C 
No. TO-48 package; outline 19, Outlines Section. This type is identical with 
type 2N1842A except for the following items: 
M A X I M U M R A T I N G S 

F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e : 
R e p e t i t i v e 500 m a x v o l t s 
N o n - r e p e t i t i v e ( t r a n s i e n t ) 600 m a x v o l t s 

P e a k F o r w a r d B l o c k i n g V o l t a g e ( r e p e t i t i v e ) : 500 m a x v o l t s 

C H A R A C T E R I S T I C S 
F o r w a r d B r e a k o v e r V o l t a g e ( a t c a s e t e m p e r a t u r e of 1 2 5 ° C ) . . . . 500 m i n v o l t s 
A v e r a g e B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) : 

F o r w a r d 3 m a x m a 
R e v e r s e 3 m a x m a 

2N1853 

T R A N S I S T O R 

Germanium p-n-p type used in 
high-speed switching applications in 
data-processing equipment. J E D E C 
No. TO-5 package; outline 6, Out
lines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) —18 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) —6 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) — 2 m a x v o l t s 
C o l l e c t o r C u r r e n t —100 m a x m a 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 150 m a x m w 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

E m i t t e r - T o - B a s e D i s s i p a t i o n ( u n d e r b r e a k d o w n c o n d i t i o n w i t h 
r e v e r s e b i a s ) : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 25 m a x m w 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g a n d s t o r a g e —55 to 85 C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 235 m a x C 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a — — 6 a n d 

b a s e m a = —0.2) —0.4 m a x v o l t 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = —6 

a n d b a s e m a = —0.2) —0.2 m a x v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s — —15 

a n d e m i t t e r c u r r e n t = 0 ) —4.2 m a x 
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In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r Rat io" : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 1 , c o l l e c t o r c u r r e n t — 0, 

a n d b a s e m a = —0.2 30 to 400 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.4, c o l l e c t o r m a = —6, . 

a n d b a s e c u r r e n t = 0 30 m i n 

following: 

TRANSISTOR 
Germanium p-n-p type used in 

high-speed switching applications in 
data-processing equipment. J E D E C 
No. TO-5 package; outline 6, Out
lines Section. This type is identical 
with type 2N1853 except for the 

2N1854 

CHARACTERIST ICS 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = —20 

a n d b a s e m a = —0.5) 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h c o l l e c t o r m a = —20 a n d b a s e m a = —0.66 
W i t h c o l l e c t o r m a = —20 a n d b a s e m a - - —0.5 

In Common-Base Circuit 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —10, 
e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 

In Common-Emitter Circuit 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t a g e = —0.5 a n d c o l l e c t o r 

m a = —20 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t a g e = —0.75 a n d c o l l e c t o r 

m a = —100 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t a g e = —1 a n d c o l l e c t o r m a = —50 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 1 
a n d c o l l e c t o r m a = —10) 

—0.8 m a x 

—0.25 m a x 
—0.3 m a x 

12 m a x 

40 m i n 

25 m i n 
400 m a x 

40 m i n 

v o l t 

v o l t 
v o l t 

P f 

M c 

POWER TRANSISTOR 

2N1893 
Silicon n-p-n type used in a wide 

variety of small-signal and medium-
power switching applications in in 
dustrial and military equipment. It 
features high collector-to-emitter 
sustaining voltage, low leakage char

acteristics, high switching speeds, and a high dc forward current-transfer ratio. 
This type can be replaced by the 2N2405 in most applications. J E D E C No. TO-5 
package; outline 6, Outlines Section. 

MAXIMUM RATINGS 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 120 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e x t e r n a l b a s e - t o - e m i t t e r 

r e s i s t a n c e = 10 o h m s o r l e s s ) 100 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) 80 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 7 m a x v o l t s 
C o l l e c t o r C u r r e n t 0.5 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 3 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 0.8 m a x w a t t 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( J u n c t i o n ) —65 to 200 ° C 
S t o r a g e — 6 5 to 300 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x ° C 
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C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 

a n d e m i t t e r c u r r e n t = 0 ) 120 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1 

a n d c o l l e c t o r c u r r e n t = 0 ) 7 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h b a s e m a = 15 a n d c o l l e c t o r m a = 150 5 m a x v o l t s 
W i t h b a s e m a = 5 a n d c o l l e c t o r m a = 50 1.2 m a x v o l t s 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 
W i t h b a s e m a = 15 a n d c o l l e c t o r m a = 150 1.3 m a x v o l t s 
W i t h b a s e m a = 5 a n d c o l l e c t o r m a = 50 0.9 m a x v o l t 

C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 
W i t h b a s e c u r r e n t = 0 a n d p u l s e d c o l l e c t o r m a = 3 0 * 80 m i n v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s a n d 

p u l s e d c o l l e c t o r m a = 1 0 0 * 100 m i n v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t : 

W i t h c a s e t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s = 90, 
a n d e m i t t e r c u r r e n t = 0 0.01 m a x /ta 

W i t h c a s e t e m p e r a t u r e = 1 5 0 ° C , c o l l e c t o r - t o - b a s e v o l t s = 90, 
a n d e m i t t e r c u r r e n t = 0 15 m a x /*a 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s — 5 a n d 
c o l l e c t o r c u r r e n t = 0) 0.01 m a x fia 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - c a s e 58.3 m a x ° C / w a t t 
J u n c t i o n - t o - a m b i e n t 219 m a x ° C / w a t t 

* P u l s e d u r a t i o n = 300 usee, d u t y f a c t o r = 0.018 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

T Y P E 2 N I 8 9 3 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

-AMBIENT TEMPERATURE = 25° C 

0 10 20 30 4 0 50 60 70 80 90 100 
COLLECTOR-TO-EMITTER VOLTS SZQM-II653T 

T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C S 
TYPE 2NI893 ' 1 1 1 

COMMON-EMITTER CIRCUIT, BASE INPUT. 

0.5 0.7 0.9 I.I 1.3 1.4 
P A S E - T O - E M I T T E R VOLTS 

92CS-HI85r 
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In Common-Base Circuit 
I n p u t R e s i s t a n c e a t 1 k i l o c y c l e : 

W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 
W i t h c o l l e c t o r - t o - b a s e , v o l t s = 10 a n d c o l l e c t o r m a = 5 . . . . 

E m i t t e r - t o - B a s e C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5 
a n d c o l l e c t o r ; c u r r e n t = 0 ) , 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 
10 a n d e m i t t e r c u r r e n t = :0) . 1 . . . . : 

O u t p u t C o n d u c t a n c e a t 1 k i l o c y c l e : j 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 . . . . . . 
W i t h c o l j e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a = 5 , 

S m a l l - S i g n a l O p e n - C i r c u i t R e v e r s e V o l t a g e - T r a n s f e r R a t i o a t 
1 k i l o c y c l e : i • 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 . . . . . . 
W i t h c o l l e c t o r - t o - b a s e V o l t s = 10 a n d c o l l e c t o r m a = 5 . . . . . 

In Common-Emitter Circuit 
D C F o r w a r d C u r r e n t T r a n s f e r R a t i o : • . . : . 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d p u l s e d c o l l e c t o r m a 
= 1 5 0 * 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 10 . 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 0.1 . 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 10, a n d 

c a s e t e m p e r a t u r e = — 5 5 ° C 
S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 5 , a n d c o l l e c t o r m a = 1 , 
- a n d f r e q u e n c y = 1 k i l o c y c l e 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s ' = 10, a n d c o l l e c t o r m a = 5 , 

a n d f r e q u e n c y = 1 k i l o c y c l e • 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s ' = 10, a n d c o l l e c t o r m a . = 50 , 

a n d f r e q u e n c y = 20 M c 

20 to 30 
4 to 8 

85 m a x 

15 m a x 

0.5 m a x 
0.5 m a x 

1.25 x 10-* 
1 . 5 x 1 0 - * 

40 to 120 
35 m i n 
20 m i n 

20 m i n 

30 to 100 

45 m i n 

2.5 m i n 

o h m s 
o h m s 

P f 

P f 

umho 
fanho 

2N1905 

• P u l s e d u r a t i o n = 300 / * s e c , d u t y f a c t o r = 0.018 

POWER TRANSISTOR 
.Germanium p-n-p type used in 

a wide variety of switching and am
plifier applications; It is used as a 
high-power high-speed switch in 
dc-to-dc converters, inverters, and 
computers for data-processing equip

ment; and in ultrasonic oscillators and large-signal wide-band linear amplifiers. 
Package is similar to J E D E C No. TO-3; outline 24, Outlines Section. This type 
is identical with type 2N1906 except for typical operation and the following 
items: 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) . 
C o l l e c t o r T t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) . . . , 

—60 m a x 
—40 m a x 

v o l t s 
v o l t s 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

. 1 i ( . 1 I 1 I I • . : 1 . 
T Y P E 2 N I 9 0 5 
cc 
M( 

MMO 
) U N T 

Y - E * 
N G -

I I T T E 
- L A N 

R C I 
G E T 

R C U I 
E M P E 

T , B A S E 1 
R A T U R E - 2 

N P U T 
5 ° C 

; 

; . • 

30 
- 2 5 

- 2 0 

-15 

-10 

1 1 I- 1' 1 .1 
- 1 5 • - 2 0 . v - : * 2 5 

C O L L E C T O R - T O - E M I T T E R V O L T S 
- 4 0 

92CM-I0999TI 
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TYPiCAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC 

TY 
- C O 

MO 
CO 

PE ' 
tfMOf* 
UNTI 
- L E C 

2NI9 
-EMI 

gG-Fl 
TOR-

35 
TTEF 
-ANG 
TO-E 

CIR 
E TE 
/ ITT 

JUIT, 
WPER 
ER V 

1 

BASE INPL 
A T U R E ' 2 
0 L T S « - 2 

L -

T -
5*C 

0.2 0.4 0.6 OA 
BASE-TO-EMITTER VOLTS 

9 2 C S H 0 9 9 5 r 

a - 4 

TYP 
COM 

"MOU 
COU 

E 2N 
WON-E 
NTING 
-ECTO 

9 0 5 
MITTE 
-FLAN 
R-TO-

R CIRC 
GE TE 
EMITT 

XHT, B 
MPERA 
ER VC 

ASE IN 
TURE' 
LTS = 

PUT 
25¾" 
-2 

HO - 2 0 - 3 0 - 4 0 - 5 0 - 6 0 
BASE MILLIAMPERES 

92CS-K599JT 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = —10 

a n d e m i t t e r c u r r e n t = 0 ) —SO m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r 

m a _ —100 a n d b a s e c u r r e n t = 0 ) —40 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 2 

a n d c o l l e c t o r m a - - 1 0 0 0 ) —0-38 v o l t 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r 

m a = - 1 0 0 0 a n d b a s e m a = - 5 0 ) —0-3 v o l t 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = — 2 a n d c o l l e c t o r m a = —1000) 

D C F o r w a r d C o n d u c t a n c e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 2 
a n d c o l l e c t o r m a = —1000) 

50 

4 mhos 

POWER TRANSISTOR 

2N1906 

Germanium p-n-p type used in 
a wide variety of switching and am
plifier applications. It is used as a 
high-power high-speed switch in 
dc-to-dc converters, inverters, and 
computers for data-processing equip

ment; and in ultrasonic oscillators and large-signal wide-band linear amplifiers. 
Package is similar to J E D E C No. TO-3; outline 24, Outlines Section, 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) . . . . . . . . . . . . „ —100 m a x v o r t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) —40 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) — 1 m a x v o l t 
C o l l e c t o r C u r r e n t —10 m a x a m p e r e s 
B a s e C u r r e n t — 3 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

F o r m o u n t i n g - f l a n g e t e m p e r a t u r e s u p to 2 5 ° C 50 m a x w a t t s 
F o r m o u n t i n g - f l a n g e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e — 5 5 to 100 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 2 5 5 m a x ° C 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = —10 
a n d e m i t t e r c u r r e n t = 0 ) 100 m i n v o r t s 

C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r 
m a = —100 a n d b a s e c u r r e n t = 0 ) 40 m i n v o l t s 

E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = — 5 
a n d c o l l e c t o r c u r r e n t = 0 ) 1 m i n v o l t 
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TYPICAL COLLECTOR CHARACTERISTICS 

. T Y P E 2 N I 9 0 6 
C O M M O N - E M I T T E R C I R C U I T , B A S E INPUT. 
M O U N T I N G - F L A N G E T E M P E R A T U R E - 2 5 - 0 

-K> - 1 5 - 2 0 - 2 5 -30 
C O L L E C T O R - T O - E M I T T E R VOLTS 

- 3 5 - 4 0 
92CM-W996TI 

T Y P I C A L T R A N S F E R CHARACTERIST IC 
— I 

T Y P E 2 N I 9 0 6 
COMMON-EMITTER 

CIRCUIT, B A S E 
INPUT. 

T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C 

MOUNTING—FLANGE . 
TEMPERATURE = 25°C 

C O L L E C T O R - T O -
E M I T T E R V O L T S ' - 2 

- 1 0 - 2 0 - 3 0 - 4 0 - 5 0 
B A S E MILUAMPERES 

1 1 1 1 1 1 1 1 -
T Y P E 2 N I 9 0 6 

- COMMON-EMITTER CIRCUIT, B A S E INPUT. • 
MOUNTING-FLANGE T E M P E R A T U R E • 25°C 
C O L L E C T O R - T O - E M I T T E R V O L T S •=-2 

/ / 
/ 

- 0 . 2 - 0 . 4 - 0 . 6 - 0 . 8 
B A S E - T O - E M I T T E R V O L T S 

92CS-W9MT 

B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 2 
a n d c o l l e c t o r m a = —5000 ) _ r j g 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r 
m a = —5000 a n d b a s e m a = — 2 5 0 ) „ — 0 . 7 5 v o r i 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —40 
a n d e m i t t e r c u r r e n t = 0 ) , , —150 u a 

C o l l e c t o r - C u t o f f S a t u r a t i o n C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e " 
v o l t s = — 0 . 5 a n d e m i t t e r c u r r e n t = 0 ) _ £ 5 u a 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —0 .5 *"* 
a n d c o l l e c t o r c u r r e n t = 0 ) _ i 

T h e r m a l R e s i s t a n c e : " " ' ^ 
J u n c t i o n - t o - m o u n t i n g f l a n g e „ . . m a x »c/watt 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = — 2 a n d c o l l e c t o r m a = —5000) 125 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s — — 5 a n d c o l l e c t o r m a = —500) 7S i ™ 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 5 
a n d c o l l e c t o r m a = —500) 7 c « „ 

D C F o r w a r d C o n d u c t a n c e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s ' = ' — 2 
a n d c o l l e c t o r m a = —5000) 8 . 3 m h o s 

TYPICAL OPERATION IN "0N-0FF" POWER-SWITCH I NO CIRCUIT 
D C C o l l e c t o r - S u p p l y V o l t a g e 5 1 2 5 19 J5 « . r j + _ 

O n D C C o l l e c t o r C u r r e n t . _ | ±z% _ | 
T u r n - O n D C B a s e C u r r e n t — - 0 2 5 - 0 2 5 " £ r £ ™ 
T u r n - O f E D C B a s e C u r r e n t _ 0 ^ 0J5 
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P u l s e - G e n e r a t o r O p e n - C i r c u i t V o l t a g e 
B a s e - B i a s R e s i s t o r 
" S p e e d - U p " C a p a c i t o r . , 
L o a d R e s i s t o r • 
G e n e r a t o r I m p e d a n c e . . : . . . . 
S w i t c h i n g T i m e : 

D e l a y t i m e . . . . . . . 
R i s e t i m e : 
S t o r a g e t i m e 
F a l l t i m e 

2 v o l t e 
75 5 5 o h m s 

0.1 • Mi 
5 5 2 .5 o h m s 
5 5 5 o h m s 

0.1 0.1 0.1 /isec 
0.1 0.4 0.9 

1 7 7 /isec 0.6 1 2 p s e c 

: POWER TRANSISTOR 
Silicon n-p-n type used in a 

J wide variety of high-power s witch-
Q f c l O A l C hag and amplifier applications in i n -

'O dustrial and military equipment. I t 
is uked in power-switching, dc-to-dc 
converter, inverter, chopper, sole- •'' 

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. I t 
features, low saturation resistance, high current and power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C No. 
TO-36 package; outline 14, Outlines Section: This type is identical with type 
2N2016 except for the following: 

MAXIMUM RATINGS • j 
C o ! l l e c t o r - t 6 - B 4 s e V o l t a g e [ ( w i t h e m i t t e r o p e n ) 100 m a x v o l t s 

C o U e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) .............. .j \ ^0 m a x v o l t s 

CHARACTERISTICS \ ! N ] 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : •. '• I 

W i t h e m i t t e i f t o - b a s e i v o l t s = — 1 . 5 a n d c o l l e c t o r m a == 2 . . . . . . : \ 1 Q 0 m i n v o l t s 
W i t h b a s e o p e n a n d c o l l e c t o r m a = 1200 ,.'<,....'• i 5 0 m i l l v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 100 1 = 
a n d b a s d - t o - e m i t t e r v o l t s = . : - 1 . ? ) i 2 m a x m a 

C o l l e c t o r - t b - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r a m p e r e s \ : 
= 0.2 a n d base, c u r r e n t s= 0 ) v '. ..' ... 50 m i n v o l t s 

POWER TRANSISTOR 
- Silicon n-p-n type used in a ••• ' ••• 
wide variety of high-power switch-

OKJOAl A m& amplifier applications in in- . 
A IN US)10 dustrial and military equipment. It :.' 

is used in power-switching, dc-to-dc 
converter, inverter, chopper, sole- • : ' — .-,; ;' . if 

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier 
circuits; and as a class A or class B push-pull audio and servo amplifier. It 
features low saturation resistance, high current arid power dissipation, high 
beta at high current, and excellent high-temperature performance. J E D E C 
No. TO-36 package; outline 14, Outlines Section. ., .........; 

MAXIMUM RATINGSp , > V : : ¾ . ¾ 
X o l l e c t o r - t o - B a s e V o l t a g e ' ( w i t h e m i t t e r o p e n ) " : . J . . ' . . 1 3 0 m a x - : v o l t s 
. C o l l e c t o r - t o - E m i t t e r V b l t a g e ( w i t h b a s e o p e n ) .... ~ .65 m a x , •.. /volts 
T E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r , o p e n ) . . . . •.. .. / 1 0 m a x . . v o l t s 
- C o l l e c t o r C u r r e n t .'! .' ': '::."" 1.0 m a x a m p e r e s 
B a s e C u r r e n t '"' 6 m a x a m p e r e s 
E m i t t e r C u r r e n t . . : -., •.• - — 1 3 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n ^ " •• . • " " - • * • 
- A t c a s e t e m p e r a t u r e s : u p to: 2 5 ° C -... . . ;^ . . 150 m a x - , w a t t s 

A t . c a s e t e m p e r a t u r e s " a b o v e 2 5 ° C S e e c u r . v , e ; p a g e ; 8 0 
• T e m p e r a t u r e R a n g e : : : . . . .•.: • •. . . - .... • :. -C- \ 
- v . - . o ^ e r a t i n g ^ ^ u n c t i o K ' ) - ; a n d S t o r a g e , ¾ . . : . 65 to 2Q0o y*.> ; t?C 
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C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = —1 .5 a n d c o l l e c t o r m a = 2 130 m i n v o l t s 
W i t h b a s e o p e n a n d c o l l e c t o r m a = 200 65 m i n v o l t s 

C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h c o l l e c t o r 
m a = 200 a n d b a s e c u r r e n t = 0 ) 65 m i n v o l t s 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r 
a m p e r e s = 5 a n d b a s e a m p e r e = 0.5) 1.25 m a x v o l t s 

B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 5 
a n d c o l l e c t o r a m p e r e s = 5 ) 2.2 m a x v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 30, b a s e - t o - e m i t t e r 

v o l t s = — 1 . 5 , a n d c a s e t e m p e r a t u r e =: 1 5 0 ° C 2 m a x m a 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 130, b a s e - t o - e m i t t e r 

v o l t s = —1 .5, a n d c a s e t e m p e r a t u r e = 2 5 ° C 2 m a x m a 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 10 a n d 

c o l l e c t o r c u r r e n t = 0 ) 0.05 m a x m a 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 1.17 m a x ° C / w a t t 
T h e r m a l T i m e C o n s t a n t 30 m s e c 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
f 9 0 0 

8 0 C 

1 1 
T Y P E 2N20 

\ i i i i 
1 6 
F I T T E R C I R C U I T , B A S E I N P U T . — 
: R A T U R E = 2 5 " C ( 

f = 7 0 0 
5 0 0 | 

— C O M M O N S 
C A S E T E M P 

\ i i i i 
1 6 
F I T T E R C I R C U I T , B A S E I N P U T . — 
: R A T U R E = 2 5 " C 

5 0 ( ) 

4 0 0 

B A 3 E Ml L L I A M P E R E S = 3 C 0 

2 0 0 

? 

IOC / c / 
3 0 y J 

1 0 y 
—u— r o. 

y 
—u— 

C O L L E C T O R - T O - E M I T T E R VOLTS 

In C o m m o n - B a s e Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 40 , 
c o l l e c t o r pa — 50 , a n d f r e q u e n c y = 1 M c ) : 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d c o l l e c t o r a m p e r e s = 9 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d c o l l e c t o r a m p e r e s = 5 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = 4 , c o l l e c t o r a m p e r e = 1 , a n d f r e q u e n c y 
= 1 k i l o c y c l e ) 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d c o l l e c t o r a m p e r e s = 5 ) 

T Y P I C A L O P E R A T I O N I N P U L S E - R E S P O N S E T E S T C I R C U I T 
D C C o l l e c t o r - S u p p l y V o l t a g e ( V c c ) 
D C B a s e - S u p p l y V o l t a g e ( V B B ) 
O n D C C o l l e c t o r C u r r e n t ( I c ) 
T u r n - O n D C B a s e C u r r e n t ( I B I ) 
B a s e - C i r c u i t R e s i s t a n c e ( R B I ) o r RB2) 
C o l l e c t o r - C i r c u i t R e s i s t a n c e ( R c ) 
S w i t c h i n g T i m e : 

O n t i m e ( D e l a y t i m e td p l u s r i s e t i m e t r ) 
O f f t i m e ( S t o r a g e t i m e t . p l u s f a l l t i m e t t ) 

400 m a x 

8 m i n 
15 to 50 

P f 

12 to 60 

12 m i n k c 

24 
- 6 
10 
2 

10 
2 

4 
7 

v o l t s 
v o l t s 

a m p e r e s 
a m p e r e s 

o h m s 
o h m s 

Msec 
/isec 



256 RCA Transistor Manual 

T Y P I C A L B A S E C H A R A C T E R I S T I C S 

ilOOO 

i 
j 750 

' 500 
t 
> 

2 5 0 

T Y P E 2 N 
COMMON-

- C O L L E C T C 
CURVE 

2 0 1 6 ' 
EMITTER CIRCUIT, BASE INPUT. 
R-TO- EMITTER VOLTS = 4 -
CASE TEMPERATURE—°C 

- — 

2 
- 6 
17 

5 
5 
5 4 / / '/ 
'// 
s * 
V 

0.5 I 1.5 2 2.5 3 
BASE-TO-EMITTER VOLTS 

S2CS-II093T 9 E C S - I I I 2 5 R I 

2N2102 

TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of small-signal and 
medium-power applications in i n 
dustrial and military equipment. It 
can be used in rf service as an am
plifier, mixer, oscillator, and con

verter; in af service for small- and large-signal driver and power applications; 
in switching service for high-speed switching circuits requiring transistors 
having high voltage and current values. It features low saturation voltage, high 
sustaining voltage, high dissipation, high pulse beta, low output capacitance, 
and exceptionally low noise and leakage characteristics. J E D E C No. TO -5 pack
age; outline 6, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 120 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s o r l e s s . . . 
W i t h b a s e o p e n 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 
C o l l e c t o r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) —65 to 200 
S t o r a g e —65 to 300 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 300 m a x 

80 m a x v o l t s 
65 m a x v o l t s 

7 m a x v o l t s 
1 m a x a m p e r e 

5 m a x w a t t s 
1 m a x w a t t 

S e e c u r v e p a g e 80 

T Y P I C A L C O L L E C T O R CHARACTERISTICS 
TYPE 2 N 2 I 0 2 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE=25°C 

T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C S 

20 40 60 80 100 
COLLECTOR-TO-EMITTER VOLTS 

92CS-III75T 

TYPE 
COMN 
AMBI 

TU 

2 N 2 I 
0 N - E 
ENT " 
RE = 2 

0 2 
MITTE 
rEMPE 

R CIR 
R A -

q/Ii 
'////It 

CUIT, BASE NPUT. 

A 

R CIR 
R A -

q/Ii 
'////It 

AS//// 

///// 

d 
0.7 0.9 I.I 1.3 1.5 

B A S E - T O - E M I T T E R VOLTS 
9ECS-III80T 
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C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0 . 1 

a n d e m i t t e r c u r r e n t = 0 ) 1 2 0 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0 . 1 

a n d c o l l e c t o r c u r r e n t = 0 ) 7 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r R e a c h - T h r o u g h V o l t a g e ( w i t h e m i t t e r - t o -

b a s e v o l t s = 1.5 a n d c o l l e c t o r m a = 0 . 1 ) 1 2 0 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 

W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 1 0 o h m s or l e s s 
a n d c o l l e c t o r m a = 1 0 0 8 0 m i n v o l t s 

W i t h c o l l e c t o r m a = 1 0 0 a n d b a s e c u r r e n t = 0 6 5 m i n v o l t s 
B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 1 5 0 

ar fd b a s e m a = 1 5 ) 1.1 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 1 5 0 

a n d b a s e m a = 1 5 ) 0 . 5 m a x v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 6 0 

a n d e m i t t e r c u r r e n t = 0 ) 0 . 0 0 2 m a x fia 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 5 

a n d c o l l e c t o r c u r r e n t = 0 ) 0 . 0 0 2 m a x p.a 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 3 5 m a x " C / w a t t 
J u n c t i o n - t o - a m b i e n t 1 7 5 m a x ° C / w a t t 

In Common-Base Circuit 

I n p u t R e s i s t a n c e a t 1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 2 4 to 3 4 o h m s 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 1 0 a n d c o l l e c t o r m a = 5 . . 4 to 8 o h m s 

I n p u t C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s — 0 .5 a n d 
c o l l e c t o r c u r r e n t = 0 ) 8 0 m a x p f 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 1 0 a n d 
e m i t t e r c u r r e n t — 0 ) 1 5 m a x p f 

O u t p u t C o n d u c t a n c e a t 1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 0 -1 to 0 .5 j i m h o 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 1 0 a n d c o l l e c t o r m a = 5 0 . 1 to 1 / j m h o 

S m a l l - S i g n a l O p e n - C i r c u i t R e v e r s e V o l t a g e - T r a n s f e r R a t i o a t 
1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 0 . 0 0 0 3 m a x 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 1 0 a n d c o l l e c t o r m a = 5 . . . . . . 0 0 0 0 3 m a x 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 1 1 1 1 1 1 1 
T Y P E 2 N 2 I 0 2 
COMMON-EMITTER CIRCUIT, B A S E INPUT. 
A / 1 B I E N T T E \ P E R A ruRE = 25°C 

| N£_. \J \0 
% 

\J 
J J . 

_§_ 

4 

2 

B A S E MILLI 4 M P E F E S = 0 

l oo 

2 4 6 8 10 
COLLECTOR-TO-EMITTER VOLTS 

In Common-Emitter Circuit 

D C - P u l s e F o r w a r d C u r r e n t - T r a n s f e r R a t i o : * 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 1 0 a n d c o l l e c t o r m a = 1 5 0 . . 4 0 to 1 2 0 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 1 0 a n d c o l l e c t o r m a = 5 0 0 . . 2 5 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 1 0 a n d c o l l e c t o r m a = 1 0 0 0 . 1 0 m i n 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 1 0 a n d c o l l e c t o r m a = 0 . 0 1 . . 1 0 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s r= 1 0 a n d c o l l e c t o r m a = 0 . 1 . . . 2 0 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s := 1 0 a n d c o l l e c t o r m a = 1 0 . . . 3 5 m i n 
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S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 5 , c o l l e c t o r m a = 1 , a n d 

f r e q u e n c y = 1 k i l o c y c l e 30 to 100 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 5 , a n d 

f r e q u e n c y = 1 k i l o c y c l e 3 5 to 150 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 , c o l l e c t o r m a = 50 , a n d 

f r e q u e n c y — 20 M c 3 m i n 
N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 10, c o l l e c t o r m a 

= 0 .3 , g e n e r a t o r r e s i s t a n c e — 1000 o h m s , c i r c u i t b a n d w i d t h = 1 5 
k i l o c y c l e s , a n d s i g n a l f r e q u e n c y = 1 k i l o c y c l e ) 6 m a x 

T o t a l S w i t c h i n g T i m e t ( d e l a y t i m e p l u s r i s e t i m e p l u s f a l l t i m e ) 3 0 m a x 

* P u l s e d u r a t i o n = 300 usee, d u t y f a c t o r = 0 .018. 
t S e e Total-Switching-Time Measurement Circuit below. 

d b 
n s e c 

- 5 0 V + 2 0 V 

• R 5 

INPUT 
FROM 
P U L S E s GENER-, 
ATOR 

Q 3 

: r 4 

Y+50 V 
- L - 2 0 V 

O U T P U T 
T O 

, S A M P L I N G 
' O S C I L L O S C O P E 

C i = 0 . 0 1 tit 
R i , Ki = 100 o h m s 
R2 — 1000 o h m s 
R3 = 4 7 0 0 o h m s 
R s = 40 o h m s 
RB = 1000 o h m s , 5 w a t t s 

R 6 - 5 0 V 
: C R 

9 2 C S - I H 8 6 R 1 

POWER TRANSISTOR 
Germanium p-n-p type used in 

high-fidelity amplifiers and other af . 
Q [ W | 0 1 J 1 7 amplifiers where wide frequency 

I " / range and low distortion are re
quired. It is intended primarily for E( 
class B amplifier service. J E D E C No. 

TO-3 package; outline 5, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e — 7 5 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e — 5 0 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e —1.5 m a x v o l t s 
C o l l e c t o r C u r r e n t —5 m a x a m p e r e s 
B a s e C u r r e n t — 1 m a x a m p e r e 
E m i t t e r C u r r e n t 5 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t m o u n t i n g - f l a n g e t e m p e r a t u r e s u p to 8 1 ° C 12 .5 m a x w a t t s 
A t m o u n t i n g - f l a n g e t e m p e r a t u r e s a b o v e 8 1 ° C D e r a t e 0 .66 w a t t / ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 1 0 0 C 

L e a d T e m p e r a t u r e ( f o r 1 0 s e c o n d s m a x i m u m ) 2 5 5 m a x C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = — 1 0 

a n d e m i t t e r c u r r e n t = 0 ) — 7 5 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 

—100 a n d b a s e c u r r e n t = 0 ) — 5 0 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 1 0 

a n d c o l l e c t o r m a = — 5 0 ) —0.24 v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = — 4 0 

a n d e m i t t e r c u r r e n t = 0 ) — 1 m a x m a 
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C o l l e c t o r - C u t o f f S a t u r a t i o n C u r r e n t ( w i t h c o f l e c t o r - t o - b a s e v o l t 
= —0 .5 a n d e m i t t e r c u r r e n t = 0 ) —70 m a x ua 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = — 1 . 5 a n d 
c o l l e c t o r c u r r e n t = 0 ) -. — 2 . 5 m a x m a 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - c a s e 1.5 m a x ° C / w a t t 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = — 1 a n d c o l l e c t o r m a = —1000) 150 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 5 
a n d c o l l e c t o r m a = — 5 0 0 ) 4 M c 

TYPICAL COLLECTOR CHARACTERISTICS 
- 1 1 1 1 1 1 
T Y P E 2N2 I47 
COMMON-EMITTER CIRCUIT, B A S E INPUT. 
MOU N U N C - l - L A A ( i t lb M r t K W U R t - m ( 

- 2 
\ 
5 \ 

- 2 o \ 

\ 

BOUNDARY OF 

\ 
RECOMMENDED OPERATING 

-
\ 

_ - ' V 

i S = - 5 

•— 

BASE 1 1 
Mil 1 IAMPFR 

i S = - 5 

r -- ---
-JO -15 - 2 0 - 2 5 - 3 0 - 3 5 - 4 0 - 4 5 - 5 0 

C O L L E C T O R - T O - E M I T T E R VOLTS 

TYPICAL TRANSFER CHARACTERISTIC 
T Y P E 2 N 2 I 4 7 
COMMON-EMITTER CIRCUIT, B A S E INPUT. 
MOUNTING-FLANGE TEMPERATURE =25° C 
C O L L E C T O R - T O - E M I T T E R V 0 L T S « - 2 

- 2 0 0 - 4 0 0 - 6 0 0 - 8 0 0 
B A S E - T O - E M I T T E R MILLIVOLTS 

92CS-II324TI 

3 - 2 0 

TYPICAL BASE CHARACTERISTIC 
TYP 
COM 
MOU 
COL 

i 2N 
M0N-
NTIN< 
L E C T 

2147 
EMIT 

; - F L 
0 R - " 

T E R 
ANGE 
r o - E 

CIRCUIT, B 
T E M P E R * 

M ITTER V 
i 

USE 1 
TURE 
OLTS 

NPUT 
=25° 
= -2 

C 

/ 

/ 

- 0 . 2 - 0 . 4 - 0 . 6 - 0 . 8 
B A S E - T O - E M I T T E R VOLTS 

.WCS- i |327TI . 

T Y P I C A L O P E R A T I O N I N S I N G L E - E N D E D P U S H - P U L L A M P L I F I E R C I R C U I T 

D C C o l l e c t o r S u p p l y V o l t a g e 22 v o l t s 
Z e r o - S i g n a l D C C o l l e c t o r C u r r e n t —0 .05 a m p e r e 
Z e r o - S i g n a l B a s e - B i a s V o l t a g e —0.24 v o l t 
P e a k C o l l e c t o r C u r r e n t — 3 . 5 a m p e r e s 
M a x i m u m - S i g n a l D C C o l l e c t o r C u r r e n t — 1 . 1 a m p e r e s 
I n p u t I m p e d a n c e of S t a g e ( p e r b a s e ) 75 o h m s 
L o a d I m p e d a n c e ( S p e a k e r v o i c e C o i l ) 4 o h m s 
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P o w e r G a i n ;
 : 3 3 d b 

M a x i m u m - S i g n a l P o w e r O u t p u t 2 5 w a t t s 
T o t a l H a r m o n i c D i s t o r t i o n a t M a x i m u m S i g n a l P o w e r O u t p u t . . 5 p e r c e n t 
M a x i m u m C o l l e c t o r D i s s i p a t i o n ( p e r t r a n s i s t o r ) u n d e r w o r s t - c a s e 

c o n d i t i o n s 12.5 w a t t s 
E I A M u s i c P o w e r O u t p u t R a t i n g 4 5 w a t t s 

^ „ = 22 v o l t s 
R i , R s = 330 o h m s , 2 w a t t s 
R2, R t = 3.9 o h m s , 0.5 w a t t 
R s , R e = 0.27 o h m , 0.5 w a t t 
V o i c e c o i l 

i m p e d a n c e — 4 o h m s 

9ECS-1I332R2 

POWER TRANSISTOR 
Germanium p-n-p type used in 

high-fidelity amplifiers and other af ^ E£ 

2J^J214S an^piifi 6 1^ where wide frequency range and low distortion are re
quired. It is intended primarily for 
use as a class A power amplifier 

in driver stages of high-power, high-quality af amplifiers, and i n the output 
stages of moderate-power amplifiers. It can also be used in class B power-
amplifier circuit. J E D E C No. TO-3 package; outline 5, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e —60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e —40 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e —1-5 m a x v o l t s 
C o l l e c t o r C u r r e n t — 5 m a x a m p e r e s 
B a s e C u r r e n t — 1 m a x a m p e r e 
E m i t t e r C u r r e n t 5 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t m o u n t i n g - f l a n g e t e m p e r a t u r e s u p to 8 1 ° C 12.5 m a x w a t t s 
A t m o u n t i n g - f l a n g e t e m p e r a t u r e s a b o v e 8 1 ° C D e r a t e 0.66 w a t t / ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — € 5 to 100 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x ° C 
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C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = —10 

a n d e m i t t e r c u r r e n t = 0 ) —60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 

—100 a n d b a s e c u r r e n t = 0 ) —40 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = —10 

a n d c o l l e c t o r m a = — 5 0 ) — 0 . 2 6 v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —40 a n d 

e m i t t e r c u r r e n t = 0 ) — 1 m a x m a 
C o l l e c t o r - C u t o f f S a t u r a t i o n C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t 

= —0 .5 a n d e m i t t e r c u r r e n t = 0 ) —100 m a x m a 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —1.5 a n d 

c o l l e c t o r c u r r e n t = 0) —10 m a x m a 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 1.5 m a x ° C / w a t t 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = — 1 a n d c o l l e c t o r m a = —1000) 100 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 5 
a n d c o l l e c t o r m a = —500) 3 M c 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
! 1 1 1 1 1 1 1 

T Y P E 2N2 I48 
C O M M O N - E M I T T E R C I R C U I T . B A S E I N P U T . 
M ( ) U N T N G - F " L A N 3 E T E M P E R A T U R E = ; .5° c 

40— 
- 3 

k 
5 \ 

3 0 V BOUNUAKY Ul-
'/*Auiickincn noro A 

- 2 E n L w r n m u i i i / L i v u r t n n i llivj 

' >s R E G I O N - 2 0 

-15 *> 
-10 

E ) A S E M I L L I A M F E R E ! > = - 5 • — 
1 1 1 1 1 1 

- 5 -10 -15 - 2 0 - 2 5 
COLLECTOR-TO-EMITTER VOLTS 

- 3 5 - 4 0 
9 2 C M - I 0 9 9 9 T 5 

T Y P I C A L B A S E CHARACTERISTIC 
T Y P E 2 N 2 I 4 8 
C O M M O N - E M I T T E R C I R C U I T , B A S E I N P U T . 
M O U N T I N G - F L A N G E T E M P E R A T U R E = 25° 
C O L L E C T O R — T O — E M I T T E R V O L T S =-2 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

—10 

0 - 0 . 2 -0 .4 -0 .6 - 0 8 
B A S E - T O - E M I T T E R V O L T S 

92CSHIJ29T8 

T Y P I C A L O P E R A T I O N I N S I N G L E - E N D E D P U S H - P U L L A M P L I F I E R C I R C U I T 

D C C o l l e c t o r S u p p l y V o l t a g e 16.5 v o l t s 
Z e r o - S i g n a l D C C o l l e c t o r C u r r e n t —0.05 a m p e r e 
Z e r o - S i g n a l B a s e - B i a s V o l t a g e —0.26 v o l t 
P e a k C o l l e c t o r C u r r e n t —2.7 a m p e r e s 
M a x i m u m - S i g n a l D C C o l l e c t o r C u r r e n t —0.85 a m p e r e 
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V c c = 16.5 v o l t s 
R i , R s = 270 o h m s , 2 w a t t s 
R 2 , R i = 3.9 o h m s , 0.5 w a t t 
R s , R a = 0.39 o h m , 0.5 w a t t 
V o i c e c o i l 

i m p e d a n c e = 4 o h m s 

S 2 C S - l l 3 3 a R 2 

I n p u t I m p e d a n c e o f S t a g e ( p e r b a s e ) 65 o h m s 
L o a d I m p e d a n c e ( S p e a k e r V o i c e C o i l ) 4 o h m s 
P o w e r G a i n 31 d b 
M a x i m u m - S i g n a l P o w e r O u t p u t 15 w a t t s 
T o t a l H a r m o n i c D i s t o r t i o n a t M a x i m u m S i g n a l P o w e r O u t p u t . . 5 p e r c e n t 
M a x i m u m C o l l e c t o r D i s s i p a t i o n ( p e r t r a n s i s t o r ) u n d e r w o r s t - c a s e 

c o n d i t i o n s 7.5 w a t t s 
E I A M u s i c P o w e r O u t p u t R a t i n g 2 5 w a t t s 

2N2205 

TRANSISTOR 
Silicon n-p-n type used in very-

high-speed switching applications in 
equipments which require high re
liability and high packaging densi
ties. J E D E C No. TO-18 package; 
outline 12, Outlines Section. This 

type is electrically identical with type 2N1708 except for the following item: 

CHARACTERISTICS 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 3 a n d 

c o l l e c t o r c u r r e n t = 0 ) 100 m a x 

2N2206 

TRANSISTOR 
Silicon n-p-n type used in very-

high-speed switching applications in 
equipments which require high re
liability and high packaging densi
ties. J E D E C No. TO-46 package; 
outline 18, Outlines Section. 
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M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 25 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e x t e r n a l b a s e - t o - e m i t t e r 

r e s i s t a n c e = 1000 o h m s a n d l o a d r e s i s t a n c e = 100 o h m s ) 20 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 3 m a x v o l t s 
C o l l e c t o r C u r r e n t 0.2 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 1 m a x w a t t 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 0.3 m a x w a t t 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i o n ( j u n c t i o n ) —65 to 175 C 
S t o r a g e —65 to 300 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 235 m a x ° C 

C H A R A C T E R I S T I C S 
B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 10 

a n d b a s e m a = 1 ) 0.7 to 0.9 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h c o l l e c t o r m a = 10 a n d b a s e m a = 1 0.22 m a x 
W i t h c o l l e c t o r m a = 50 a n d b a s e m a = 5 0.35 m a x 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 15 
a n d e m i t t e r c u r r e n t — 0 ) 0.025 m a x 

v o l t 

v o l t 
v o l t 

In Common-Base Circuif 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) . . 

10, 
6 m a x p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 1 a n d c o l l e c t o r m a = 10) 40 to 120 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = 10 , c o l l e c t o r m a = 10, a n d f r e q u e n c y 
= 100 M c ) 2 m i n 

TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of small-signal and 
medium-power applications in i n - O K I 0 0 7 f t 
dustrial and military equipment. It A I N X A / U 
can be used in rf service as an am
plifier, mixer, oscillator and con

verter; in af service in small-signal and power applications. I t features low 
output capacitance and exceptionally low noise and leakage characteristics. 
J E D E C No. TO-5 package; outline 6, Outlines Section. For curve of collector 
characteristics, refer to type 2N2102. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s o r l e s s . . . 60 m a x v o l t s 
W i t h b a s e o p e n 45 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 7 m a x v o l t s 
C o l l e c t o r C u r r e n t 1 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 5 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 1 m a x w a t t 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e —65 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x ° C 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 
a n d e m i t t e r c u r r e n t = 0) 60 m i n v o l t s 

E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1 
a n d c o l l e c t o r c u r r e n t = 0 ) 7 m i n v o l t s 
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C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s o r l e s s a n d 

p u l s e c o l l e c t o r m a = 1 0 0 * 60 m i n v o l t s 
W i t h p u l s e c o l l e c t o r m a = 1 0 0 * a n d b a s e c u r r e n t — 0 45 m i n v o l t s 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 150 
a n d b a s e m a = 15) 1.2 m a x v o l t s 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a 
= 150 a n d b a s e m a = 15) 0.9 m a x v o l t 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 60 
a n d e m i t t e r c u r r e n t = 0 ) 0.1 m a x p a 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 5 a n d 
c o l l e c t o r c u r r e n t = 0 ) 0.1 m a x p a 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - c a s e 3 5 m a x ° C / w a t t 
J u n c t i o n - t o - a m b i e n t 175 m a x ° C / w a t t 

Jn Common-Base Circuit 

I n p u t C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0 5 a n d 
c o l l e c t o r c u r r e n t = 0 ) 80 m a x p f 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d 
e m i t t e r c u r r e n t — 0) „ 15 m a x p f 

In Common-Emiffer Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d p u l s e c o l l e c t o r 

m a * = 150 50 to 200 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 1 . . . . 35 m i n 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a — 5, a n d 

f r e q u e n c y = 1 k i l o c y c l e 30 to 180 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50, a n d 

f r e q u e n c y = 20 M c 3 m i n 
N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r 

m a = 0 3 , g e n e r a t o r r e s i s t a n c e = 1000 o h m s , c i r c u i t b a n d w i d t h 
= 15 k i l o c y c l e s , a n d s i g n a l f r e q u e n c y = 1 k i l o c y c l e ) 6 m a x d b 

* P u l s e d u r a t i o n = 300 p s e c , d u t y f a c t o r = 0.018. 

TRANSISTOR 

2N2273 

Germanium p-n-p type used for 
low-power radio-frequency ampli
fier applications in the vhf range 
in industrial and military equipment. 
J E D E C No. TO-18 package; outline 
12, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) —25 m a x 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) —15 m a x 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) — 1 m a x 
C o l l e c t o r C u r r e n t —100 m a x 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 100 m a x 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e —65 to 100 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 235 m a x 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 

a n d e m i t t e r c u r r e n t = 0) —25 m i n 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 

a n d b a s e c u r r e n t = 0) • • • • • • —15 m i n 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1 _ 

a n d c o l l e c t o r c u r r e n t = 0) — 1 m i n 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 
a n d e m i t t e r c u r r e n t = 0) —10 m a x 

In Common-Base Circuit 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —10, 
e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 3.5 m a x 

v o l t s 
v o l t s 

m a 
m a 

m w 

v o l t s 

v o l t s 

v o l t 

p a 

P f 
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In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = —10 a n d c o l l e c t o r m a = — 1 ) 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s = — 6 , c o l l e c t o r m a = — 1 , a n d f r e q u e n c y = 10 M c ) 

B a s e S p r e a d i n g R e s i s t a n c e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s 
. —10, c o l l e c t o r m a = — 1 , a n d f r e q u e n c y = 250 M c ) 

H i g h - F r e q u e n c y I n p u t I m p e d a n c e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s 
= — 9 , c o l l e c t o r m a = — 1 , a n d f r e q u e n c y = 250 M c ) 

S m a l l - S i g n a l P o w e r G a i n ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 9 , 
c o l l e c t o r m a — — 1 , a n d f r e q u e n c y = 30 M c ) 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

f \ \ wide variety of switching and am-
\si^\ J \> plifier applications in industrial 
c\ \ I ' J equipment. It is used in power-

switching, dc-to-dc converter, i n -
^ B verter, chopper, and relay-control 

circuits; in oscillator, voltage- and current-regulator circuits; and in dc and 
servo amplifier circuits. J E D E C No. TO-36 package; outline 14, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 60 m a x v o l t s 
W i t h b a s e o p e n 40 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 6 m a x v o l t s 
C o l l e c t o r C u r r e n t 7 5 m a x a m p e r e s 
B a s e C u r r e n t 5 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 150 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 25 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e —65 to 200 ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = 1.5 

a n d c o l l e c t o r m a = 2) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h b a s e o p e n a n d 

c o l l e c t o r m a = 200) 40 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 

a n d c o l l e c t o r a m p e r e s = 3) 3 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h c o l l e c t o r a m p e r e s = 6 a n d b a s e a m p e r e = 1 3.5 m a x v o l t s 
W i t h c o l l e c t o r a m p e r e s = 3 a n d b a s e a m p e r e = 0.3 1.5 m a x v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 30 a n d b a s e c u r r e n t = 0 . . . 5 m a x m a 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 60 a n d b a s e - t o - e m i t t e r v o l t s 

= —1 .5 2 m a x m a 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 30, b a s e - t o - e m i t t e r v o l t s 

= — 1 . 5 , a n d c a s e t e m p e r a t u r e = 2 0 0 ° C 50 m a x m a 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 30, e m i t t e r c u r r e n t = 0, a n d 

c a s e t e m p e r a t u r e = 
2 5 ° C 0.2 m a x m a 
1 5 0 ° C 3 m a x m a 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 6 
a n d c o l l e c t o r c u r r e n t = 0 ) 0.1 m a x m a 

T h e r m a l T i m e C o n s t a n t 30 m s e c 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e ' 1.17 m a x ° C / w a t t 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 4 0 , 
e m i t t e r c u r r e n t = 0> a n d f r e q u e n c y = 0.1 M c ) 600 m a x p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 i a n d c o l l e c t o r a m p e r e s = 3 15 to 60 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d c o l l e c t o r a m p e r e s = 6 7 m i n 

20 to 150 

20 to 28 

250 o h m s 

50 to 250 o h m s 

10 m i n d b 

2N2338 
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S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s = 4, c o l l e c t o r a m p e r e = 0.5, a n d f r e q u e n c y = 1 
k i l o c y c l e ) 1 2 to 7 2 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d c o l l e c t o r a m p e r e s 

= 5 ) 15 m i n k c 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 

a m p e r e s = 3 a n d b a s e a m p e r e = 0.3) 0.5 m a x o h m 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

8 

2 

TYPE 2 N 2 3 3 8 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CAS E TEN H PER VTURE = 25 °C 

700 
600 

Ron 
400 

- 300 

1 
BASE MILLIAMPERES = IOC 

50 
30 

10 , 
1 o 

10 20 30 40 50 60 70 80 
COLLECTOR-TO-EMITTER VOLTS 92CM-II556TI 

TYPICAL OPERATION IN PULSE-RESPONSE TEST CIRCUIT BELOW 
D C C o l l e c t o r S u p p l y V o l t a g e ( V c c ) 2 4 v o l t s 
D C B a s e S u p p l y V o l t a g e ( V B B ) — 6 v o l t s 
O n D C C o l l e c t o r C u r r e n t ( I c ) 10 a m p e r e s 
T u r n - O n D C B a s e C u r r e n t ( I B I ) 2 a m p e r e s 
B a s e - C i r c u i t R e s i s t a n c e ( R B I o r R B Z ) 10 o h m s 
C o l l e c t o r - C i r c u i t R e s i s t a n c e ( R c ) 2 o h m s 
S w i t c h i n g T i m e : 

O n t i m e ( D e l a y t i m e td p l u s r i s e t i m e t r ) » # s e c 
O f f t i m e ( S t o r a g e t i m e t B p l u s f a l l t i m e t i ) V ^ s e c 

TYPICAL BASE CHARACTERISTICS 

2 1000 

d 750 

\r> 500 

250 

1 1 
TYPE 2 

_C0MM0N 
COLLECT 

CURVE 

1 1 1 1 1 
^ 2 3 3 8 
-EMITTER CIRCUIT, BASE INPUT._ 
0R-T0 -EMITTER VOLTS =4 

CASE TEMPERATURE—°C 

-- 2 
- 6 
17 

/A 

\ 
5 

/ 
-

f 

4? I 2 3 
B A S E - T O - E M I T T E R VOLTS 

92CS-I1568T 92CS-II125RI 
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POWER TRANSISTOR 

© 
c 

2N2339 
Silicon n-p-n type used in a 

wide variety of switching and ampli
fier applications in industrial equip
ment. It is used in power-switching, 
dc-to-dc converter, inverter, chop
per, and relay-control circuits; in 

oscillator, voltage- and current-regulator circuits; and in dc and servo ampli
fiers* circuits. This type has an offset pedestal, stud-mounted arrangement 
which provides heat-sink contact. Outline 28, Outlines Section. For curves of 
typical collector characteristics and base characteristics, refer to type 2N2338. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e m i t t e r - t o - b a s e v o l t s = 1.5 60 m a x v o l t s 
W i t h b a s e o p e n 40 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 6 m a x v o l t s 
C o l l e c t o r C u r r e n t 2.5 m a x a m p e r e s 
B a s e C u r r e n t , 1 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 40 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x " C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = 1.5 

a n d c o l l e c t o r m a = 0.75) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e ( w i t h b a s e o p e n a n d 

c o l l e c t o r m a = 100) 40 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d 

c o l l e c t o r a m p e r e = 0.3) 3 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h c o l l e c t o r a m p e r e s = 1.5 a n d b a s e a m p e r e = 0.3 9 m a x v o l t s 
W i t h c o l l e c t o r a m p e r e = 0.3 a n d b a s e a m p e r e = 0.03 1.5 m a x v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 30 a n d b a s e c u r r e n t = 0 . . . . 3 m a x m a 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 60 a n d b a s e - t o - e m i t t e r v o l t s 

= —1.5 0.75 m a x m a 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 30 , b a s e - t o - e m i t t e r v o l t s 

= —1 .5 , a n d c a s e t e m p e r a t u r e = 2 0 0 ° C 20 m a x m a 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 30, e m i t t e r c u r r e n t = 0, a n d 

c a s e t e m p e r a t u r e = 
2 5 ° C 0.1 m a x m a 
1 5 0 ° C 1.5 m a x m a 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 6 a n d 
c o l l e c t o r c u r r e n t = 0) 0.05 m a x m a 

T h e r m a l T i m e C o n s t a n t 10 m s e c 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 7 m a x ° C / w a t t 
J u n c t i o n - t o - a m b i e n t 100 m a x ° C / w a t t 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 40, 
e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 0.1 M c ) 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = 28 a n d c o l l e c t o r m a = 5 ) 

300 m a x 

1 

P f 

M c 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d c o l l e c t o r a m p e r e = 0.3 20 to 80 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d c o l l e c t o r a m p e r e = 1.5 6 m i n 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4, c o l l e c t o r a m p e r e = 0.1 

a n d f r e q u e n c y = 1 k i l o c y c l e 12 to 84 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 28, c o l l e c t o r a m p e r e = 

0.02, a n d f r e q u e n c y = 0.1 M c 7 m i n 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n R e s i s t a n c e ( w i t h c o l l e c t o r 

a m p e r e — 0.3 a n d b a s e a m p e r e = 0.03) 5 m a x o h m s 
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T Y P I C A L O P E R A T I O N I N P O W E R - S W I T C H I N G C I R C U I T B E L O W 

D C C o l l e c t o r S u p p l y V o l t a g e ( V c c ) 1 2 v o l t s 
D C B a s e S u p p l y V o l t a g e ( V B B ) —8.5 v o l t s 
G e n e r a t o r R e s i s t a n c e 50 o h m s 
O n D C C o l l e c t o r C u r r e n t ( I c ) 750 m a 
T u r n - O n D C B a s e C u r r e n t ( I B I ) 6 5 m a 
T u r n - O f f D C B a s e C u r r e n t ( I B 2 ) — 3 5 m a 
S w i t c h i n g T i m e : 

D e l a y t i m e ( ta ) 0 .2 usee 
R i s e t i m e ( t r ) 1 usee 
S t o r a g e t i m e ( t a ) 0 .8 usee 
F a l l t i m e ( t t ) . 1.1 usee 

= 8.5 v o l t s 
= 1 2 v o l t s 
= 5 0 o h m s , 1 w a t t 
= 2 2 0 o h m s , 1 w a t t 
= 15 .9 o h m s , 2 w a t t s 

92CS-I0427R2 

POWER TRANSISTOR 
Silicon n-p-n type used in a wide (2) 3 

variety of small-signal and medium-
O K J O ^ A C power switching applications in i n -
A I N A ' T U J dustrial and military equipment. It 

features high collector-to-emitter 
sustaining voltage, low leakage char

acteristics, high switching speeds, and a high dc forward current-transfer ratio. 
J E D E C No. TO-5 package; outline 6, Outlines Section. For curve of typical 
transfer characteristics, refer to type 2N1893. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h b a s e - t o - e m i t t e r r e v e r s e b i a s 

— 1.5 v o l t s ) 1 2 0 m a x v o l t s 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 1 2 0 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 1 0 o h m s o r l e s s . . 140 m a x v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 500 o h m s 120 m a x v o l t s 

C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) 90 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 7 m a x v o l t s 
C o l l e c t o r C u r r e n t 1 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 5 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 1 m a x w a t t 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 8 0 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 1 0 s e c o n d s m a x i m u m ) 2 5 5 m a x ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0 . 1 

a n d e m i t t e r c u r r e n t = 0 ) 1 2 0 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0 . 1 

a n d c o l l e c t o r c u r r e n t = 0 ) 7 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h b a s e m a = 1 5 a n d c o l l e c t o r m a = 1 5 0 0.5 m a x v o l t 
W i t h b a s e m a = 5 a n d c o l l e c t o r m a = 5 0 0.2 m a x v o l t 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 
W i t h b a s e m a = 1 5 a n d c o l l e c t o r m a = 1 5 0 1.1 m a x v o l t s 
W i t h b a s e m a = 5 a n d c o l l e c t o r m a = 5 0 0 .9 m a x v o l t 
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C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 
W i t h b a s e c u r r e n t = 0 a n d p u l s e d c o l l e c t o r m a = 1 0 0 * 90 m i n v o l t s 
W i t h b a s e c u r r e n t = 0 a n d p u l s e d c o l l e c t o r m a = 3 0 * 90 m i n v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e — 10 o h m s a n d 

p u l s e d c o l l e c t o r m a - 1 0 0 * 140 m i n v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 500 o h m s a n d 

p u l s e d c o l l e c t o r m a = 1 0 0 * 120 m i n v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t : 

W i t h c a s e t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s = 90 , 
a n d e m i t t e r c u r r e n t = 0 0.01 m a x Ma 

W i t h c a s e t e m p e r a t u r e = 1 5 0 ° C , c o l l e c t o r - t o - b a s e v o l t s = 90, 
a n d e m i t t e r c u r r e n t = 0 10 m a x / i a 

E m i t t e r - C f c t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 5 a n d 
c o l l e c t o r c u r r e n t = 0 ) 0 .01 m a x / *a 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - c a s e 35 m a x ° C / w a t t 
J u n c t i o n - t o - a m b i e n t 175 m a x " C / w a t t 

* P u l s e d u r a t i o n = 300 / i s e c , d u t y f a c t o r = 0.018 

In Common-Base Circuit 

I n p u t R e s i s t a n c e a t 1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 24 to 34 o h m s 
W i t h c o l l e c t o r - t o - b a s e v o l t s — 10 a n d c o l l e c t o r m a = 5 4 to 8 o h m s 

E m i t t e r - t o - B a s e C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5 
a n d c o l l e c t o r c u r r e n t = 0 ) 80 m a x p f 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10 
a n d e m i t t e r c u r r e n t = 0 ) 15 m a x p f 

O u t p u t C o n d u c t a n c e a t 1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 0.5 m a x ^ m h o 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a = 5 0.5 m a x / m i h o 

S m a l l - S i g n a l O p e n - C i r c u i t R e v e r s e V o l t a g e - T r a n s f e r R a t i o a t 
1 k i l o c y c l e : 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 5 a n d c o l l e c t o r m a = 1 3 x 1 0 - * 
W i t h c o l l e c t o r - t o - b a s e v o l t s = 10 a n d c o l l e c t o r m a = 5 . . . . . 3 x 10 - * 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d p u l s e d c o l l e c t o r m a 

= 5 0 0 * 2 5 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d p u l s e d c o l l e c t o r m a 

= 1 5 0 * 60 to 200 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 10 . . 35 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 10, a n d 

c a s e t e m p e r a t u r e = — 5 5 ° C 20 m i n 
S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 5, c o l l e c t o r m a = 5 , a n d 
f r e q u e n c y = 1 k i l o c y c l e 50 to 275 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50 , a n d 
f r e q u e n c y = 20 M c 6 m i n 

N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a 
= 0.3 g e n e r a t o r r e s i s t a n c e = 500 o h m s , c i r c u i t b a n d w i d t h 

= 15 k i l o c y c l e s , a n d s i g n a l f r e q u e n c y = 1 k i l o c y c i e ) 6 m a x d b 

* P u l s e d u r a t i o n = 300 / i s e c , d u t y f a c t o r = 0.018 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 
T Y P E 2 N 2 4 0 5 
COMMON-EMITTER CIRCUIT, B A S E INPUT. 

-AMBIENT TEMPERATURE • 25* C 

0 (0 2 0 3 0 4 0 5 0 60 70 80 9 0 100 110 120 1 3 0 140 
COLLECTOR-TO-EMITTER VOLTS 9 2 C M - I I 6 4 7 T 



270 RCA Transistor Manual 

2N2475 

TRANSISTOR 
Silicon n-p-n type used in ultra-

high-speed logic-circuit applications 
in data-processing equipment. Pack
age is similar to J E D E C No. TO-18; 
outline 27, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 15 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) 6 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 4 m a x v o l t s 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 1 0 0 ° C 5 0 0 * m a x m w 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 300 m a x m w 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
S t o r a g e — 6 5 to 300 ° C 
O p e r a t i n g ( j u n c t i o n ) —65 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 300 m a x ° C 

* T h i s r a t i n g m u s t b e r e d u c e d b y 5 m w p e r ° C f o r c a s e t e m p e r a t u r e a b o v e 1 0 0 ° C . 

C H A R A C T E R I S T I C S 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 20 
a n d b a s e m a = 0.66) 0.8 to 1.0 v o l t 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 20 
a n d b a s e m a = 0.66) 0.4 m a x v o l t 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 5 
a n d e m i t t e r c u r r e n t = 0 ) 0.05 m a x pa 

In Common-Base Circuit 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 5, e m i t t e r 
c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 

I n p u t C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5, c o l l e c t o r 
c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 

3 m a x 

2-5 m a x 

P f 

P f 

In Common-Emitter Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s = 2 , c o l l e c t o r m a = 20, a n d f r e q u e n c y = 100 M c ) 6 m i n 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.3 a n d c o l l e c t o r m a = 1 . . 20 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.5 a n d c o l l e c t o r m a = 50 . . 20 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0.4 a n d c o l l e c t o r m a = 20 . . 30 to 150 

TRANSISTOR 

Silicon n-p-n type used in core-
driving and line-driving applications 

A I L I A A"JJL requiring exceptionally fast s witch-
X I N X * T / 0 ing speeds at high currents. J E D E C 

No. TO-5 package; outline 6, Out
lines Section. This type is identical 

with type 2N2477 except for the following items: 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 
W i t h c o l l e c t o r m a = 150 a n d b a s e m a = 7.5 
W i t h c o l l e c t o r m a = 500 a n d b a s e m a = 50 

B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = 150 
a n d b a s e m a = 7.5) 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o 
( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 0-4 a n d c o l l e c t o r m a = 150) 

0-4 m a x 
0.75 m a x 

1 m a x 

20 m i n 

v o l t 
v o l t 

v o l t 
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TRANSISTOR 
Silicon n-p-n type used in core-

driving and line-driving applications 
requiring exceptionally fast switch- O K J 0 4 7 7 
ing speeds at high currents. J E D E C A I N A H / / 

• No. TO-5 package; outline 6, Out
lines Section. 

M A X I M U M ^ R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) 20 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 5 m a x v o l t s 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 25°C 2 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 0.6 m a x w a t t 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) —65 to 200 ° C 
S t o r a g e —65 to 300 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 300 m a x ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h c o l l e c t o r m a = 150 a n d b a s e m a = 3.75 0.4 m a x v o l t 
W i t h c o l l e c t o r m a = 500 a n d b a s e m a = 50 0.65 m a x v o l t 

B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = 150 
a n d b a s e m a = 3.75) 0.95 m a x v o l t 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 
a n d e m i t t e r c u r r e n t = 0 ) 0.2 m a x fia 

In Common-Base Circuit 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10 , 
e m i t t e r c u r r e n t — 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 10 m a x p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 0.4 a n d c o l l e c t o r m a = 150) 40 m i n 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50, a n d f r e q u e n c y = 100 M c ) 2.5 m i n 

TRANSISTOR 

M A X I M U M R A T I N G S 

Germanium n-p-n type used for 
low-power radio-frequency ampli
fier applications in the vhf range in 
industrial and military equipment. 
J E D E C No. TO-18 package; outline 
12, Outlines Section. 

C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 
C o l l e c t o r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d s t o r a g e 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 

a n d e m i t t e r c u r r e n t = 0 ) 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 

a n d b a s e s h o r t - c i r c u i t e d to e m i t t e r ) 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1 

a n d c o l l e c t o r c u r r e n t = 0 ) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 6 

a n d e m i t t e r c u r r e n t = 0 ) 

2N2482 

20 m a x v o l t s 
12 m a x v o l t s 

3 m a x v o l t s 

100 m a x m a 
150 m a x m w 

S e e c u r v e p a g e 80 

-65 to 100 
235 m a x 

20 m i n v o l t s 

15 m i n v o l t s 

3 m i n v o l t s 

5 m a x jtta 
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fit Common-Base Circuit 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 6, 
e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 4.5 m a x p f 

C o l l e c t o r - t o - B a s e T i m e C o n s t a n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 6, c o l l e c t o r m a — 2 , a n d f r e q u e n c y = 31.9 M c ) 0.3 m a x p s e c 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 6 a n d c o l l e c t o r m a = 2 ) 2 5 to 200 

m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 6, c o l l e c t o r m a = 2 , 

a n d f r e q u e n c y = 1 k i l o c y c l e 15 to 175 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 10, 

a n d f r e q u e n c y = 100 M c 10 
>Vith c o l l e c t o r - t o - e m i t t e r v o l t s = 1.7, c o l l e c t o r m a = 8 5 , 

a n d f r e q u e n c y = 100 M c 3 m i n 
B a s e S p r e a d i n g R e s i s t a n c e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 6, 

c o l l e c t o r m a = 10, a n d f r e q u e n c y = 250 M c ) 30 o h m s 
N o i s e F i g u r e : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 6, c o l l e c t o r m a = 2 , 
a n d f r e q u e n c y = 30 M c 5 d b 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 6, c o l l e c t o r m a = 2 , 
a n d f r e q u e n c y = 100 M c 6 d b 

S m a l l - S i g n a l P o w e r G a i n : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 6, c o l l e c t o r m a = 2 , 

a n d f r e q u e n c y = 30 M c 25 d b 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 6, c o l l e c t o r m a = 2 , 

a n d f r e q u e n c y = 100 M c 12 d b 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 12, c o l l e c t o r m a = 10, 

a n d f r e q u e n c y = 200 M c 8 d b 
P o w e r O u t p u t a s C l a s s A A m p l i f i e r ( w i t h c o l l e c t o r - t o - e m i t t e r 

v o l t s = 1 2 , c o l l e c t o r m a = 30 , s i g n a l i n p u t = 6.5 m w , a n d 
f r e q u e n c y =: 70 M c ) 150 m w 

2N2613 

TRANSISTOR 

G e r m a n i u m p - n - p t y p e u s e d i n 
a w i d e v a r i e t y o f s m a l l - s i g n a l a n d 
l o w - p o w e r a p p l i c a t i o n s i n h i g h -
q u a l i t y a f - a m p l i f i e r e q u i p m e n t . I t 
i s a l o w - n o i s e h i g h - g a i n t y p e i n 
t e n d e d p r i m a r i l y f o r u s e i n t h e i n p u t 

a n d l o w - l e v e l s t a g e s o f e q u i p m e n t h a v i n g s t r i n g e n t p e r f o r m a n c e r e q u i r e m e n t s 
a t l o w i d l i n g - c u r r e n t l e v e l s ( 0 . 3 t o 0.7 m i l l i a m p e r e ) . I t c a n a l s o b e u s e d i n 
t h e i n p u t s t a g e s o f p h o n o g r a p h a m p l i f i e r s u s i n g e i t h e r c e r a m i c o r m a g n e t i c 
p i c k u p s , t a p e r e c o r d e r s a n d p l a y e r s , m i c r o p h o n e a m p l i f i e r s , a n d o t h e r s i m i l a r 
a p p l i c a t i o n s . I t f e a t u r e s a h i g h s m a l l - s i g n a l f o r w a r d c u r r e n t - t r a n s f e r r a t i o , 
e x c e l l e n t l i n e a r i t y o v e r t h e e n t i r e r a n g e o f c o l l e c t o r c u r r e n t , h i g h c u t o f f f r e 
q u e n c y , l o w s a t u r a t i o n c u r r e n t s , a n d u n i f o r m g a i n c h a r a c t e r i s t i c s o v e r t h e e n 
t i r e a u d i o - f r e q u e n c y s p e c t r u m . J E D E C N o . T O - 1 p a c k a g e ; o u t l i n e 4 , O u t l i n e s 
S e c t i o n . 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e —30 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e x t e r n a l b a s e - t o - e m i t t e r 

r e s i s t a n c e = 10000 o h m s ) — 2 5 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e — 2 5 m a x v o l t s 
C o l l e c t o r C u r r e n t —50 m a x m a 
E m i t t e r C u r r e n t 50 m a x m a 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 5 5 ° C 120 m a x m w 
A t a m b i e n t t e m p e r a t u r e s a b o v e 5 5 ° C D e r a t e 2.6 m w / C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e —bo to 1UU o ^ 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x L. 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = — 2 a n d c o l l e c t o r m a — —0.05 ) —30 m i n v o l t s 
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C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a 
= — 1 a n d e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e — 10000 o h m s ) . . — 2 5 m i n v o l t s 

E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a — —0.05 
a n d c o l l e c t o r c u r r e n t = 0 ) — 2 5 m i n v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —20 
a n d e m i t t e r c u r r e n t = 0 ) — 5 m a x / i a 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —20 
a n d c o l l e c t o r c u r r e n t = 0 ) —7 .5 m a x /xa 

E x t r i n s i c B a s e - L e a d R e s i s t a n c e ( m e a s u r e d at 20 M c w i t h 
c o l l e c t o r - t o - e m i t t e r v o l t s — — 4 . 5 a n d c o l l e c t o r m a = —0.5 ) . . 300 o h m s 

In Common-Emitter Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = — 4 , c o l e c t o r m a = — 0 . 5 , a n d f r e q u e n c y 

= 1 k i l o c y c l e ) 120 m i n 
S m a l l - S i g n a l F o r w a r d - C u r r e n t T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 

w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = —4.5 a n d c o l l e c t o r m a = —0.5) 10 t y p M c 
N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 4 . 5 , c o l l e c t o r 

m a = — 0 . 5 , g e n e r a t o r r e s i s t a n c e = 1000 o h m s , c i r c u i t b a n d 
w i d t h = 1.1 k i l o c y c l e , a n d s i g n a l f r e q u e n c y = 1 k i l o c y c l e ) . . 4 m a x d b 

C o l l e c t o r - t o - B a s e F e e d b a c k C a p a c i t a n c e ( w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s - — 4 . 5 a n d c o l l e c t o r m a = — 0 . 5 ) 10 p f 

E q u i v a l e n t R M S N o i s e I n p u t C u r r e n t f o r t h e 2 0 - to 2 0 0 0 0 -
c p s f r e q u e n c y r a n g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 

— 4 . 5 , c o l l e c t o r m a =: — 0 . 5 , a n d e x t e r n a l b a s e - t o - e m i t t e r 
r e s i s t a n c e = 50000 o h m s ) 0 . 0 0 1 * m a x / t a 

* A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C , v a l u e m a y b e h i g h e r . 

© - i - 2 - 3 - 4 - 5 - s - 7 - 8 - 9 - io 
COLLECTOR-TO-EMITTER VOLTS S2gM-|IS54T 

TYPICAL TRANSFER CHARACTERISTIC 
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—40 m a x v o l t s 

TRANSISTOR 
Germanium p-n-p type used in 

a wide variety of small-signal and 
low-power applications in high-
quality audio-frequency amplifier 
equipment. It is intended primarily 
for use in low-to-medium-level 

audio-amplifier and driver stages. It features a high small-signal forward 
current-transfer ratio, excellent linearity over the entire range of collector 
current, high cutoff frequency, low saturation currents, and uniform gain 
characteristics over the entire audio-frequency spectrum. J E D E C No. T O - 1 
package; outline 4, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e x t e r n a l b a s e - t o - e m i t t e r 

r e s i s t a n c e = 10000 o h m s ) 
E m i t t e r - t o - B a s e V o l t a g e 
C o l l e c t o r C u r r e n t 
E m i t t e r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 5 5 ° C 
A t a m b i e n t t e m p e r a t u r e s a b o v e 5 5 ° C 
A t c a s e t e m p e r a t u r e s u p to 5 5 ° C w i t h i n f i n i t e h e a t s i n k 
A t c a s e t e m p e r a t u r e s a b o v e 5 5 ° C w i t h i n f i n i t e h e a t s i n k 
A t c a s e t e m p e r a t u r e s u p to 5 5 ° C w i t h t y p i c a l h e a t s i n k 
A t c a s e t e m p e r a t u r e s a b o v e 5 5 ° C w i t h t y p i c a l h e a t s i n k 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 

v o l t s = — 2 a n d c o l l e c t o r m a = —0.05 ) 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a 

= — 1 a n d e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 10000 o h m s ) . 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = —0.05 

a n d c o l l e c t o r c u r r e n t = 0) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —20 

a n d e m i t t e r c u r r e n t = 0) 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —20 

a n d c o l l e c t o r c u r r e n t = 0) 
E x t r i n s i c B a s e - L e a d R e s i s t a n c e ( m e a s u r e d a t 20 M c w i t h 

c o l l e c t o r - t o - e m i t t e r v o l t s == —6 a n d c o l l e c t o r m a = — 1 ) 

—65 

—35 m a x 
—25 m a x 
—50 m a x 

50 m a x 

120 m a x 
D e r a t e 2.6 

300 m a x 
D e r a t e 6.67 

225 m a x 
D e r a t e 5 

to 100 
255 m a x 

v o l t s 
v o l t s 

m a 
m a 

m w 
m w / ° C 

m w 
m w / ° C 

m w 
m w / ° C 

° C 
°C 

In Common-Emitter Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = — 6 , c o l l e c t o r m a = — 1 a n d f r e q u e n c y 

= 1 k i l o c y c l e ) 
S m a l l - S i g n a l F o r w a r d - C u r r e n t T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 

( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = —6 a n d c o l l e c t o r m a = —1) 
C o l l e c t o r - t o - B a s e F e e d b a c k C a p a c i t a n c e ( w i t h c o l l e c t o r - t o -

e m i t t e r v o l t s = —6 a n d c o l l e c t o r m a = — 1 ) 

—40 m i n 

—35 m i n 

— 2 5 m i n 

— 5 m a x 

—7.5 m a x 

300 

100 m i n 

10 

9 

v o l t s 

v o l t s 

v o l t s 

na 

fj,a 

o h m s 

M c 

P f 

TYPICAL TRANSFER CHARACTERISTIC 
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POWER TRANSISTOR 

2N2631 
Silicon n-p-n type used in a wide 

variety of large-signal high-power 
vhf applications in military and i n 
dustrial communications equipment. 
It is intended primarily for use in 
A M , F M , and CW circuits at fre

quencies up to 150 megacycles. It features high power output and high voltage 
ratings. This type is 100-per-cent tested to assure freedom from second break
down in class A operation at maximum ratings. J E D E C No. TO-39 package; 
outline 32, Outlines Section. This type is identical with type 2N2876 except 
for the following items: 

M A X I M U M R A T I N G S 
C o l l e c t o r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C 

1.5 m a x a m p e r e s 

8.75 m a x w a t t s 
S e e c u r v e p a g e 80 

S A F E OPERATING REGION 

TYF 
BIA 

N 
>E 2h 
S POI 
ECON 
PER/ 

2 6 3 
JT Ml 
D BR 
kTION 

JST B 
: A K D 

E IN F 
DWNI 

iEGIO 
JURIN 

N "A" 
G CL; 

TOAV 
\ s s t 

OID 

\ 
\ 

A \ 
\ 

50 60 
COLLECTOR-TO-EMITTER VOLTS 

92CS-I2039T 
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C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h b a s e m a = 300 

a n d c o l l e c t o r a m p e r e s = 1.5) 

In Common-Emitter Circuit 

T J n n e u t r a l i z e d R F P o w e r O u t p u t ( w i t h l o a d a n d g e n e r a t o r 
i m p e d a n c e = 50 o h m s ) : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 28, c o l l e c t o r m a = 375 , 

a n d f r e q u e n c y = 50 M c 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s — 28 , c o l l e c t o r m a = 275 , 

a n d f r e q u e n c y - 150 M c 

* I n p u t p o w e r = 1 w a t t . 

1 m a x v o l t 

7 - 5 * m i n w a t t s 

3 * m i n w a t t s 

POWER TRANSISTOR 

Silicon n-p-n type used in a wide 
variety of vhf and uhf applications. 

r ) M 1 " 7 A Q It is intended primarily for use in 
" O amplifier, mixer, and oscillator ap

plications in the frequency range 
from 200 to 500 megacycles. I t uses 

a four-lead package which has the same dimensions as the TO-18 package. 
Outline 31, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e 3 5 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e 20 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e 3 m a x v o l t s 
C o l l e c t o r C u r r e n t L i m i t e d b y p o w e r 

d i s s i p a t i o n 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 25° C 200 m a x m w 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 230 m a x ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r ua = 1 

a n d e m i t t e r c u r r e n t = 0) 3 5 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 

m a = 3 * a n d b a s e c u r r e n t = 0 ) 20 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r # a = 10 

a n d c o l l e c t o r c u r r e n t = 0 ) 3 m i n v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t : 

W i t h a m b i e n t t e m p e r a t u r e = 25° C , c o l l e c t o r - t o - b a s e v o l t s = 15» 
a n d e m i t t e r c u r r e n t -- 0 0 .01 m a x p a 

W i t h a m b i e n t t e m p e r a t u r e = 1 5 0 ° C , c o l l e c t o r - t o - b a s e v o l t s = 
1 5 , a n d e m i t t e r c u r r e n t = 0 1 m a x ua, 

In Common-Base Circuit 

E m i t t e r - t o - B a s e C a p a c i t a n c e * * ( w i t h e m i t t e r - t o - b a s e v o l t s 
: 0 .5, c o l l e c t o r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) . 1.4 p f 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e * * ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 1 5 , e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) . 1.5 m a x p f 

C o l l e c t o r - t o - B a s e T i m e C o n s t a n t * * * ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 1 5 , c o l l e c t o r m a = 2 , a n d f r e q u e n c y = 31.9 M c ) 15 to 3 3 p s e c 

in Common-Emiffer Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 2 a n d c o l l e c t o r m a = 2 ) 30 to 200 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
to-emitter v o l t s = 15 , c o l l e c t o r m a = 2 , a n d f r e q u e n c y 

- l k i l o c y c l e ) 30 to 180 
N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 15 , c o l l e c t o r m a 

= 2, s o u r c e r e s i s t a n c e = 50 o h m s , a n d f r e q u e n c y — 200 M c ) . . 8.5 m a x d b 
T r a n s c o n d u c t a n c e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 1 5 , c o l l e c t o r 

m a — 2 , a n d f r e q u e n c y — 200 M c ) 2 5 m m h o 
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S m a l l - S i g n a l C o m m o n E m i t t e r P o w e r G a i n w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s = I S , c o l l e c t o r m a — 2, a n d f r e q u e n c y = 200 M c : 

N e u t r a l i z e d 15 to 22 d b 
U n n e u t r a l i z e d 12 d b 

M a g n i t u d e o f S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o 
( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 15, a n d c o l l e c t o r m a = 2 ) . . 7 to 12 

* P u l s e d u r a t i o n = 300 tisec o r l e s s ; d u t y f a c t o r = 0 .01 o r l e s s . 
* * W i t h l e a d N o . 4 ( c a s e ) n o t c o n n e c t e d . 
* * * L e a d N o . 4 ( c a s e ) g r o u n d e d . 

POWER TRANSISTOR 

2N2857 
Silicon n-p-n type used in a wide 

variety of ubi applications in indus
trial and military equipment. It is 
used primarily in low-noise ampli
fier, oscillator, and converter circuits. 
When operated in the, common-

emitter configuration, it is useful up to 500 megacycles; in the common-base 
configuration, up to 1200 megacycles. This type features a high gain-bandwidth 
product, high converter gain, high power gain as a neutralized amplifier, high 
power output as a uhf oscillator, low noise figure, and a low collector-to-base 
time constant. It uses a four-lead package which has the same dimensions as 
the TO-18 package. (The fourth lead may be used to ground the case in ap
plications requiring shielding of the device.) Outline 31, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e 30 m a x 
C o l l e c t o r - t o - E m i t t e r V o l t a g e 15 m a x 
E m i t t e r - t o - B a s e V o l t a g e 2.5 m a x 
C o l l e c t o r C u r r e n t 20 m a x 
T r a n s i s t o r d i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C 
A t c a s e t e m p e r a t u r e s u p to 2 5 ° C ( w i t h h e a t s i n k ) 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C ( w i t h h e a t s i n k ) 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a 
= 0.001 a n d e m i t t e r c u r r e n t = 0 ) 

C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a 
= 3 a n d b a s e c u r r e n t = 0 ) 

E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a 
= 0.01 a n d c o l l e c t o r c u r r e n t = 0 ) . 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s =: 15 
a n d e m i t t e r c u r r e n t — 0) 

v o l t s 
v o l t s 
v o l t s 

m a 

200 m a x m w 
S e e c u r v e p a g e 80 

300 m a x m w 
S e e c u r v e p a g e 80 

° C 
° C 

In Common-Base Circuit 

E m i t t e r - t o - B a s e C a p a c i t a n c e * ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5, 
c o l l e c t o r c u r r e n t = 0, a n d f r e q u e n c y = 0.140 M c ) 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e * * ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
=• 10, e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 0.140 M c ) 

C o l l e c t o r - t o - B a s e T i m e C o n s t a n t * ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 6, c o l l e c t o r m a = 2 , a n d f r e q u e n c y = 31.9 M c ) 

P o w e r O u t p u t a s o s c i l l a t o r ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10, 
e m i t t e r m a — 1 2 , a n d f r e q u e n c y — 500 M c ) 

230 m a x 

30 m i n 

15 m i n 

2.5 m i n 

0.01 m a x 

1.4 

1.8 m a x 

4 to 15 

30 m i n 

v o l t s 

v o l t s 

v o l t s 

/xa 

P f 

P f 

p s e c 

m w 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t = 1 a n d c o l l e c t o r m a = 3 ) 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o * ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = 6, c o l l e c t o r m a = 2 , f r e q u e n c y = 0.001 M c ) 

N o i s e F i g u r e * * ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 6, c o l l e c t o r 
m a = 1.5, f r e q u e n c y = 450 M c , a n d s o u r c e r e s i s t a n c e = 

50 o h m s ) 

30 to 150 

50 to 220 

4.5 m a x d b 
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S m a l l - S i g n a l C o m m o n - E m i t t e r P o w e r G a i n ( w i t h c o l l e c t o r - t o -
e m i t t e r v o l t s = 6, c o l l e c t o r m a = 1.5, a n d f r e q u e n c y — 450 M c ) 

* F o u r t h L e a d ( c a s e ) n o t c o n n e c t e d . 
* * L e a d N o . 4 g r o u n d e d . 

12.5 to 19 d b 

POWER TRANSISTOR 
Germanium p-n-p type used in 

O K I O p / L Q / a wide variety of af power-amplifier 
A I N Z O U / / and large-signal applications in ( 1 - ½ / ) 

*)RVI*3A1 commercial, industrial, and military V \ L / " J 
I equipment. It is used in class A and ( J ) B 

class B af-output-amplifier stages of 
automobile radio receivers and mobile communications equipment. It provides 
excellent dc-to-dc and dc-to-ac power conversion. This type features high 
breakdown voltage, low saturation voltage, high large-signal beta, and a high 
dissipation capability. J E D E C No. TO-3 package; outline 5, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e —60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e —50 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t s —10 m a x v o l t s 
C o l l e c t o r C u r r e n t —10 m a x a m p e r e s 
E m i t t e r C u r r e n t 10 m a x a m p e r e s 
B a s e C u r r e n t — 3 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t m o u n t i n g - f l a n g e t e m p e r a t u r e s u p to 5 5 ° C 30 m a x w a t t s 
A t m o u n t i n g - f l a n g e t e m p e r a t u r e s a b o v e 5 5 ° C D e r a t e 0.66 w a t t / ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 100 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x " C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = — 5 

a n d e m i t t e r c u r r e n t = 0 ) —60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a 

= —600 a n d b a s e c u r r e n t = 0 ) —50 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = — 2 

a n d c o l l e c t o r c u r r e n t — 0 ) —10 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r a m p e r e s 

= —10 a n d b a s e a m p e r e — — 1 ) — 0 . 7 5 m a x v o l t 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 2 

a n d c o l l e c t o r a m p e r e = — 1 ) — 0 . 5 m a x v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —30 

a n d e m i t t e r c u r r e n t = 0 ) — 0 . 5 m a x m a 
C o l l e c t o r - C u t o f f S a t u r a t i o n C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e 

v o l t s — —0.5 a n d e m i t t e r c u r r e n t = 0 ) — 0 . 1 m a x m a 

fn Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = — 2 a n d c o l l e c t o r a m p e r e = — 1 ) 50 to 165 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 2 
a n d c o l l e c t o r a m p e r e = — 1 ) 450 K c 

TYPICAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC 

T Y P 
C O M 
MOU 
C O L 

E 2N 
M O N -
NTIN< 
L E C T 

2869 
E M I T 

; - F L 
O R - " 

/2N2 
T E R 
A N G E 

ro-E 

01 
C I R O . 

T E M 
M I T T 

I T , B 
P E R ; 
E R V 

\ S E 1 
T U R E 
O L T S 

M P U T 
= 25' 
= - 1 . 

c 
5 

-0 .2 - 0 . 4 - 0 . 6 
B A S E - T O - E M I T T E R VOLTS 

T Y P E 
COMM 
MOUN 
C O L L E 

VO 

2N28 
DN-Efi 
r i N G -
XTOR 
_TS=-

69/2 
AITTEF 
FLANC 
- T O - E 
.5 

N30I 
CIRC 

E TEN 
IMITTE 

UlT, Bt 
1PERA 
: R . 

kSE IN 
rURE = 

PUT. 
25° C 

0 - 5 0 -100 -150 - 2 0 0 -250 - 3 0 0 
BASE MILLIAMPERES 
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T Y P I C A L O P E R A T I O N I N C L A S S A X A F P O W E R A M P L I F I E R C I R C U I T 
M o u n t i n g - f l a n g e t e m p e r a t u r e o f 8 0 ° C 

D C S u p p l y V o l t a g e 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e 
D C B a s e - t o - E m i t t e r V o l t a g e 
Z e r o - S i g n a l C o l l e c t o r C u r r e n t 
S i g n a l F r e q u e n c y 
S i g n a l - S o u r c e I m p e d a n c e 
L o a d I m p e d a n c e 
P o w e r G a i n 
M a x i m u m - S i g n a l P o w e r O u t p u t 
C i r c u i t E f f i c i e n c y ( a t p o w e r o u t p u t o f 5 w a t t s ) 
M a x i m u m T o t a l H a r m o n i c D i s t o r t i o n ( a t p o w e r o u t p u t o f w a t t s ) 
Z e r o - S i g n a l C o l l e c t o r D i s s i p a t i o n 

T Y P I C A L O P E R A T I O N I N C L A S S B P U S H - P U L L 
A U D I O P O W E R - A M P L I F I E R C I R C U I T 

M o u n t i n g - f l a n g e t e m p e r a t u r e o f 8 0 ° C ; v a l u e s a r e f o r t w o t r a n s i s 

D C S u p p l y V o l t a g e 
Z e r o - S i g n a l D C B a s e - t o - E m i t t e r V o l t a g e 
Z e r o - S i g n a l D C C o l l e c t o r C u r r e n t ( p e r t r a n s i s t o r ) 
P e a k C o l l e c t o r c u r r e n t ( p e r t r a n s i s t o r ) 
M a x i m u m - S i g n a l D C C o l l e c t o r C u r r e n t ( p e r t r a n s i s t o r ) 
S i g n a l F r e q u e n c y 
S i g n a l - S o u r c e I m p e d a n c e p e r b a s e 
L o a d I m p e d a n c e p e r c o l l e c t o r 
P o w e r G a i n 
M a x i m u m - S i g n a l P o w e r O u t p u t 
M a x i m u m T o t a l H a r m o n i c D i s t o r t i o n ( a t p o w e r o u t p u t o f 

12 w a t t s ) 
C i r c u i t E f f i c i e n c y ( a t p o w e r o u t p u t o f 12 w a t t s ) 
C o l l e c t o r D i s s i p a t i o n ( j e r t r a n s i s t o r a t p o w e r o u t p u t o f 

12 w a t t s ) 

—14.4 v o l t s 
—12.2 v o l t s 
- 0 . 3 5 v o l t 

- 0 . 9 a m p e r e 
400 c p s 

10 o h m s 
15 o h m s 
38 d b 

5 w a t t s 
45 p e r c e n t 

5 p e r c e n t 
11 w a t t s 

e x c e p t a s n o t e d 

—14.4 v o l t s 
—0.13 v o l t 
- O . 0 5 a m p e r e 

—2 a m p e r e s 
- 0 . 6 4 a m p e r e 

400 c p s 
10 o h m s 

6 o h m s 
30 d b 
12 w a t t s 

5 p e r c e n t 
67 p e r c e n t 

3 w a t t s 

TYPICAL COLLECTOR CHARACTERISTICS 

- 5 -10 -15 - 2 0 - 2 5 - 3 0 - 3 5 - 4 0 - 4 5 - 5 0 
COLLECTOR-TO-EMITTER VOLTS 

2N2870/ 
2N301A 

POWER TRANSISTOR 
Germanium p-n-p type used in 

a wide variety of af power-amplifier 
and large-signal applications in 
commercial, industrial, and military 
equipment. It is used in class A and 
class B af-output-amplifier stages 

of automobile radio receivers and mobile communications equipment. It pro
vides excellent dc-to-dc and dc-to-ac power conversion. This type features 
high breakdown voltage, low saturation voltage, high large-signal beta, and a 
high dissipation capability. J E D E C No. TO-3 package; outline 5, Outlines Sec
tion. This type is identical with type 2N2869/2N301 except for the following 
items: 
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M A X I M U M R A T I N G S 
C o l l e c t o r - T o - B a s e V o l t a g e 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = — 5 
a n d e m i t t e r c u r r e n t = 0 ) 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r 
a m p e r e s = —10 a n d b a s e a m p e r e = — 1 ) 

—80 m a x v o l t s 

—80 m i n v o l t s 

—0 .5 m a x v o l t 

See list of Discontinued Transistors at end of 
Technical Data Section for abbreviated data. 

POWER TRANSISTOR 
Silicon n-p-n type used in a wide 

variety of large-signal high-power 
0W0ft7A V ^ applications in military and i n -

T I X O / O dustrial communications equipment. f „ 
It is intended primarily for use in 
A M , F M , and CW circuits at fre

quencies up to 150 megacycles. It features high power output and high voltage 
ratings. This type is 100 per cent tested to assure freedom from second break
down in class A operation at maximum ratings. It uses a special stud-mounted 
package which is electrically isolated from all electrodes and designed to pro
vide excellent performance at high frequencies. Outline 35, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e 80 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e o p e n 60 m a x v o l t s 
W i t h b a s e - t o - e m i t t e r v o l t s = 1.5 80 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e 4 m a x v o l t s 
C o l l e c t o r C u r r e n t 2.5 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 17.5 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 230 m a x ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.5 

a n d e m i t t e r c u r r e n t = 0 ) 80 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g B r e a k d o w n V o l t a g e ( w i t h 

p u l s e d c o l l e c t o r m a = 500* a n d b a s e c u r r e n t = 0) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h b a s e - t o - e m i t t e r 

v o l t s — — 1 . 5 a n d c o l l e c t o r m a = 0.1) 80 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0 .1 

a n d c o l l e c t o r c u r r e n t = 0) 4 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h b a s e m a = 500 

a n d c o l l e c t o r a m p e r e s = 2.5) 1 m a x v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 

a n d e m i t t e r c u r r e n t = 0 ) 0.1 m a x pa 
C o l l e c t o r - t o - C a s e C a p a c i t a n c e 6 m a x p f 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s 

= 30, e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) . . 20 m a x p f 

In Common-Emitter Circuit 

B a s e S p r e a d i n g R e s i s t a n c e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 28 , 
c o l l e c t o r m a = 250, a n d f r e q u e n c y = 400 M c ) 6 o h m s 
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G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 28 
a n d e m i t t e r m a = 250) 200 M c 

U n n e u t r a l i z e d R F P o w e r O u t p u t ( w i t h l o a d a n d g e n e r a t o r 
i m p e d a n c e . ^ 50 o h m s ) : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 28, c o l l e c t o r m a = 500, 
a n d f r e q u e n c y = 50 M c 1 0 * * m i n w a t t s 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 28 , c o l l e c t o r m a = 275 , 
a n d f r e q u e n c y = 150 M c 3 t m i n w a t t s 

* P u l s e d u r a t i o n ~ 5 p s e c o r l e s s ; d u t y f a c t o r = 0.01 o r l e s s . 
* * I n p u t p o w e r = 2 w a t t s , 

t I n p u t p o w e r = 1 w a t t . 
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COLLECTOR-TO-EMITTER VOLTS 
92CS-I2038T 

J U N S [ « , . 0 R 

2N2895 

Silicon n-p-n type used in a wide 
variety of small-signal and low-to-
medium power applications in mi l i 
tary and industrial equipment. It 
feaures extremely low leakage char
acteristics, high pulse beta, high 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
This type has an exceptionally low noise figure of 8 db maximum and offers 
five levels of beta control from 0.1 ma to 0.5 ampere. J E D E C No. TO-18 pack
age; outline 12, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e o p e n 
W i t h b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s o r l e s s 

E m i t t e r - t o - B a s e V o l t a g e 
C o l l e c t o r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e s u p to 25° C 
A t c a s e a n d a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 

a n d e m i t t e r c u r r e n t = 0 ) 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1 

a n d c o l l e c t o r c u r r e n t = 0) 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 

W i t h b a s e o p e n , p u l s e d c o l l e c t o r m a = 1 0 0 * , a n d b a s e 
c u r r e n t = 0 

W i t h e m i t t e r - t o - b a s e r e s i s t a n c e = 10 o h m s , a n d p u l s e d 
c o l l e c t o r m a = 1 0 0 * 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 
m a = 1 5 0 * a n d b a s e m a = 15) 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 
m a = 1 5 0 * a n d b a s e m a = 15) 

120 m a x v o l t s 

65 m a x v o l t s 
80 m a x v o l t s 

7 m a x v o l t s 
1 m a x a m p e r e 

1.8 m a x w a t t s 
0.5 m a x w a t t 

S e e c u r v e p a g e 80 

- 6 5 to 200 »C 
255 m a x ° C 

120 m i n 

7 m i n 

v o l t s 

v o l t s 

65 m i n v o l t s 

80 m i n v o l t s 

0.6 m a x v o l t 

1.2 m a x v o l t s 
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C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h c a s e t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s = 60 , 

a n d e m i t t e r c u r r e n t - 0 0.002 m a x /xa 
W i t h c a s e t e m p e r a t u r e = 1 5 0 ° C , c o l l e c t o r - t o - b a s e v o l t s = 60 , 

a n d e m i t t e r c u r r e n t = 0 2 m a x na 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 5 

a n d c o l l e c t o r c u r r e n t = 0 0.002 m a x na 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 97 m a x ° C / w a t t 
J u n c t i o n - t o - a m b i e n t 350 m a x " C / w a t t 

TYPICAL TRANSFER CHARACTERISTICS 

ft 500 

2 4 0 0 

2 300 
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y M 
W 
y 

M 
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BASE-TO-EMITTER VOLTS 
9ZCS-III85T 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2 N 2 8 9 5 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

A l i D i r h I T T C U O C D A T H D C - 5 R « r 

/ 

) \ BA SE MICROAMPERES = 0 \ 
20 40 60 80 100 

COLLECTOR-TO-EMITTER VOLTS 

In Common-Base Circuit 

E m i t t e r - t o - B a s e C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t 
= 0.5, c o l l e c t o r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) . 80 m a x 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 10, e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) . , 15 m a x 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d p u l s e d c o l l e c t o r 

m a = 1 5 0 * , 40 to 120 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d p u l s e d c o l l e c t o r 

m a = 5 0 0 * 25 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 0.1 . . 20 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 10 . . 35 m i n 
W i t h c a s e t e m p e r a t u r e = — 5 5 ° C , c o l l e c t o r - t o - e m i t t e r v o l t s 

— 10, a n d c o l l e c t o r m a = 10 20 m i n 
S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 5, c o l l e c t o r m a = 5, a n d 
f r e q u e n c y = 1 k i l o c y c l e 50 to 200 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50 , a n d 
f r e q u e n c y — 20 M c 6 m m 

p f 

P f 
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N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r 
m a = 0.3, g e n e r a t o r r e s i s t a n c e = 510 o h m s , c i r c u i t b a n d w i d t h 

= 1 c p s , a n d f r e q u e n c y = 1 k i l o c y c l e ) 

* P u l s e d u r a t i o n = 300 / t s e c ; d u t y f a c t o r = 0-018. 

TRANSISTOR 
© a Silicon n-p-n type used in a wide 

variety of small-signal and low-to-
f N. medium power applications in mi l i -

0 _ / / \ i _ 0 tary and industrial equipment. It 
£ V J c features extremely low leakage char-

' acteristics, high pulse beta, high 
small-signal beta, very low capacitance, and large gain-bandwidth product. 
J E D E C No. TO-18 package; outline 12, Outlines Section. For curve of typical 
transfer characteristics, refer to 2N2895. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e "Vol tage 140 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e o p e n 90 m a x v o l t s 
W i t h b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s o r l e s s 140 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e 7 m a x v o l t s 
C o l l e c t o r C u r r e n t 1 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p t o 2 5 ° C 1.8 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 0.5 m a x w a t t 
A t c a s e a n d a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x ° C 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a 
= 0.1 a n d e m i t t e r c u r r e n t = 0 ) 140 m i n v o l t s 

E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0 .1 
a n d c o l l e c t o r c u r r e n t = 0 ) 7 m i n v o l t s 

C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 
W i t h b a s e o p e n , p u l s e d c o l l e c t o r m a = 1 0 0 * . a n d b a s e 

c u r r e n t = 0 90 m i n v o l t s 
W i t h e m i t t e r - t o - b a s e r e s i s t a n c e = 10 o h m s , • a n d p u l s e d 

c o l l e c t o r m a = 1 0 0 * 140 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 

m a = 1 5 0 * a n d b a s e m a = 15) 0.6 m a x v o l t 
B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 

m a = 150* a n d b a s e m a = 15) 1.2 m a x v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t : 

W i t h c a s e t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s = 90 , 
a n d e m i t t e r c u r r e n t = 0 0.01 m a x /xa 

W i t h c a s e t e m p e r a t u r e = 1 5 0 ° C , c o l l e c t o r - t o - b a s e v o l t s = 90 
a n d e m i t t e r c u r r e n t = 0 10 m a x /ta 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 5 a n d 
c o l l e c t o r c u r r e n t — 0 0.01 m a x /ta 

T h e r m a l R e s i s t a n c e : 
J u n c t i o n - t o - c a s e 97 m a x ° C / w a t t 
J u n c t i o n - t o - a m b i e n t 350 m a x " C / w a t t 

In Common-Base Circuit 

E m i t t e r - t o - B a s e C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t = 0.5, 
c o l l e c t o r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 80 m a x p f 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10, 
e m i t t e r c u r r e n t — 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 15 m a x p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d p u l s e d c o l l e c t o r 

m a = 1 5 0 * 60 to 200 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 1 . . . . 35 m i n 
W i t h c a s e t e m p e r a t u r e = — 5 5 ° C , c o l l e c t o r - t o - e m i t t e r v o l t s 

= 10, a n d c o l l e c t o r m a = 10 20 m i n 
S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 5, c o l l e c t o r m a = 5 , a n d 
f r e q u e n c y = 1 k i l o c y c l e 50 to 275 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50 , a n d 
f r e q u e n c y — 20 M c 6 m i n 

* P u l s e d u r a t i o n = 300 j x s e c ; d u t y f a c t o r = 0.018. 

8 m a x d b 

2N2896 
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TYPICAL COLLECTOR CHARACTERISTICS 
T Y P E 2 N 2 8 9 6 
C O M M O N - E M I T T E R C I R C U I T , B A S E INPUT, 
A M B I E N T T E M P E R A T U R E = 2 5 ° C 

75 100 125 150 
COLLECTOR-TO-EMITTER VOLTS 

2N2897 

TRANSISTOR 
Silicon n-p-n type used in a wide 

variety of small-signal and low-to-
medium power applications in mi l i 
tary and industrial equipment. It 
features extremely low leakage char
acteristics, high pulse beta, high 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
J E D E C No. TO-18 package; outline 12, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e o p e n 
W i t h b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s o r l e s s 

E m i t t e r - t o - B a s e V o l t a g e 
C o l l e c t o r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t c a s e a n d a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

60 m a x v o l t s 

45 m a x v o l t s 
60 m a x v o l t s 

7 m a x v o l t s 
1 m a x a m p e r e 

1.8 m a x w a t t s 
0.5 m a x w a t t 

S e e c u r v e p a g e 80 

— 6 5 to 200 
255 m a x 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1 

a n d e m i t t e r c u r r e n t = 0 ) 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1 

a n d c o l l e c t o r c u r r e n t = 0) 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 

W i t h b a s e o p e n , p u l s e d c o l l e c t o r m a = 1 0 0 * , a n d b a s e 
c u r r e n t = 0 

W i t h e m i t t e r - t o - b a s e r e s i s t a n c e = 10 o h m s , a n d p u l s e d 
c o l l e c t o r m a = 1 0 0 * 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 
m a = 1 5 0 * a n d b a s e m a — 15) 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 
m a = 1 5 0 * a n d b a s e m a = 15) 

C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h c a s e t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s = 60, 

a n d e m i t t e r c u r r e n t = 0 
W i t h c a s e t e m p e r a t u r e = 1 5 0 ° C , c o l l e c t o r - t o - b a s e v o l t s = 60, 

a n d e m i t t e r c u r r e n t — 0 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 5 a n d 

c o l l e c t o r c u r r e n t - 0 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 
J u n c t i o n - t o - a m b i e n t 

60 m i n 

7 m i n 

45 m i n 

60 m i n 

1 m a x 

1.3 m a x 

0.05 m a x 

50 m a x 

0.05 m a x 

v o l t s 

v o l t s 

v o l t s 

v o l t s 

v o l t 

v o l t s 

/ta 

ma 

/xa 

97 m a x ° C / w a t t 
350 m a x ° C / w a t t 
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In Common-Base Circuit 

E m i t t e r - t o - B a s e C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t = 0.5, 
c o l l e c t o r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 80 m a x 

C o l l e c t o r - t o - B a % e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10 , 
e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 140 k i l o c y c l e s ) 15 m a x 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, a n d p u l s e d c o l l e c t o r 

m a = 1 5 0 * 50 to 200 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, a n d c o l l e c t o r m a = 1 . . 35 m i n 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 5 , c o l l e c t o r m a — 5 , a n d 

f r e q u e n c y = 1 k i l o c y c l e 50 to 275 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50, a n d 

f r e q u e n c y = 20 M c 5 m i n 

* P u l s e d u r a t i o n = 300 usee; d u t y f a c t o r = 0.018. 

P f 

P f 

TYPICAL TRANSFER CHARACTERISTICS 

500 

T Y P E 2 N 2 8 9 7 
C O M M O N — E M I T T E R C I R C U I T , B A S E I N P U T . 
A M B I E N T T E M P E R A T U R E = 2 5 ° C 
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B A S E - T O - E M I T T E R VOLTS 
S2CS-12K>4f 

TYPICAL COLLECTOR CHARACTERISTICS 
T Y P E 2 N 2 8 9 7 ' 

_ C O M M O N - E M I T T E R C I R C U I T , B A S E I N P U T . 
3 I E N T T E N P E R / T U R E = 2 5 C 

1 \ 
R 

f V 
B A S E Ml : R O A W P E R E S = 0 " 3 

UJ 4 

C O L L E C T O R - T O - E M I T T E R V O L T S 

TRANSISTOR 
Silicon n-p-n type used in a wide 

variety of small-signal and low-to-
medium power applications in mi l i 
tary and industrial equipment. I t 
features extremely low leakage char
acteristics, high pulse beta, high 

2N2898 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
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This type has an exceptionally low noise figure of 8 cTb maximum and offers 
five levels of beta control from 0.1 ma to 0.5 ampere. J E D E C No. TO-46 pack
age; outline 18, Outlines Section. This type is electrically identical with type 
2N2895. 

TRANSISTOR 

2N2899 
Silicon n-p-n type used in a wide 

variety of small-signal and low-to-
medium power applications in mi l i 
tary and industrial equipment. It 
features extremely low leakage char
acteristics, high pulse beta, high 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
J E D E C No. TO-46 package; outline 18, Outlines Section. This type is elec
trically identical with type 2N2896. 

TRANSISTOR 

2N2900 

Silicon n-p-n type used in a wide 
variety of small-signal and low-to-
medium power applications in mi l i 
tary and industrial equipment. I t 
features extremely low leakage char
acteristics, high pulse beta, high 

small-signal beta, very low capacitance, and large gain-bandwidth product. 
J E D E C No. TO-46 package; outline 18, Outlines Section. This type is elec
trically identical with type 2N2897. 

TRANSISTOR 

2N2938 
Silicon n-p-n type used in 

switching applications in military and 
commercial data-processing equip
ment. This type features high beta 
and high switching speed at high 
values of collector current, as well 

as low base and collector cutoff currents, low saturation voltages at high 
values of collector current, and exceptional stability of characteristics. J E D E C 
No. TO-52 package; outline 20, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e 
C o l l e c t o r - t o - E m i t t e r V o l t a g e 
E m i t t e r - t o - B a s e V o l t a g e 
C o l l e c t o r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g — 6 5 to 175 
S t o r a g e — 6 5 to 200 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 300 m a x 

C H A R A C T E R I S T I C S 

v o l t s 
v o l t s 
v o l t s 

m a 

w a t t 
w a t t 

S e e c u r v e p a g e 80 

25 m a x 
13 m a x 

5 m a x 
500 m a x 

1 m a x 
0.3 m a x 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a 
= 50 a n d b a s e m a = 1.6) 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 50 
a n d b a s e m a = 1.6) 

0.4 m a x 

0.8 to 0.95 

v o l t 

v o l t 
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C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h a m b i e n t t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - e m i t t e r v o l t s 

= 20, a n d e m i t t e r - t o - b a s e v o l t s = 0 25 m a x 
W i t h a m b i e n t t e m p e r a t u r e = 1 5 0 ° C , c o l l e c t o r - t o - e m i t t e r v o l t s 

= 20 , a n d e m i t t e r - t o - b a s e v o l t s = 0 25 m a x 

In Common-Base Circuit 

E m i t t e r - t o - B a s e C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = 1 
a n d b a s e c u r r e n t = 0 ) 5 m a x 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 5 
a n d e m i t t e r c u r r e n t = 0 ) 4 m a x 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t = 0.35 a n d c o l l e c t o r m a = 10 . . 125 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t = 0.4 a n d p u l s e d c o l l e c t o r m a 

= 5 0 * 105 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t = 1 a n d p u l s e d c o l l e c t o r m a 

= 2 0 0 * 60 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t = 0.4, p u l s e d c o l l e c t o r m a 

= 5 0 * , a n d a m b i e n t t e m p e r a t u r e = — 5 5 ° C 65 
S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -

t o - e m i t t e r v o l t s = 10 , c o l l e c t o r m a = 10 , a n d f r e q u e n c y 
= 100 M c ) 6.9 

* P u l s e d u r a t i o n = 50 usee; d u t y f a c t o r = 0.02 o r l e s s . 

/xa 

P f 

P f 

2N2953 

TRANSISTOR 
Germanium p-n-p type used in 

audio-frequency driver-amplifier ap
plications in consumer and indus
trial equipment. This type features 
exceptionally high gain under typi
cal operating conditions for driver 

circuits, excellent linearity of small-signal beta and dc beta over its entire 
collector-current range, and uniform gain characteristics over the audio-fre
quency range. A l l leads are insulated from the case to permit use of the equip
ment chassis as a heat sink. J E D E C No. T O - 1 package; outline 4, Outlines 
Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e - t o - e m i t t e r r e s i s t a n c e 

= 10000 o h m s o r l e s s ) 
E m i t t e r - t o - B a s e V o l t a g e 
C o l l e c t o r C u r r e n t 
E m i t t e r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 5 5 ° C 
A t a m b i e n t t e m p e r a t u r e s a b o v e 5 5 ° C 
A t c a s e t e m p e r a t u r e s u p t o 5 5 ° C w i t h i n f i n i t e h e a t s i n k . . . . 
A t c a s e t e m p e r a t u r e s a b o v e 5 5 ° C w i t h i n f i n i t e h e a t s i n k . . . . 
A t c a s e t e m p e r a t u r e s u p to 5 5 ° C w i t h p r a c t i c a l h e a t s i n k * . . 
A t c a s e t e m p e r a t u r e s a b o v e 5 5 ° C w i t h p r a c t i c a l h e a t s i n k * . . 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r - t o - b a s e 
v o l t s ~ — 2 a n d c o l l e c t o r m a = —0.05 ) 

C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h b a s e - t o - e m i t t e r 
r e s i s t a n c e = 10000 o h m s a n d c o l l e c t o r m a = — 1 ) 

E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = —0.05 ) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —20 

a n d e m i t t e r c u r r e n t = 0 ) 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = —20 a n d 

c o l l e c t o r c u r r e n t = 0 ) 

—30 m a x v o l t s 

—25 m a x v o l t s 
—25 m a x v o l t s 

—150 m a x m a 
150 m a x m a 

120 m a x m w 
D e r a t e 2.6 m w / T 

300 m a x m w 
D e r a t e 6.67 m w / ' C 

225 m a x m w 
D e r a t e 5 m w / ' C 

to 100 ° C 
255 m a x ° c 

—30 m i n v o l t s 

—25 m i n v o l t s 
— 2 5 m i n v o l t s 

— 5 m a x ita 

—7.5 m a x 
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In Common-Emitter Circuit 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = — 1 0 , c o l l e c t o r m a = —10 a n d f r e q u e n c y 

= 1 k i l o c y c l e ) 
S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o C u t o f f F r e q u e n c y 

( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 1 2 a n d c o l l e c t o r m a = — 1 ) 
E x t r i n s i c B a s e - L e a d R e s i s t a n c e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s 

= 10, c o l l e c t o r m a = —10, a n d f r e q u e n c y = 20 M c ) 
C o l l e c t o r - t o - B a s e F e e d b a c k C a p a c i t a n c e ( w i t h c o l l e c t o r - t o -

e m i t t e r v o l t s = —12 a n d c o l l e c t o r m a = — 1 ) 

* T h e r m a l r e s i s t a n c e o f h e a t s i n k i s l e s s t h a n 5 0 ° C / w a t t . 

T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C 

- T Y P E 2N2953 
C O M M O N - E M I T T E R C I R C U I T , 

B A S E I N P U T . 

- T Y P E 2N2953 
C O M M O N - E M I T T E R C I R C U I T , 

B A S E I N P U T . 

- T Y P E 2N2953 
C O M M O N - E M I T T E R C I R C U I T , 

B A S E I N P U T . 
" A M B I E N T I L M P E R A T U R 

= 2 5 ° C 
. C O L L E C T O R - T O - / 

1 : M I T 
l/OLl 

T E R 
-1 / 

/ 
/ 

/ r 

-41 I 1 I I I I I I I I 
- 1 2 5 - 1 7 5 - 2 2 5 - 2 7 5 - 3 2 5 - 3 7 5 

B A S E - T O - E M I T T E R M I L L I V O L T S 
S2CS- I2 I47T 

200 m i n 

10 M c 

300 o h m s 

6.5 p f 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of medium-power ap
plications in industrial and commer
cial equipment. This type is intended 
primarily for frequencies up to 20 
megacycles in small-signal power 

circuits. It is designed to assure freedom from second breakdown and features 
low leakage current and wide beta range. J E D E C No. TO-5 package; outline 
6, Outlines Section. 

2N3053/ 
40053 
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M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e 60 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e o p e n 40 m a x v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s 50 m a x v o l t s 
W i t h b a s e - t o - e m i t t e r v o l t s = 1.5 v o l t s 60 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e 5 m a x v o l t s 
C o l l e c t o r C u r r e n t 0.7 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 5 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 235 m a x ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 

W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 0 a n d c o l l e c t o r 
m a = 1 0 0 * 40 m i n v o l t s 

W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s a n d 
c o l l e c t o r m a = 100 50 m i n v o l t s 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a 
- 150 a n d b a s e m a = 15) 1.4 m a x v o l t s 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 150 
a n d b a s e m a =; 15) 1.7 m a x v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 
a n d e m i t t e r c u r r e n t = 0 ) 0.25 m a x p a 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 4 a n d 
c o l l e c t o r c u r r e n t = 0 ) 0.25 m a x p a 

T h e r m a l R e s i s t a n c e ( j u n c t i o n - t o - c a s e ) 35 m a x " C / w a t t 

In Common-Base Circuit 

E m i t t e r - t o - B a s e C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = 0.5 
a n d c o l l e c t o r c u r r e n t = 0 ) 80 m a x p f 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 10 
a n d e m i t t e r c u r r e n t = 0 ) 15 m a x p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 10 a n d p u l s e d c o l l e c t o r m a = 1 5 0 * ) 50 to 250 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50, a n d f r e q u e n c y 
= 20 M c ) 5 m i n 

* P u l s e d u r a t i o n = 300 p s e c ; d u t y f a c t o r = 0.018. 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2 N 3 0 5 3 / 4 0 0 5 3 
AMBIENT TEMPERATURE =25* C 

0 2 4 6 8 10 
COLLECTOR-TO-EMITTER VOLTS S2CM-I2327T 
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T Y P I C A L T R A N S F E R C H A R A C T E R I S T I C S 

e 

T Y P E 2 N 3 0 5 3 / 4 0 0 5 3 
COLLECTOR-TO-EMITTER VOLTS = 10 

c v> ru 1 

m y 

f/ 
V 

0 0.2 0.4 0.6 0.8 1.0 1.2 |.4 
B A S E - T O - E M I T T E R VOLTS 

92CS-I2329T 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of intermediate-power . 1¾? 
Q K | Q / ) C / [ applications in industrial and com- f r-y ^ A 

N O l W * t mercial equipment. This type is par- \ J \ L^ J 
ticularly useful in power-switching E © C L ) B 
circuits, in series and shunt-regula

tor driver and output stages, and in high-fidelity amplifiers. It is designed to 
assure freedom from second breakdown and features a special package which 
permits convenient mounting and effective contact with the heat sink. Outline 
33, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e 90 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e o p e n 55 m a x v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 100 o h m s 60 m a x v o l t s 
W i t h b a s e - t o - e m i t t e r v o l t s = 1.5 v o l t s 90 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e 7 m a x . v o l t s 
C o l l e c t o r C u r r e n t 4 m a x a m p e r e s 
B a s e C u r r e n t 2 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 25 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 235 m a x ° C 

T Y P I C A L C O L L E C T O R C H A R A C T E R I S T I C S 

TYPE 2 N 3 0 5 4 
CASE TEMPERATURE=25" C 

I U U QO 
7CI 

- 6 0 
50 

4C ' .30 
50 

4C ' .30 , , ' .30 
3ASE CURRENT = 20 MA_ 

15, K ) , 15 , K ) , K ) , 

b 
1 

12 

20 30 40 50 
COLLECTOR-TO-EMITTER VOLTS 

60 70 
92CM-I2303T 
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C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 

W i t h « x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 0 a n d c o l l e c t o r 
m a = 100 

W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 100 o h m s a n d 
c o l l e c t o r m a = 100 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a 
= 500 a n d b a s e m a = 50) 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r m a = 500 
a n d c o l l e c t o r - t o - e m i t t e r v o l t s = 4 ) 

E m i t t e r - C u t o f f - C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 7 a n d 
c o l l e c t o r c u r r e n t = 0) '. 

T h e r m a l R e s i s t a n c e ( j u n c t i o n - t o - c a s e ) 

55 m i n 

60 m i n 

1 m a x 

1.7 m a x 

1 m a x 

v o l t s 

v o l t s 

v o l t s 

v o l t s 

m a 
7 m a x ° C / w a t t 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r m a = 500) 25 to 100 

TYPICAL TRANSFER CHARACTERISTICS 

I 6 0 

T Y P E 2 N 3 0 5 4 
C O L L E C T O R - T O - E M I T T E R V0LTS=>4 

Io/ 
&/ /<o 
«7 

4 '/ f 
< •J 

y/ 
1.0 1.5 2.0 2.5 

B A S E - T O - E M I T T E R VOLTS 
92CS-I2305T 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

^ wide variety of high-power applica-
( r \ / ) tions in industrial and commercial OKI^ft'**''* 

J equipment. This type is particularly A I M S J U 3 * # 
E © © B useful in power-switching circuits 

in series and shunt-regulator driver 
and output stages, and in high-fidelity amplifiers. It is designed to assure free
dom from second breakdown and features an exceptionally high dissipation 
rating. J E D E C No. TO-3 package; outline 5, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e 100 m a x v o l t s -
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e o p e n 60 m a x v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 100 o h m s 70 m a x v o j t s 
W i t h b a s e - t o - e m i t t e r v o l t s = 1.5 v o l t s 100 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e 7 m a x v o l t s 
C o l l e c t o r C u r r e n t 15 m a x a m p e r e s 
B a s e C u r r e n t 7 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 115 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 " C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 235 m a x ° C 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 0 a n d c o l l e c t o r 

m a = 200 60 m i n v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 100 o h m s a n d 

c o l l e c t o r m a = 200 70 m i n v o l t s 
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C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r 
a m p e r e s = 4 a n d b a s e m a = 400) 1.1 m a x v o l t s 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s - 4, a n d c o l l e c t o r a m p e r e s = 4 ) „ 1.8 m a x v o l t s 

E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 7 a n d 
c o l l e c t o r c u r r e n t = 0 ) , 5 m a x m a 

T h e r m a l R e s i s t a n c e ( j u n c t i o n - t o - c a s e ) 1.5 m a x " C / w a t t 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 4 a n d c o l l e c t o r a m p e r e s = 4 ) . „ 20 to 70 

TYPICAL COLLECTOR CHARACTERISTICS 

UJ 10 

1 1 1 I 1 
TYPE 2 N 3 0 5 5 
CASE TEMPERATURE =25" C 

1 
700 • 

( 600 
500 

< 40< ) 

300 

209 

. BAS I CU RREN T - I O ) MA 

J 
39 / / 

10 
1 20 30 40 50 60 

COLLECTOR-TO-EMITTER VOLTS 
70 80 

*2CM-12JO«T 

TYPICAL TRANSFER CHARACTERISTICS. 

0 0.5 1.0 1.5 2.0 2.5 3.0 
BASE-TO-EMITTER VOLTS 

9ZCS-I230r| 

TRANSISTOR 
Silicon n-p-n type used in r f 

amplifiers in military and industrial 
high-frequency and vhf communi
cation equipment. I t is intended 
primarily for use in large-signal vhf 
class C and small-signal vhf class 

A amplifier circuits. This type features high output power, high collector-to-
emitter voltage ratings, high gain-bandwidth product, high power gain, and 
high power dissipation. J E D E C No. TO-5 package; outline 6, Outlines Section, 

2N3118 
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M A X I M U M R A T I N G S 
E m i t t e r - t o - B a s e V o l t a g e 4 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e - t o - e m i t t e r v o l t s = —1 .5 85 m a x v p l t s 
W i t h b a s e o p e n 60 m a x v o l t s 

C o l l e c t o r C u r r e n t 0.5 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 4 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 1 m a x w a t t s 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 25° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x ° C 

C H A R A C T E R I S T I C S 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1 

a n d c o l l e c t o r c u r r e n t = 0 ) 4 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g B r e a k d o w n V o l t a g e ( w i t h 

p u l s e d c o l l e c t o r m a — 1 0 * a n d b a s e c u r r e n t = 0 ) 60 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h b a s e - t o - e m i t t e r 

v o l t s = —1 .5 a n d c o l l e c t o r m a = 0.1) 85 m i n v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t : 

W i t h a m b i e n t t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s 
- 30 , a n d e m i t t e r c u r r e n t = 0 ) 0.1 m a x ^ a 

W i t h a m b i e n t t e m p e r a t u r e — 1 5 0 ° C , c o l l e c t o r - t o - b a s e v o l t s 
= 30, a n d e m i t t e r c u r r e n t = 0) 100 m a x /ia 

fn Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 2 8 , e m i t t e r c u r r e n t = 0, a n d f r e q u e n c y = 1 M c ) 6 m a x p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 28 a n d c o l l e c t o r m a = 2 5 ) 50 to 275 

S m a l l - S i g n a l F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = 28, c o l l e c t o r m a = 2 5 , a n d f r e q u e n c y 

- 50 M c ) , 5 m i n 
O u t p u t P o w e r C l a s s C S e r v i c e * * : 

W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 28 , a n d f r e q u e n c y = 50 M c . 1 m i n w a t t 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 28, a n d f r e q u e n c y = 150 M c . 0.4 m i n w a t t 

P o w e r G a i n C l a s s A S e r v i c e t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s 
= 28, c o l l e c t o r m a = 2 5 , a n d f r e q u e n c y = 50 M c ) 18 m i n d b 

* P u l s e d u r a t i o n = 300 usee; d u t y f a c t o r = 0.018 o r l e s s . 
* * I n p u t p o w e r = 0.1 w a t t ( w i t h h e a t s i n k ) , 

f O u t p u t p o w e r = 0-2 w a t t ( w i t h h e a t s i n k ) . 

TRANSISTOR 
Silicon n-p-n type used in © s 

switching and pulse-amplifier appli- ^ - T ~ \ 
A K I O l 1 0 cations. It is intended primarily for / | \ 
X f M O I If use in high-voltage high-frequency (jyAd \ 

amplifiers and high-voltage satura- E \ y 0 

tion switches in military and indus-
trial equipment. This type features high collector-to-emitter voltage ratings, 
fast rise time, and high power dissipation. J E D E C No. TO-5 package; outline 
6, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e 100 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e - t o - e m i t t e r v o l t s = —1 .5 , 100 m a x v o l t s 
W i t h b a s e o p e n 80 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e 4 m a x v o l t s 
C o l l e c t o r C u r r e n t 0.5 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 4 m a x w a t t s 
A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 1 m a x w a t t 
A t c a s e o r a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x "C 
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C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a == 0.10 
a n d e m i t t e r c u r r e n t — 0 ) 100 m i n v o l t s 

E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.10 
a n d c o l l e c t o r c u r r e n t = 0 ) 4 m i n v o l t s 

C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h b a s e - t o - e m i t t e r 
v o l t s = 1.5 a n d c o l l e c t o r m a = 0.1) 100 m i n v o l t s 

C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g B r e a k d o w n V o l t a g e ( w i t h 
p u l s e d c o l l e c t o r m a = 1 0 * a n d b a s e c u r r e n t = 0 ) 80 m i n v o l t s 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h b a s e m a = 10 
a n d c o l l e c t o r m a = 100) 0.5 m a x v o l t 

B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h b a s e m a = 10 a n d 
c o l l e c t o r m a = 100) 1.1 m a x v o l t 

C o l l e c t o r - C u t o f f C u r r e n t : 
W i t h a m b i e n t t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s 

= 60, a n d e m i t t e r c u r r e n t = 0 50 m a x n a 
W i t h a m b i e n t t e m p e r a t u r e =: 1 5 0 ° C , c o l l e c t o r - t o - b a s e v o l t s 

= 60, a n d e m i t t e r c u r r e n t = 0 50 m a x p a 
E m i t t e r - C u t o f f c u r r e n t ( w i t h a m b i e n t t e m p e r a t u r e = 2 5 ° C , ; 

e m i t t e r - t o - b a s e v o l t s = 3 , a n d c o l l e c t o r c u r r e n t = 0 ) 100 m a x n a 
S a t u r a t e d S w i t c h i n g T u r n - o n T i m e ( w i t h c o l l e c t o r s u p p l y v o l t s 

= 28 , b a s e m a = 10, a n d c o l l e c t o r m a = 100) 40 m a x n s e c 
S a t u r a t e d S w i t c h i n g T u r n - o f f T i m e ( w i t h c o l l e c t o r s u p p l y v o l t s 

= 28 , b a s e m a = —10 , a n d c o l l e c t o r m a = 100) TOO m a x n s e c 
P u l s e - A m p l i f i e r R i s e T i m e ( w i t h c o l l e c t o r s u p p l y v o l t s = 80 

a n d c o l l e c t o r m a — 10) 20 m a x n s e c 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 28 , c o l l e c t o r c u r r e n t =r 0, a n d f r e q u e n c y = 1 M c ) 6 m a x p f 

In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10 a n d c o l l e c t o r m a = 10 . . 40 m i n 
W i t h p u l s e d c o l l e c t o r - t o - e m i t t e r v o l t s = 1 0 * a n d c o l l e c t o r 

m a = 100 50 to 200 
W i t h p u l s e d c o l l e c t o r - t o - e m i t t e r v o l t s = 1 0 * a n d c o l l e c t o r 

m a = 250 20 m i n 
G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 28 , 

c o l l e c t o r m a = 25 , a n d f r e q u e n c y = 50 M c ) 250 m i n M c 

• P u l s e d u r a t i o n = 300 p s e c ; d u t y f a c t o r = 0.018. 

SILICON CONTROLLED RECTIFIER 

2N3228 

Difrused-jtinction n-p-n-p type 
used in a wide variety of line-
operated power-control and power-
switching applications. I t is par
ticularly useful in 117-volt line 
power-controlled and power-switch

ing applications requiring a forward current of 3.2 amperes (average value) 
or 5 amperes (rms value). Outline 33, Outlines Section. 

M A X I M U M R A T I N G S 
F o r sinusoidal ac supply voltage of 50 to 
400 cps, with resistive or inductive load. 

P e a k R e v e r s e V o l t a g e : 
R e p e t i t i v e 
N o n - r e p e t i t i v e 

P e a k F o r w a r d B l o c k i n g V o l t a g e ( r e p e t i t i v e ) 
A v e r a g e F o r w a r d C u r r e n t : 

A t c a s e t e m p e r a t u r e o f 50° C a n d c o n d u c t i o n a n g l e o f 180° 
F o r o t h e r c a s e t e m p e r a t u r e s a n d c o n d u c t i o n a n g l e s 

P e a k S u r g e C u r r e n t : 
F o r o n e c y c l e o f a p p l i e d v o l t a g e 
F o r m o r e t h a n o n e c y c l e o f a p p l i e d v o l t a g e 

P e a k F o r w a r d G a t e C u r r e n t 
P e a k G a t e V o l t a g e : 

F o r w a r d 
R e v e r s e • • • 

200 m a x v o l t s 
330 m a x v o l t s 
200 m a x v o l t s 

3.2 m a x a m p e r e s 
S e e R a t i n g C h a r t I 

60 m a x a m p e r e s 
S e e R a t i n g C h a r t I I 

2 m a x a m p e r e s 

10 m a x 
2 m a x 

v o l t s 
v o l t s 
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P e a k G a t e P o w e r 
T e m p e r a t u r e R a n g e : 

5 m a x v o l t s 

O p e r a t i n g ( c a s e ) ~ 4 9 , t o l ? ° 
O p e r a t i n g ( a m b i e n t ) 
S t o r a g e —40 to 125 

C H A R A C T E R I S T I C S 
F o r w a r d B r e a k o v e r V o l t a g e ( a t c a s e t e m p e r a t u r e o f 1 0 0 ° C ) . . . 
F o r w a r d V o l t a g e D r o p ( a t f o r w a r d c u r r e n t = 3 a m p e r e s a n d 

c a s e t e m p e r a t u r e = 2 5 ° C ) 
A v e r a g e B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 5 0 ° C ) : 

F o r w a r d 
R e v e r s e 

D C G a t e - T r i g g e r C u r r e n t ( a t c a s e t e m p e r a t u r e o f 2 5 ° C ) 

S e e R a t i n g C h a r t I I I 

200 m i n v o l t s 

1.5 m a x v o l t s 

1.5 m a x m a 
1.5 m a x m a 
15 m a x m a 

R A T I N G C H A R T I R A T I N G C H A R T T J 

T Y P E 2 N 3 2 2 8 
SUPPLY FREQUENCY = 6 0 CPS SINE WAVE 
CASE TEMPERATURE = 5 0 ° C 
LOAD ^RESISTIVE 
REPETITIVE PEAK R E V E R S E VOLTAGE =200 

VOLTS 
AVERAGE FORWARD CURRENT * 3 AMPERES 

0 1 2 3 4 5 
A V E R A G E FORWARD C U R R E N T — A M P E R E S 

92CS-I2375T 

R A T I N G C H A R T T H 

2 4 6 8 
10 100 1 0 0 0 

S U R G E CURRENT DURATION—CYCLES 
92CS-I2376T 

F O R W A R D C H A R A C T E R I S T I C S 

T Y P 
CASE 
SUPF 

6( 

E 2 N 
: TEM 
>LY F 
) CPS 

3 2 2 8 
PERt 
REQU 
SINE 

T U R E = 2 5 ° C 
ENCY * -
WAVE ( J / 

1 £ 7 
A 

&\ A* / 

--
5 0 75 100 

AMBIENT TEMPERATURE—°C 
92CS-I2377T 

G A T E - T R I G G E R C U R R E N T C H A R A C T E R I S T I C 

I 1.5 2 2.5 3 
INSTANTANEOUS FORWARD VOLTAGE D R O P - V O L T S 

92CS-I2379T 
G A T E T R I G G E R - V O L T A G E C H A R A C T E R I S T I C 

fe.l 

T Y P : 2 N 322«: J 

-¾ 

% 
% 

-75 - 5 0 - 2 5 0: 25 50 75 100 
C A S E TEMPERATURE—°C 

92CS-I2380T 

S O 

T Y P E 2 N 3 2 2 8 
FORWARD CURF ENT =0 

_ M A 

=D TC 
R e 

=D TC 
^WGGgR- 7r\7rr~ 

-"V/ / 

C A S E TEMPERATURE—°C 
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POWER TRANSISTOR 

2N3263 

Silicon n-p-n type used in a 
wide variety of aerospace, military, 
and industrial applications requiring 
a high degree of reliability. The high 
current-handling capability of this 
type and its fast switching speed 

make it especially suitable in circuits where optimum circuit efficiency is de
sired. This type is used in switching-control amplifiers, power gates, switching 
regulators, dc-dc converters, dc-ac inverters, dc-rf amplifiers, and power os
cillators. Outline 45, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e 150 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = —1.5 ) 150 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 

W i t h b a s e - t o - e m i t t e r r e s i s t a n c e = 50 o h m s o r l e s s 110 m a x v o l t s 
W i t h b a s e o p e n 90 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e 7 m a x v o l t s 
C o l l e c t o r C u r r e n t 25 m a x a m p e r e s 
B a s e C u r r e n t 10 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n S e e D i s s i p a t i o n C u r v e 
T e m p e r a t u r e R a n g e : 

O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e '. —65 to 200 ° C 

C H A R A C T E R I S T I C S 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h e m i t t e r - t o - b a s e a m p e r e = 0.02 

a n d c o l l e c t o r c u r r e n t = 0) 7 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : ' 

W i t h c o l l e c t o r a m p e r e = 0.2 a n d b a s e c u r r e n t = 0 90 m i n v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 50 o h m s o r l e s s , 

c o l l e c t o r a m p e r e = 0.2, a n d b a s e c u r r e n t = 0 110 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 

a m p e r e s — 1 5 * a n d b a s e a m p e r e s = 1.2) 0.75 m a x v o l t s 
B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 

a m p e r e s = 1 5 * a n d b a s e a m p e r e s = 1.2) 1 6 0 m a x v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t : 

W i t h c a s e t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s 
- 80, a n d b a s e c u r r e n t = 0 ' 4 m a x m a 

W i t h c a s e t e m p e r a t u r e = 1 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s 
= 80, a n d b a s e c u r r e n t = 0 4 m a x m a 

E m i t t e r - C u t o f f C u r r e n t : 
W i t h c a s e t e m p e r a t u r e = 2 5 ° C , e m i t t e r - t o - b a s e v o l t s 

= 5, a n d c o l l e c t o r c u r r e n t = 0 5 m a x m a 
W i t h c a s e t e m p e r a t u r e = 1 2 5 ° C , e m i t t e r - t o - b a s e v o l t s 

- - 5 , a n d c o l l e c t o r c u r r e n t = 0 5 m a x m a 
C o l l e c t o r C u r r e n t ( w i t h b a s e r e v e r s e d b i a s e d , c o l l e c t o r -

t o - e m i t t e r v o l t s — 150, a n d e m i t t e r - t o - b a s e v o l t s = 1.5) 20 m a x m a 
T h e r m a l R e s i s t a n c e ( w i t h j u n c t i o n t e m p e r a t u r e = 1 0 0 ° C , 

c o l l e c t o r - t o - e m i t t e r v o l t s = 40, a n d c o l l e c t o r a m p e r e s = 0.5) . . 1.5 m a x ° C / w a t t 
S a t u r a t e d S w i t c h i n g T u r n - o n T i m e ( w i t h d c c o l l e c t o r s u p p l y 

v o l t s = 30, t u r n - o n a n d t u r n - o f f b a s e a m p e r e s = 1.2, a n d 
c o l l e c t o r a m p e r e s = 15) 0.5 m a x / i s e c 

S a t u r a t e d S w i t c h i n g S t o r a g e T i m e ( w i t h d c c o l l e c t o r s u p p l y 
v o l t s = 30, t u r n - o n a n d t u r n - o f f b a s e a m p e r e s = 1.2, a n d 
c o l l e c t o r a m p e r e s = 15) • 1-5 m a x /isec 

S a t u r a t e d S w i t c h i n g F a l l T i m e ( w i t h d c c o l l e c t o r s u p p l y v o l t a g e 
= 30, t u r n - o n a n d t u r n - o f f b a s e a m p e r e s = 1.2, a n d c o l l e c t o r 
a m p e r e s = 15) 0.5 m a x # s e c 

S e c o n d B r e a k d o w n C h a r a c t e r i s t i c s ( s a f e - o p e r a t i n g r e g i o n ) : 
C u r r e n t a t s e c o n d b r e a k d o w n w i t h c o l l e c t o r - t o - e m i t t e r 

v o l t s = 75 350 m i n m a 
E n e r g y a t s e c o n d b r e a k d o w n w i t h e m i t t e r - t o - b a s e v o l t s = — 6 , 

c o l l e c t o r a m p e r e s = 10, b a s e - t o - e m i t t e r r e s i s t a n c e = 20 o h m s , , . 
a n d i n d u c t a n c e = 40 nh 2 m i n m j o u l e s 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e F e e d b a c k C a p a c i t a n c e ( w i t h c o l l e c t o r - t o -
b a s e v o l t s = 10, b a s e c u r r e n t = 0, a n d f r e q u e n c y = 1 M c ) 960 m a x p f 
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In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 3 a n d p u l s e d c o l l e c t o r 

a m p e r e s = 5 * - 40 m i n 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 3 a n d p u l s e d c o l l e c t o r 

a m p e r e s = 1 5 * 25 to 75 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d p u l s e d c o l l e c t o r 

a m p e r e s = 20 20 m i n 
G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, 

c o l l e c t o r a m p e r e s = 3 , a n d f r e q u e n c y = 5 M c ) 20 m i n 

* P u l s e d u r a t i o n = 350 u-sec o r l e s s ; d u t y f a c t o r = 0.02 o r l e s s . 

M c 

TYPICAL BASE CHARACTERISTICS •TYPICAL TRANSFER CHARACTERISTICS 

0.2 0.4 0.6 0.8 I 1.2 
BASE-TO-EMITTER VOLTS 

92CS-I2438T 

0.4 0.6 0.8 I 1.2 
BASE-TO-EMITTER VOLTS 

92C3-I2442T 

DISSIPATION CHARACTERISTICS 

5 1 loo 
i r z 
t - O 
a £ 75 

p 

TYP 
FOR 

- 7 

: 2N 3263 
MUM 

DERA 
CAS 

TE L 
E TE 
NEAF 

MPER 
?LY A 

ATUF, 
T 0.6 

ES A 
6 W/ 

30VE 
°c. -

75 
k 

7 J 0 C 

1 >5 S r , 

_CAS 
150 

f y , _CAS 
150 

f y , ATUF " J U 

COLLECTOR-TO-EMITTER VOLTS 
92CS-I25I3T 

2N3264 

POWER TRANSISTOR 
Silicon n-p-n type used in a 

wide variety of aerospace, military, 
and industrial applications requiring 
a high degree of reliability. The high 
current-handling capability of this 
type and its fast switching speed 

make it especially suitable in circuits where optimum circuit efficiency is de
sired. This type is used in switching-control amplifiers, power gates, switching 
regulators, dc-dc converters, dc-ac inverters, dc-rf amplifiers, and power os
cillators. Outline 45, Outlines Section. For curves of transfer characteristics,, 
refer to type 2N3263. 
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M A X I M U M R A T I N G S 

C o l l e c t o r - t o - B a s e V o l t a g e 120 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = —1.5 ) 120 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 

W i t h b a s e - t o - e m i t t e r r e s i s t a n c e = 50 o h m s o r l e s s 80 m a x v o l t s 
W i t h b a s e o p e n 60 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e 7 m a x v o l t s 
C o l l e c t o r C u r r e n t 2 5 m a x a m p e r e s 
B a s e C u r r e n t 10 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n S e e D i s s i p a t i o n C u r v e 
T e m p e r a t u r e R a n g e : 

O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 ° C 

DISSIPATION C H A R A C T E R I S T I C S 

D - O 

5§ 

TYP 
FOR 

- 7 

E 2N 
MAX 

r c , 

32641 

MUM 
DERA 

CAS 
TE L 

E TE 
NEAF 

MPER 
(LY A 

ATUR 
T 0.6 

ES A 
6 W/ 

30VE 
"C. -

75 

- j a ° r - \ 
125 
T 150 

CASE TEMPER 

— f - T " 
CASE TEMPER 

— f - T " 
ATURE-175 C 
" ' I T " 

COLLECTOR-TO-EMITTER VOLTS 
92CS-I25I2X 

C H A R A C T E R I S T I C S 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h e m i t t e r - t o - b a s e a m p e r e = 0.02 
a n d c o l l e c t o r c u r r e n t = 0 ) 7 m i n v o l t s 

C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 
W i t h c o l l e c t o r a m p e r e = 0.2 a n d b a s e c u r r e n t = 0 60 m i n v o l t s 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 50 o h m s o r l e s s , 

c o l l e c t o r a m p e r e = 0.2, a n d b a s e c u r r e n t = 0 80 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 

a m p e r e s = 1 5 * a n d b a s e a m p e r e s = 1.2) 1.20 m a x v o l t s 
B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 

a m p e r e s = 1 5 * a n d b a s e a m p e r e s = 1.2) 1.80 m a x v o l t s 
C o l l e c t o r - C u t o f f C u r r e n t : 

W i t h c a s e t e m p e r a t u r e = 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s = 60 , 
a n d b a s e c u r r e n t = 0 10 m a x m a 

W i t h c a s e t e m p e r a t u r e = 1 2 5 ° C , c o l l e c t o r - t o - b a s e v o l t s = 60 , 
a n d b a s e c u r r e n t = 0 10 m a x m a 

E m i t t e r - C u t o f f C u r r e n t : 
W i t h c a s e t e m p e r a t u r e == 2 5 ° C , e m i t t e r - t o - b a s e v o l t s = 5 , a n d 

c o l l e c t o r c u r r e n t = 0 15 m a x m a 
W i t h c a s e t e m p e r a t u r e = 1 2 5 ° C , e m i t t e r - t o - b a s e v o l t s = 5 , 

a n d c o l l e c t o r c u r r e n t = 0 15 m a x m a 
C o l l e c t o r C u r r e n t ( w i t h b a s e r e v e r s e d b i a s e d , c o l l e c t o r - t o - e m i t t e r 

v o l t s = 120, a n d e m i t t e r - t o - b a s e v o l t s = 1.5) 20 m a x m a 
T h e r m a l R e s i s t a n c e ( w i t h j u n c t i o n t e m p e r a t u r e = 1 0 0 ° C , 

c o l l e c t o r - t o - e m i t t e r v o l t s = 40, a n d c o l l e c t o r a m p e r e s - 0.5) 1.5 m a x ° C / w a t t 
S a t u r a t e d S w i t c h i n g T u r n - o n T i m e ( w i t h d c c o l l e c t o r s u p p l y 

v o l t s = 30 , t u r n - o n a n d t u r n - o f f b a s e a m p e r e s = 1.2, a n d 
c o l l e c t o r a m p e r e s = 15) 0.5 m a x usee 

S a t u r a t e d S w i t c h i n g S t o r a g e T i m e ( w i t h d c c o l l e c t o r s u p p l y 
v o l t s = 30 , t u r n - o n a n d t u r n - o f f b a s e a m p e r e s = 1.2, a n d 
c o l l e c t o r a m p e r e s = 15) 1.5 m a x usee 

S a t u r a t e d S w i t c h i n g F a l l T i m e ( w i t h d c c o l l e c t o r s u p p l y v o l t a g e 
= 30,. b a s e a m p e r e s = 1.2, a n d c o l l e c t o r a m p e r e s = 1 5 ) 0.5 m a x /xsec 

S e c o n d B r e a k d o w n C h a r a c t e r i s t i c s ( s a f e - o p e r a t i n g r e g i o n ) : 
C u r r e n t a t s e c o n d b r e a k d o w n w i t h c o l l e c t o r - t o - e m i t t e r 

v o l t s = 7 5 700 m m m a 
E n e r g y a t s e c o n d b r e a k d o w n w i t h e m i t t e r - t o - b a s e v o l t s = — 6 , 

c o l l e c t o r a m p e r e s — 10, b a s e - t o - e m i t t e r r e s i s t a n c e = 20 o h m s , 
a n d i n d u c t a n c e = 40 / d i 2 m i n m j o u l e s 

In Common-Base Circuit 

C o l l e c t o r - t o - B a s e F e e d b a c k C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e 
v o l t s — 10, b a s e c u r r e n t = 0, a n d f r e q u e n c y = 1 M c ) 900 m a x p f 
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In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 3 a n d p u l s e d c o l l e c t o r 

a m p e r e s = 5 * 35 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s == 3 a n d p u l s e d c o l l e c t o r 

a m p e r e s = 1 5 * 20 to 80 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 4 a n d p u l s e d c o l l e c t o r 

a m p e r e s = 20 15 m i n 
G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, 

c o l l e c t o r a m p e r e s = 3 , a n d f r e q u e n c y — 5 M c ) 20 m i n 

* P u l s e d u r a t i o n = 350 usee o r l e s s ; d u t y f a c t o r — 0.02 o r l e s s . 

M c 

POWER TRANSISTOR 

2N3265 

Silicon n-p-n type used in a 
wide variety of aerospace, military, 
and industrial applications requiring 
a high degree of reliability. The high 
current-handling capability of this 

8 type and its fast switching speed 
make it especially suitable in circuits where optimum circuit efficiency is de
sired. This type is used in switching-control amplifiers, power gates, switching 
regulators, dc-dc converters, dc-ac inverters, dc-rf amplifiers, and power os
cillators. Outline 46, Outlines Section. This type is electrically identical with 
type 2N3263 except for the following items: 
T r a n s i s t o r D i s s i p a t i o n 
T h e r m a l R e s i s t a n c e ( w i t h j u n c t i o n t e m p e r a t u r e = 1 0 0 ° C , 

c o l l e c t o r - t o - e m i t t e r v o l t s = 40 , a n d c o l l e c t o r a m p e r e = 0 .5 ) 

S e e D i s s i p a t i o n C u r v e 

1 m a x ° C / w a t t 

DISSIPATION CHARACTERISTICS 

IT 
eg 

TYP 
FOR 

7 

75 

E 2N 
MAX 

>° c , 

326£ 
MUM 

3ERA 
CASE TE 
E LINEAR 

MPER 
LY A" 

ATUR 
r i W/ 

ES A 
• c . 

30VE 

100 

125 

1 50 

CASE TEMPERATURE 
1 i . 1 

= 1751 c 
• 

10 20 30 40 50 60 70 60 90 
COLLECTOR-TO-EMITTER VOLTS 

92CS-I25IIT 

POWER TRANSISTOR 

Silicon n-p-n type used in a . 
Wide variety of aerospace, military, 
and industrial applications requiring O K I Q O i ^ A 
a high degree of reliability. The high A I M O A O O 
current-handling capability of this 
type and its fast switching speed 

make it especially suitable in circuits where optimum circuit efficiency is de
sired. This type is used in switching-control amplifiers, power gates, switching 
regulators, dc-dc converters, dc-ac inverters, dc-rf amplifiers, and power os-
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cillators. Outline 46, Outlines Section. This type is electrically identical with 
type 2N3264 except for the following items: 

T r a n s i s t o r D i s s i p a t i o n S e e D i s s i p a t i o n C u r v e 
T h e r m a l R e s i s t a n c e ( w i t h j u n c t i o n t e m p e r a t u r e = 1 0 0 ° C , 

c o l l e c t o r - t o - e m i t t e r v o l t s = 40 , a n d c o l l e c t o r a m p e r e = 0 .5) 1 m a x " C / w a t t 

DISSIPATION CHARACTERISTICS 

</>* 

H O 

TYP 
FOR 

" 7! 

75 

E 2N 
M A X 
* c . 

326€ 
MUM 

D E R A 
C A S 

rE L I 
: T E 
MEAR 

UPER 
L Y A1 

A T U R 
1 W/ 

E S A 
* C . 

3 0 V E 

100 \ 
)25 \ 

1 50 \ 
C A S E T E M P E R A T U R E 

1 1 \ 
•175 C 

COLLECTOR-TO-EMITTER V O L ^ T S ^ 

TRIPLE DIODE © K D g 

Hermetically sealed germanium 
type used in high-speed switching 

3DG001 service in electronic data-processing 
systems. Package has the same d i 
mensions as J E D E C No. TO-33; out
line 13, Outlines Section. Diode units 

are identical with those of type 2DG001. This is a discontinued type listed for 
reference only. 

3746 See Lis t of Discontinued Transistors at end 
Technical Data Section for abbreviated data. 

of 

3907/ 
2N404 

TRANSISTOR 
Germanium p-n-p type used in 

critical switching applications in 
data-processing equipment. This 
premium type features excellent sta
bility, reliability, and rugged con
struction. J E D E C No. TO-5 package; 

outline 6, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e ( w i t h e m i t t e r o p e n ) 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h e m i t t e r - t o - b a s e v o l t s = — 1 ) 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 
C o l l e c t o r C u r r e n t 
E m i t t e r C u r r e n t ° • • • 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C . 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C 

A m b i e n t - T e m p e r a t u r e R a n g e : 
O p e r a t i n g g 
S t o r a g e • .• 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

— 2 5 m a x 
—24 m a x 
—12 m a x 

—200 m a x 
200 m a x 

150 m a x 

v o l t s 
v o l t s 
v o l t s 

m a 
m a 

m w 
S e e c u r v e p a g e 80 

" C 
° C 

— 6 5 to 100 
235 m a x 
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CHARACTERISTICS 
B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 

W i t h c o l l e c t o r m a = — 1 2 a n d b a s e m a = —0.4 . . . . . . . . . . . . . . . . 
W i t h c o l l e c t o r m a = —24 a n d b a s e m a = — 1 . . . . . . . . . . . . . . . . . 

C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e : 
W i t h c o l l e c t o r m a = — 1 2 a n d b a s e m a = —0.4 
W i t h c o l l e c t o r m a = — 2 4 a n d b a s e m a = - 1 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —12 
a n d e m i t t e r c u r r e n t = 0 ) 

S t o r e d B a s e C h a r g e ( w i t h c o l l e c t o r m a = —10 a n d b a s e m a = — 1 ) 

In Common-Base Circuit 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r - R a t i o C u t o f f F r e q u e n c y 
( w i t h c o l l e c t o r - t o - b a s e v o l t s = —6 a n d c o l l e c t o r m a = — 1 ) . . 

O u t p u t C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —6 
a n d e m i t t e r c u r r e n t = 0 ) 

I n p u t C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t s = —6 
a n d c o l l e c t o r c u r r e n t - 0 ) 

In Common-Emitter Circuit 

—0.35 m a x v o l t 
—0.4 m a x v o l t 

—0.15 m a x v o l t 
—&2 m a x v o l t 

— 5 m a x p a 
1400 m a x p c o u l 

4 m i n 

20 m a x 

20 m a x Pf 

F o r w a r d C u r r e n t - T r a n s f e r R a t i o : 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = —0.15 a n d c o l l e c t o r m a = —12 
W i t h c o l l e c t o r - t o - e m i t t e r v o l t s = —0.2 a n d c o l l e c t o r m a = —24 

30 m i n 
24 m i n 

40022 

POWER TRANSISTOR 
Gerrnanium p-n-p type used in 

high-fidelity audio-frequency ampli
fier applications. This type is i n 
tended primarily for use in push-
pull class B output circuits requiring 
low distortion, high power output, 

and wide frequency response. I t can also be used in class A af power ampli
fiers in driver- or output-stage circuits. This type features high collector cur
rent and dissipation capabilities, and exceptional linearity of characteristics 
over the full range of collector current. J E D E C No. TO-3 package; outline 5, 
Outlines Section. 

MAXIMUM RATINGS 
C o l l e c t o r - t o - B a s e V o l t a g e — 3 2 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e - t o - e m i t t e r r e s i s t a n c e 

= 30 o h m s ) — 3 2 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e — 5 m a x v o l t s 
C o l l e c t o r C u r r e n t — 5 m a x a m p e r e s 
B a s e C u r r e n t — 1 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t m o u n t i n g f l a n g e t e m p e r a t u r e s u p to 8 1 ° C 12.5 m a x w a t t s 
A t m o u n t i n g f l a n g e t e m p e r a t u r e s a b o v e 8 1 ° C . . . . . . . . . . . . . . . . D e r a t e 0.66 w a t t / ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 100 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x ° C 

CHARACTERISTICS 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = — 5 

a n d e m i t t e r c u r r e n t — 0 ) — 3 2 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a 

= —200 a n d b a s e - t o - e m i t t e r r e s i s t a n c e = 30 o h m s ) —32 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = —200 

a n d c o l l e c t o r c u r r e n t - 0 ) — 5 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —10 

a n d c o l l e c t o r m a = — 5 0 ) —0.18 v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —30 

a n d e m i t t e r c u r r e n t = 0 ) — 1 m a x m a 
C o l l e c t o r - C u t o f f S a t u r a t i o n C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e 

v o l t s = —0 .5 a n d e m i t t e r c u r r e n t = 0 ) —0.1 m a x m a 
T h e r m a l R e s i s t a n c e ( j u n c t i o n - t o - c a s e ) 1.5 m a x ° C / w a t t 

In Common-Emitter Circuit 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = — 5 
a n d c o l l e c t o r a m p e r e = — 0 . 5 ) 300 k i l o c y c l e s 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s — 2 a n d c o l l e c t o r a m p e r e s = 1) 50 
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T Y P I C A L O P E R A T I O N I N C L A S S B P U S H - P U L L A F A M P L I F I E R C I R C U I T 

D C C o l l e c t o r S u p p l y V o l t a g e —14 v o l t s 
Z e r o - S i g n a l D C C o l l e c t o r C u r r e n t —50 
Z e r o - S i g n a l B a s e - B i a s V o l t a g e —0.18 v o l t 
P e a k C o l l e c t o r C u r r e n t —2 .25 a m p e r e s 
M a x i m u m - S i g n a l D C C o l l e c t o r C u r r e n t —0.716 a m p e r e 
I n p u t I m p e d a n c e of S t a g e ( p e r b a s e ) 43 o h m s 
L o a d I m p e d a n c e ( s p e a k e r v o i c e c o i l ) 4 o h m s 
P o w e r G a i n ; 24 d b 
M a x i m u m - S i g n a l P o w e r O u t p u t 10 w a t t s 
T o t a l H a r m o n i c D i s t o r t i o n 5 p e r c e n t 
M a x i m u m C o l l e c t o r D i s s i p a t i o n ( p e r t r a n s i s t o r ) 5 w a t t s 
E I A M u s i c P o w e r - O u t p u t R a t i n g 18 w a t t s 

T Y P I C A L O P E R A T I O N I N C L A S S A A F - A M P L I F I E R C I R C U I T 

D C C o l l e c t o r S u p p l y V o l t a g e —16 v o l t s 
D C C o l l e c t o r - t o - E m i t t e r V o l t a g e —13.2 v o l t s 
D C C o l l e c t o r C u r r e n t —0.9 a m p e r e 
P e a k C o l l e c t o r C u r r e n t —1.8 a m p e r e s 
I n p u t I m p e d a n c e 15 o h m s 
C o l l e c t o r L o a d I m p e d a n c e 15 o h m s 
M a x i m u m - S i g n a l P o w e r O u t p u t 5 w a t t s 
T o t a l H a r m o n i c D i s t o r t i o n 5 p e r c e n t 
P o w e r G a i n 33 d b 
M a x i m u m C o l l e c t o r D i s s i p a t i o n 12 w a t t s 

POWER TRANSISTOR 

40050 

Germanium p-n-p type used in 
high-fidelity audio-frequency ampli
fier applications. This type is in 
tended primarily for use in push-
pull class B output circuits requiring 
low distortion and wide frequency 

response. It can also be used in class A af power amplifiers in driver- or output-
stage circuits. This type features high dc beta and linear gain characteristics 
up to five amperes. J E D E C No. TO-3 package; outline 5, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e —40 m a x v o l t s 
C o l l e c t o r - t o - E m i t t e r V o l t a g e —40 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e . . . ' — 5 m a x v o l t s 
C o l l e c t o r C u r r e n t — 5 m a x a m p e r e s 
B a s e C u r r e n t — 1 m a x a m p e r e 
T r a n s i s t o r D i s s i p a t i o n : 

A t m o u n t i n g flange t e m p e r a t u r e s u p to 8 1 ° C 12.5 m a x w a t t s 
A t m o u n t i n g flange t e m p e r a t u r e s a b o v e 8 1 ° C D e r a t e 0.66 w a t t / ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 100 ° C 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 255 m a x ° C 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = — 5 

a n d e m i t t e r c u r r e n t = 0 ) —40 m i n v o l t s 
C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a 

= —600 a n d b a s e - t o - e m i t t e r r e s i s t a n c e = 68 o h m s ) —40 m i n v o l t s 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a =: — 2 

a n d c o l l e c t o r c u r r e n t = 0) — 5 m i n v o l t s 
B a s e - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —10 

a n d c o l l e c t o r m a = — 5 0 ) 0.17 v o l t 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = —30 

a n d e m i t t e r c u r r e n t - 0 ) —500 m a x na 
C o l l e c t o r - C u t o f f S a t u r a t i o n C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e 

v o l t s = —0.5 a n d e m i t t e r c u r r e n t = 0 ) —100 m a ixa 
T h e r m a l R e s i s t a n c e ( j u n c t i o n - t o - c a s e ) 1.5 m a x C / w a t t 

In Common-Emitter Circuit 

G a i n - B a n d w i d t h P r o d u c t ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = - 5 
a n d c o l l e c t o r a m p e r e = —0.5 ) 500 k i l o c y c l e s 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = — 2 a n d c o l l e c t o r a m p e r e s = 1) . . . . 50 m i n 
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D C C o l l e c t o r S u p p l y V o l t a g e 
Z e r o - S i g n a l D C C o l l e c t o r C u r r e n t • 
Z e r o - S i g n a l B a s e - B i a s V o l t a g e 
P e a k C o l l e c t o r C u r r e n t 
M a x i m u m - S i g n a l D C C o l l e c t o r C u r r e n t 
I n p u t I m p e d a n c e o f S t a g e ( p e r b a s e } 
L o a d I m p e d a n c e ( s p e a k e r v o i c e c o i l ) 
P o w e r G a i n 
M a x i m u m - S i g n a l P o w e r O u t p u t 
T o t a l H a r m o n i c D i s t o r t i o n 
M a x i m u m C o l l e c t o r D i s s i p a t i o n ( p e r t r a n s i s t o r ) 
E I A M u s i c - P o w e r O u t p u t R a t i n g 

T Y P I C A L O P E R A T I O N I N C L A S S A A F - A M P L I F I E R C I R C U I T 

D C C o l l e c t o r S u p p l y V o l t a g e 
D C C o l l e c t o r - E m i t t e r V o l t a g e — 
D C C o l l e c t o r C u r r e n t 
P e a k C o l l e c t o r C u r r e n t 
I n p u t I m p e d a n c e 
C o l l e c t o r L o a d I m p e d a n c e 
M a x i m u m - S i g n a l P o w e r O u t p u t 
T o t a l H a r m o n i c D i s t o r t i o n 
P o w e r G a i n 
M a x i m u m C o l l e c t o r D i s s i p a t i o n 

—18 v o l t s 
—50 m a 

—0.17 v o l t 
—2.8 a m p e r e s 
—0.8 a m p e r e 

32 o h m s 
4 o h m s 

28 d b 
15 w a t t s 

5 p e r c e n t 
7.5 w a t t s 
25 w a t t s 

—1G v o l t s 
—13.2 v o l t s 

—0.9 a m p e r e 
—1.8 a m p e r e 

10 o h m s 
15 o h m s 

5 w a t t s 
5 p e r c e n t 

36 d b 
12 w a t t s 

POWER TRANSISTOR 
Germanium p-n-p type used in 

. P C high-fidelity audio-frequency ampli-
/ \ ""\ fier applications. This type is i n -

[ | • J tended primarily for use in push- 1 U U J I 
£•0— (TjB pull class B output circuits requiring 

low distortion and wide frequency 
response. It can also be used in class A af power amplifiers in driver- or output-
stage circuits. This type features high dc beta and linear gain characteristics 
up to five amperes. J E D E C No. TO-3 package; outline 5, Outlines Section. This 
type is similar to type 40050 except for the following items: 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e —50 m i n V o l t s 

C o l l e c t o r - t o - E m i t t e r B r e a k d o w n V o l t a g e . . . —50 m i n v o l t s 

T Y P I C A L O P E R A T I O N I N C L A S S B P U S H - P U L L A F A M P L I F I E R C I R C U I T 

D C C o l l e c t o r S u p p l y V o l t a g e — 2 2 v o l t s 
Z e r o - S i g n a l D C C o l l e c t o r C u r r e n t —50 m a 
Z e r o - S i g n a l B a s e - B i a s V o l t a g e —0.17 v o l t 
P e a k C o l l e c t o r C u r r e n t —3.5 a m p e r e s 
M a x i m u m - S i g n a l D C C o l l e c t o r C u r r e n t — 1 . 1 a m p e r e s 
I n p u t I m p e d a n c e o f S t a g e ( p e r s t a g e ) 31 o h m s 
L o a d I m p e d a n c e ( s p e a k e r v o i c e c o i l ) 4 o h m s 
P o w e r G a i n . 28 d b 
M a x i m u m - S i g n a l P o w e r O u t p u t 2 5 w a t t s 
T o t a l H a r m o n i c D i s t o r t i o n 5 p e r c e n t 
M a x i m u m C o l l e c t o r D i s s i p a t i o n ( p e r t r a n s i s t o r ) 12.5 w a t t s 
E I A M u s i c P o w e r O u t p u t R a t i n g 45 w a t t s 

See R C A T U N N E L DIODE C H A R T starting on page 
324 for complete data on these tunnel diodes and 
rectifiers. 

40054 
t o 

40070 

See R C A T U N N E L D I O D E C H A R T starting on 
page 324 for complete data on these tunnel diodes. 

4 0 0 7 6 

t o 

4 0 0 7 9 
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TRANSISTOR 
Silicon n-p-n type designed spe-

_ cifically for use as an oscillator in 40080 27-Mc 5-watt citizens band applica-
tions. J E D E C No. TO-39 package; 
outline 32, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e o p e n ) 30 m a x v o l t s 
C o l l e c t o r C u r r e n t 250 m a x m a 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 0.5 m a x w a t t 
A t a m b i e n t t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e —65 to 175 ° C 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h c o l l e c t o r m a = 10 a n d 
b a s e c u r r e n t = 0 ) 30 m i n v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s — 15 a n d 
e m i t t e r c u r r e n t = 0 ) . 10 m a x p a 

T Y P I C A L O P E R A T I O N I N 2 7 - M C R F O S C I L L A T O R C I R C U I T 

P o w e r O u t p u t ( w i t h c o l l e c t o r s u p p l y v o l t s = 12 a n d m a x i m u m 
c o l l e c t o r m a = 32 ) 100 m i n m w 

40081 

TRANSISTOR 
Silicon n-p-n type designed spe

cifically for use as a driver in 27-Mc 
5-watt citizens band applications. 
J E D E C No. TO-39 package; outline 
32, Outlines Section. 

M A X I M U M R A T I N G S 

C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h r e v e r s e b i a s b e t w e e n b a s e 
a n d e m i t t e r ) 60 m a x v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 2 m a x v o l t s 
C o l l e c t o r C u r r e n t 250 m a x m a 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C 2 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 175 ° C 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e - t o - e m i t t e r v o l t s = —0.5 
a n d c o l l e c t o r /ta = 100) 60 m i n v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h e m i t t e r fia = 500 a n d c o l l e c t o r 
c u r r e n t = 0 ) 2 m i n v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 15 a n d 
e m i t t e r c u r r e n t - = 0 ) 10 m a x # a 

T Y P I C A L O P E R A T I O N I N 2 7 - M C R F D R I V E R C I R C U I T 

P o w e r O u t p u t ( w i t h c o l l e c t o r s u p p l y v o l t s = 12, m a x i m u m 
c o l l e c t o r m a = 8 5 , a n d r f p o w e r i n p u t = 75 m w ) 400 m i n m w 

40082 

TRANSISTOR 
Silicon n-p-n type designed spe

cifically for use as a power ampli
fier in 27-Mc 5-watt citizens band 
applications. J E D E C No. TO-39 
package; outline 32, Outlines Section. 
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M A X I M U M R A T I N G S 
C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h r e v e r s e b i a s b e t w e e n b a s e 

a n d e m i t t e r ) 60 m a x v o l t s 
E m i t t e r - t o - B a s e V o l t a g e ( w i t h c o l l e c t o r o p e n ) 2.5 m a x v o l t s 
C o l l e c t o r C u r r e n t 1.5 m a x a m p e r e s 
T r a n s i s t o r D i s s i p a t i o n : 

A t c a s e t e m p e r a t u r e s u p to 2 5 ° C • , 5 m a x w a t t s 
A t c a s e t e m p e r a t u r e s a b o v e 2 5 ° C , S e e c u r v e p a g e 80 

T e m p e r a t u r e R a n g e : . 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 175 

C H A R A C T E R I S T I C S 

C o l l e c t o r - t o - E m i t t e r V o l t a g e ( w i t h b a s e - t o - e m i t t e r v o l t s 
- - 0 . 5 a n d c o l l e c t o r ua - 500 ) 60 m i n v o l t s 

E m i t t e r - t o - B a s e V o l t a g e ( w i t h e m i t t e r / i a = 500 a n d c o l l e c t o r 
c u r r e n t = 0 ) 2.5 m i n v o l t s 

C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
= 15 a n d e m i t t e r c u r r e n t = 0 ) 10 m a x »a 

T Y P I C A L O P E R A T I O N I N 2 7 - M C R F P O W E R - A M P L I F I E R C I R C U I T 

P o w e r O u t p u t ( w i t h c o l l e c t o r s u p p l y v o l t s = 12, m a x i m u m 
c o l l e c t o r m a — 415 , a n d r f p o w e r i n p u t = 350 m w ) 3 m m w a t t s 

40084 

TRANSISTOR 
Silicon n-p-n type used in a wide 

variety of small-signal and medium-
power applications in industrial 
equipment. This type features low 
noise and leakage characteristics, 
high pulse beta, high switching 

speeds, and a very low output capacitance. J E D E C No. TO-18 package; outline 
12, Outlines Section. 

M A X I M U M R A T I N G S 
C o l l e c t o r - t o - B a s e V o l t a g e 
C o l l e c t o r - t o - E m i t t e r V o l t a g e : 

W i t h b a s e o p e n 
W i t h b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s 

E m i t t e r - t o - B a s e V o l t a g e 
C o l l e c t o r C u r r e n t 
T r a n s i s t o r D i s s i p a t i o n : 

A t a m b i e n t t e m p e r a t u r e s u p to 2 5 ° C 
A t c a s ' t e m p e r a t u r e s u p to 25° C 
A t a m b i e n t o r c a s e t e m p e r a t u r e s a b o v e 2 5 ° C 

T e m p e r a t u r e R a n g e : 
O p e r a t i n g ( j u n c t i o n ) a n d S t o r a g e — 6 5 to 200 

60 m a x v o l t s 

40 m a x 
50 m a x 

5 m a x 

v o l t s 
v o l t s 
v o l t s 

L e a d T e m p e r a t u r e ( f o r 10 s e c o n d s m a x i m u m ) 

C H A R A C T E R I S T I C S 
C o l l e c t o r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h c o l l e c t o r m a = 0.1) 
E m i t t e r - t o - B a s e B r e a k d o w n V o l t a g e ( w i t h e m i t t e r m a = 0.1) . . 
C o l l e c t o r - t o - E m i t t e r S u s t a i n i n g V o l t a g e : 

W i t h b a s e o p e n a n d p u l s e d c o l l e c t o r m a = 1 0 0 * 
W i t h e x t e r n a l b a s e - t o - e m i t t e r r e s i s t a n c e = 10 o h m s a n d 

p u l s e d c o l l e c t o r m a — 1 0 0 * 
C o l l e c t o r - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r 

m a - 1 5 0 * a n d b a s e m a = 15) 
B a s e - t o - E m i t t e r S a t u r a t i o n V o l t a g e ( w i t h p u l s e d c o l l e c t o r m a 

= 1 5 0 * a n d b a s e m a — 15) 
C o l l e c t o r - C u t o f f C u r r e n t ( w i t h c o l l e c t o r - t o - b a s e v o l t s = 30 

a n d e m i t t e r c u r r e n t = 0 ) 
E m i t t e r - C u t o f f C u r r e n t ( w i t h e m i t t e r - t o - b a s e v o l t s = 4 a n d 

c o l l e c t o r c u r r e n t = 0 ) 
T h e r m a l R e s i s t a n c e : 

J u n c t i o n - t o - c a s e 
J u n c t i o n - t o - a m b i e n t 

1 m a x a m p e r e 

0.5 m a x w a t t 
1.8 m a x w a t t s 

S e e c u r v e p a g e 80 

225 m a x 

60 m i n 
5 m i n 

40 m i n 

50 m i n 

1.4 m a x 

1.7 m a x 

0.25 m a x 

0.25 m a x 

97 m a x 
350 m a x 

v o l t s ; 
v o l t s 

v o l t s 

v o l t s 

v o l t s 

v o l t s 

fia 

° C / w a t t 
" C / . w a t t . 

In Common-Base Circuit 

E m i t t e r - t o - B a s e C a p a c i t a n c e ( w i t h e m i t t e r - t o - b a s e v o l t = 0.5 
a n d c o l l e c t o r c u r r e n t = 0 ) 

C o l l e c t o r - t o - B a s e C a p a c i t a n c e ( w i t h c o l l e c t o r - t o - b a s e v o l t s 
- 10 a n d e m i t t e r c u r r e n t = 0 ) 

80 m a x 

15 m a x P f 
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In Common-Emitter Circuit 

D C F o r w a r d C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r - t o - e m i t t e r 
v o l t s = 10 a n d p u l s e d c o l l e c t o r m a = 1 5 0 * ) 50 to 250 

S m a l l - S i g n a l F o r w a r d - C u r r e n t - T r a n s f e r R a t i o ( w i t h c o l l e c t o r -
t o - e m i t t e r v o l t s = 10, c o l l e c t o r m a = 50, a n d f r e q u e n c y 

= 20 M c ) 5 m i n 
N o i s e F i g u r e ( w i t h c o l l e c t o r - t o - e m i t t e r v o l t s = 10, c o l l e c t o r 

m a = 0.3, g e n e r a t o r r e s i s t a n c e = 500 o h m s , c i r c u i t b a n d w i d t h 
= 15 k i l o c y c l e s , a n d i n p u t f r e q u e n c y = 1 k i l o c y c l e ) . , 8 m a x 

* P u l s e d u r a t i o n = 300 /usee; d u t y f a c t o r = 0.018. 

db 

40108 

SILICON RECTIFIER 
Hermetically sealed 10-ampere 

type for use at peak reverse voltages 
up to 50 volts. This type is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera
tors, and dc-motor power supplies; machine-tool controls; welding and electro
plating equipment; dc-blocking service; magnetic amplifiers; and a wide variety 
of other industrial power-control applications. J E D E C No. DO-4 package; out
line 2, Outlines Section. 

M A X I M U M R A T I N G S 
F o r power-supply frequency of SO cps, single-
phase operation, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e 50 m a x v o l t s 
D C B l o c k i n g V o l t a g e 50 m a x v o l t s 
A v e r a g e F o r w a r d C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 5 0 ° C ) . . . . 10 m a x a m p e r e s 
P e a k R e c u r r e n t C u r r e n t 40 m a x a m p e r e s 
P e a k S u r g e C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 5 0 ° C ) 140 m a x a m p e r e s 
M a x i m u m O p e r a t i n g T e m p e r a t u r e 175 m a x ° C 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

S t a t i c ( a t c a s e t e m p e r a t u r e = 2 5 ° C ) 0.075 m a 
D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 2-0 m a 

M a x i m u m F o r w a r d V o l t a g e D r o p ( a v e r a g e v a l u e ) :.. 0.60 v o l t 

40108R 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40108. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

40109 

SILICON RECTIFIER 
Hermetically sealed 10-ampere 

type for use at peak reverse voltages 
up to 100 volts; This type is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc convert
ers and battery chargers; power sup

plies for aircraft, marine, and missile equipment; transmitters, rf generators, 
and dc-motor power supplies; machine-tool controls; welding and electroplat
ing equipment; dc-blocking service; magnetic amplifiers; and a wide variety 
of other industrial power-control applications. J E D E C No. DO-4 package; out
line 2, Outlines Section. This type is identical with type 40108 except for the 
following items: 
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M A X I M U M R A T I N G S 
F o r -power-supply frequency of 60 c p s , single-
phase operation, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e 
D C B l o c k i n g ' V o l t a g e 

100 m a x 
100 max 

v o l t s 
v o l t s 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40109. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

40109R 

40110 

SILICON RECTIFIER 
Hermetically sealed 10-ampere 

type for use at peak reverse volt
ages up to 200 volts. This type is 
used in generator-type power sup
plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-4 pack
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for the following items: 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps. single-
phase o p e r a t i o n , with r e s i s t i v e o r i n d u c t i v e l o a d 

P e a k R e v e r s e V o l t a g e 
D C B l o c k i n g V o l t a g e 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 

200 m a x 
200 m a x 

1.5 

v o l t s 
v o l t s 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40110. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

4011OR 

SILICON RECTIFIER 
Hermetically sealed 10-ampere 

type for use at peak reverse volt
ages up to 300 volts. This type is 
used in generator-type power sup
plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-4 pack
age; outline 2, Outlines Section. This type is identical with type 40108 except 

• for the following items: . . . . . . . 
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M A X I M U M R A T I N G S 
F o r power-supply frequency o f 60 cps single-
phase operation, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e 
D C B l o c k i n g V o l t a g e 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 

300 m a x 
300 m a x 

1.5 

v o l t s 
v o l t s 

40111R 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40111. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

SILICON RECTIFIER 
Hermetically sealed 10-ampere 

type for use at peak reverse volt-
I A I 1 f \ ages up to 400 volts. This type is 

I I JL used in generator-type power sup
plies in mobile equipment; dc-to-dc 
converters and battery chargers; K 

power supplies for aircraft, marine, and missile equipment; transmitters, r f 
generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-4 pack
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for the following items: 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e 400 m a x v o l t s 
D C B l o c k i n g V o l t a g e 400 m a x v o l t s 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 14) ma 

40112R 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40112. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

SILICON RECTIFIER 
Hermetically sealed 10-ampere 

type for use at peak reverse volt
ages up to 500 volts. This type is 
used in generator-type power sup
plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, r f 
generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 

40113 
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variety of other industrial power-control applications. J E D E C No. DO-4 pack
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps single-
phase operation, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e 500 m a x v o l t s 
D C B l o c k i n g V o l t a g e 500 m a x v o l t s 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 0.85 ma 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40113. J E D E C No. A H l l ^ P 
DO-4 package; outline 2, Outlines HU I IOI\ 
Section. 

SILICON RECTIFIER 
Hermetically sealed 10-ampere 

type for use at peak reverse volt
ages up to 600 volts. This type is A(\1 1 A 
used in generator-type power sup- THkl I I ™ 
plies in mobile equipment; dc-to-dc 

'* converters and battery chargers; 
power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-4 pack
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for the following items: 

M A X I M U M R A T I N G S 
For power-supply frequency of 60 cps single-
phase operation, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e 600 m a x v o l t s 
D C B l o c k i n g V o l t a g e 600 m a x v o l t s 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 0.75 ma 

EK SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40114. J E D E C No. Af\"\ 1 
DO-4 package; outline 2, Outlines ' ' 

" A Section. 

SILICON RECTIFIER 

40115 

Hermetically sealed 10-ampere 
type for use at peak reverse volt
ages up to 800 volts. This type is 
used in generator-type power sup
plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, r f 
generators, and dc-motor power supplies; machine-tool controls; welding and 
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electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-4 pack
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for the following items: 

M A X I M U M R A T I N G S 
F o r power-supply frequency of 60 cps. single-
phase operation, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e 
D C B l o c k i n g V o l t a g e 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 

800 m a x 
800 m a x 

0.65 

volts 
volts 

40115R 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40115. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

SILICON RECTIFIER 

40116 

Hermetically sealed 10-ampere 
type for use at peak reverse volt
ages up to 1000 volts. This type is 
used in generator-type power sup
plies in mobile equipment; dc-to-dc 
converters and battery chargers; 

power supplies for aircraft, marine, and missile equipment; transmitters, rf 
generators, and dc-motor power supplies; machine-tool controls; welding and 
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-4 pack
age; outline 2, Outlines Section. This type is identical with type 40108 except 
for the following items: 
M A X I M U M R A T I N G S 

F o r power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load 

P e a k R e v e r s e V o l t a g e 
D C B l o c k i n g V o l t a g e 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 

1000 m a x 
1000 m a x 

0.50 

vo l ts 
vo l ts 

40116R 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40116. J E D E C No. 
DO-4 package; outline 2, Outlines 
Section. 

SILICON RECTIFIER 

40208 

Hermetically sealed 18-ampere 
type for use at peak reverse volts 
up to 50 volts. This type is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera
tors, and dc-motor power supplies; machine-fool controls; welding and elec-
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troplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. 

M A X I M U M R A T I N G S 
P e a k R e v e r s e V o l t a g e 50 m a x v o l t s 
D C B l o c k i n g V o l t a g e 50 m a x v o l t s 
A v e r a g e F o r w a r d C u r r e n t ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 18 m a x a m p e r e s 
P e a k R e c u r r e n t C u r r e n t 72 m a x a m p e r e s 
P e a k S u r g e C u r r e n t ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 250 m a x a m p e r e s 
M a x i m u m O p e r a t i n g T e m p e r a t u r e 175 m a x ° C 

C H A R A C T E R I S T I C S 

M a x i m u m R e v e r s e C u r r e n t : 
S t a t i c ( a t c a s e t e m p e r a t u r e = 2 5 ° C ) 0.10 m a 
D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 3.0 m a 

M a x i m u m F o r w a r d V o l t a g e D r o p ( a v e r a g e v a l u e ) 0.65 v o l t 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40208. J E D E C No. 
DO-5 package; outline 3, Outlines 
Section, 

SILICON RECTIFIER 
Hermetically sealed 18-ampere 

type for use at peak reverse volts up 
to 100 volts. This type is used in gen
erator-type power supplies in mo
bile equipment; dc-to-dc converters 
and battery chargers; power supplies 

for aircraft, marine, and missile equipment; transmitters, 
dc-motor power supplies; machine-tool controls; welding 
equipment; dc-blocking service; magnetic amplifiers; and 
other industrial power-control applications. J E D E C No. DO 
3, Outlines Section. This type is identical with type 40208 
lowing items: 

M A X I M U M R A T I N G S 

P e a k R e v e r s e V o l t a g e 
D C B l o c k i n g V o l t a g e 

40208R 

40209 

rf generators, and 
and electroplating 
a wide variety of 

-5 package; outline 
except for the fol-

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40209. J E D E C No. 
DO-5 package; outline 3, Outlines 
Section, 

100 m a x 
100 m a x 

v o l t s 
v o l t s 

40209R 

40210 

SILICON RECTIFIER 
Hermetically sealed 18-ampere 

type for use at peak reverse volts 
up to 200 volts. This type is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera
tors, and dc-motor power supplies; machine-tool controls; welding and elec
troplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-5 pack-
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age; outline 3, Outlines Section. This type is identical with type 40208 except 
for the following items: 

M A X I M U M R A T I N G S 

P e a k R e v e r s e V o l t a g e 200 m a x v o l t s 
D C B l o c k i n g V o l t a g e 200 m a x v o l t s 

C H A R A C T E R I S T I C S 

M a x i m u m R e v e r s e C u r r e n t : 
D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 2.5 m * . 

4021OR 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40210. J E D E C No. 
DO-5 package; outline 3, Outlines 
Section. 

'>021 i 

SILICON RECTIFIER 
Hermetically sealed 18-ampere 

type for use at peak reverse volts 
up to 300 volts. This type is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera
tors, and dc-motor power supplies; machine-tool controls; welding and elec
troplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. This type is identical with type 40208 except 
for the following items: 

M A X I M U M R A T I N G S 

P e a k R e v e r s e V o l t a g e 300 m a x v o l t s 
D C B l o c k i n g V o l t a g e 300 m a x v o l t s • 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 2 5 

40211R 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40211. J E D E C No. 
DO-5 package; outline 3, Outlines 
Section. 

40212 

SILICON RECTIFIER 
Hermetically sealed 18-ampere 

type for use at peak reverse volts up 
to 400 volts. This type is used in 
generator-type power supplies in 
mobile equipment; dc-to-dc con
verters and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera
tors, and dc-motor power supplies; machine-tool controls; welding and elec
troplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other power-control applications. J E D E C No. DO-5 package; outline 
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3, Outlines Section. This type is identical with type 40208 except for the fol
lowing items: 
M A X I M U M R A T I N G S 

P e a k R e v e r s e V o l t a g e 400 m a x v o l t s 
D C B l o c k i n g V o l t a g e 400 m a x v o l t s 

C H A R A C T E R I S T I C S 
M a x i m u m R e v e r s e C u r r e n t : 

D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 2.0 m a 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40212. J E D E C No. 
DO-5 package; outline 3, Outlines 
Section. 

40212R 

SILICON RECTIFIER 
Hermetically sealed 18-ampere 

type for use at peak reverse volts 
up to 500 volts. This type is used in Ai\11 Q 
generator-type power supplies in " v * I O 
mobile equipment; dc-to-dc con-

; K verters and battery chargers; power 
supplies for aircraft, marine, and missile equipment; transmitters, rf genera
tors, and dc-motor power supplies; machine-tool controls; welding and elec
troplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-5 pack
age; outline 3, Outlines Section. This type is identical with type 40208 except 
for the following items: 

M A X I M U M R A T I N G S 

P e a k R e v e r s e V o l t a g e 500 m a x v o l t s 
D C B l o c k i n g V o l t a g e 500 m a x v o l t s 

C H A R A C T E R I S T I C S 

M a x i m u m R e v e r s e C u r r e n t : 
D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 1.75 m a 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40213. J E D E C No. 
DO-5 package; outline 3, Outlines 
Section. 

402131: 

40214 

SILICON RECTIFIER 
Hermetically sealed 18-ampere 

type for use at peak reverse volts 
up to 600 volts. This type is used 
in generator-type power supplies in 
mobile equipment; dc-to-dc convert
ers and battery chargers; power 

supplies for aircraft, marine, and missile equipment; transmitters, rf genera
tors, and dc-motor power supplies; machine-tool controls; welding and elec
troplating equipment; dc-blocking service; magnetic amplifiers; and a wide 
variety of other industrial power-control applications. J E D E C No. DO-5 pack-
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age; outline 3, Outlines Section. This type is identical with type 40208 except 
for the following items: 

M A X I M U M R A T I N G S 

r £ a k T 3 ? e ! e r s e , Y ° , l t e g e 600 m a x v o l t s 
D C B l o c k i n g V o l t a g e 600 m a x v o l t s 

C H A R A C T E R I S T I C S 

M a x i m u m R e v e r s e C u r r e n t : 
D y n a m i c ( a t c a s e t e m p e r a t u r e = 1 5 0 ° C ) 1.5 m a 

40214R 

SILICON RECTIFIER 
This type is a reverse-polarity 

version of type 40214. J E D E C No. 
DO-5 package; outline 3, Outlines 
Section. 

SILICON CONTROLLED RECTIFIER 
TERM[NALJ Q rj TERM 

Diffused-junction n-p-n-p type 
used in a wide variety of high-
current pulse applications. This type 
is designed to meet stringent military 
environmental and mechanical speci
fications. The special high-strength 

copper alloy stud can withstand an installing torque up to 50 inch-pounds, 
J E D E C No. TO-48 package; outline 19, Outlines Section. 

(STUD) 

M A X I M U M R A T I N G S 

P e a k R e v e r s e V o l t a g e : 
R e p e t i t i v e 600 m a x v o l t s 
N o n - r e p e t i t i v e 720 m a x v o l t s 

P e a k F o r w a r d B l o c k i n g V o l t a g e ( r e p e t i t i v e ) 600 m a x v o l t s 
P e a k F o r w a r d G a t e C u r r e n t 2 m a x a m p e r e s 
P e a k G a t e V o l t a g e : 

F o r w a r d 10 m a x v o l t s 
R e v e r s e 5 m a x v o l t s 

P e a k G a t e P o w e r 5 m a x w a t t s 
A v e r a g e G a t e P o w e r 0.5 m a x w a t t 
T e m p e r a t u r e R a n g e : 

O p e r a t i n g ( c a s e ) - 6 5 to 125 ° C 
S t o r a g e — 6 5 to 150 ° C 

C H A R A C T E R I S T I C S 

F o r w a r d B r e a k o v e r V o l t a g e ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) . , 
D C G a t e - T r i g g e r V o l t a g e : 

A t c a s e t e m p e r a t u r e o f — 4 0 ° C 
A t c a s e t e m p e r a t u r e o f — 6 5 ° C 
A t c a s e t e m p e r a t u r e o f 1 0 0 ° C 
A t c a s e t e m p e r a t u r e of 1 2 5 ° C • • • • • • • . 

I n s t a n t a n e o u s B l o c k i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 125 C ) 
F o r w a r d 
R e v e r s e 

D C G a t e - T r i g g e r C u r r e n t : 
A t c a s e t e m p e r a t u r e o f — 6 5 ° C ; . . 
A t c a s e t e m p e r a t u r e o f 25° C 

, A t c a s e t e m p e r a t u r e o f 1 2 5 ° C 
H o l d i n g C u r r e n t ( a t c a s e t e m p e r a t u r e o f 1 2 5 ° C ) 
T h e r m a l R e s i s t a n c e ( j u n c t i o n - t o - c a s e ) 

600 m i n v o l t s 

3.5 m a x v o l t s 
3.7 m a x v o l t s 
0.3 m i n v o l t 

0.25 m i n v o l t 

10 m a x m a 
10 m a x m a 

150 m a x m a 
80 m a x m a 
45 m a x m a 

8 m a 
2 m a x " C / w a t t 
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SI J DON RECTIFIERS 

CR101 
SERIES 

Hermetically sealed types used 
in power-supply applications at 
peak reverse voltages up to 10,000 
volts. These types consist of series-
connected silicon rectifier cells 
shunted by a voltage-equalizing 

network and molded into a compact, rugged case of insulating material. 
The integral resistance-capacitance network equalizes the reverse voltages 
across the rectifier cells under both steady-state and transient conditions. 
These types are designed to meet stringent environmental and mechanical 
specifications. Outline 29, Outlines Section. 

Common Parameters 

5 amperes 
. 15 amperes 

Maximum Reverse Current: 
Dynamic (for complete cycle and for 

operation at maximum ratings) . . . . . . . . 0.3 ma 
Static (at maximum rated dc blocking 

voltage and any temperature within 
the operating temperature range) . . 0.6 ma 

Ambient Temperature Range (operating 
- 6 5 to 125 °C 

M A X I M U M R A T I N G S (Half-wave Rectifier Service) 
C H A R A C T E R 

I S T I C S 

RCA 
Type 

For power-supply frequency of 60 cps, single-phase 
operation, with resistive or inductive load 

Peak Transient RMS DC Average 
Reverse Reverse Supply Blocking Forward 
Voltage Voltage** Voltage Voltage Currentf 
(volts) (volts) (volts) (volts) (ma) 

Max 
Forward 
Voltage 
Drop$ 
(volts) 

Shunt 
Capaci
tance 
(Pf) 

CR101 1200 1440 840 1200 850 1.2 350-600 
CR102 2000 2400 1400 2000 825 2.4 175-320 
CR103 3000 3600 2100 3000 725 3.0 140-250 
CR104 4000 4800 2800 4000 625 4.2 100-175 
CR105 5000 6000 3500 5000 625 4.8 85-160 
CR10E 6000 7200 4200 6000 575 6.0 70-125 
CR107 7000 8400 4900 7000 550 7.2 60-105 
CR108 8000 9600 5600 8000 550 7.8 55-100 
CR109 9000 10800 6300 9000 550 9.0 45-90 
CR110 10000 12000 7000 10000 550 9.6 40-80 

* F o r o n e - h a l f c y c l e , s i n e - w a v e ; f o r o n e o r m o r e c y c l e s , s e e R a t i n g C h a r t I . S u p e r 
i m p o s e d o n d e v i c e o p e r a t i n g w i t h i n m a x i m u m v o l t a g e , c u r r e n t , a n d t e m p e r a t u r e 
r a t i n g s ; m a y b e r e p e a t e d a f t e r s u f f i c i e n t t i m e h a s e l a p s e d f o r t h e d e v i c e to r e t u r n to 
t h e p r e s u r g e t h e r m a l - e q u i l i b r i u m c o n d i t i o n s . 

* * N o n - r e p e t i t i v e , f o r d u r a t i o n o f 5 m i l l i s e c o n d s m a x i m u m . T h e v a l u e g i v e n i s f o r a m - j 
b i e n t t e m p e r a t u r e s f r o m 60 to 1 2 5 ° C ; f o r a m b i e n t t e m p e r a t u r e s u p to 6 0 ° C , s e e 
R a t i n g C h a r t I I . 

t F o r a m b i e n t t e m p e r a t u r e s u p to 6 0 ° C ; f o r t e m p e r a t u r e s a b o v e 6 0 ° C , s e e R a t i n g 
C h a r t I I I . 

t F o r c o m p l e t e c y c l e a n d f o r o p e r a t i o n a t m a x i m u m r a t i n g s . F o r i n s t a n t a n e o u s f o r w a r d -
v o l t a g e d r o p , s e e I n s t a n t a n e o u s F o r w a r d C h a r a c t e r i s t i c s C u r v e . 
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R A T I N G C H A R T I 
RATING CHART I t 

CRIOI SERIES 
SUPPLY FREQUENCY * 60 CPS SINE WAVE 
LOAD: RESISTIVE OR INDUCTIVE. 

2 4 6 8 10 2 4 6 8 100 
SURGE-CURRENT DURATION—CYCLES 

82CS-III23TS 

ICRIC 1 SE RIES 

-75 - 5 0 -25 0 25 50 75 100 1253 
, AMBIENT .TEMPERATURE — • C 

S2CS-I1701TC 

RATING CHART B T TYPICAL FORWARD CHARACTERISTICS 

CRIOI SERIES 
FOR DC AND POLYPHASE OPERATION, -
MULTIPLY MAXIMUM - A V E R A G E - FORWARD-
CURRENT RATING FOR EACH RECTIFIER _ 
BY THE FOLLOWING FACTOR! 
TYPE OF OPERATION FACTOR 
DIRECT CURRENT 
THREE PHASE 
SIX PHASE 

I.IQ 
0.89 
0.68 

LOAD: R E S I S T I V E OR INDUCTIVE. 

RIOI RIOI 

c 
— c. 

RI02 
RI03 

— 1 — 1 — 
C R I 0 4 a C F :105 

C R I 0 6 ->\ CRI07 TO CR110 
\ 1 

AMBIENT TEMPERATURE—°C 
92CM-III24T5 

0.7 0 9 I.I 1.3 1.5 1.7 
INSTANTANEOUS FORWARD VOLTS 

92CM-III22U 
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SILICON RECTIFIERS 

am-. 
SERIES 

Hermetically sealed types used 
in power-supply applications at 
peak reverse voltages up to 12,000 
volts. These types consist of series-
connected, matched silicon rectifier 
cells molded into a compact, rugged 

case of insulating material. The matched cells assure equalization of internal 
voltages under both steady-state and transient conditions. These types are 
designed to meet stringent environmental and mechanical specifications. 
Outline 30, Outlines Section. 

Common Parameters 

300 ma 
3 amperes 
9 amperes 

Maximum Reverse Current: 
Dynamic (for complete cycle and for 

operation at maximum ratings at 100°C) 0.1 ma 
Static at maximum rated dc blocking 

voltage and any temperature within 
the operating range: 

25°C 0.01 ma 
100°C 0.2 ma 

Ambient Temperature Range (operating 
0.2 ma 

- 6 5 to 125°C 

M A X I M U M R A T I N G S (Half-wave Rectifier Service) 
C H A R A C 

T E R I S T I C S 
For power-supply frequency of 60 cps, single-phase 

operation, with resistive or inductive load Max 
Peak Transient RMS DC Forward | 

RCA Reverse Reverse Supply Blocking Voltage 
Type Voltage Voltage? Voltage Voltage Drop$ 

(volts) (volts) (volts) (volts) (volts) 

CR201 1500 1800 1060 1500 1.8 
CR203 3000 3600 2120 3000 3 
CR204 4500 5400 3180 4500 3.6 
CR206 6000 7200 4240 6000 6 
CR208 8000 9600 5650 8000 6 
CR210 10000 12000 7070 10000 7.2 
CR212 12000 14400 8480 12000 9 

* F o r a m b i e n t t e m p e r a t u r e s u p to 6 0 ° C ; f o r t e m p e r a t u r e s a b o v e 6 0 ° C , s e e R a t i n g C h a r t I 
* * F o r o n e - h a l f c y c l e , s i n e w a v e ; f o r o n e o r m o r e c y c l e s , s e e R a t i n g C h a r t I I . Super

i m p o s e d o n d e v i c e o p e r a t i n g w i t h i n m a x i m u m v o l t a g e , c u r r e n t , a n d temperature-
r a t i n g s ; m a y b e r e p e a t e d a f t e r s u f f i c i e n t t i m e h a s e l a p s e d f o r t h e d e v i c e to r e t u r n to 
t h e p r e s u r g e t h e r m a l - e q u i l i b r i u m c o n d i t i o n s . 

t N o n - r e p e t i t i v e , f o r d u r a t i o n o f 5 m i l l i s e c o n d s m a x i m u m . T h e v a l u e g i v e n i s for 
a m b i e n t t e m p e r a t u r e f r o m 60 to 1 2 5 ° C ; f o r a m b i e n t t e m p e r a t u r e s u p to 6 0 ° C , see-
R a t i n g C h a r t I I I . 

i F o r c o m p l e t e c y c l e a n d f o r o p e r a t i o n a t m a x i m u m r a t i n g s . F o r i n s t a n t a n e o u s forward 
v o l t a g e d r o p , s e e I n s t a n t a n e o u s F o r w a r d C h a r a c t e r i s t i c s C u r v e . 
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T Y P I C A L F O R W A R D C H A R A C T E R I S T I C S . 

0-9 I.I 1.3 1.5 1.7 
INSTANTANEOUS. FORWARD VOLTS 

S2CM-II707T 

:400 

:200 

: loo 

R A T I N G . C H A R T X 
1 1 - 1 I 1 1 1 — 

C R 2 0 I SERIES 
FOR DC AND POLYPHASE OPERATION, 

MULTIPLY MAXIMUM-AVERAGE-
- FORWARD-CURRENT RATING FOR -

EACH RECTIFIER BY THE FOLLOW
ING FACTOR: 

TYPE OF OPERATION FACTOR 
DIRECT CURRENT 1.10 
THREE PHASE 0.89 
SIX PHASE 0.68 

LOAD; RESISTIVE OR INDUCTIVE 

- 7 5 - 5 0 - 2 5 0 25 50 75 100 125 
AMBIENT TEMPERATURE—"C 

92CS-II704T 

RATING CHART I 

I I- i i i mi 
C R 2 0 I S E R I E S 

-SUPPLY FREOUENCY « 6 0 C P S S I N E W A V E 
L O A D : R E S I S T I V E O R I N D U C T I V E . 

T T T T 

I 2 4 6 8 10 2 A 6 8 100 
SURGE-CURRENT DURATION — CYCLES 

92CS-||706T» 

RATING CHART TSC 

S I B PI 
£ g 2 130 

Sy3? i2o 

s S f no 
i § < 
XO lii 
O n . 
S 100 

C R 2 Dl SE RIES 

- 7 5 - 50 -25 0 25 : 50 75 100 12! 
AMBIENT TEMPERATURE—"C 

92CS-II70ITI 
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SILICON RECTIFIERS 

CR301 
SERIES 

Hermetically sealed fin-mounted 
types used in power-supply appli
cations at peak reverse voltages up 
to 9600 volts. These types consist 
of series-connected silicon rectifier 
cells shunted by a voltage-equaliz

ing network. The integral resistance-capacitance network equalizes the re
verse voltages across the rectifier cells under both steady-state and transient 
conditions. These types are designed to meet stringent environmental and 
mechanical specifications. For instantaneous forward voltage drop for these 
types, see Instantaneous Forward Characteristics Curve. Outline 47, Outlines 
Section. 

Common Parameters 

Maximum Reverse Current: 
Dynamic (for complete cycle and for 

operation at maximum ratings) 1.5 ma 
Static (at maximum rated dc block

ing voltage and any temperature 
within the operating temperature 
range) 2.0 ma 

Shunt Capacitance 0.01 [if 
Ambient Temperature Range (operat

ing and storage) —55 to 125°C 

M A X I M U M R A T I N G S (Half-wave Rectifier Service) 
For power-supply frequency of 60 cps, single-phase operation, with resistive or inductive load 

Peak Transient DC Average RMS 
No. Reverse Reverse RMS Blocking Forward Forward Surge 

RCA of Voltage Voltage* Voltage Voltage Current** Current Currentf 
Type Cells (volts) (volts) (volts) (volts) (amperes) (amperes) (amperes) 

CR301 4 2400 2880 1695 2400 5 7.8 250 
CR302 6 3600 4320 2545 3600 5 7.8 250 
CR303 8 4800 5760 3395 4800 5 7.8 250 
CR304 10 6000 7200 4240 6000 5 7.8 250 
CR305 12 7200 8640 5090 7200 5 7.8 250 
CR3D6 14 8400 10080 5935 8400 5 7.8 250 
CR307 16 9600 11520 6785 9600 5 7.8 250 
CR311 4 2400 2880 1695 2400 9 14 250 
CR312 6 3600 4320 2545 3600 9 14 250 
CR313 8 : 4800 5760 3395 4800 9 14 250 
CR314 10 6000 7200 4240 6000 9 14 250 
CR315 12 7200 8640 5090 7200 9 14 250 
CR316 14 8400 10080 5935 8400 9 14 250 
CR317 16 9600 11520 6785 9600 9 14 250 
CR321 4 2400 2880 1695 2400 12 18.8 400 
CR322 6 3600 4320 2545 3600 12 18.8 400 
CR323 8 4800 5760 3395 4800 12 18.8 400 
CR324 10 6000 7200 4240 6000 12 18.8 400 
CR325 12 7200 8640 5090 7200 12 18.8 400 
CR331 4 2400 2880 1695 2400 17 26.5 400 
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Peak Transient DC Average RMS 
RCA No. Reverse Reverse RMS Blocking Forward Forward Surge 
Type of Voltage Voltage* Voltage Voltage Current** Current Currentf 

Cells (volts) (volts) (volts) (volts) (amperes) (amperes) (amperes) 

CR332 6 3600 4320 2545 3600 17 26.5 400 
CR333 8 4800 5760 3395 4800 17 26.5 400 
CR334 10 6000 7200 4240 6000 17 26.5 400 
CR335 12 7200 8640 5090 7200 17 26.5 400 
CR341 4 2400 2880 1695 3600 23 36 850 
CR342 6 3600 4320 2545 4800 23 36 850 
CR343 8 ; i > 4800 5760 3395 6000 23 36 850 
CR344 10 6000 7200 4240 2400 23 36 850 
CR351 4 2400 2880 1695 3600 35 55 850 
CR352 6 3600 4320 2545 4800 35 55 850 
CR353 8 4800 5760 3395 6000 35 55 850 
CR354 10 6000 7200 4240 2400 35 55 850 

* N o n - r e p e t i t i v e , f o r d u r a t i o n o f 5 m i l l i s e c o n d s m a x i m u m . T h e v a l u e g i v e n i s f o r 
a m b i e n t t e m p e r a t u r e s f r o m 50 to 1 2 5 ° C ; f o r a m b i e n t t e m p e r a t u r e s u p to 5 0 ° C , s e e 
R a t i n g C h a r t I o n p a g e 322. 

* * F o r a m b i e n t t e m p e r a t u r e s u p to 5 0 ° C ; f o r t e m p e r a t u r e s a b o v e 5 0 ° C , s e e R a t i n g 
C h a r t I I o n p a g e 322. 

t F o r o n e - h a l f c y c l e , s i n e - w a v e ; f o r o n e o r m o r e c y c l e s , s e e R a t i n g C h a r t I I I . S u p e r 
i m p o s e d o n d e v i c e o p e r a t i n g w i t h i n m a x i m u m v o l t a g e , c u r r e n t , a n d t e m p e r a t u r e 
r a t i n g s ; m a y b e r e p e a t e d a f t e r s u f f i c i e n t t i m e h a s e l a p s e d f o r t h e d e v i c e to r e t u r n to 
t h e p r e s u r g e t h e r m a l - e q u i l i b r i u m c o n d i t i o n s . 

R A T I N G C H A R T 3Lt 

S C O 

800 

p 700 

600 

«t 500 

400 

300 

200 

100 

CR30I 
. SUPPL1 
LOAD: 

SERIES 
' FREQU 
RESISTS 

ENCY 
/ E 0 

= 6 
R If 

3 C 
ID 

IPS SINE 
JCTIVE 

WAVE -

s 

\ 
\ 

\ A 
> O 

» 

\ i \ 
\ 

V \ 
— * = < 

\ 
\ — * = < 

F O R W A R D C H A R A C T E R I S T I C S 

CR30I SERIES 
AMBIENT TEMPERATURE = 25° C 

-TO DETERMINE Vp FOR EACH RECTIFIER J 
TYPE MULTIPLY BY THE NUMBER OF 
CELLS GIVEN IN THE MAXIMUM 

l - PATIMRO ' 1 — TY 
— MA 

3ICAL 
XIMUM 

\ a 
M 

o 
& 

rl 
J 

, 
£/ 

o 
& 

Si 
°/ 1 
!*> k 

Is 
I 

i o r 

13. 11 

i \ S' 
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/ * / 
/ ° ; 

/ 
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/ 
/ l 

i 
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1 Is-
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i i J 
/ / 

H (Is 
Is i i n Sjl ft 
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/ 
| / 

ii /i 

/ 
4.-

/ /1/\ 

S U R G E - C U R R E N T D U R A T I O N — C Y C L E S 
S2CS-I2360T 

INSTANTANEOUS FORWARD VOLTS 
92CS-I236IT 



322 RCA Transistor Manual 

R A T I N G C H A R T I R A T I N G C H A R T H 

t 1 
125 

Z3 J O 
£ < n x 
XtK< 
* ll t . 

120 

115 

C R 3 01 S I R I E S 
l 

s 
S 4 0 

3 0 

no 
- 7 5 - 5 0 - 2 5 0 2 5 5 0 7 5 100 12 

A M B I E N T T E M P E R A T U R E — ° C 
92CS-I2353T 

C R 3 0 I S E R I E S 
F O R DC A N D P O L Y P H A S E O P E R A T I O N , 

M U L T I P L Y M A X I M U M — A V E R A G E - F O R W A R D 
• - C U R R E N T R A T I N G F O R E A C H R E C T I F I E R 

B Y T H E F O L L O W I N G F A C T O R : 
T Y P E O F O P E R A T I O N F A C T O R 

D I R E C T C U R R E N T 1.10 
T H R E E P H A S E 0 . 8 9 

S I X P H A S E 0 . 6 8 

2 0 

- 7 5 - 5 0 - 2 5 0 2 5 5 0 7 5 
A M B I E N T T E M P E R A T U R E -

100 
- ° C 
92CS-I2355T 

TERMINAL-CONNECTION DIAGRAMS 
FOR DISCONTINUED TRANSISTORS 

0 © B 

- 1 -

© B 

O © 0 0 
E B I P C 

- 2 - - 3 - - 4 -

© B 

K — y E B C 

5 -

© B 

/ 

- 6 -

© B 

- 7 -

- 8 - - 9 - -10 
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LIST OF DISCONTINUED TRANSISTORS 
(Shown for reference only; see page 81 for symbol identification.) 

CHARACTER-
MAXIMUM RATINGS ISTICS Maximum 

Operating 
Terminal- Tempera

RCA Correction Out ^ C B v 
E B 

'o P T Min. 'OB ture Can be replaced 
Type Diagram* line (volts) (volts) (amperes) (watts) ' 'FH (C°) by RCA type 

2N105 1 -25 — -0.015 0.035 55 - 5 55 2N408 
2N206 1 A • -30 — -0.050 0.075 33 -10 85 2N408 
2N247 2 1 -35 — -0.010 0.080 60 -10 71 2N412 
2N269 1 4 -25 -12 -0.100 0.120 24 - 5 85 2N404 
2N3D1 3 5 -40 -10 - 3 11 70 -100 91 2N2869/2N301 
2N301A 3 5 -60 -10 - 3 11 • 70 -100 91 2N2870/2N301A 
2N331 1 9 -30 -12 -0.200 0.200 50 -16 71 2N1638 
2N356 4 20 20 0.5 0.100 30 5 85 2N647 
2N357 4 — 20 20 0.5 0.100 30 5 85 2N647 
2N358 4 — 20 20 0.5 0.100 30 5 85 2N647 
2N373 2 7 -25 -0.5 -0.010 0.080 60 -8 71 2N1638 
2N374 2 7 -25 -0.5 -0.010 0.080 60 -8 71 2N1631 
2N456 3 26 -40 -20 - 5 50 52 — 95 2N2869 
2N457 3 26 -60 -20 - 5 50 52 — 95 2N2869 
2N497 5 6 60 8 — 4 12 10 200 — 
2N544 2 7 -18 - 1 -0.010 0.080 60 -4 71 2N1638 
2N561 3 26 -80 -60 -10 50 75 — 100 2N2869 
2N578 1 9 -20 -12 -0.400 0.120 10 - 5 71 2N412 
2N579 1 9 -20 -12 -0.400 0.120 20 - 5 71 2N412 
2N580 1 9 -20 -12 -0.400 0.120 30 - 5 71 2N412 
2N583 1 4 -18 -10 -0.100 0.120 20 -10 85 2N412 
2N584 1 4 -25 -12 -0.100 0.120 40 -5 85 2N408 
2N640 2 7 -34 - 1 -0.010 0.080 50 -5 71 2N1637 
2N641 2 7 -34 - 1 -0.010 0.080 50 -7 71 2N1638 
2N642 2 7 -34 - 1 -0.010 0.080 50 -7 71 2N1639 
2N643 1 9 -30 - 2 -0.100 0.120 20 -IC 71 2N705 
2N644 1 9 -30 - 2 —0.100 0.100 20 -10 71 2N705 
2N645 1 9 -30 - 2 —0.100 0.120 20 -10 71 2N705 
2N656 5 6 60 8 — 4 30 10 200 
2N696 5 6 60 5 -0.500 2 20 1 175 — 
2N794 6 12 -13 - 1 -0.100 0.150 30 -3 85 2N1300 
2N795 6 12 -13 - 4 -0.100 0.150 30 -3 85 2N1301 
2N796 6 12 -13 - 4 -0.100 0.150 50 -3 85 2N1683 
2N1014 3 26 --100 -60 -10 50 75 - 100 2N2869 
2N1213 6 6 -25 - 1 -0.100 0.075 - 3 85 
2N1214 9 6 -25 - 1 -0.100 0.075 -3 85 
2N1215 9 6 -25 - 1 -0.100 0.075 -3 85 
2N1216 9 6 -25 - 1 -0.100 0.075 — -3 85 — 
2N1425 2 7 -24 -0.5 -0.010 0.080 50 -12 71 2N1638 
2N1426 2 7 -24 -0.5 -0.010 0.080 130 -12 71 2N1638 
2N1450 1 9 -30 - 1 -0.100 0.120 20 -10 85 2N217 
2N1633 7 15 -34 -0.5 -0.010 0.080 75 -16 85 2N1638 
2N1634 1 4 -34 -0.5 -0.010 0.080 75 -16 85 2N1638 
2N1635 7 15 -34 -0.5 -0.010 0.080 75 -16 85 2INI1638 
2N1636 1 4 -34 -0.5 -0.010 0.080 75 -16 85 2N1638 
2N2873 10 34 -35 -0.3 -0.010 0.115 40 12 100 
3746 8 16 -34 -0.5 -0.20 0.080 - -16 85 — 

* S e e p a g e 322 . 
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TUNNEL DIODES 

E l e c t r i c a l C h a r a c t e r i s t i c s 
(at 25°C Ambient Temperature) 

RCA 
Type 

Peak Max 
Forward Valley 
Current Current 

(ma) (ma) 

Min 
Peak-to-
Valley- Peak 
Current Voltage 

Ratio (mv) 

Min 
Valley 
nltage 
(mv) 

Forward 
Voltage 

(mv) 

Maa 
Capaci
tance* 

(pf) 

Max 
Series 
Resis
tance 
ohms) 

Rise Tlma 
(psec) 

max. typ. 

1N3128 4.75-5.25 0.6 8:1 40-80 280 445-530 15 3 5000 1000 
IN3129 19-21 2.4 8:1 50-100 300 474-575 20 2.5 2000 300 
1N3130 47.5-52.5 6 8:1 70-120 350 520-620 25 1.5 500 160 
1N3847 4.5-5.5 0.75 6:1 — - 430-590 25 3 , 900 
1N3848 9-11 1.5 6:1 — — 440-600 25 2.5 — 1800 

1N3849 18-22 3 6:1 460-620 30 2 600 
1N385J 45-55 7.5 6:1 — 530-640 40 1.5 — 350 
1N3851 90-110 15 8:1 — — 540-650 40 1 — 125 
1N3852 4.75-5.25 0.6 8:1 50-90 330 490-560 15 3 — 1200 
1N3853 9.5-10.5 1.2 8:1 55-95 350 510-580 15 2.5 — 600 

1N3854 19-21 2.4 8:1 65-105 365 530-600 20 2 , 400 
1N3855 47.5-52.5 6 8:1 80-130 380 550-620 25 1.5 — 200 
1N3I56 95-105 12 8:1 90-140 390 560-630 25 1 — 75 
1N3857 4.75-5.25 0.6 8:1 50-90 330 490-560 8 3 — 600 
1N3858 9.5-10.5 1.2 8:1 55-95 350 510-580 8 2.5 — 300 

1N3859 19-21 2.4 8:1 65-105 365 530-600 150 
1N3860 47.5-52.5 6 8:1 80-130 380 550-620 — 200 
40058 47.5-52.5 — 12:1 -200 500 1050 — 20** 3 500 333 
40059 45-55 — 10:1 -200 450 1080 — 40** 2.5 1000 667 
40060 19-21 — 11:1 -180 500 1000 — 15** 8 1000 600 

40061 18-22 9:1 -180 450 900 - 30** 5 2000 1250 
40062 9.5-10.5 — 10:1 -180 500 1000- 10** 9 1250 10OO 
40063 9-11 — 9:1 -180 450 900- 25** 5 3000 2000 
40064 4.75-5.25 — 10:1 -170 50G 950 — 8** lo 2000 1250 
40065 4.5-5.5 — 8:1 -170 420 900 — 20** 12 6000 3000 

40076 180-220 15:1 240 typ 600 typ 25** 0.9 . 

40077 0.9-1.1 0.15 6:1 60 typ 335 typ -550 5** 4 — 
40878 0.9-1.1 0.18 5:1 60 typ 330 typ 400-550 10** 6 — — 

* Includes case capacitance of 0.8 pf. 
** Actual recorded capacitance readings are provided with this type. This value minus 0.8 pf determines 

the junction capacitance. 
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TUNNEL DIODES 

Maximum Ratings 
(at 25°C Ambient Temperature) 

Ambient-
DC Current Temperature (°C) Lead 

(ma) Dissipation $ Range Temperature (°C) 
Forward Reverse1 (mw) Operating Storage (3 seconds maximum) 

Out-
Material line 

RCA 
Type 

40 70 20 -65 to 150 -65 to 175 175 Ge 36 1N3128 
55 85 30 -65 to 150 -65 to 175 175 Ge 36 1N3129 
70 100 , 40 -65 to 150 -65 to 175 175 Ge 36 1N3130 
10 15 5 -35 to 100 175 Ge 36 1N3847 
18 25 15 -35 to 100 175 Ge 36 1N3848 

35 50 20 -35 to 100 175 Ge 36 1N3849 
85 125 50 -35 to 100 175 Ge 36 1N385Q 

170 250 100 -35 to 100 175 Ge 36 1N3351 
10 15 5 -35 to 100 175 Ge 36 1N3852 
18 25 10 -35 to 100 175 Ge 36 1N3B53 

35 50 20 -35 to 100 175 Ge 36 1N3854 
85 125 50 -35 to 100 175 Ge 36 1N3855 

170 250 100 -35 to 100 175 Ge 36 1N3856 
10 15 5 -35 to 100 175 Ge 36 1N3857 
18 25 10 -35 to 100 175 Ge 36 1N3858 

35 50 20 -35 to 100 175 Ge 36 1N3859 
85 125 50 -35 to 100 175 Ge 36 1N3860 

0.5ma/pft 250 — -30 to 85 — GaAs 38 40058 
0.5ma/pft 250 — -30 to 85 — GaAs 38 40059 
0.5ma/pft 100 — -30 to 85 - GaAs 38 40060 

0.5ma/pft 100 — -30 to 85 GaAs 38 40861 
0.5ma/pft 50 — -30 to 85 — GaAs 38 40062 
0.5ma/pft 50 — -30 to 85 — GaAs 38 40063 
0.5ma/pft 25 — -30 to 85 — GaAs 38 40064 
0.5ma/pft 25 — -30 to 85 — GaAs 38 40065 

0.5ma/pft 400 — -30 to 85 — GaAs 39 40076 
1.6t 2.5 - -30 to 85 - Ge 38 40077 
1.6t 2.5 - -30 to 85 - Ge 38 40078 

t Above 25°C, derate linearly to valley current at 75°C. 
* Above 25°C, derate linearly to 0 mw at 1003C. 
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TUNNEL RECTIFIERS 

RCA 
Type Material 

Out
line 

(at 
Electrical Characteristics 
25°C Ambient Temperature) 

RCA 
Type Material 

Out
line 

Peak 
Current 

(ma) 

Min Forward 
Voltage 
at 1 ma 

(mv) 

Max Reverse 
Voltage 

at 10 ma 
(mv) 

Max Reverse 
Voltage 
at 30 ma 

(mv) 

Max 
Capa

citance 
(Pf) 

1N3861 Ge 37 0.1-1 400 170 6* 
IN3862 Ge 37 0.1-1 420 150 300 4* 

1N3863 Ge 37 0.1-0.5 435 150 300 4* 
40054 GaAs 38 1 950 300 — 6** 
40055 GaAs 38 0.5 950 350 — 6** 
40056 GaAs 38 1 950 225 — 6** 
40057 GaAs 38 0.5 950 275 — 6** 

* Includes case capacitance of 0.4 pf. 
** Includes case capacitance of 0.8 pf. 

HIGH-CURRENT TUNNEL DIODES 

Electr ical Characteristics (at 25°C Ambient Temperature) 

RCA 
Type Material 

Out
line 

Peak 
Current 

(ma) 

Peak-to 
Valley-
Current 
Ratio 

Max Min 
Peak Valley 

Voltage Voltage 
(mv) (mv) 

Min 
Forward 
Voltage 

(mv) 

Typ. 
Capaci
tance 
(ufd) 

Typ 
Series 

Resistance 
(ohms) 

Typ 
Rise 
Time 

(nsec) 

Typ 
Junction 

Resistance 
(ohms) 

40066 Ge 2 0.9-1.1 8:1 125 300 490 0.002 0.055 1 0.12 

40067 Ge 2 4.5-5.5 8:1 130 300 490 0.016 0.014 1.5 0.024 

40068 Ge 3 9.0-11.0 8:1 130 300 490 0.045 0.007 2 0.012 

40069 Ge 3 18-22 8:1 130 300 490 0.090 0.0035 2 0.006 

40070 Ge 40 90-110 8:1 130 300 430 0.5 0.0006 2 0.0012 

40079 GaAs 40 180-220 10:1 180 550 - 1.25 0.0002 4 0.001 
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TUNNEL RECTIFIERS 

Maximum Ratings (at 25 °C Ambient Temperature) 

DC Current 
(ma), 

Forward Reverse 
Dissipation $ 

(mw) 

Lead 
Ambient-Temperature (°C) Temperature 

Range (3 seconds 
Operating and Storage maximum) 

RCA 
Type 

10 30 10 -35 to 100 175 1N3861 

10 30 10 -35 to 100 175 1N3862 

10 30 10 -35 to 100 175 1N3863 

0.5ma/pf 15 — -35 to 85 — 40054 

0.5ma/pf 15 — -35 to 85 — 40055 

0.5ma/pf 15 — -35 to 85 — 40056 

0.5ma/pf 15 — -35 to 85 40057 

t Above 25°C derate linearly to 0 mw at 100°C. 

HIGH-CURRENT TUNNEL DIODES 

Maximum Rating s (at 25 °C Ambient Temperature) 

Ambient-Temperature (°C) 
Dissipation f Range RCA 

(watts) Operating and Storage Type 

0.45 -55 to 85 40066 

1.7 -55 to 85 40067 

- 3.5 -55 to 85 40068 

7.0 -55 to 85 40069 

3O.0 -55 to 85 40070 

50.0 -55 to 85 4D079 

t Above 25°C, derate linearly to 0 watt at 85°C. 
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VARACTOR DIODES 
(V1000 to V7000 Series) 

Silicon and gallium arsenide types used in a wide 
variety of industrial circuits such as frequency mul
tipliers, reactance tuners, r f limiters, parametric 
amplifiers, r f switches, and rf modulators. These 
types offer cutoff frequencies to 300 gigacycles and 
breakdown voltages to 200 volts. 

j-VOLT GALLIUM ARSENIDE PARAMETRIC AMPLIFIER TYPES 
Minimum Breakdown Voltage at reverse pa = 10 . . 6 volts 
Maximum Dissipation at case temperature = 25°C . . 150* mw 
Storage and Operating Temperature Range —269 to 150 C C 
Case Inductance (typical) 0.35 nh 
Case Capacitance (typical) 0.35 pf 

P i l l Package (outline 41) 

Cutoff 
Frequency* 

(Gc) 

Junction Capacitancet—pf 

0.15-0.3 0.15-0.25 0.2-0.4 0.3-0.6 0.15 0.2 0.2-0.3 0.3-0.4 0.4-0.6 

V1000 — V10D1 V10D2 V1003 V1004 V1005 V1006 
V1010 — VI011 V1012 V1013 V1014 VI015 VI DIB 
V1020 — V1021 V1022 V1023 V1024 V1025 V1026 
V1030 — V1031 — V1033 V1034 V1035 — 
V104O _ V1043 V1044 — — 
V i 050 _ _ VI053 V1054 — — 

— V1060 — — — — — 

125 
150 
175 
200 
225 
250 
300 

Prong Package (outline 42) 

Cutoff 
Frequency* 

(Gc) 
Junction Capacitance-)-—pf 

8.15-0.3 0.15-0.25 0.2-0.4 0.3-0.6 0.15-0.2 0.2-0.3 0.3-0.4 0.4-0.6 

125 
150 
175 
200 
225 
250 
300 

V2000 
V2010 
"2020 
V2030 
V2040 
V2050 

V2001 
V2011 
V2021 
V2031 

V2060 

V2002 V2003 
V2012 V2013 
V2022 V2023 

V2033 
V2043 
V2053 

V2004 
V2014 
V2024 
V2034 
V2044 
V2054 

V2005 V2006 
V2015 V2Q16 
V2025 V2026 
V2035 

* D e r a t e l i n e a r l y to z e r o a t m a x i m u m r a t e d t e m p e r a t u r e . 

* * C a l c u l a t e d f r o m Q m e a s u r e d a t r e v e r s e v o l t s = —6 a t 10 g i g a c y c l e s . C u t o f f f r e q u e n c y = 

= Q f w h e r e R s is t h e s e r i e s r e s i s t a n c e , C j i s t h e j u n c t i o n c a p a c i t a n c e , a n d 
2TT R a C j 

Q is t h e q u a l i t y f a c t o r a t f r e q u e n c y f. 

t M e a s u r e d a t r e v e r s e v o l t s — — 6 , f r e q u e n c y = 1 M c . J u n c t i o n c a p a c i t a n c e = Co 

1 1 ^—j n w h e r e Co is t h e c a p a c i t a n c e a t z e r o b i a s , V is t h e b i a s v o l t a g e , 0 i s a p 

p r o x i m a t e l y 1.1 v o l t s , a n d n is t y p i c a l l y 0.4. 
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30-VOLT GALLIUM ARSENIDE POWER VARACTORS 
(Outline 42) 

Minimum Breakdown Voltage at reverse current 
= 10 pa . • • • • 

Maximum Dissipation* at case temperature = 25°C: 
F o r types having Cj — 0.2 to 0.4 pf 
For types having Cj = 0.4 to 0.8 pf 
F o r types having Cj = 0.8 to 1.2 pf 

Storage and Operating Temperature Range 
Case Inductance (typical) 
Case Capacitance (typical) 

Cutoff 
Frequency**. 

(Gc) 
Mm Typ 

(VR = —€v) (VB = — 38V) 

Junction Capacitancef-- P f 
Cutoff 

Frequency**. 
(Gc) 

Mm Typ 
(VR = —€v) (VB = — 38V) 0.2-0.8 8.4-1.2 0.4-1.1 0.2-0.4 0.4-0.8 0.8-1.2 0.8-1.1 

219 35 V3000 V3001 — V3002 V3003 V3004 — 
419 G5 V3010 V3011 — V3D12 V3013 V3014 — 
66 100 V3020 V3D21 — V3022 V3023 V3024 — 
80 135 V3030 — V3031 V3032 V3033 - - V3034 

too 170 V3040 — — V3042 V3043 — — 
120 200 V3050 — V3052 V3D53 • 

45-VOLT GALLIUM ARSENIDE POWER VARACTORS 
(Outline 42) 

Minimum Breakdown Voltage at reverse current 
= 10 /j.a , 45 volts 

Maximum Dissipation* at case temperature = 25°C: 
For types having Cj = 0.2 to 0.4 pf 300 mw 
For types having Cj = 0.4 to 0.8 pf 400 mw 
For types having Cj = 0.8 to 1.2 pf 600 mw 

Storage and Operating Temperature Range —196 to 150 °C 
Case Inductance (typical) 0.35 nh 
Case Capacitance (typical) 0.35 pf 

Cutoff 
Frequency** 

(Gc) 
Min Typ 

(VR = —6v) (VR = - 4 5 ¥ ) 

Junction Capacitancef—pf 
Cutoff 

Frequency** 
(Gc) 

Min Typ 
(VR = —6v) (VR = - 4 5 ¥ ) 0.2-0.8 0.4-1.2 0.4-1.1 0.2-1.4 0.4-0.8 0.8-1.2 0.8-1.1 

20 40 V3100 V3101 - V3102 V3103 V3I04 
4 0 75 V3110 V3111 - V3112 V3113 V3114 
6° 1 « V3120 i'3121 V3122 V3123 V3124 
8 0 55 •/3130 - V3131 V3132 V3133 - V3134 

100 190 V3140 - - V3142 V3143 -

* D e r a t e l i n e a r l y to z e r o a t m a x i m u m r a t e d t e m p e r a t u r e . 

* * C a l c u l a t e d f r o m Q m e a s u r e d a t r e v e r s e v o l t s = —6 a t 10 g i g a c y c l e s . C u t o f f f r e q u e n c y = 

~2ir R 8 C j = ^ w h e r e R 3 i s t h e s e r i e s r e s i s t a n c e , C j i s t h e j u n c t i o n c a p a c i t a n c e , a n d Q i s 

t h e q u a l i t y f a c t o r at f r e q u e n c y f. 

t M e a s u r e d at r e v e r s e v o l t s = — 6 , f r e q u e n c y = 1 M c . J u n c t i o n c a p a c i t a n c e = C 0 

| 1 — - J ~ n w h e r e C o i s t h e c a p a c i t a n c e a t z e r o b i a s , V i s t h e b i a s v o l t a g e , $ i s a p 

p r o x i m a t e l y 1 v o l t , a n d n i s t y p i c a l l y 0.35. 

30 volts 

300 mw 
400 mw 
500 mw 

- 1 9 6 to 150 °C 
0.35 nh 
0.35 pf 
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60-VOLT SILICON MICROWAVE POWER VARACTORS 
(Outline 44) 

Minimum Breakdown Voltage at reverse = 10 . . 60 volts 
Maximum Dissipation at case temperature = 25°C . . 2.5* watts 
Storage and Operating Temperature Range —65 to 175 °C 
Case Capacitance (typical) 0.6 pf 

Cutoff 
Frequency** 

(Gc) 

Junction Capacitance*—pf Cutoff 
Frequency** 

(Gc) 8.6-1.2 1.2-1.8 1.8-2.5 

48 
60 

V7000 
V701B 

V7091 
V7811 

V7102 
V7B12 

75-VOLT SILICON MICROWAVE POWER VARACTORS 
(Outline 44) 

Minimum Breakdown Voltage at reverse fia = 10 . . 75 volts 
Maximum Dissipation at case temperature = 25°C . . 2.5* watts 
Storage and Operating Temperature Range —65 to 175 °C 
Case Capacitance (typical) 0.6 pf 

Cutoff 
Frequency** 

(Gc) 

Junction Capacitancet—pf Cutoff 
Frequency** 

(Gc) 0.8-1.2 1.2-1.8 1.8-2.5 

35 
58 

V7100 
V7110 

V7101 
V7111 

V7102 
V7112 

90-VOLT SILICON MICROWAVE POWER VARACTORS 
(Outline 44) 

Minimum Breakdown Voltage at reverse /ta = 10 . . 90 volts 
Maximum Dissipation at case temperature = 25°C . . 2.5* watts 
Storage and Operating Temperature Range —65 to 175 °C 
Case Capacitance (typical) 0.6 pf 

Cutoff 
Frequency** 

(Gc) 

Junction Capacitancet—pf Cutoff 
Frequency** 

(Gc) 1.6-1.2 1.2-1.8 1.8-2.5 

38 V7200 V7201 V7202 

* D e r a t e l i n e a r l y to z e r o a t m a x i m u m r a t e d t e m p e r a t u r e . 

* * C u t o f f f r e q u e n c y = — — = : — • ^ - w h e r e R 9 i s t h e s e r i e s r e s i s t a n c e a t r e v e r s e v o l t s = 
Zir Its C] 

—6 a t 2 g i g a c y c l e s a n d C j i s t h e j u n c t i o n c a p a c i t a n c e a t t h e s a m e v o l t a g e . 

+ M e a s u r e d a t r e v e r s e v o l t s = — 6 , f r e q u e n c y = 1 M c . J u n c t i o n c a p a c i t a n c e = C o 

^ 1 _ - J - J w h e r e C o i s t h e c a p a c i t a n c e a t z e r o b i a s , V is t h e b i a s v o l t a g e , 0 i s a p 

p r o x i m a t e l y 0 6 v o l t , a n d n i s t y p i c a l l y 0 .35. 
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125- TO 200-VOLT SILICON UHF POWER VARACTORS 
(Outline 44) 

Maximum Dissipation at case temperature = 25°C . . 7.5* watts 
Storage and Operating Temperature Range —65 to 175 °C 
Case Capacitance (typical) 0.6 pf 

125-VOLT T Y P E S * * 

Cutoff Junction Capacitance*—pf 
Frenuency? Frenuency? 

CGc) 1-3 2-5 2-4 1-2 2-3 3-5 3-4 

30 V6000 V6001 - V6002 V6003 V6004 
50 V6010 V6011 - V6012 V6013 V6014 
70 V6020 V6021 - V6022 V6023 V6024 -

150-VOLT T Y P E S * * 
30 V6100 V6101 V6102 V6103 — V6104 
50 V6110 V6111 V6112 V6113 — V6114 
70 V6120 V6121 V6122 V6123 — V6124 

175-VOLT T Y P E S * * 
30 V6200 V6201 V6202 V6203 - V6204 
50 V8210 V6211 V6212 V6213 — V6214 
78 V6220 V6221 V6222 V6223 — V6224 

200-VOLT T Y P E S * * 
30 V6300 V6301 V6302 V6303 — V6304 
50 V6310 V6311 V6312 V6313 — V8314 
78 V6320 V6321 V6322 V6323 —• V8324 

125- TO 200-VOLT SILICON VHF POWER VARACTORS 
(Outline 43) 

Maximum Dissipation at case temperature = 25°C . . 12* watts 
Storage and Operating Temperature Range —65 to 175 °C 
Case Capacitance (typical) 1 pf 

Cutoff 
Frequency? 

(GO 

Breakdown 
Voltage** 

(volts) 

Junction Capacitance*—pf Cutoff 
Frequency? 

(GO 

Breakdown 
Voltage** 

(volts) 4-8 4-9 4-10 

20 125 — — V50G0 
20 158 — V5100 — 
28 175 V5200 — — 
20 200 V5300 — — 

* D e r a t e l i n e a r l y to z e r o a t m a x i m u m r a t e d t e m p e r a t u r e . 
' * M i n i m u m b r e a k d o w n v o l t a g e m e a s u r e d a t r e v e r s e c u r r e n t = 10 /xa. 

t C u t o f f f r e q u e n c y == - — = — — w h e r e R s i s t h e s e r i e s r e s i s t a n c e a t t h e s p e c i f i e d 
Ztt tia C ] 

m i n i m u m b r e a k d o w n v o l t a g e ( m e a s u r e d a t 2 g i g a c y c l e s ) a n d C j i s t h e j u n c t i o n c a p a c i 
t a n c e m e a s u r e d a t 1 M c a t t h e s a m e v o l t a g e . 

J M e a s u r e d a t m i n i m u m b r e a k d o w n v o l t a g e , f r e q u e n c y = 1 M c . J u n c t i o n c a p a c i t a n c e 

= Co ^ 1 j w h e r e C o i s t h e c a p a c i t a n c e a t z e r o b i a s , V i s t h e b i a s v o l t a g e , <t> i s 

a p p r o x i m a t e l y 0.6 v o l t , a n d n i s t y p i c a l l y 0.4. 
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•LZE 
1 

.48 
MAX. 

1 .125:̂ .010 
2 PINS 

.040 ± .002 
OIA. 

PIN 
INSULATING 

EYELETS 

^ - i : ! o 9 D l A ' f — 
- 1 : j ? | D I A , ' 

,030 MAKC 

- 2 6 - - 2 7 -

„103 MAX. 

i-i/i 
5-1/1 
5-1/1* 

- 2 8 - - 2 9 -

J * — I MIN.—»)« l 1 
POLARITY SYMBOL 

:R20i 
CR203 
C8201 
CR206 
CR208 
CR2I0 
CR2I2 

DIMENSIONS—INCHES 

3/16 
3/ 16 
3/16 
3/16 
3/16 
3/16 
3/16 

3/16 
3/16 
3/16 

- 3 0 -
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,360̂ MIN. 

SEATING PLANE 

'.1QQ MAX. 

-.145 R: MAX". 
BOTH ENDS 

2 MOUNTING HOLES 

350 R. MAX. 

2 PINS 
034 D , A 

—>4 „240 WAX. \* • 
DIA. 

*—?> ^ 

R E D DOT I N D I C A T E S 
C O L L E C T O R 

INDENT B E T W E E N 
S H I E L D AND E M I T T E R L e a d No,4=l,3 Mln» 

- 3 3 - - 3 4 -
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- 3 5 -

1 

* - .270- .230 > 

C E R A M I C 
C Y L I N D E R ^ . 0 2 0 

r^.oio 

*—.007-.003 

i 

T . 0 7 5 
.055 

| 
.007-.003. . 

/ 

.095-.085 
"* - DIA. 

SY M B O L ( S E E NOTE) 

- 3 7 -

^_.020 
.010 

-.005 -.001 

P O L A R I T Y 
S Y M B O L ( S E E NOTE) 

.094 - .086 
~~ DIA. 

T 1 

' .050 
.035 

i 

1.054 i.005| 
J«— DIA.—*i 

- I — C E R A M I C 
=U—METAL 

P O L A R I T Y 
^ S Y M B O L 

( S E E NOTE) 

Note! Arrow shows lhe direction of forward current 
/ low as indicated by dc ammeter. 

- 3 8 - - 3 9 -
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ANODE TERMINAL 

CATHODE TERMINAL, 

T E R M I N A L 

- 4 1 - - 4 2 -
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- 4 3 - - 4 4 -
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4 MOUNTING 

- 4 7 -

D I M E N S I O N S — I N C H E S 
RCA types A B C D E F G 

CR301 through CR307 2-1/4 1-5/8 2-1/32 1-5/16 15/16 2 7/16 
CR311 through CR317 2-1/4 1-5/8 2-1/32 1-5/16 15/16 2 7/16 
CR321 through CR325 3 1-7/8 2-3/4 1-3/4 1-3/8 3-3/8 9/16 
CR331 through CR335 3 1-7/8 2-3/4 1-3/4 1-3/8 3-3/8 9/16 
CR341 through CR344 5-1/2 4 3 1-29/32 1-17/32 5-3/8 5/8 
CR351 through CR354 5-1/2 4 3 1-29/32 1-17/32 5-3/8 5/8 

" H " D I M E N S I O N F O R E A C H T Y P E I N CR301 F A M I L Y 
(inches) 

CR301 5-1/4 CR312 7 CR323 11-7/8 CR341 7-11/16 
CR302 7 CR313 8-3/4 CR324 14-1/4 CR342 10-1/4 
CR303 8-3/4 CR314 10-1/2 CR325 16-5/8 CR343 12-13/16 
CR304 10-1/2 CR315 12-1/4 CR331 7-1/8 CR344 15-3/8 
CR305 12-1/4 CR316 14 CR332 9-1/2 CR351 7-11/16 
CR306 14 CR317 15-3/4 CR333 11-7/8 CR352 10-1/4 
CR307 15-3/4 CR321 7-1/8 CR334 14-1/4 CR353 12-13/16 
CR311 5-1/4 CR322 9-1/2 CR335 16-5/8 CR354 15-3/8 



Circuits 

TH E C I R C U I T S in this section il lus
trate some of the more important 

applications of R C A semiconductor 
devices; they are not necessarily ex
amples of commercial practice. These 
circuits have been conservatively de
signed and are capable of excellent 
performance. Electrical specifications 
are given for circuit components to 
assist those interested in home con
struction. Layouts and mechanical de
tails are omitted because they vary 
widely with the requirements of i n 
dividual set builders and with the 
sizes and shapes of the components 
employed. 

Performance of these circuits de
pends as much on the quality of the 
components selected and the care em
ployed in layout and construction as 
on the circuits themselves. Good sig
nal reproduction from receivers and 
amplifiers requires the use of good-
quality speakers, transformers, chokes 
and input sources (microphones, pho
nograph pickups, etc.). 

Coils for the receiver circuits may 
be purchased at local parts dealers 
by specifying the characteristics re
quired: for rf coils, the circuit posi
tion (antenna or interstage), tuning 

range desired, and tuning capaci
tances employed; for if coils or trans
formers, the intermediate frequency, 
circuit position (1st if, 2nd if, etc.), 
and, in some cases, the associated 
transistor types; for oscillator coils, 
the receiver tuning range, intermedi
ate frequency, type of converter tran
sistor, and type of winding (tapped 
or transformer-coupled). 

The voltage ratings specified for 
capacitors are the minimum dc work
ing voltages required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specified 
may be used except insofar as the 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having substan
tially higher voltage ratings than 
those specified are used, they may 
not "form" completely at the operat
ing voltage, with the result that the 
effective capacitances of such units 
may be below their rated value. The 
wattage ratings specified for resistors 
assume methods of construction that 
provide adequate ventilation; com
pact installations having poor ventila
tion may require resistors of higher 
wattage ratings. 

LIST OF CIRCUITS 
Page 

11-1 3-Volt Portable Radio Receiver 344 
11-2 6-Volt Portable Radio Receiver 345 
11-3 6-Volt Automobile Radio Receiver 346 
11-4 12-Volt Automobile Radio Receiver 347 
11-5 A M / F M Automobile Radio Receiver 348 
11-6 Three-Band Radio Receiver 350 
11-7 "Front End" for Radio Receiver 351 
11-8 Preamplifier for Phono/FM Pickup 352 
11-9 Earphone Amplifier , 353 
11-10 Phonograph Amplifier 353 
11-11 25-Watt, High-Quality Audio Power Amplifier 354 
11-12 F M Stereo Multiplex Adapter 355 
11-13 Stereo Amplifier (3-watt output per channel) 356 
11-14 Stereo Amplifier (15-watt output per channel) 357 
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11-15 Power Supply for Amateur Transmitter 358 
11-16 27-Mc Citizens-Band Transceiver 359 
11-17 27-Mc, 5-Watt Citizens-Band Transmitter 360 
11-18 Video Amplifier 361 
11-19 70-Mc Power Amplifier 361 
11-20 "Front End" for 450-Mc Superheterodyne Receiver 362 
11-21 30-Mc I F Amplifier 363 
11-22 Servo Amplifier 364 
11-23 100-Kc Power Oscillator 364 
11-24 27-Mc Crystal Oscillator 365 
11-25 70-Mc Power Oscillator 365 
11-26 250-Mc Oscillator 366 
11-27 DC-to-DC Converter 366 
11-28 Voltage Regulator, Shunt Type (Regulation 1.5%) 367 
11-29 Voltage Regulator, Series Type (Regulation 2%) 367 
11-30 Voltage Regulator, Shunt Type (Regulation 0.5%) 368 
11-31 Voltage Regulator, Series Type (with adjustable output) 368 
11-32 Astable Multivibrator 369 
11-33 Monostable Multivibrator 369 
11-34 Bistable Multivibrator 370 
11-35 6-Volt Ignition System 371 
11-36 12-Volt Ignition System 371 
11-37 Voltage-Sensitive Switch (used with normally open relay) .... 372 
11-38 Voltage-Sensitive Switch (used with normally closed relay) 372 
11-39 Shift Register 373 
11-40 Electronic Thermostat 374 
11-41 Electronic Keyer 375 
11-42 Grid-Dip Meter 376 
11-43 Light Flasher 376 
11-44 Light-Dimmer Control Using Silicon Controlled Rectifier .... 377 
11-45 Code-Practice Oscillator 377 
11-46 Photo-Relay 377 

MANUFACTURERS OF COILS AND ASSOCIATED MATERIALS 
R E F E R R E D T O I N P A R T S L I S T S 

Arnold Magnetics Mid-West Coil and Transformer Co. 
6050 West Jefferson Blvd. 1642 N. Halstead 
Los Angeles. Calif. Chicago, 111. 

Better Coil and Transformer Inc. 
Goodland, Ind, 

Columbus Process Co. 
Columbus, Ind. 

General Ceramic Corp. 
Crows Mill Road 
Keasby, N . J . 

General Instrument Co. 
Automatic Winding Division 
65 Governeur Street 
Newark, N . J . 

P . R . Mallory and Co., Inc. 
3029 Eas t Washington Street 
Indianapolis, Ind. 

Microtran Co., Inc. 
145 Eas t Mineola Avenue 
Valley Stream, N . Y . 

J . W. Miller Co. 
5917 South Main Street 
Los Angeles, Calif. 

Radio Condenser Corp. 
Davis and Copewood Street 
Camden, N . J . 

Stancor Electronics, Inc. 
3501 West Addison Street 
Chicago, I1L 

Thompson-Ramo-Wooldridge, Inc. 
Electronic Components Division 
666 Garland Place 
Des Plaines, I1L 

Thordarson 
7th and Bellmont 
Mt. Carmel, I1L 



344 RCA Transistor Manual 

3-VOLT PORTABLE RADIO RECEIVER 

C i = t r i m m e r , 3 to 15 p f 
C2, Ce = g a n g e d t u n i n g 

c a p a c i t o r , Cz = 9.5 to 141 
p f , Ce = 7.2 to 109 p f 

C3, C i = 0.02 /if, c e r a m i c 
Cs — 0.005 /if, c e r a m i c 
Ci = t r i m m e r , 3 to 20 p f 
Cs, C12, C i7 , Cis = 0.05 /if, 

c e r a m i c 
C 9 = 128 p f ( p a r t o f Tz) 
Cio = 2 /if, e l e c t r o l y t i c , 3 v . 
C i i = 10 /if, e l e c t r o l y t i c , 

3 v . 
Cis, C20 = 100 /if, e l e c t r o 

l y t i c , 3 v . 
Cis = 125 p f ( p a r t o f Ta) 
Cie = 0.005 /if, c e r a m i c 
Cw = 125 p f ( p a r t o f T O 
C R i = 1N295 
Li i = o s c i l l a t o r c o i l ; w o u n d 

f r o m N o . 3 / 4 4 L i t z w i r e 
o n c o i l f o r m s u i t a b l e f o r 
a N o . 10 -32 s l u g ; L I A , 19 
t u r n s ; L I B , 155 t u r n s , 
t a p p e d a t 8 t u r n s f r o m 
g r o u n d e n d , t u n e s w i t h 
100 p f a t 990 k i l o c y c l e s 

R i , R9 = 10000 o h m s , 
0.5 w a t t 

R2 = 3900 o h m s , 0 5 w a t t 

R3, R15 = 1500 o h m s , 
0.5 w a t t 

R i : v o l u m e - c o n t r o l p o 
t e n t i o m e t e r , 5000 o h m s , 
a u d i o t a p e r ( p a r t of a s 
s e m b l y w i t h O N - O F F 
s w i t c h S i ) 

R 5 = 470 o h m s , 0.5 w a t t 
Re = 6800 o h m s , 0.5 w a t t 
R 7 = 39000 o h m s , 0.5 w a t t 
Rs = 330 o h m s , 0.5 w a t t 
Rio = 2700 o h m s , 0.5 w a t t 
R11 = 270 o h m s , 0.5 w a t t 
R12 = 10000 o h m s , 0.5 w a t t 
R i s = 2200 o h m s , 0.5 w a t t : 

R i * = 240 o h m s , 0.5 w a t t 
Rie = 100 o h m s , 0.5 w a t t 
R17 = 47 o h m s , 0.5 w a t t 
S i = O N - O F F s w i t c h ( p a r t 

o f a s s e m b l y w i t h p o t e n 
t i o m e t e r Ri) 

Sp — s p e a k e r ; v o i c e - c o i l 
i m p e d a n c e , 12 to 15 o h m s 

T i = a n t e n n a t r a n s f o r m e r ; 
p r i m a r y , 110 t u r n s of N o . 
1 0 / 4 1 L i t z w i r e w o u n d o n 
a % " - b y - 1 / 8 " - b y - 4 " f e r -
r i t e r o d ( p i t c h , 50 t u r n s 
p e r i n c h ) ; s e c o n d a r y , 6 
t u r n s o f N o . 1 0 / 4 1 L i t z 

w i r e w o u n d a t t h e s t a r t 
o f t h e p r i m a r y ; Q = 
100 w i t h t r a n s f o r m e r 
m o u n t e d o n c h a s s i s ; 
t r a n s f o r m e r s h o u l d t u n e 
w i t h 135 p f a t 535 k i l o 
c y c l e s 

T2 = 1s t i f t r a n s f o r m e r ; 
T h o m p s o n - R a m o - W o o l d -
r i d g e E O - 1 3 5 5 0 , o r e q u i v . 

T a = 2 n d i f t r a n s f o r m e r ; 
s e c o n d a r y T h o m p s o n -
R a m o - W o o l d r i d g e E O -
13551 , o r e q u i v . 

Ti = 3 r d i f t r a n s f o r m e r ; 
s e c o n d a r y T h o m p s o n -
R a m o - W o o l d r i d g e E O -
13552, o r e q u i v . 

T5 = d r i v e r t r a n s f o r m e r ; 
p r i m a r y i m p e d a n c e , 10000 
o h m s ; s e c o n d a r y i m 
p e d a n c e , 2000 o h m s , c e n 
t e r - t a p p e d 

T e = o u t p u t t r a n s f o r m e r ; 
p r i m a r y i m p e d a n c e , 100 
o h m s , c e n t e r - t a p p e d ; s e c 
o n d a r y i m p e d a n c e , 15 
o h m s ( to m a t c h v o i c e -
c o i l i m p e d a n c e o f 12 t o 
15 o h m s ) 
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J 7-2 6-VOLT PORTABLE RADIO RECEIVER 

C i , C6 — g a n g e d t u n i n g c a 
p a c i t o r ( w i t h t r i m m e r s ) ; 
C i = 18 to 169 p f ; Cs = 
17 to 88 p f ; R a d i o C o n 
d e n s e r N o . 903-817 ( v e r 
n i e r d r i v e ) , o r e q u i v . 

C 2 , Cs, C i 5 = 0.02 /if, c e r a m i c 
d = 1400 p f ( p a r t o f T s ) 
d, Ci, C s , Cio, C u = 0.05 

/if, c e r a m i c 
Cs = 220 p f ( p a r t o f T * ) 
C12 = 220 p f ( p a r t o f T s ) 
C13, C17 = 10 /if, e l e c t r o 

l y t i c , 3 v . 
C u . Cie, Cis = 100 /tf, e l e c 

t r o l y t i c , 6 v . 
C19 = 0.005 /tf, c e r a m i c 
C20 — 0.1 /if, c e r a m i c 
C R i = d e t e c t o r d i o d e , 1N295 
R i , Rie = 3900 o h m s , 

0.5 w a t t 
R2 = 15000 o h m s , 0.5 w a t t 
R3, R i = 1800 o h m s , 

0.5 w a t t 
R4, = 82000 o h m s , 0.5 w a t t 
Rs, R i s = 470 o h m s , 

0.5 w a t t 
Re = 560 o h m s , 0.5 w a t t 
Ra = 33000 o h m s , 0.5 w a t t 
R9 = 390 o h m s , 0.5 w a t t 

Rio — 10000 o h m s , 0.5 w a t t 
R11, R17 = 100 o h m s , 

0.5 w a t t 
R12 = v o l u m e - c o n t r o l p o 

t e n t i o m e t e r , 5000 o h m s , 
a u d i o t a p e r 

R13 = 27000 o h m s , 0.5 w a t t 
R u = 5600 o h m s , 0.5 w a t t 
Ris , R19 = 3.3 o h m s , 0.5 w a t t 
S P — s p e a k e r ; v o i c e - c o i l 

i m p e d a n c e , 3.2 o h m s 
T i = a n t e n n a t r a n s f o r m e r ; 

w o u n d o n 6 - i n c h - l o n g , 
0 . 3 3 0 - i n c h - d i a m e t e r r o d 
m a d e o f G e n e r a l C e r a m i c 
" Q " m a t e r i a l , o r e q u i v ; 
p r i m a r y , 125 t u r n s of N o . 
2 / 3 8 L i t z w i r e ( S . N y s o l ) , 
28 t u r n s p e r i n c h ; s e c 
o n d a r y , 8 t u r n s of N o . 
2 / 3 8 L i t z w i r e , b i f i l a r 
w o u n d f r o m s t a r t ( a i 
e n d ) o f p r i m a r y . 

T2 = o s c i l l a t o r c o i l ; c o n 
s e c u t i v e l y w o u n d i n f o l 
l o w i n g o r d e r : ai-a2 = 5 
t u r n s , D1-D2 = 9 t u r n s , 
C1-C2 = 130 t u r n s of N o . 
2 / 38 L i t z w i r e ( S . N y s o l ) 

o n ^ ^ - i n c h - d i a m e t e r c o i l 
f o r m h a v i n g a % - i n c h -
l o n g , x / 4 - inch d i a m e t e r , 
2 8 - T P I s l u g m a d e of G e n 
e r a l C e r a m i c " Q " m a 
t e r i a l , o r e q u i v . 

T3 = 1st i f t r a n s f o r m e r ; 
G e n e r a l I n s t r u m e n t N o . 
E - 2 7 4 9 3 4 3 - A X , o r e q u i v . 

Ti — 2 n d i f , t r a n s f o r m e r ; 
G e n e r a l I n s t r u m e n t N o . 
E - 2 7 4 9 2 9 3 - B Z , o r e q u i v . 

T s = 3 r d i f t r a n s f o r m e r ; 
G e n e r a l I n s t r u m e n t N o . 
E - 2 7 4 9 2 9 3 - C Y , o r e q u i v . 

Te = d r i v e r t r a n s f o r m e r ; 
p r i m a r y i m p e d a n c e , 5000 
o h m s ; s e c o n d a r y i m p e d 
a n c e , 2200 o h m s , c e n t e r -
t a p p e d ; M i d - W e s t C o i l 
a n d C o i l a n d T r a n s f o r m e r 
N o . 2 0 A T 9 0 , o r e q u i v . 

T T = o u t p u t t r a n s f o r m e r ; 
p r i m a r y i m p e d a n c e , 320 
o h m s , c e n t e r - t a p p e d ; s e c 
o n d a r y i m p e d a n c e , 3 .2 
o h m s ; M i d - W e s t C o i l a n d 
T r a n s f o r m e r N o . 2 0 A T 8 9 , 
or e q u i v . 
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6-VOLT AUTOMOBILE RADIO RECEIVER 

C i = 5-80 p f , v a r i a b l e 
t r i m m e r 

C2 — 820 p f , m i c a , 100 v . 
C3 = 2 p f , m i c a , 100 v . 
d C28 = 25 / i f , e l e c t r o l y t i c , 

6 v . 
C s Co C13 C i e C17 C i s = 0.05 /if, 

c e r a m i c d i s c 
Ce C11 = 100-580 p f , v a r i a b l e 

t r i m m e r 
C7 = 270 p f , m i c a 
C s = 0.005 /if , c e r a m i c d i s c 
C10 C22 = 50 / i f , e l e c t r o l y t i c , 

6 v . 
C12 = 0.0047 / i f , c e r a m i c d i s c 
C i * C15 = s u p p l i e d w i t h T i 
C i s = 500 / i f , e l e c t r o l y t i c , 3 v . 
C20 = 180 p f , m i c a , 100 v . 
C a C M = s u p p l i e d w i t h T2 
C24 C25 = 1 / i f , c e r a m i c d i s c , 

3 v . 
C27 — 0.04 /tf, c e r a m i c d i s c , 

25 v . 
C28 = 0.5 / i f , c e r a m i c d i s c , 

25 v . 
D i D2 = 1N295 
L i — 5 / i f , r f c h o k e 

L2 L3 Lii — t u n e r a s s e m b l y ; 
m a n u f a c t u r e d b y F . W . 
S i c k l e s C o . a n d R a d i o 
C o n d e n s e r C o r p . 

L2 = a n t e n n a c o i l ; v a r i a b l e 
i n d u c t o r t u n e d w i t h 110 
p f ; f r e q u e n c y r a n g e 535 
to 1610 k c ; Q = 65 a t 
1610 k c 

L3 = r f c o i l ; v a r i a b l e i n d u c 
t o r t u n e d w i t h 600 p f ; f r e 
q u e n c y r a n g e 535 to 1610 
k c ; Q = 65 a t 1610 k c . 

L4 = o s c i l l a t o r t r a n s f o r m e r ; 
p r i m a r y , v a r i a b l e i n d u c t o r 
t u n e d w i t h 470 p f ; f r e 
q u e n c y r a n g e 797 to 1872 
k c ; Q = 65 a t 1872 k c ; 
s e c o n d a r y , 30 t u r n s 

L s = o u t p u t c h o k e ; 20 m h ; 
1 a m p e r e , 0.5 o h m m a x . 

R i = 82000 o h m s , 0.5 w a t t 
R2 - - 2200 o h m s , 0.5 w a t t 
R s = 33 o h m s , 0.5 w a t t 
R4 R21 = 330 o h m s , 0.5 w a t t 
Rs Rio = 5600 o h m s , 0.5 w a t t 
R e = 0.33 o h m , 1 w a t t 

R r - 180 o h m s , 0.5 w a t t 
R s = 10000 o h m s , 0.5 w a t t 
R9 = 1500 o h m s , 0.5 w a t t 
R11 R22 = 1000 o h m s , 0.5 w a t t 
R12 R i s R n — 68 o h m s , 0.5 

w a t t 
R15 = 820 o h m s , 0.5 w a t t 
R i a = 47000 o h m s , 0.5 w a t t 
R17 = 1800 o h m s , 0.5 w a t t 
R i s = 8200 o h m s , 0.5 w a t t 
R19 R28 = 1200 o h m s , 0.5 w a t t 
R20 R27 = 3300 o h m s , 0.5 w a t t 
R23 = 120 o h m s , 0.5 w a t t 
R24 — 100000 o h m s , 0.5 w a t t 
R25 = v o l u m e c o n t r o l , p o 

t e n t i o m e t e r , 100000 o h m s 
R28 = t o n e c o n t r o l , p o t e n 

t i o m e t e r , 10000 o h m s 
T i = i f t r a n s f o r m e r , T h o m p -

s o n - R a m o - W o o l d r i d g e 
N o . E 0 1 0 1 7 3 , G e n e r a l I n 
s t r u m e n t N o . E 2 7 4 0 0 9 7 
A X , o r e q u i v a l e n t 

T2 = i f t r a n s f o r m e r , T h o m p 
s o n - R a m o - W o o l d r i d g e 
N o . E 0 1 0 1 7 4 , G e n e r a l I n 
s t r u m e n t N o . E 2 7 4 0 0 9 7 
B X , o r e q u i v a l e n t 
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1 1 - 4 12-VOLT AUTOMOBILE RADEO RECEIVER 

C i = 5 -80 p f , t r i m m e r 
C 2 = 2.2 /tf, 3 v . 
C s = 25 / i f , e l e c t r o l y t i c , 3 v . 
d C s C12 C i e C i ? C25 = 0.5 / i f , 

c e r a m i c d i s c , 25 v . 
C s C11 = 100-580 p f , t r i m m e r 
C 8 = 270 p f , m i c a , 100 v . 
O7 = 0.005 / i f , c e r a m i c d i s c , 

25 v . 
C9 = 0.0075 / i f , c e r a m i c d i s c , 

25 v . 
C10 = 180 / i / i f , c e r a m i c , 

N - 7 5 0 , n e g a t i v e t e m p e r a 
t u r e c o e f f i c i e n t 

C12 C i s = s u p p l i e d w i t h T2 
C13 = 500 / i f , e l e c t r o l y t i c , 

3 v . 
C M = 120 p f , m i c a , 100 v . 
C19 C21 = s u p p l i e d w i t h T 3 

C20 = 50 / i f , e l e c t r o l y t i c , 6 v . 
C22 = 0.02 / i f , c e r a m i c d i s c , 

25 v . 
C23 = 100 / if , e l e c t r o l y t i c , 

15 v . 
C24 = 100 / i f , e l e c t r o l y t i c , 3 v . 
C R i , CR2 = 1N295 
L i = 5 / i h , r f c h o k e 
L2 L s L4 = t u n e r a s s e m b l y ; 

m a n u f a c t u r e d b y F . W . 
S i c k l e s C o . , a n d R a d i o 
C o n d e n s e r C o r p . 

L2 = a n t e n n a t r a n s f o r m e r ; 
p r i m a r y , v a r i a b l e i n d u c 
t o r t u n e d w i t h 110 p f ; 
f r e q u e n c y r a n g e 535 to 
1610 k c ; Q = 65 a t 1610 
k c ; s e c o n d a r y , 10 t u r n s 

L s = r f c o i l ; v a r i a b l e i n d u c 
t o r t u n e d w i t h 600 p f ; 
f r e q u e n c y r a n g e 535 to 
1610 k c ; Q = 65 a t 1610 
k c . 

L * = o s c i l l a t o r t r a n s f o r m e r ; 
p r i m a r y , v a r i a b l e i n d u c 
t o r t u n e d w i t h 470 p f ; 
f r e q u e n c y r a n g e 797 to 
1872 k c ; Q = 65 a t 1872 
k c ; s e c o n d a r y , 30 t u r n s . 

Rx = 82000 o h m s , 0.5 w a t t 
R2 = 560 o h m s , 0.5 w a t t 
R s = 15000 o h m s , 0.5 w a t t 
R * = 180 o h m s , 0.5 w a t t 
R s = 56000 o h m s , 0.5 w a t t 
R B R20 = 4700 o h m s 
R7 = 3.3 o h m s , 1 w a t t 
R s = 1500 o h m s , 0.5 w a t t 
R 9 = 8200 o h m s , 0.5 w a t t 
R io = 220 o h m s , 0.5 w a t t 
R11 = 82 o h m s , 0.5 w a t t 
R12 = 120 o h m s , 0.5 w a t t 
R13 = 68 o h m s , 0.5 w a t t 
R u = 5600 o h m s , 0.5 w a t t 

R i s = 100000 o h m s , 0.5 w a t t 
R i e = 680 o h m s , 0.5 w a t t 
R17 = 470 o h m s , 0.5 w a t t 
R i s = 100 o h m s , 0.5 w a t t 
R19 = 1200 o h m s , 0.5 w a t t 
R21 = v o l u m e c o n t r o l , p o 

t e n t i o m e t e r , 2500 o h m s 
R22 = t o n e c o n t r o l , p o t e n 

t i o m e t e r , 1000 o h m s 
R23 R25 = 3300 o h m s , 0.5 

w a t t 
Rm = 33000 o h m s , 0.5 w a t t 
T i = o u t p u t t r a n s f o r m e r ; 

p r i m a r y i m p e d a n c e , 20 
o h m s a t 500 m a d c ; s e c 
o n d a r y i m p e d a n c e , 4 o h m s 
to m a t c h i m p e d a n c e of 
v o i c e c o i l ; C o l u m b u s 
P r o c e s s C o . N o . 5383, o r 
e q u i v a l e n t 

T2 = i f t r a n s f o r m e r , T h o m p 
s o n - R a m o - W o o l d r i d g e 
N o . E 0 1 4 1 2 7 , G e n e r a l I n -
s t r u m e n t C o . N o . 
E 2 7 4 2 2 0 8 A X , o r e q u i v a l e n t 

T3 = i f t r a n s f o r m e r , T h o m p 
s o n - R a m o - W o o l d r i d g e 
N o . E 0 1 4 1 2 8 , G e n e r a l I n -
s t r u m e n t C o . N o . 
E 2 7 4 2 2 0 8 B X , o r e q u i v a l e n t 
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Circuits 349 

AM/FM AUTOMOBILE RADIO RECEIVER (cont'd) 

C i = 18 p f , c e r a m i c d i s c , 
\ 50 v . 

C2 —: 5-80 p f , m i c a , t r i m m e r 
C8 C a C I B C*7 = 5 p f , c e r a m i c 

d i s c , 50 v . 
d C17 C29 — 6 - 2 1 p f , t i m i n g 

c a p a c i t o r 
' •Cs C i s C31 = 1-6 p f , m i c a , 

t r i m m e r 
r.Cr = 1.5 p f , c e r a m i c d i s c , 

50 v . 
Ca C10 Cs2 C«s Cse Cae C73 = 

0.05, ixf, c e r a m i c d i s c , 50 v . 
C9 C11 C u C21 C M Ces = 0.002 

/tf, f e e d t h r o u g h , 50 v . 
C12 = 55 -300 p f , m i c a , 

t r i m m e r 
ICis = 390 p f , c e r a m i c d i s c , 

50 v . 
Cie = 0.005 / i f , c e r a m i c d i s c , 

50 v . 
C10 C23 = 4 p f , c e r a m i c d i s c , 

50 v . 
C20 = 330 p f , c e r a m i c d i s c , 

50 v . 
IC22 = 2.2 p f , c e r a m i c d i s c , 

50 v . 
C25 C28 C a * Cs7 C s i Ceo COS 

C M = 0 .01 / i f , c e r a m i c 
d i s c , 50 v . 

C20 C30 = p a r t o f T i 
:C27 = 15 p f , c e r a m i c d i s c , 
; 50 v . 

1^33 C45 = 3.3 p f , c e r a m i c 
d i s c , 50 v . 

C35 = 180 n f , N750 c e r a m i c 
Cse = 8 0 - 5 5 0 p f , m i c a , 

t r i m m e r 
[•Vsa Co. = p a r t o f T2 

Cs9 C M C42 = p a r t o f T s 
yds Csi = 0.001 / i f , c e r a m i c 
.. d i s c , 50 v . 
\Cu = 10 / if , e l e c t r o l y t i c , 

• 25 v . 
I d s Cs2 = p a r t o f Hi 

Gut = 1800 p f ± 1 0 % , 
c e r a m i c d i s c 

Cso C53 = p a r t o f T s 
C55 — 2 p f , c e r a m i c d i s c 8 

50 v . 
C57 Ce2 = p a r t o f Te 
( ¾ = 200 p f , c e r a m i c d i s c , 

: 50 v . 
CSG — 20 Af , e l e c t r o l y t i c , 

25 v . 
Cai = 1500 p f ± 1 0 % , 

c e r a m i c d i s c 
Cos = 0.02 / i f , c e r a m i c d i s c , P 50 v . 
Cee = p a r t o f T7 
C w =: 10 / i f , e l e c t r o l y t i c , 3 v . 
Cro =: 23, / i f , c e r a m i c d i s c , 

3 v . 

C71 = 200 Af , e l e c t r o l y t i c , 
25 v . 

C72 = 100 Af , e l e c t r o l y t i c , 
25 v . 

C74 = 500 Af» e l e c t r o l y t i c , 
25 v . 

C75 C76 = s p a r k p l a t e 
C R i C R 3 C R 4 C R 7 = d i o d e , 

1N295 
CR2 = A F C d i o d e , 1N3182 

o r e q u i v . 
C R s C R e = d i o d e , 1N542 
C R s = d i o d e , 1N1763 
L i = 6.2 A h , r a d i o - f r e q u e n c y 

c h o k e 
L2 = a n t e n n a c o i l f o r F M 

t u n e r ; 4 t u r n s N o . 16 H F 
o n 0 . 2 2 0 - i n c h f o r m , s p a c e d 
% 6 - i n c h ( a p p r o x . ) ; t a p p e d 
a t 1 t u r n ; c o r e " J " m a 
t e r i a l A r n o l d A l - 3 3 6 o r 
e q u i v . 

L3 = a n t e n n a c o i l f o r A M 
t u n e r ; v a r i a b l e i n d u c t o r ; 
t u n e s w i t h 120 p f o v e r 
t h e f r e q u e n c y r a n g e f r o m 
535 to 1610 k c ; Qo = 60 
a t 1610 k c ; s e c o n d a r y 8 
t u r n s 

La = r f c o i l f o r A M t u n e r ; 
v a r i a b l e i n d u c t o r ; t u n e s 
w i t h 560 p f o v e r t h e f r e 
q u e n c y r a n g e f r o m 535 to 
1610 k c ; Qo = 60 a t 1610 
k c ; n o s e c o n d a r y 

L s = r f c o i l f o r F M t u n e r ; 
s a m e a s L2 e x c e p t h a s n o 
t a p 

L e = m i n i a t u r e r a d i o - f r e 
q u e n c y c h o k e , 1 A h ( a p 
p r o x . ) 

L7 = o s c i l l a t o r c o i l f o r F M 
t u n e r ; 3 t u r n s N o . 16 H F 
o n 0 . 2 2 0 - i n c h f o r m , s p a c e d 
J A - i n c h ( a p p r o x . ) ; c o r e 
" J " m a t e r i a l A r n o l d A l -
336 o r e q u i v . 

L s = o s c i l l a t o r c o i l f o r A M 
t u n e r ; v a r i a b l e i n d u c t o r ; 
t u n e s w i t h 470 p f o v e r t h e 
f r e q u e n c y r a n g e f r o m 797 
to 1872 k c ; Qo = 45 a t 
1872 k c ; s e c o n d a r y 30 
t u r n s 

L9 = f i l t e r c h o k e , 125 / th 
( a p p r o x . ) 

R i R12 R22 = 100000 o h m s , 
0.5 w a t t 

R 2 Ri — 560 o h m s , 0.5 w a t t 
R3 = 390 o h m s , 0.5 w a t t 
R s R u R19 = 33000 o h m s , 

0.5 w a t t 

X I PLATE B + 0 

R a R27 R t t = 180 o h m s , 0.5 
w a t t 

R7 = 68 o h m s , 0.5 w a t t 
R s = 220 o h m s , 0.5 w a t t 
R9 = 680 o h m s , 0.5 w a t t 
Rio = 4300 o h m s , 0.5 w a t t 
R13 = 1 m e g o h m , 0.5 w a t t 
R u R i s = 10000 o h m s , 

0.5 w a t t 
R17 R29 = 1500 o h m s , 0.5 w a t t 
R I B R23 = 2200 o h m s , 0.5 w a t t 
R19 R20 = 5600 o h m s , 0.5 w a t t 
R20 R24 = 18000 o h m s , 

0.5 w a t t 
R21 R25 R39 = 470 o h m s , 

0.5 w a t t 
R28 = 3900 o h m s , 0.5 w a t t 
R30 = 1000 o h m s , 0.5 w a t t 
R s i Rs2 R37 = 6800 o h m s , 

0.5 w a t t 
Rsi = p o t e n t i o m e t e r , 100000 

o h m s , 0.5 w a t t , a u d i o t a p e r 
R35 = 62000 o h m s , 0.5 w a t t 
Rse = 4700 o h m s , 0.5 w a t t 
R38 = 3300 o h m s , 0.5 w a t t 
R40 = p o t e n t i o m e t e r , 250000 

o h m s , 0.5 w a t t , a u d i o t a p e r 
R42 = 270 o h m s , 1 w a t t 
R43 = 0.47 o h m , 0.5 w a t t 
T i = F M i f t r a n s f o r m e r ; 

T h o m p s o n - R a m o - W o o l -
d r i d g e N o . 12224 o r G e n 
e r a l I n s t r u m e n t N o . 
E 2 7 4 1 3 5 3 A X o r e q u i v . 

T2 Ti — F M i f t r a n s f o r m e r ; 
T h o m p s o n - R a m o - W o o l -
d r i d g e N o . 1 2 0 8 0 R 1 o r 
G e n e r a l I n s t r u m e n t N o . 
E 2 7 4 1 1 6 6 B X o r e q u i v . 

T3 = A M i f t r a n s f o r m e r ; 
T h o m p s o n - R a m o - W o o l -
d r i d g e N o . 12414 o r e q u i v . 

T s = A M i f t r a n s f o r m e r ; 
T h o m p s o n - R a m o - W o o l -
d r i d g e N o . 12415 o r e q u i v . 

Te = r a d i o - d e t e c t o r t r a n s 
f o r m e r ; T h o m p s o n - R a m o -
W o o l d r i d g e N o . 1 2 0 0 7 R 1 
o r G e n e r a l I n s t r u m e n t 
N o . E 2 7 4 1 1 6 6 A B o r e q u i v . 

T7 = A M i f t r a n s f o r m e r ; 
T h o m p s o n - R a m o - W o o l -
d r i d g e N o . 12416 o r e q u i v . 

T s = d r i v e r t r a n s f o r m e r ; 
p r i m a r y 8000 o h m s a t 3 m a 
d c ; s e c o n d a r y 60 o h m s ; 
C o l u m b u s P r o c e s s C o . N o . 
X 5 3 5 7 o r e q u i v . 

TB = o u t p u t t r a n s f o r m e r ; 
p r i m a r y 20 o h m s a t 700 
m a d c ; s e c o n d a r y 4 o h m s ; 
C o l u m b u s P r o c e s s C o . N o . 
5383 o r e q u i v . 
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Circuits 351 

7 7-6 THREE-BAND RADIO RECEIVER (cont'd) 
B = 9 v o l t s 
C i C e C M = v a r i a b l e , 26 .1 to 

251 p f 
C 2 C 3 C 4 C M C24 C26 = t r i m 

m e r , 3 - 3 5 p f , A r c o 403 , o r 
e q u i v a l e n t 

C5 = 0.25 fit, c e r a m i c d i s c 
C 7 d o C i s C28 = 0.05 / i f , c e 

r a m i c d i s c 
C s GLL C 1 3 = t r i m m e r , 1.5-20 

p f , A r c o 402, o r e q u i v a l e n t 
C12 Cs8 = 0.01 / i f , c e r a m i c 

d i s c 
C ie = 0.0005 / i f . c e r a m i c d i s c 
C17 C M C a = 0.02 / i f , c e r a m i c 

d i s c 
C19 C2« = 350 p f , p a r t o f T i 
C20 = 900 p f , s i l v e r m i c a 
C21 = 300 p f , s i l v e r m i c a 
C22 = 91 p f , s i l v e r m i c a 
C27 = 10 p f , c e r a m i c d i s c 
C20 = 10 fit, 3 v o l t s , e l e c t r o 

l y t i c 
C30 = 220 p f , c e r a m i c d i s c , 

s u p p l i e d w i t h T2 
Csz = 2 / i f , 3 v o l t s , e l e c t r o 

l y t i c 
Cs3 = 10 / i f . 3 v o l t s , e l e c t r o 

l y t i c 
C M = 100 / i f , 3 v o l t s , e l e c t r o 

l y t i c 
Css = 0.04 /iff c e r a m i c d i s c 
Cse Car = 100 / i f , 10 v o l t s , 

e l e c t r o l y t i c 
L i = 4 2 / i h a t 3100 k c , s h o r t 

w a v e a n t e n n a c o i l , Qo = 
75; t u r n s r a t i o N1/N2, 
1 . 6 7 : 1 ; N2/N3, 1 8 : 1 

L2 = 380 / i h a t 1000 k c , 
b r o a d c a s t , a n t e n n a c o i l , 
Qo = 184; t u r n s r a t i o 
N1/N2, 7 8 : 1 

L s = 4600 / i h a t 270 k c , l o n g 
w a v e a n t e n n a c o i l Qo = 
69 ; t u r n s r a t i o N1/N3, 9 1 : 1 

L i = 5 / i h , p a r t o f i f t r a p 
L 6 = 34 / i h a t 3100 k c , s h o r t 

w a v e R F c o i l , Qo = 8 1 ; 
t u r n s r a t i o , N1/N3, 8 7 : 1 

L e = 370 / i h a t 1000 k c , 
b r o a d c a s t R F c o i l , Qo = 80; 
t u r n s r a t i o , N1/N2, 2 . 5 : 1 ; 
N2/N3, 2 5 : 1 

L 7 = 4200 / i h a t 270 k c , l o n g 
w a v e R F c o i l , Qo = 10; 
t u r n s r a t i o N i / N s , 9 1 : 1 
( m e a s u r e d w i t h 100000-
o h m s h u n t ) 

L s = 29 / i h a t 3550 k c , s h o r t 
w a v e o s c i l l a t o r c o i l , Qo = 
20 ; t u r n s r a t i o N1/N2, 2 5 : 1 , 
N i / N s , 4 : 1 

L« = 200 / i h a t 1455 k c , 
b r o a d c a s t o s c i l l a t o r c o i L 
Qo = 39 ; t u r n s r a t i o N1/N2, 
2 9 : 1 , N1/N3, 1 3 : 1 

L10 = 1100 / i h a t 725 k c , l o n g 
w a v e o s c i l l a t o r c o i l , Qo = 
17; t u r n s r a t i o N1/N2, 2 1 : 1 , 
N1/N3, 1 2 : 1 ( m e a s u r e d 
w i t h 2 0 0 0 0 0 - o h m s h u n t ) 

R i — 270 o h m s , 0.5 w a t t 
R 2 = 150000 o h m s , 0.5 w a t t 
R 3 = 22000 o h m s , 0.5 w a t t 
R 4 = 100000 o h m s , 0.5 w a t t 
R 5 = 560 o h m s , 0.5 w a t t 
R e = 1800 o h m s , 0.5 w a t t 
R 7 = 18000 o h m s , 0.5 w a t t 
R s = 1200 o h m s , 0.5 w a t t 
R9 = 3300 o h m s , 0.5 w a t t 
R io = 200000 o h m s , 0.5 w a t t 
R11 = 47000 o h m s , 0.5 w a t t 
R12 = 270 o h m s , 0.5 w a t t 
R13 = 10000 o h m s , 0.5 w a t t 
R i i : 1000 o h m s , 0.5 w a t t 
R15 = v o l u m e c o n t r o l , 1 

m e g o h m , r e v e r s e l o g . 
t a p e r 

R i e = 4000 o h m s , 0.5 w a t t 
R 1 7 = 27000 o h m s , 0.5 w a t t 
R i s = 4700 o h m s , 0.5 w a t t 
R io = t o n e c o n t r o l , 1 

m e g o h m , a u d i o t a p e r 

R20 = 560 o h m s , 0.5 w a t t 
R21 = 330 o h m s , 0.5 w a t t 
R22 = 100 o h m s , 0.5 w a t t 
R23 = 4.7 o h m s , 0.5 w a t t 
R24 — 3.9 o h m s , 0.5 w a t t 
R 2 5 = 3.9 o h m s , 0.5 w a t t 
Sia—S3b = t h r e e - s e c t i o n 

w a f e r s w i t c h 
S P = s p e a k e r , 3.2 o h m s 
T i = f i r s t i f t r a n s f o r m e r (455 

k c ) : d o u b l e - t u n e d c r i t i c a l 
c o u p l i n g , G e n e r a l I n s t r u 
m e n t N o . E - 2 , 7 4 9 , 0 6 7 E X , 
o r e q u i v a l e n t 

T2 = s e c o n d i f t r a n s f o r m e r 
(455 k c ) : s i n g l e - t u n e d , 

G e n e r a l I n s t r u m e n t N o . E -
2 , 7 4 9 , 0 6 7 C X , o r e q u i v a l e n t 

T3 = d r i v e r t r a n s f o r m e r : 
p r i m a r y 10000 o h m s , s e c 
o n d a r y , 2000 o h m s , c e n t e r 
t a p p e d ; M i d - W e s t C o i l 
a n d T r a n s f o r m e r C o . N o . 
2 0 A T 8 8 , o r e q u i v a l e n t 

T i = o u t p u t t r a n s f o r m e r : 
p r i m a r y , 250 o h m s c e n t e r 
t a p p e d ; s e c o n d a r y , 3.2 
o h m s ; M i d - W e s t C o i l a n d 
T r a n s f o r m e r C o . N o . 2 0 -
A T 8 6 , o r e q u i v a l e n t 

N O T E 1 : C o m p o n e n t s C 9 , 
L 4 , a n d R 3 m a k e u p a n 
i f t r a p i n t h e l o n g - w a v e 
b a n d a n d a r e u s e d to i m 
p r o v e i f r e j e c t i o n a n d 
s i g n a l - t o - n o i s e r a t i o . 

N O T E 2 : F o r t h e a n t e n n a 
a n d r f c o i l s , N i r e f e r s to 
t h e t u r n s o f t h e p r i m a r y 
w i n d i n g , N2 to t h e t a p p e d 
p o r t i o n o f t h e p r i m a r y , 
a n d N3 to t h e s e c o n d a r y . 
F o r t h e o s c i l l a t o r c o i l s , N i 
r e f e r s to t h e t a n k w i n d 
i n g , N2 to t h e e m i t t e r 
w i n d i n g , a n d N3 to t h e 
c o l l e c t o r w i n d i n g . 

7 7-7 "FRONT-END" FOR RADIO RECEIVER 
With Double-Tuned Antenna and Single-Tuned RF Stage 

11/ . T t r , 1 • 

C i = 3 -50 p f , v a r i a b l e 
C2 = 0.01 / i f , c e r a m i c d i s c , 

25 v . 
Cs = 30 -200 p f , v a r i a b l e 
C i = 1000 p f , m i c a 
Cs Ca = 0.05 / i f , c e r a m i c 

d i s c , 25 v . 
C 7 = 120 -450 p f , v a r i a b l e 
C s — 0.004 / i f , c e r a m i c d i s c , 

25 v . 

C e = 680 p f , m i c a 
L i L2 = a n t e n n a c o i l s , v a r i 

a b l e i n d u c t o r s t u n e d w i t h 
110 p f ; f r e q u e n c y r a n g e 
535 to 1610 k c ; Q = 65 a t 
1610 k , 60 to 65 a t 535 k c 

L3 — r f c o i l ; v a r i a b l e i n d u c 
t o r t u n e d w i t h 1000 p f ; 
f r e q u e n c y r a n g e 535 to 

O + 6 V . 

1610 k c ; Q = 65 a t 1610 k c . 
R i R i R s = 330 o h m s , 0.5 

w a t t 
R2 = 82000 o h m s , 0.5 w a t t 
R s = 2200 o h m s , 0.5 w a t t 
Re = 6800 o h m s , 0.5 w a t t 
R7 = 10000 o h m s , 0.5 w a t t 
R s = 1500 o h m s , 0.5 w a t t 
RB = 1000 o h m s , 0.5 w a t t 
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PREAMPLIFIER FOR PHONO/FM PICKUP 

' R 1 2 C 7 : 

• B - TO 2ND-CHANNE-L „ 
PREAMPLIFIER (IF USED)* 

Q-J8V 

rt-t 
C i = 25 / i f , m i n i a t u r e e l e c 

t r o l y t i c , 3 v . 
C2 = 50 id., m i n i a t u r e e l e c 

t r o l y t i c , 3 v . 
C s - 50 / i f . m i n i a t u r e e l e c 

t r o l y t i c , 15 v . 
C i = 270 p f , c e r a m i c , 600 v . 
C s , C ie — 0.05 / i f , c e r a m i c , 

50 v . 
C a = 0.2 / i f , c e r a m i c , 25 v . 
C ? = 0.06 / i f , c e r a m i c , 50 v . 
Ca — 4 / i f , m i n i a t u r e e l e c t r o 

l y t i c , 3 v . 
CD, C13 = 2 / i f , m i n i a t u r e 

e l e c t r o l y t i c , 12 v . 
C10 = 0.15 / i f , c e r a m i c , 50 v . 
C11 = 0.12 / i f , c e r a m i c , 50 v . 
C12 = 10 / i f . m i n i a t u r e e l e c 

t r o l y t i c , 12 v . 
C u = 0.003 / i f , m i c a , 500 v . 
R i — 1 m e g o h m ± 10%, • 

0.5 w a t t 
R2 = 15000 o h m s ± 1 0 % , 

0.5 w a t t 
R s = 47000 o h m s ± 1 0 % , 

0.5 w a t t 

Ri = 100 o h m s ± 1 0 % , 
0.5 w a t t 

R s = 0.18 m e g o h m s ± 1 0 % , 
0.5 w a t t 

R e - 330 o h m s ± 1 0 % , 
0.5 w a t t 

R 7 = 1800 o h m s ± 1 0 % , 
0.5 w a t t 

R s , R23 = 27000 o h m s ± 1 0 % , 
0.5 w a t t 

R e = 1000 o h m s ±10%, 
0.5 w a t t 

Rio = 1500 o h m s ± 1 0 % , 
0.5 w a t t 

R11 = 820 o h m s ± 1 0 % , 
0.5 w a t t 

R i a , R20 = 0.1 m e g o h m ± 
1 0 % , 0.5 w a t t 

R13 = v o l u m e c o n t r o l p o t e n 
t i o m e t e r ( a u d i o t a p e r ) , 
10000 o h m s , 0.5 w a t t 

R i4 = 56000 o h m s ± 1 0 % , 
0.5 w a t t 

R15 = 6800 o h m s ± 1 0 % , 
0.5 w a t t 

R i e = 2700 o h m s ± 1 0 % , 
0.5 w a t t 

R17 : 180 o h m s ± 1 0 % , 
0.5 w a t t 

R18 = b a s e c o n t r o l p o t e n 
t i o m e t e r ( l i n e a r t a p e r ) , 
50000 o h m s , 0.5 w a t t 

R19 = 2700 o h m s ± 1 0 % , 
0.5 w a t t 

E a = 3300 o h m s ± 1 0 % , 
0.5 w a t t 

R22 = t r e b l e c o n t r o l p o t e n 
t i o m e t e r ( a u d i o t a p e r ) , 
0.1 m e g o h m , 0.5 w a t t 

S i = 2 - p o l e , 3 - p o s i t i o n 
r o t a r y s w i t c h 

* I f a t w o - c h a n n e l s y s 
t e m i s u s e d , R i s , R i s , 
a n d R22 s h o u l d b e d u a l 
c o n t r o l s , o n e c o n t r o l s e c 
t i o n f o r e a c h p r e a m p l i f i e r , 
a n d S i s h o u l d b e a 4 - p o l e 
s w i t c h ( C e n t r a l a b N o . P A 
1012, o r e q u i v . ) , t w o p o l e s 
p e r c h a n n e l . A l l o t h e r 
c o m p o n e n t s a r e d u p l i 
c a t e d i n t h e s e c o n d p r e 
a m p l i f i e r . 



Circuits 353 

1 1 - 9 

| B - TO PREAMP) 

EARPHONE AMPLIFIER 

B - T O 2 N D - G H A N N E L A M P L I F I E R OF U S E D ) 

O - 2 0 V 

C i = 2 5 0 / i f , m i n i a t u r e e l e c 
t r o l y t i c , 1 5 v . 

C 2 = 500 p f , m i c a , 50 v . 
C3 = 500 uf, m i n i a t u r e e l e c 

t r o l y t i c , 5 0 v . 
R i = 0 . 1 8 m e g o h m s ± 10%, 

0.5 w a t t 
R2, R i o , R11 — 3300 o h m s 

± 10%, 0.5 w a t t 

1 1 - 1 0 

- ' C R Y S T A L OR CERAMIC 
_ PHONOGRAPH 
w j n p u t 

R s = 47000 o h m s ± 1 0 % , 
0.5 w a t t 

Ri = 68 o h m s ± 10%, 
0.5 w a t t 

R s = 180 o h m s ± 1 0 % , 
0.5 w a t t 

R 6 = 10000 o h m s ± 1 0 % , 
0.5 w a t t 

PHONOGRAPH AMPLIFIER 
Output 200 m w 

R 7 = 47 o h m s ± 10%, 
0.5 w a t t 

R s = 1 8 o h m s ± 10%, 
0.5 w a t t 

R 9 = 1 0 o h m s ± 1 0 % , 
0.5 w a t t 

R12 = 100 o h m s ± 1 0 % , 
0.5 w a t t 

C i = 0 . 0 1 / i f , c e r a m i c d i s c 
C2 — 1 / i f , c e r a m i c d i s c 
C s C s = 50 / i f , e l e c t r o l y t i c , 

1 2 v . 
C4 = 0 .002 /at, c e r a m i c d i s c 
Co = 0 .04 / i f , c e r a m i c d i s c 
R i = 1 m e g o h m , 0.5 w a t t 
R a = 220000 o h m s , 0 .5 w a t t 
R 3 = 4 7 0 0 o h m s , 0.5 w a t t 
R i = 1500 o h m s , 0 .5 w a t t 

R s = v o l u m e - c o n t r o l p o t e n 
t i o m e t e r , 5000 o h m s , l o g a 
r i t h m i c a u d i o t a p e r 

R B = t o n e - c o n t r o l p o t e n t i 
o m e t e r , 100000 o h m s , 
l i n e a r t a p e r 

R 7 = 680 o h m s , 0.5 w a t t 
R s = 27 o h m s , 0.5 w a t t 
R 8 = 3 3 o h m s , 0 .5 w a t t 
T i =: d r i v e r t r a n s f o r m e r ; 

p r i m a r y i m p e d a n c e 3000 
o h m s ; s e c o n d a r y i m p e d 
a n c e ( b a s e - t o - b a s e ) 5000 
o h m s . 

T2 = o u t p u t t r a n s f o r m e r ; 
p r i m a r y i m p e d a n c e ( c o l 
l e c t o r - to - c o l l e c t o r ) 550 
o h m s ; s e c o n d a r y i m p e d 
a n c e to m a t c h s p e a k e r 
v o i c e c o i l 
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7 7-7 7 25-WATT, HIGH-QUALITY AUDIO POWER AMPLIFIER 

•-38 VOLTS R o > 
5 0 MA ° < > T Y P E : 

2N2I47 

- v c c * 

Performance Specifications: 
Sensitivity = 0.35 volt rms for 25 watts output 
Frequency response = 20 to 20,000 cps ± 1 db 
Input resistance = 180 ohms 

C i = 2 0 0 nl, e l e c t r o l y t i c , 6 v . 
C2 = 2 5 0 /if, e l e c t r o l y t i c , 

1 5 v . 
C 3 = 0 . 0 1 5 /if, p a p e r , 200 v . 
d, C 5 = 100 /if, e l e c t r o l y t i c , 

5 0 v o l t s 
R i = 2700 o h m s , 0.5 w a t t 
R 2 = 180 o h m s , 0.5 w a t t 
R3 = 4.7 o h m s , 0 .5 w a t t 

R i = 560 o h m s , 2 w a t t s 
R s = 150 o h m s , 5 w a t t s 
R e , R ? = 120 o h m s , 1 w a t t 
R s , R B = 180 o h m s , 2 w a t t s 
R i o , R11 = 0 .27 o h m , 0.5 w a t t 
S p = d y n a m i c s p e a k e r ; 

v o i c e - c o i l i m p e d a n c e = 4 
o h m s ; v o i c e - c o i l d c r e 
s i s t a n c e = 3.2 o h m s 

T i = d r i v e r t r a n s f o r m e r ; 
t u r n s r a t i o , p r i m a r y to 
e a c h s e c o n d a r y = 4 : 1 ; 
p r i m a r y i m p e d a n c e = 1600 
o h m s ; p r i m a r y d c = 0 m a ; 
B e t t e r C o i l a n d T r a n s 
f o r m e r t y p e 9 9 A 7 , o r 
e q u i v a l e n t 

+ V c c , — V c c : Zero-signal va lue = 22 volts; I = 150 m a , 

Max imum-s igna l va lue — 20 volts, I = 1 amp. 



Circuits 355 

C 2 6 

[ C 2 4 ~ 
_ R 3 6 < > C + L I 

—o 

RIGHT 

C i C20 C21 - 10 / i f , e l e c t r o 
l y t i c , 3 v . 

C 2 = 100 / i f . e l e c t r o l y t i c , 3 v . 
C3 = 390 p f , m i c a 
C4 C s = 1000 p f , c e r a m i c d i s c 
Co C n C i e = 0.05 / i f , c e r a m i c 

d i s c 
C7 — 1 /tf, c e r a m i c d i s c , 3 v . 
C a C 8 = 1500 p f , m i c a 
C10 C13 = 390 p f , c e r a m i c d i s c 
C n = 0-75 / i f , m i c a 
C12 = 5 p f , m i c a 
C15 = 0.47 / i f , m i c a 
C17 = 2200 p f , c e r a m i c d i s c 
C i s C19 = 820 p f , m i c a 
C22 C23 = 50 /tf, e l e c t r o l y t i c , 

3 v . 
C24 C25 = 0.01 / if , m i c a 
C26 C2S = 10 / i f , e l e c t r o l y t i c , 

12 v . 

C27 = 100 /if, e l e c t r o l y t i c . 
12 v . 

C R i CR2 C R 3 = 1N295 
L i L s L9 — 3 8 - k c t r a p , v a r i 

a b l e i n d u c t o r , G e n e r a l I n 
s t r u m e n t N o . E 2 7 4 1 1 7 3 B X , 
o r e q u i v a l e n t 

L2 L 8 = 1 9 - k c t r a p , v a r i 
a b l e i n d u c t o r , G e n e r a l I n 
s t r u m e n t N o . E 2 7 4 1 1 7 3 A X , 
o r e q u i v a l e n t 

L i = 100 m h 
L5 = 10 m h 
L a L7 = 25 m h 
R i = 24000 o h m s , 0.5 w a t t 
R2 R i s = 3900 o h m s , 0.5 w a t t 
R3 R * R i s R19 R21 R22 R32 R38 

R37 = 4700 o h m s , 0.5 w a t t 
R s = 330 o h m s , 0.5 w a t t 
Re = 1500 o h m s , 0.5 w a t t 
R7 = 10000 o h m s , 0.5 w a t t 

<37. 
c 2 8 

•LEFT 

' 2 5 ' 

R s R30 R31 = 5 6 0 0 ' o h m s , 
0.5 w a t t 

R9 = 68000 o h m s , 0.5 w a t t 
R io R32 R33 = 1000 o h m s . 

0.5 w a t t 
R11 = 1200 o h m s , 0.5 w a t t 
R12 R28 R29 = 47000 o h m s , 

0.5 w a t t 
R13 = p o t e n t i o m e t e r , 10000 

o h m s , s e p a r a t i o n c o n t r o l 
R u = 1800 o h m s , 0.5 w a t t 
R i e = 43000 o h m s , 0.5 w a t t 
R17 = 560 o h m s , 0.5 w a t t 
R20 = p o t e n t i o m e t e r , 500 

o h m s , s i d e b a n d - l e v e l c o n 
t r o l 

R24 R 2 8 = 75000 o h m s , 
0 .5 w a t t 

R25 R27 = 2200 o h m s , 
0.5 w a t t 

R34 R35 = 47 o h m s , 0 5 w a t t 
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1 1 - 1 3 STEREO AMPLIFIER 

Output 3 Watts per Channel 

C i C2 C3 Ci = 0.02 / i f , m i n i 
a t u r e , 100 v . 

CB C S C17 C20 = 0.1 / i f , m i n i 
a t u r e , 100 v . 

C « C 7 = 0.5 / if , m i n i a t u r e , 
100 v . 

C9 C10 — 6 / i f , e l e c t r o l y t i c , 
6 v . 

C11 C12 = 10 / i f , e l e c t r o l y t i c 
6 v . 

C13 Cu = 0 .001 / i f , m i n i a t u r e , 
100 v . 

C15 C i a Ci8 Cio = 1 / i f , m i n i 
a t u r e , 100 v . 

C21 = 1000 / i f , e l e c t r o l y t i c , 
10 v . 

C22 C25 — 2.2 / i f , c e r a m i c 
d i s c , 3 v . 

C23 Cat = 100 / i f , e l e c t r o l y t i c , 
3 v . 

C26 C27 = 12 p f , c e r a m i c d i s c , 
1000 v . 

C28 = 1000 / i f , e l e c t r o l y t i c , 
15 v . 

C29 = 1000 / i f , e l e c t r o l y t i c , 
25 v . 

C R i CR2 = 1N2859 
F = F u s e , % a m p e r e , " s l o -

b l o " 
R i R2 = 3300 o h m s , 0.5 w a t t 
R 3 R e = 220000 o h m s , 

0.5 w a t t 
R4 R5 = 10000 o h m s , 0.5 w a t t 
R 7 R s = 1200 o h m s , 0.5 w a t t 
R9 R io = t r e b l e - c o n t r o l d u a l 

p o t e n t i o m e t e r , 3000 o h m s 
R11 R i * = 2200 o h m s , 0.5 w a t t 
R12 R13 =: 56000 o h m s , 

0.5 w a t t 
R15 R i e = 1500 o h m s , 

0.5 w a t t 
R 1 7 = b a l a n c e p o t e n t i o m e t e r , 

2500 o h m s 
R19 R20 = 180 o h m s , 0.5 w a t t 
R21 R22 = l o u d n e s s - c o n t r o l 

d u a l p o t e n t i o m e t e r , 10000 
o h m s t a p p e d d o w n 3000 
o h m s 

R23 R24 R26 R27 = 330 o h m s , 
0.5 w a t t 

R25 R28 = b a s s - c o n t r o l d u a l 
p o t e n t i o m e t e r , 5000 o h m s 

R29 R32 — 2200 o h m s , 0.5 w a t t 
R30 R31 = 1800 o h m s , 0.5 w a t t 
R33 R M = 6800 o h m s , 0.5 w a t t 
R35 R36 = 470 o h m s , 0.5 w a t t 
R37 R « ) = 820000 o h m s , 

0.5 w a t t 
R38 R39 = 51 o h m s , 0.5 w a t t 
R41 = 390 o h m s , 0.5 w a t t 
R42 R43 = 220 o h m s , 1 w a t t 
R44 R45 = 68 o h m s , 0.5 w a t t 
R 4 6 R47 — 0.27 o h m , 0.5 w a t t 
R48 = 7 o h m s , 10 w a t t s 
T i T 2 = o u t p u t t r a n s f o r m e r , 

25 o h m s to 4 o h m s a t 400 
c p s ; M i d - W e s t C o i l a n d 
T r a n s f o r m e r 2 0 A 1 2 4 o r 
e q u i v . 

T 3 = p o w e r t r a n s f o r m e r , 
117 v . to 48 v . , c e n t e r -
t a p p e d (24 v . p e r w i n d 
i n g ) ; M i d - W e s t C o i l a n d 
T r a n s f o r m e r 2 0 P 2 1 o r 
e q u i v a l e n t . 



Circuits 

77-74 HIGH-QUALITY STEREO AMPLIFIER 

Output 15 Watts per Channel 

357 

C i , C2 = 180 p f , c e r a m i c 
C s , d, Co, C 8 = 1800 p f , 

c e r a m i c 
C7, C s = 2 /tf, e l e c t r o l y t i c , 

10 v . 
Co, C10, C11, C12, C19, C20 = 

5 Lit, e l e c t r o l y t i c , 3 v . 
C13, Cu = 5 /tf, e l e c t r o l y t i c , 

3 v . 
C15, C i s = 0.5 /xf, c e r a m i c 
C i e , C17 = 4 /tf, m y l a r 
C21, C24 = 47 p f , c e r a m i c 
C22, C23 = 50 /tf, e l e c t r o l y t i c , 

3 v . 
F i , F2 = f u s e , 3 a m p e r e s 
R i , R2, R7, R i o = 1 m e g o h m , 

0.5 w a t t 
R s , Ri — t r e b l e c o n t r o l , d u a l 

p o t e n t i o m e t e r s , 3 m e g 
o h m s , 0.5 w a t t , a u d i o 
t a p e r 

R s , R e = 0.1 m e g o h m , 
0.5 w a t t 

R s , R9 = 0.22 m e g o h m , 
0.5 w a t t 

R11, R12 = 4700 o h m s , 
0.5 w a t t 

R13, R i * = l o u d n e s s c o n t r o l , 
d u a l p o t e n t i o m e t e r s , 25000 
o h m s , 0.5 w a t t , l i n e a r 
t a p e r 

R i s , R i a = 27000 o h m s , 
0.5 w a t t 

R17, R i s = 33000 o h m s , 
0.5 w a t t 

R i o , R20 = 1000 o h m s , 
0.5 w a t t 

R21, R22 = 10000 o h m s , 
0.5 w a t t 

R23, R28 = 270 o h m s , 
0.5 w a t t 

Rat , R27 = b a s s c o n t r o l , d u a l 
p o t e n t i o m e t e r s , 5000 o h m s , 
0.5 w a t t , a u d i o t a p e r 

R25, R a i — 39 o h m s , 0.5 w a t t 

R29 = b a l a n c e c o n t r o l , p o 
t e n t i o m e t e r , 5000 o h m s , 
0 5 w a t t , S t a p e r 

R30, R33 = 0.12 m e g o h m , 
0.5 w a t t 

R31, R32 = 1500 o h m s , 
0.5 w a t t 

R34, R35 = 12000 o h m s , 
0.5 w a t t 

R36, R37 = 15000 o h m s , 
0.5 w a t t 

R38, R40, R43, R I B = 5600 
o h m s , 1 w a t t 

R39, E « = 3.9 o h m s , 0.5 w a t t 
R«s, R « , R « J , R « = 0.27 o h m , 

0.5 w a t t 
S i = s e l e c t o r s w i t c h , 

d o u b l e - p o l e , d o u b l e -
t h r o w 

T i , T2 = d r i v e r t r a n s f o r m 
e r s , C o l u m b u s P r o c e s s 
N o . X 7 6 0 2 , B e t t e r C o i l 
a n d T r a n s f o r m e r N o . 
9 9 A 4 , o r e q u i v a l e n t 
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7 7-75 POWER SUPPLY FOR AMATEUR TRANSMITTER 

600 Volts; 300 Volts; Total Current 330 Milliamperes (Intermittent Duty) 

I F 1 

117 V 
6 0 ?V 

C i C 2 Ca d Cs Ce C T C 8 = 
0.001 fit, c e r a m i c d i s c , 
1000 v . 

C9 Cio C i i C12 = 40 /if, e l e c 
t r o l y t i c , 450 v . 

C R i CR2 C R a CR<t C R s C R e 
C R T C R s = R C A - 1 N 2 8 6 4 

F = F u s e , 5 a m p e r e s 
1 = i n d i c a t o r l a m p 

K i = r e l a y ; P o t t e r a n d 
B r u m f i e l d K A 1 1 A Y o r 
e q u i v . 

L i = 2.8 h e n r i e s , 300 m a ; 
S t a n c o r C - 2 3 3 4 o r e q u i v . 

L2 = 4 h e n r i e s , 175 m a ; 
S t a n c o r C - 1 4 1 0 o r e q u i v . 

R i R2 Rs Ri Rs R e R ? R a = 
470 k , 0.5 w a t t 

R9 .= 47 o h m s , 1 w a t t 
R i o R u . = 15000 o h m s , 10 

w a t t s 
R i s = 47000 o h m s , 2 w a t t s 
S i S2 = t o g g l e s w i t c h , s i n g l e -

p o l e s i n g l e - t h r o w 
T = p o w e r t r a n s f o r m e r ; 

S t a n c o r P - 8 1 6 6 o r e q u i v . 
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C i Ce Co = 0 .001 / if , c e r a m i c 
d i s c 

C2 C3 = 27 p f , m i c a 
C * = 0.02 / if , c e r a m i c d i s c 
C s = 3 -35 p f , t r i m m e r 
CT = 10 /if, e l e c t r o l y t i c , 3 v . 
C s C10 = 30 / if , e l e c t r o l y t i c , 

3 v . 
C u = 0.2 / i f , c e r a m i c d i s c 
C12 = 200 / i f , e l e c t r o l y t i c , 

10 v . 
C R = c r y s t a l , 27.12 M c 

( s e r i e s r e s o n a n t m o d e ) 
L i = 25 / i h , r a d i o - f r e q u e n c y 

c h o k e 

L2 = 9 t u r n s N o . 24 e n a m . 
c l o s e - w o u n d o n y ^ - i n c h 
f o r m , f e r r i t e s l u g 

R i = 22000 o h m s , 0.5 w a t t 
R2 = 2200 o h m s , 0.5 w a t t 
R3 = 240 o h m s , 0.5 w a t t 
Hi = r e g e n e r a t i o n - c o n t r o l 

p o t e n t i o m e t e r , 1000 o h m s 
R s = v o l u m e - c o n t r o l p o t e n 

t i o m e t e r , 5000 o h m s 
R e = 6800 o h m s , 0.5 w a t t 
R T = 56000 o h m s , 0.5 w a t t 
R s = 1000 o h m s , 0.5 w a t t 
R9 = 10000 o h m s , 0.5 w a t t 
R io = 560 o h m s , 0.5 w a t t 
R11 = 15 o h m s , 0.5 w a t t 

R i s = 27 o h m s , 0.5 w a t t 
S — r e c e i v e - t r a n s m i t s w i t c h , 

s i x - p o l e t w o - p o s i t i o n 
S p = s p e a k e r , 1 4 - o h m v o i c e 

c o i l 
T i = t r a n s f o r m e r ; p r i m a r y 

10000 o h m s ; s e c o n d a r y 
1000 o h m s , c e n t e r - t a p p e d 
( o n e - h a l f s e c o n d a r y u s e d ) 

T2 = t r a n s f o r m e r ; p r i m a r y 
20000 o h m s ; s e c o n d a r y 
800 o h m s , c e n t e r - t a p p e d 
( o n e - h a l f s e c o n d a r y u s e d ) 

T3 = t r a n s f o r m e r ; p r i m a r y 
650 o h m s , c e n t e r - t a p p e d ; 
s e c o n d a r y 16 o h m s 
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H-77 27-Mc, 5-WATT CITIZENS-BAND TRANSMITTER 

C i = 75 p f , c e r a m i c 
C2 = 30 p f , c e r a m i c 
C3, d, O7 = 0.01 / if , c e r a m i c 
C s = 47 p f , c e r a m i c 
Ce - - 5 1 p f , m i c a 
C s = 24 p f , m i c a 
C9 = 0.01 /tf, c e r a m i c 
C10 = v a r i a b l e c a p a c i t o r , 90 

to 400 p f ( A R C O 429, o r 
e q u i v . ) 

C11 = 100 p f , c e r a m i c 
C12 = 220 p f , c e r a m i c 
C13 = 5 / i f , c e r a m i c 
C u , C17 = 50 /tf, e l e c t r o l y t i c , 

25 v . 
C i s = 10 / i f , e l e c t r o l y t i c , 

15 v . 
C ie , C i s = 10 / i f , c e r a m i c 
C19, C20 = 0.2 / i f , c e r a m i c 
C21 = 0.1 / if , c e r a m i c 
C22 = 500 / i f , e l e c t r o l y t i c , 

15 v . 
L i , L2 = r f c h o k e , 15 tit 
( M i l l e r 4624, o r e q u i v . ) 

L13 = v a r i a b l e i n d u c t o r ( 0 7 5 
to 1,2 / i h ) ; 11 t u r n s N o . 22 
w i r e w o u n d o n - i n c h 
C T C c o i l f o r m h a v i n g a 
" g r e e n d o t " c o r e ; Q = 120 

L a = v a r i a b l e i n d u c t o r (0.5 
to 0.9 / i h ) ; 7 t u r n s N o . 22 
w i r e w o u n d o n - i n c h 
C T C c o i l f o r m h a v i n g a 
" g r e e n d o t " c o r e ; Q = 140 

R i = 510 o h m s , 0.5 w a t t 
R2, R12 = 5100 o h m s , 

0.5 w a t t 
R3 = 51 o h m s , 0.5 w a t t 
Ri = 120 o h m s , 0.5 w a t t 
R s = 47 o h m s , 0.5 w a t t 
Re = 0.1 m e g o h m , 0.5 w a t t 
R 7 = 10000 o h m s , 0.5 w a t t 
R s = 2000 o h m s , 0.5 w a t t 
R9 = p o t e n t i o m e t e r , 10000 

o h m s 
R io = 3600 o h m s , 0.5 w a t t 
R u = 15000 o h m s , 0.5 w a t t 
R13 = 1000 o h m s , 0.5 w a t t 
R i t = 1200 o h m s , 0.5 w a t t 
R i s = 240 o h m s , 0.5 w a t t 

R i e , R17 = 2700 o h m s , 
0.5 w a t t 

R i a , R io = 1.5 o h m s , 0.5 w a t t 
T i = r f t r a n s f o r m e r ; p r i 

m a r y 14 t u r n s , s e c o n d a r y 
3 t u r n s of N o . 22 w i r e 
w o u n d o n y 4 - i n c h C T C 
c o i l f o r m h a v i n g a " g r e e n 
d o t " c o r e ; s l u g - t u n e d 
(0.75 to 1.2 / i h ) ; Q = 100 

T2 = r f t r a n s f o r m e r ; p r i 
m a r y 14 t u r n s , s e c o n d a r y 
2 - ¾ t u r n s of N o . 22 w i r e 
w o u n d o n ' A - i n c h C T C 
c o i l f o r m h a v i n g a " g r e e n 
d o t " c o r e ; s l u g - t u n e d 
(0.75 to 1.2 / i h ) ; Q = 100 

T3 = t r a n s f o r m e r ; p r i m a r y : 
2500 o h m s ; s e c o n d a r y 200 
o h m s c e n t e r - t a p p e d ; M i -
c r o t r a n S M T 1 7 - S B , o r 
e q u i v . 

Ti = t r a n s f o r m e r ; p r i m a r y : 
100 o h m s c e n t e r - t a p p e d ; 
s e c o n d a r y : 30 o h m s 



Circuits 3 6 1 

VIDEO AMPLIFIER 
High Input Impedance, Bandwidth 7.5 Mc, Gain 75 

0 8 8 V 

INPUT q 
^ S O U R C E * 

5 0 0 0 
OHMS) 

O U T P U T 
O ( L O A D = 

5p fj.f) 

- I 2 . 6 V 

C i = 10 /tf, e l e c t r o l y t i c , 
15 v . 

C 2 = 0.1 / i f , p a p e r , 100 v . 
R i = p o t e n t i o m e t e r , 25000 

o h m s ( a d j u s t f o r 40 v . 

b e t w e e n c o l l e c t o r o f 
2N1493 a n d g r o u n d ) 

R 2 = 50000 o h m s , 1 w a t t 
R 3 R a = 10000 o h m s . 

0.5 w a t t 

Ri = 100 o h m s , 0.5 w a t t 
R6 — 510 o h m s , 0.5 w a t t 
R r = 2000 o h m s , 1 w a t t 
R s = 20 o h m s , 0.5 w a t t 

U - ] 9 70-Mc POWER AMPLIFIER 
Output 0.5 Watt 

UN PUT 
{ S O U R C E ' S O-
60 OHMS) 

C i C s d Ce = 3 -20 p f , 
c e r a m i c t r i m m e r 

C 2 C s = 0.01 / i f , 100 v . 
R i = 1000 o h m s , 2 w a t t s 

T i = 8 t u r n s N o . 24 e n a m . 
o n G e n e r a l C e r a m i c C o r p . 
F - 3 0 3 t o r o i d o f Q m a t e r i a l , 
t a p p e d a t 7 t u r n s f r o m 
g r o u n d 

T 2 = 8 t u r n s of N o . 24 e n a m . 
w o u n d o n C T C % - i n c h 
c e r a m i c c o i l f o r m ( n o 
s l u g u s e d ) , t a p p e d a t 2.5 
t u r n s 
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7 7-20 "FRONT END" FOR 450-Mc SUPERHETERODYNE RECEIVER 

FIRST RF SECOND R F MIXER 

450 Mc 
INPUT 3 L [ L.2 

C i , C a , C i s , C w = 50 p f , 
c e r a m i c d i s c 

d, Co, C15, CM — t r i m m e r ; 
0.8 to 8 p f ; J F D t y p e 
V C 2 0 G , o r e q u i v . 

d, C a , C w = t r i m m e r ; 0.3 
to 5 p f ; t u b u l a r c e r a m i c 

Cs, Ce, C io , C n , C M = 500 p f , 
c e r a m i c f e e d t h r o u g h 

C r , C12, C w = 1000 p f , 
c e r a m i c f e e d t h r o u g h 

Cio = 75 p f , c e r a m i c d i s c 
C20, C2i, C26, C35 = 0.005 / i f , 

c e r a m i c d i s c 

C21 = 470 p f , c e r a m i c d i s c 
C22 = t r i m m e r , 3 to 12 p f , 

t u b u l a r c e r a m i c 
C23 = 0 .001 / if , c e r a m i c 

f e e d t h r o u g h 
C M , C28, Cso - t r i m m e r ; 1 

to 12 p f ; J F D t y p e 5 7 G , 
o r e q u i v . 

C27 = 24 p f , c e r a m i c d i s c 
C 2 o = t r i m m e r ; 2 to 25 p f ; 

J F D t y p e V C 2 4 G Y , o r 
e q u i v . 

C s i — t r i m m e r ; 1 to 4 p f ; 
J F D t y p e V C 2 1 G , o r 

e q u i v . 
C32 = 0.001 / i f , c e r a m i c d i s c 
L i , L7 = s i l v e r - p l a t e d b a r 

s t o c k ; l e n g t h , 2.8 i n c h e s ; 
d i a m e t e r , \ ' \ i n c h 

L3 = o n e - h a l f t u r n o f N o . 
16 s o l i d c o p p e r w i r e , l o 
c a t e d i n c h f r o m a n d 
p a r a l l e l to L * 

L i , L a = s i l v e r - p l a t e d b a r 
s t o c k ; l e n g t h , 3 i n c h e s ; 
d i a m e t e r , "4 i n c h 

L s , L s , L o = 0.22 A h ; r f 
c h o k e ; J . W . M i l l e r T y p e 
9 3 2 0 - 0 2 , o r e q u i v . 

Parts List Continued on Page 363 
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7 7-27 30-Mc IF AMPLIFIER 

C i , C s , d, C T , Co = 0.05 fit, 
c e r a m i c d i s c 

C2 = t r i m m e r , 0.8 to 8 p f , 
J F D t y p e V C 2 0 G , o r 
e q u i v . 

C s , C a = 2000 p f , c e r a m i c 
f e e d t h r o u g h 

C 6 = t r i m m e r , 6 to 8 p f , 
t u b u l a r c e r a m i c 

C10 = t r i m m e r , 2 to 25 p f ; 
J F D t y p e V C 2 4 G Y , o r 
e q u i v . 

L i = 3 / i h ; t a p p e d r f c o i l ; 
r a t i o o f n u m b e r o f t u r n s 
i n o v e r - a l l c o i l to t h e 
n u m b e r i n s e c t i o n b e 
t w e e n t a p a n d g r o u n d , 
1.5 to 1 

L2, L4 = 2 fih, r f c o i l 
L3 = 10 /ih, r f c h o k e 
R i , R s = 18000 o h m s , 

0.5 w a t t 
R2, R 6 = 7500 o h m s , 

0.5 w a t t 
R 3 , R T = 1000 o h m s , 

0.5 w a t t 
R4 = 110 o h m s , 0.5 w a t t 

7 7 - 2 0 "FRONT END" FOR 450-Mc SUPERHETERODYNE RECEIVER 
(cont'd) 

L10, L u = 5 t u r n s o f N o . 
22 w i r e , 0 . 2 5 - i n c h i n n e r 
d i a m e t e r , c o u p l e d o n 
s a m e c o i l f o r m 

L12 = 1 / i h , r f c h o k e 
L13 = 1.1 A h , r f c o i l 
L u = 6 t u r n s o f N o . 22 

w i r e ; l e n g t h , % i n c h ; i n 
n e r d i a m e t e r , y16 i n c h 

L I B = 5 t u r n s of N o . 22 
w i r e ; l e n g t h , % i n c h ; i n 
n e r d i a m e t e r , V2 i n c h 

L i 6 — 1 / i h , r f c h o k e 

L I T = s i l v e r - p l a t e d b a r 
s t o c k ; l e n g t h , 2 i n c h e s ; 
d i a m e t e r y4 i n c h 

L i s = s i l v e r - p l a t e b r a s s 
s t r i p ; l e n g t h , 1 i n c h ; 
w i d t h , y4 i n c h ; l o c a t e d 
Yie i n c h f r o m a n d p a r a l l e l 
to L I T 

R I , R t , R T = 6800 o h m s , 
0.5 w a t t 

R 2 , R s , R s = 2700 o h m s , 
0.5 w a t t 

R s , R e , R9 — 1000 o h m s , 
0.5 w a t t 

R io = 4.7 o h m s , 0.5 w a t t 
R n = 51000 o h m s , 0.5 w a t t 
R12 = 510 o h m s , 0.5 w a t t 
R13 = 15000 o h m s , 0.5 w a t t 
R u 39000 o h m s , 0.5 w a t t 
T i = r f t r a n s f o r m e r (30 

M c ) ; 9 / i h ; p r i m a r y - t o -
s e c o n d a r y t u r n s r a t i o , 30 
to 1 ; p r i m a r y , 26 t u r n s of 
N o . 22 w i r e w o u n d o n J . 
W . M i l l e r t y p e 4500 c o i l 
f o r m 

X T A L = 1 2 0 - M c o s c i l l a t o r 
c r y s t a l 
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] 7-22 SERVO AMPLIFIER 
<- Output 6 Watts 

C i = 10 at, e l e c t r o l y t i c , 
15 v . 

C2 = 47 / i f , e l e c t r o l y t i c , 
15 v . 

C s = 20 / i f , e l e c t r o l y t i c , 
50 v . 

C * = 500 / i f , e l e c t r o l y t i c , 
50 v . 

R i = 68000 o h m s , 0.5 w a t t 
R2 = 5600 o h m s , 0.5 w a t t 
R3 — 56 o h m s , 0.5 w a t t 
R4 = 560 o h m s , 0.5 w a t t 
R s = 3300 o h m s , 0.5 w a t t 
R a R9 = 18000 o h m s , 0.5 w a t t 
R7 R s = 400 o h m s , 0.5 w a t t 
R io R11 — 4 o h m s , 1 w a t t 

T = d r i v e r t r a n s f o r m e r ; c o r e 
m a t e r i a l 0 . 0 1 4 - i n c h M a g 
n e t i c M e t a l s C o r p . " C r y s -
t a l l i g n e d " o r e q u i v . ; 
p r i m a r y 1500 t u r n s ; s e c 
o n d a r y 450 t u r n s , b i f i l a r 
w o u n d ( e a c h s e c t i o n 2 2 5 
t u r n s ) 

7-23 100-Kc POWER OSCILLATOR 
Output 10 Watts 

ci 

- i - V V W -
Ri 

' 1 
; C . J L O U T P U T 

> ^ 2 ^ r 20V 
>—1 0 

2 N I 4 9 0 J _ _ 

C i = 0.1 ai, p a p e r , 50 v . 
C2 —- 0.33 /tf, p a p e r , 100 v . 
R i --- 510 o h m s , 0.5 w a t t 
T = r f t r a n s f o r m e r ; a i r c o r e ; 

c o l l e c t o r w i n d i n g , 19 t u r n s 
N o . 10 e n a m ; b a s e w i n d 
i n g , 5 t u r n s N o . 22 e n a m . ; 
i n s i d e d i a m e t e r o f w i n d 
i n g s , 0.88 i n c h ; c l o s e -
w o u n d 



Circuits 

1 1 - 2 4 27-Mc CRYSTAL OSCILLATOR 
Output 4 mw 

C i = 20 p f , c e r a m i c d i s c , 
25 v . 

C2 d = 0.01 / i f , c e r a m i c 
d i s c , 25 v . 

C3 = 22 p f , c e r a m i c d i s c , 
25 v . 

C R = c r y s t a l , 27 M c 
L i =: 15 t u r n s N o . 22 e n a m . , 

c l o s e - w o u n d o n C T C L S 5 
f o r m ( p o w d e r e d - i r o n 
s l u g ) 

L2 = 2 t u r n s N o . 18 e n a m . , 
w o u n d o v e r c o l d e n d o f 
L i 

R i = 9100 o h m s , 0.5 w a t t 
R 2 = 680 o h m s , 0.5 w a t t 
R 3 = 200 o h m s , 0.5 w a t t 

r 
C R C Z Z I 

- o 

^ 3 ^ L ^ 

:C2 

O U T P U T 
( L 0 A D = 

• 2 5 0 - 1 0 0 
OHMS) 

— 0 

20 V 
7 MA 

1 1 - 2 5 70-Mc POWER OSCILLATOR 
Output 0.5 Watt 

T Y P E 
2 N I 4 9 3 

- I C 2 

C 4 O U T P U T 
( L O A D = 

5 0 OHMS) 

n / C j 

50 V 
_—Q23 MA Q+. 

- 2 5 M A 
C O N S T A N T - C U R R E N T 

S U P P L Y 

C i C s = 1500 p f , f e e d -
t h r o u g h , c e r a m i c 

C2 Ce ~ 7 -100 p f , 
t r i m m e r , c e r a m i c 

& = 0.01 / i f , c e r a m i c 

d i s c , 25 v . 
C s = 5-50 p f , 

t r i m m e r , c e r a m i c 
L i L2 = 10 / i h , r a d i o -

f r e q u e n c y c h o k e 

L s = 3 ½ t u r n s N o . 
14 e n a m . , c l o s e -
w o u n d o n % - i n c h 
d i a m e t e r , t a p p e d a t 
2 t u r n s 
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7 ] - 2 6 250-Mc OSCILLATOR 
Output 150 mw 

C i C 8 = 1000 p f , f e e d -
t h r o u g h , c e r a m i c 

C s = 0 .6 -5 .5 p f , t r i m m e r , 
c e r a m i c 

Cs = 3 - 1 5 p f , t r i m m e r , 
c e r a m i c 

d = 4 -50 p f , t r i m m e r , 
c e r a m i c 

C 5 = 0.002 fit, p a p e r , 100 v . 
L i L,3 = 0.82 / i n , r a d i o -

f r e q u e n c y c h o k e 
L,2 = 1 t u r n N o . 14 e n a m . , 

1 - i n c h d i a m e t e r 
R i = 400 o h m s , 0.5 w a t t 

J-I-20-MA 
CONSTANT-CURRENT 

SUPPLY 

7 1 - 2 7 DC-TO-DC CONVERTER 

C i = 10 / if , e l e c t r o l y t i c 
500 v . 

C R i C R 2 C R s CRi = 1N3256 
( o r 1N3196 ) 

R i = 330 o h m s , 2 w a t t s 
R 2 = 5 o h m s , 5 w a t t s 
T i = t r a n s f o r m e r ; c o r e : o n e 

h u n d r e d 0 . 0 1 4 - i n c h - t h i c k 

E - I l a m i n a t i o n s o f M a g 
n e t i c M e t a l s C o r p . " C r y s -
t a l l i g n e d 3 3 , " o r e q u i v . ; 
p r i m a r y : 34 t u r n s , b i f i l a r 
w o u n d , of A W G N o . 16 
e n a m e l e d w i r e , c e n t e r 
t a p p e d ( e a c h s e c t i o n 17 
b i f i l a r t u r n s ) ; f e e d b a c k 

w i n d i n g s : 5 t u r n s e a c h of 
A W G N o . 26 e n a m e l e d 
w i r e ; s e c o n d a r y : 640 t u r n s 
of A W G N o . 26 e n a m e l e d 
w i r e ; w i n d i n g o r d e r ; p r i 
m a r y , f e e d b a c k w i n d i n g s , 
s e c o n d a r y . 
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7 7-28 VOLTAGE REGULATOR, SHUNT TYPE 
Regulation 1.5% 

C R = r e f e r e n c e d i o d e , 27 v . 
R i = 28 o h m s , 10 w a t t s ( i n 

c l u d e s s o u r c e r e s i s t a n c e 
of t r a n s f o r m e r s , r e c t i f i e r s , 
e t c . ) 

R2 - 50 o h m s , 0.5 w a t t 

O U T P U T 
28V, 0 TO 0.5A 

DC 

7 7-29 VOLTAGE REGULATOR, SERIES TYPE 
Regulation 2% 

C R = r e f e r e n c e d i o d e , 7.5 v . , 
100 m w . 

R i = 225 o h m s , 5 w a t t s 
R 2 = 10000 o h m s , 0.5 w a t t 
R3 R s = 0.075 o h m , 5 w a t t s 

( c u t to m e a s u r e f r o m r e 
s i s t a n c e w i r e ) 

Ri - 60 o h m s , 4 w a t t s 
R e = 75 o h m s , 5 w a t t s 
R T = 2200 o h m s , 0.5 w a t t 
R s R io = 500 o h m s , 2 w a t t s 
R9 = 120 o h m s , 2 w a t t s 
R11 — 820 o h m s , 1 w a t t 
R12 = p o t e n t i o m e t e r , 150 

o h m s , 0.5 w a t t 

R13 = 300 o h m s , 1 w a t t 

N O T E : 2 N 1 4 8 5 a n d 2 N 2 0 1 5 
t r a n s i s t o r s m u s t b e m o u n t e d 
o n h e a t s i n k o f s u f f i c i e n t 
s i z e to k e e p t h e c a s e t e m 
p e r a t u r e s b e l o w 1 0 0 ° C . 
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17-30 VOLTAGE REGULATOR, SHUNT TYPE 
R e g u l a t i o n 0 . 5 % 

O U T P U T 
28V, 0 TO 0.5A 

DC 

C R = r e f e r e n c e d i o d e , 27 v . 
R i = 28 o h m s , 10 w a t t s ( i n 

c l u d e s s o u r c e r e s i s t a n c e 
of t r a n s f o r m e r s , r e c t i f i e r s , 
e t c . ) 

R2 = 1000 o h m s , 0.5 w a t t 

J J-3I VOLTAGE REGULATOR, SERIES TYPE 
W i t h A d j u s t a b l e O u t p u t 

L i n e R e g u l a t i o n w i t h i n 1 . 0 % L o a d R e g u l a t i o n w i t h i n 0 . 5 % 

C i = 1 / if , p a p e r , 25 v . 
C2 = 100 / i f , e l e c t r o l y t i c , 

50 v . 
C R = r e f e r e n c e d i o d e , 12 v . 

R i — 1200 o h m s , 0.5 w a t t 
R 2 Ri R e = 0.1 o h m , 0.5 w a t t 
R3 = 2000 o h m s , 0.5 w a t t 
R s = 570 o h m s , 0.5 w a t t 

R7 = 270 o h m s , 0.5 w a t t 
R s R io = 1000 o h m s , 0.5 w a t t 
R 9 = p o t e n t i o m e t e r , 1000 

o h m s , 0.5 w a t t 



Circuits 3 6 S 

)J_32 ASTABLE MULTIVIBRATOR 
(Repetition Rate = 7000 pps) 

12VO-

O n - t i m e P u l s e = 0.7R3C a 

C i = 0.005 / if , p a p e r , 25 v . 
C s = 0.05 //f, p a p e r , 25 v . 

C 3 = 0.01 / i f , p a p e r , 25 v . 
R i R s = 60 o h m s , 5 w a t t s 
R2 -- - 820 o h m s , 0.5 w a t t 

R s = 1000 o h m s , 0.5 w a t t 
R i = 5000 o h m s , 0.5 w a t t 
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77-34 BISTABLE MULTIVIBRATOR 
1-Mc "Flip-Flop" 

+ 6 V - I 8 V + 6 V 

INPUT 

C i C3 = 180 p f , m i c a , 24 v . D i D 2 D 3 D 4 D s De = d i o d e , R 2 R T = 1200 o h m s , 0.5 w a t t 
C 2 d = 430 p f , m i c a . 24 v . 1N126 R s R e = 11000 o h m s , 0.5 w a t t 

R i R s = 5100 o h m s , 0.5 w a t t R * R s = 2700 o h m s , 0.5 w a t t 



Circuits 

7 7-35 

371 

6-VOLT IGNITION SYSTEM 

>R 2 

TYPE: 
2N3055 ( 

DISTRIBUTOR 
POINTS 

Ti TO SPARK PLUGS 
H.V. 

+6V DC 

C R i = 1 N 1 2 0 2 A 
CR2 = z e n e r d i o d e , 90 v o l t s , 

50 w a t t s 
R i = 50 o h m s , 5 w a t t s 
R2 = 2 o h m s , 25 w a t t s 

R 3 = 0.2 o h m s , 25 w a t t s 
Ri — 100 o h m s , 1 w a t t 
T i = i g n i t i o n c o i l ; M a l l o r y 

T y p e F - 1 2 T , o r e q u i v . 
* T h e c a p a c i t o r ( c o n d e n 

s e r ) n o r m a l l y c o n n e c t e d 
a c r o s s t h e d i s t r i b u t o r 
p o i n t s i n t h e a u t o m o b i l e 
m a y b e r e t a i n e d i n t h e 
c i r c u i t . 

7 7-36 12-VOLT IGNITION SYSTEM 

DISTRIBUTOR 
POINTS H 

Ti TO SPARK PLUGS 
H.V. 

+I2V DC 

C R i = 1 N 1 2 0 2 A 
CR2 = z e n e r d i o d e , 90 v o l t s , 

50 w a t t s 
R i = 100 o h m s , 5 w a t t s 
R 2 = 7.5 o h m s , 25 w a t t s 

R3 = 1-0 o h m , 100 w a t t s 
R * — 200 o h m s , 1 w a t t 
T i = i g n i t i o n c o i l ; M a l l o r y 

T y p e F - 1 2 T , o r e q u i v . 
* T h e c a p a c i t o r ( c o n d e n 

s e r ) n o r m a l l y c o n n e c t e d 
a c r o s s t h e d i s t r i b u t o r 
p o i n t s i n t h e a u t o m o b i l e 
m a y b e r e t a i n e d i n t h e 
c i r c u i t . 
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7 7-37 VOLTAGE-SENSITIVE SWITCH 
(USED WITH NORMALLY OPEN RELAY) 

Relay energizes when voltage level exceeds a predetermined value 

* I 2 V O 

TO RELAY 
^ " H * C O N T A C T S * 

R3 
W v 0 + 

VOLTAGE L E V EL 
BEING D E T E C T E D ) 

(35 0 V MAX.) 
• O -

K i = d c r e l a y ; 1 2 - v o l t , 7 1 -
o h m c o i l ; P o t t e r - B r u m -
field T y p e P R 1 1 D Y , o r 
e q u i v a l e n t . 

H i = 150 o h m s ± 1 0 % ; 
0.5 w a t t 

R 2 = 470 o h m s ± 1 0 % ; 
0.5 w a t t 

R3 = d e s i r e d d e t e c t i o n - v o l t 
a g e l e v e l x 800 o h m s 

* R e l a y - c o n t a c t c o n n e c t i o n s 
m a y b e a r r a n g e d to p r o v i d e 
t h e t y p e of c o n t r o l f u n c 
t i o n s d e s i r e d . 

7 7-38 VOLTAGE-SENSITIVE SWITCH 
(USED WITH NORMALLY CLOSED RELAY) 

Relay de-energizes when voltage level exceeds a predetermined value 

+ 2 4 V O W V 

T O R E L A Y <. _ j 
C O N T A C T S * 

- o 

R2: 

T Y P E V 
2N3053 6 

C TYPE" 
C ,,— >. 2 N 4 0 S t© 

R3 

R4 

A A A 0 + 
V O L T A G E L E V E L , 

BEING D E T E C T E D ) 
( 3 5 0 V MAX.) 

o -

K = d c r e l a y ; 1 2 - v o l t , 7 1 -
o h m c o i l ; P o t t e r - B r u m -
f i e l d T y p e P R 1 1 D Y , o r 
e q u i v a l e n t 

R i = 75 o h m s ± 1 0 % , 10 
w a t t s 

R 2 = 150 o h m s ± 1 0 % , 0.5 
w a t t 

R 3 = 470 o h m s ± 1 0 % , 0.5 
w a t t 

TcU = d e s i r e d d e t e c t i o n - v o l t 
a g e l e v e l x 800 o h m s 

* R e l a y - c o n t a c t c o n n e c t i o n s 
m a y b e a r r a n g e d to p r o v i d - e 
t h e t y p e o f c o n t r o l f u n c 
t i o n s d e s i r e d . 
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7 7-39 SHIFT REGISTER 

OUTPUT A ( J OUTPUT B ( J OUTPUT N O 

C i = 100 / i f , e l e c t r o l y t i c , 6 v . 
C 2 C s C s C N = 0.05 / i f ( o r 

0.1 / i f ) , c e r a m i c , 50 v . 
C s = 1 / i f ( o r 25 / x f ) , e l e c 

t r o l y t i c , 25 v . 
C R i , C R 2 . C R N = c r y s t a l 

d i o d e 1 N 3 4 ( o r 1 N 3 7 5 4 ) 
hi I 2 , I N = i n d i c a t o r l a m p 

N o . 4 9 ; 2 - v o l t , 6 0 - m a ( o r 
N o . 1488; 1 4 - v o l t , 1 5 0 - m a ) 

R i = 1000 o h m s , 0.5 w a t t 
( o r 680 o h m s , 1 w a t t ) 

R2 - 27 o h m s , 0.5 w a t t ( o r 
12 o h m s , 1 w a t t ) 

R3 = 1000 o h m s , 0.5 w a t t 
R * = 1000 o h m s , 0.5 w a t t ( o r 

330 o h m s , 0.5 w a t t ) 
R s , R s , R io , R N = 2200 o h m s . 

0.5 w a t t ( o r 680 o h m s , 
0.5 w a t t ) 

Ro, Ro, R N ' = 560 o h m s , 0.5 
w a t t ( o r 180 o h m s , 1 w a t t ) 

R7, R N " = 150 o h m s , 1 w a t t 
( o r 82 o h m s , 2 w a t t s ) 

Notes: 

T h e s h i f t r e g i s t e r m a y u s e a s m a n y s t a g e s a s d e s i r e d a n d m a y b e 
m a d e r e g e n e r a t i v e b y c o n n e c t i n g p o i n t s A a n d A ' . I n a d d i t i o n , t h e 
b a s i c c i r c u i t c a n b e a d a p t e d f o r o p e r a t i o n a t m a n y d i f f e r e n t o u t p u t -
c u r r e n t l e v e l s . 

T h e c i r c u i t a s s h o w n i s d e s i g n e d f o r a n o u t p u t - c u r r e n t l e v e l o f 
40 m a ( E i = 12 v ; E2 = 9 v ) . T r a n s i s t o r t y p e s a n d c o m p o n e n t v a l u e s 
s h o w n i n p a r e n t h e s i s i n d i c a t e t h e c h a n g e s n e c e s s a r y f o r o p e r a t i o n a t 
a n o u t p u t - c u r r e n t l e v e l o f 3 a m p e r e s ( E i = 27 y E2 = 24 v ) 
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7 1 - 4 0 ELECTRONIC THERMOSTAT 

TO 
HEATING 

Q ELEMENT , 

T O 
THERMISTOR 

ELEMENT 
ClOOO OHMS AT 25'C) 

C i , C2 = 1000 / i f . e l e c t r o l y t i c , 
25 v . 

C3 = 2 / if , p a p e r , 200 v . 
C * . = 100 / i f , e l e c t r o l y t i c , 

15 v . 
C s = 100 / if , e l e c t r o l y t i c , 

25 v . 
F = f u s e , 3 a m p . 
I = i n d i c a t o r l a m p ; 117 v . , 

6 w a t t s 
K = d c r e l a y ; s i n g l e - p o l e , 

s i n g l e - t h r o w , d o u b l e -
b r e a k ; 1 2 - v o l t d c c o i l , 80 
o h m s m i n i m u m r e s i s t 
a n c e ; P o t t e r - B r u m f i e l d 
P R 3 D Y o r e q u i v . 

500 
0.5 

0.5 

R i , R3 = 3000 o h m s ± 1 0 % ; 
0.5 w a t t 

R3 = v a r i a b l e r e s i s t o r , 
o h m s , l i n e a r t a p e r , 
w a t t 

R 4 = 330 o h m s ± 1 0 % , 
w a t t 

R e , R12, R11 = 47 o h m s 
± 1 0 % , 0.5 w a t t 

Ro = 1000 o h m s ± 1 0 % , 
2 w a t t s 

R T , R9 = 1000 o h m s ± 1 0 % , 
0.5 w a t t 

R 8 = 12000 o h m s ± 1 0 % , 
0.5 w a t t 

R i o = 39 o h m s ± 1 0 % , 
0.5 w a t t 

R u — 10000 o h m s ± 1 0 % , 
0.5 w a t t 

R13 = 680 o h m s ± 1 0 % , 
0.5 w a t t 

S = t o g g l e s w i t c h ; s i n g l e -
p o l e , s i n g l e - t h r o w 

T i = t r a n s f o r m e r ; 1 1 7 - v . 
p r i m a r y ; 25.6 v , 0 . 6 - a m p . 
s e c o n d a r y ; T h o r d a r s o n 
T - 2 1 F 2 7 , o r e q u i v . 

T2 = t r a n s f o r m e r , 1 1 7 - v . 
p r i m a r y ; 6.3 v , 0 . 6 - a m p . 
s e c o n d a r y ; S t a n c o r 
P - 6 4 6 5 , o r e q u i v . 



Circuits 375 

7 7-47 ELECTRONIC KEYER 

Ci, C3 = 1 Af , p a p e r ( o r 
M y l a r ) , 200 v . 

C2 = 0.47 Af , c e r a m i c , 25 v . 
d, Cs = 560 p f , c e r a m i c , 

600 v . 
C B , C9 = ,330 p f , c e r a m i c , 

600 v . 
C e , C7 = 0.01 Af , c e r a m i c , 

50 v . 
C10, C u = 0.02 Af , c e r a m i c , 

50 v . 
C12 = 0.1 Af , c e r a m i c , 50 v . 
C i s , C u = 2000 Af , e l e c t r o 

l y t i c , 15 v . 
C15 = 16 Af , e l e c t r o l y t i c , 

150 v . 
I — i n d i c a t o r l a m p N o . 47 
K = d c r e l a y ; c o i l r e s i s t a n c e 

= 2500 o h m s ; o p e r a t i n g 
c u r r e n t = 4 m a ; P o t t e r -
B r u m f i e l d M L 1 1 D , 
o r e q u i v . 

R i — 39000 o h m s , 0.5 w a t t 

R2, R9, R12, R20 = 3900 o h m s , 
0.5 w a t t 

R3, R i e = 18000 o h m s , 
0.5 w a t t 

R * , R e = 51000 o h m s , 
0.5 w a t t 

R5, R29 = p o t e n t i o m e t e r , 
10000 o h m s 

R7, R i o = 22000 o h m s , 
0.5 w a t t 

R s , R22, R26 — 68 o h m s , 
0.5 w a t t 

R n , R21 = 15000 o h m s , 
0.5 w a t t 

R13, R19 = 33000 o h m s , 
0.5 w a t t 

R i 4 , R i s , R30, R32 = 27000 
o h m s , 0.5 w a t t 

R15, R23 = 270 o h m s , 0.5 w a t t 
R I T = 68000 o h m s , 0.5 w a t t 
R24 = 100000 o h m s , 0.5 w a t t 
R25 = 560 o h m s , 0.5 w a t t 
R27 - 1200 o h m s , 0.5 w a t t 

R28 = v o l u m e - c o n t r o l 
p o t e n t i o m e t e r , 50000 o h m s 

R31, R33 = 10000 o h m s , 
0.5 w a t t 

R34 = 6800 o h m s , 0.5 w a t t 
R s s = 8200 o h m s , 0.5 w a t t 
Rse , R39, R*o = 15000 o h m s , 

0.5 w a t t 
R37, Rss = 47000 o h m s , 

0-5 w a t t 
R i i = 10000 o h m s , 1 w a t t 
51 = V i b r o p l e x k e y e r , 

o r e q u i v . 
52 = t o g g l e s w i t c h , d o u b l e -

p o l e , d o u b l e - t h r o w 
S s = t o g g l e s w i t c h ; s i n g l e -

p o l e , s i n g l e - t h r o w 
T i = p u s h - p u l l o u t p u t t r a n s 

f o r m e r (14000 o h m to 
V . C . ) 

T2 = p o w e r t r a n s f o r m e r , 
S t a n c o r P S 8 4 1 5 , P S 8 4 2 1 , 
o r e q u i v . 
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1 - 4 2 GRID-DIP METER 
For Measuring Resonant Frequencies from 3.5 to 100 Mc 

B = 13.5 v o l t s , R C A V S 3 0 4 
C i = 33 iLfii, m i c a , 50 v . 
C 2 = 0.01 / if , p a p e r , 50 v . 
C s = 5 / i / if , m i c a , 50 v . 
C i = 0.01 /if, p a p e r , 50 v . 
C B = v a r i a b l e c a p a c i t o r , 50 

p f ( H a m m a r l u n d t y p e 
H F - 5 0 o r e q u i v a l e n t ) 

J = p h o n e j a c k , n o r m a l l y 
c l o s e d 

L = p l u g - i n c o i l 
M = m i c r o a m m e t e r , 0 to 50 

fia ( S i m p s o n m o d e l 1227 
o r e q u i v a l e n t ) 

R i = v a r i a b l e r e s i s t o r , 0 -0 .25 
m e g o h m , 0.5 w a t t 

R z = 220 o h m s , 0.5 w a t t 
R a = 3,000 o h m s , 0.5 w a t t 
R i = 3,900 o h m s , 0.5 w a t t 
R B = 39,000 o h m s , 0.5 w a t t 
X = j u m p e r , o m i t f o r m e a s 

u r e m e n t s b e l o w 45 M c 

N O T E : W i n d c o i l s a c c o r d i n g 
to t h e f o l l o w i n g d i r e c t i o n s : 

C o i l F r e q . R a n g e W i r e S i z e N o . o f T u r n s 
1 3 .4-6 .9 M c # 2 8 , e n a m e l 4 8 ¼ , c l o s e w o u n d 
2 6 .7 -13 .5 M c # 2 4 , e n a m e l 22 , c l o s e w o u n d 
3 13-27 M c # 2 4 , e n a m e l 9 ½ , c l o s e w o u n d 
4 25 -47 M c # 2 4 , e n a m e l 4 1,¾, c l o s e w o u n d 
5 46 -78 M c # 2 4 , e n a m e l 1 ½ , c l o s e w o u n d 
6 74 -97 M c # 1 6 , t i n n e d h a i r p i n f o r m e d , 1 % i n c h e s 

l o n g i n c l u d i n g p i n s , a n d *4 
i n c h w i d e 

C o i l f o r m s a r e A m p h e n o l 
t y p e 2 4 - 5 H o r e q u i v a l e n t . 

1 1 - 4 3 LIGHT FLASHER 
60 Flashes per Minute 

— 12V 

C i = 25 / if , e l e c t r o l y t i c , 12 v . 
C 2 = 100 /tf, e l e c t r o l y t i c , 

12 v . 
L A M P = b u l b , 12 v , 

1 a m p e r e 
R i R4 = 2000 o h m s , 0.5 w a t t 
R2 R a = 100000 o h m s , 

0.5 w a t t 

R s = 120 o h m s , 0.5 w a t t 
S = s w i t c h 

N O T E : C ] a n d C2 m a y b e 
v a r i e d to c h a n g e f l a s h i n g 

r a t e . B u l b s a n d o t h e r r e s i s t 
i v e l o a d s h a n d l i n g c u r r e n t s 
u p to o n e a m p e r e m a y b e 
u s e d , b u t i n d u c t i v e l o a d s 
s h o u l d n o t b e u s e d . 
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H-44 LIGHT DIMMER CONTROL USING SILICON 
CONTROLLED RECTIFIER 

(Half w a v e ) 

C = 0.47 / if , p a p e r , 200 v . O 
L = i n c a n d e s c e n t l a m p , 300 

w a t t s m a x i m u m 
R i = 25000 o h m s , 2 w a t t s 
R2 = 1000 o h m s , 1 w a t t 

* W i t h t h e 1N1614 r e c t i f i e r 
i n t h e c i r c u i t ( s w i t c h 
c l o s e d ) , l i g h t c o n t r o l i s 
e x t e n d e d f r o m 0 to 30 p e r 
c e n t o f f u l l b r i g h t n e s s to 
0 to 100 p e r c e n t o f f u l l 
b r i g h t n e s s . 

CAN BE ADDED FOR 
FULL RANGE CONTROL 

1 1 - 4 5 CODE-PRACTICE OSCILLATOR 

B = 1.5-4.5 v . ( O n e to t h r e e 
s e r i e s - c o n n e c t e d R C A 
V S 0 3 6 d r y c e l l s m a y b e 
u s e d , d e p e n d i n g u p o n t h e 
v o l u m e l e v e l d e s i r e d . ) 

C i C2 = 0.01 / if , p a p e r , 150 v . 
H = H e a d p h o n e , 2 0 0 0 - o h m , 

m a g n e t i c 
R i = 2200 o h m s , 0 5 w a t t 
R 2 = 27000 o h m s , 0.5 w a t t 
R 3 = 3000 o h m s , 0.5 w a t t 
R< — v o l u m e c o n t r o l p o t e n 

t i o m e t e r , 50000 o h m s , 0 5 
w a t t 

1 1 - 4 6 PHOTO-RELAY 
Operates w i th Light Increase 

B - 6 v o l t s , R C A V S 3 1 7 
R i - 120 o h m s , 0.5 w a t t 
R 2 = p o t e n t i o m e t e r , 50 0 0 

o h m s ; M a l l o r y U - 1 4 o r 
e q u i v a l e n t 

R e l a y = 1000 o h m s , 2 . 3 - m i l -
l i a m p e r e o p e r a t i n g c u r 
r e n t ; S i g m a t y p e 5 F o r 
e q u i v a l e n t 

N O T E ; T h e r e l a y m o u n t i n g 
f r a m e is a t a r m a t u r e p o t e n 
t i a l a n d s h o u l d b e i n s u l a t e d 
f r o m a c o m m o n c h a s s i s f o r 
s a f e t y r e a s o n s . 

^ P H O T O C E L L 
" T Y P E 4 4 2 5 



RCA Technical Publications 

on Electron Tubes, Semiconductor Products, 
and Batteries 

Copies of the publications listed below 
may be obtained from your R C A dis
tributor or from Commercial Engineer
ing, Radio Corporation of America, 
Harrison, N. J . 

Semiconductor Products 

• RCA SEMICONDUCTOR PRODUCTS 
HANDBOOK — HB-10. Two binders, 
each 7%" L x 5%" W x 2%" D. 
Contains over 1000 pages of loose-
leaf data and curves on R C A semi
conductor devices such as transistors, 
silicon rectifiers, and semiconductor 
diodes. Available on a subscription 
basis. Price $10.00* including serv
ice for first year. Also available with 
R C A Electron Tube Handbook HB-3 
at special combination price of $25.00.* 

• RCA TUNNEL DIODE MANUAL—T D -
30 (8%" x 5%")—160 pages. Describes 
the microwave and switching capabili
ties of tunnel diodes. Contains infor
mation on theory and characteristics, 
and on tunnel-diode applications in 
switching circuits and in microwave 
oscillator, converter, and amplifier cir
cuits. Includes data for over 40 R C A 
germanium and gallium arsenide tun
nel diodes and tunnel rectifiers. Price 
$1.50.*f 

• RCA SEMICONDUCTOR PRODUCTS 
GUIDE—3L1010/1L1147 (10%" x 8 % " ) -
12 pages. Contains classification chart, 
index, and ratings and characteristics 
on RCA's line of transistors, silicon 
rectifiers, semiconductor diodes, and 
photocells. Single copy free on re
quest. 

• RCA SILICON POWER TRANSISTORS 
APPLICATION GUIDE—1CE-215 (10%" 

x 8%")—28 pages. Describes outstand
ing features of R C A silicon power 
transistors and their use in many 
critical industrial and military appli
cations. Includes construction details, 
discussion of voltage ratings, thermal 
stability conditions, and equivalent 
circuits for power transistors. Price 
50 cents.*t 

• TRANSISTORIZED VOLTAGE REGU
LATORS APPLICATION GUIDE—1CE-254 
(10%" x 8%")—12 pages. Describes 
and discusses transistorized voltage 
regulators of the series and shunt 
types. Included are design considera
tions, step-by-step design procedures, 
and the solutions to sample design 
problems. A n Appendix contains the 
derivation of design equations. Price 
25 cents.*f 

• RCA TRANSISTOR REPLACEMENT 
GUIDE—1L1115 (10%" x 8%")— 36 
pages. Contains R C A transistor and 
rectifier replacement data for more 
than 1000 portable radio receivers, 
table radio receivers, tape recorders, 
and portable equipment of 145 manu
facturers. Price 35 cents.*t 

© RCA SILICON RECTIFIER INTER-
CHANGEABILITY DIRECTORY—1CE-229A 
(101%" x 8%")—16 pages. Contains re
placement information, ratings, char
acteristics, and physical dimensions 
for more than 400 silicon and selenium 
rectifiers. Price 25 cents.*f 

« RCA VARACTORS—VAR-100 (10%" 
x 8%")—8 pages. Contains complete 
data on RCA's line of silicon and 
gallium arsenide varactors. Quick-
selection guide permits easy selection 
of proper R C A varactor for given 
frequency-multiplier or parametric-
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amplifier application. Single copy free 
on request 

• TECHNICAL BULLETINS—Authorized 
information on R C A semiconductor 
products. Be sure to mention type-
number bulletin desired. Single copy 
on any type free on request. 

Electron Tubes 

• RCA ELECTRON TUBE HANDBOOK 
—HB-3 (7¾" x 5%") . Five 2V 4 -inch-
capacity binders. Contains over 5000 
pages of looseleaf data and curves on 
R C A receiving tubes, transmitting 
tubes, cathode-ray tubes, picture 
tubes, photocells, phototubes, camera 
tubes, ignitrons, vacuum gas rectifiers, 
traveling-wave tubes, premium tubes, 
pencil tubes, and other miscellaneous 
types for special applications. A v a i l 
able on subscription basis. Price 
$20.00* including service for first year. 
Also available with R C A Semicon
ductor Products Handbook HB-10 at 
special combination price of $25.00.* 

• RADIOTRON0 DESIGNER'S HAND
BOOK—4th Edition (8¾" x 5½") — 
1500 pages. Comprehensive reference 
covering the design of radio and audio 
circuits and equipment. Written for 
the design engineer, student, and ex
perimenter. Contains 1000 illustra
tions, 2500 references, and cross-
referenced index of 7000 entries. 
Edited by F . Langford-Smith. 

• RCA PHOTOTUBE AND PHOTOCELL 
MANUAL—PT-60 (8¼" x 5%")—192 
pages. Well-illustrated informative 
manual covering fundamentals and 
operating considerations for vacuum 
and gas phototubes, multiplier photo
tubes, and photocells. Also describes 
basic applications for these devices. 
Features easy-to-use selection chart 
for multiplier phototubes. Data and 
performance curves given for over 90 
photo-sensitive devices. Price $1.50*f 

• RCA RECEIVING TUBE MANUAL— 
RC-22 (8¼" x 5%")—544 pages. Con
tains technical data on over 1000 
receiving-type tubes for home-enter
tainment use and picture tubes for 

black-and-white and color T V . Fea
tures tube theory written for the 
layman, application data, selection 
charts, and typical circuits. Features 
lie-flat binding. Price $1.25*f 

• RCA TRANSMITTING TUBES—TT-5 
(8¼" x 5%")—320 pages. Gives data 
on over 180 power tubes having plate-
input ratings up to 4 k w and on as
sociated rectifier tubes. Provides basic 
information on generic types, parts 
and materials, installation and appli
cation, and interpretation of data. 
Contains circuit diagrams for trans
mitting and industrial applications. 
Features lie-flat binding. Price $1.00*t 

• RCA POWER TUBES—PG101F (10%" 
x 8%")—36 pages. Technical informa
tion on 200 R C A vacuum power tubes, 
rectifier tubes, thyratrons, and igni
trons. Includes terminal connections. 
Price 60 cents.*f 

e RCA RECEIVING-TYPE TUBES FOR 
INDUSTRY AND COMMUNICATIONS— 
R I T 104C (10%" x 8%")—44 pages. 
Technical information on over 190 
R C A "special red" tubes, premium 
tubes, nuvistors, computer tubes, pen
cil tubes, glow-discharge tubes, small 
thyratrons, low-microphonic amplifier 
tubes, mobile communications tubes, 
and other special types. Includes 
socket-connection diagrams. Price 35 
cents. * f 

• RCA RECEIVING TUBES AND PIC
TURE TUBES—1275K (10 7/ 8" x 8%") — 
64 pages. New, enlarged, and up-to-
date booklet contains classification 
chart, application guide, characteris
tics chart, and base and envelope 
connection diagrams on more than 
1050 entertainment receiving tubes 
and picture tubes. Price 50 cents.*f 

• RCA PHOTO AND IMAGE TUBES— 
1CE-269 (10%" x 8%")— 32 pages. 
Includes concise data on R C A multi
plier phototubes, gas and vacuum 
photo-diodes, and image-converter 
tubes. Contains response curves for 
photo and image tubes, sockets and 
shields for phototubes, and dimen
sional outlines for photo and image 
tubes. Price 60 cents. * f 
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• RCA INTERCHANGEABILITY DIREC
TORY OF INDUSTRIAL-TYPE ELECTRON 
TUBES—ID-1020D (10 7/ 8" x 8¾")—12 
pages. Lists more than 1600 basic type 
designations for 20 classes of industrial 
tube types; shows the R C A Direct R e 
placement Type or the R C A Similar 
Type, when available. Price 35 cents.*f 

• RCA PHOTOCELLS—1CE-261A (10%" 
x 8%")—32 pages. Contains a selection 
of photocell-circuit diagrams; tech
nical data and characteristic curves of 
R C A photoconductive, photojunction, 
and photovoltaic cells; interchange-
ability information. Also contains 22 
representative circuits. Price 50 
cents. * f 

« RCA MAGNETRONS AND TRAVEL
ING-WAVE TUBES—MT-301A (10%" x 
8%")—48 pages. Operating theory for 
magnetrons and traveling-wave tubes, 
application considerations, and tech
niques for measurement of electrical 
parameters. Price 60 cents.*f 

• RCA PENCIL TUBES—1CE-219 (10%" 
x 8%")—28 pages. Contains operating 
theory for pencil tubes, electrical and 
mechanical circuit-design considera
tions, environmental considerations, 
application considerations, and data 
for commercial types. Price 50 cents.*f 

• RCA CAMERA TUBES -CAM-600 
(10%" x 8%")—16 pages. Contains 
classification charts, defining data and 
typical characteristics curves for R C A 
image orthicons and vidicons. Camera 
tubes recommended for new equip
ment design are highlighted. Price 50 
cents. * f 

• RCA INTERCHANGEABILITY DIREC
TORY OF FOREIGN vs. U.S.A. RECEIV
ING-TYPE ELECTRON TUBES—1CE-197C 
(8%" x 10%")—8 pages. Covers ap
proximately 800 foreign tube types 
used principally in A M and F M radios, 
T V receivers, and audio amplifiers. I n 
dicates U.S.A direct replacement type 
or similar type if available. Price 10 
cents.* 

• RCA STORAGE AND CATHODE-RAY 
TUBES—1CE-270 (10%" x 8%")—12 
pages. Includes concise data on R C A 
display-storage tubes, computer-
storage tubes, scan-converters, rade-
chons, oscillograph-type cathode-ray 
tubes, and special purpose kinescopes. 
Price 20 cents.*f 

• RCA NUVISTOR TUBES FOR INDUS
TRIAL AND MILITARY APPLICATIONS— 
1CE-280 (10%" x 3%")—16 pages. 
Describes unique features of nuvistors 
and includes tabular data, dimensional 
outlines, curves, terminal diagrams, 
and socket information. Price 25 
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© TECHNICAL BULLETINS—Authorized 
information on R C A receiving tubes, 
transmitting tubes, and other tubes 
for communications and industry. Be 
sure to mention tube-type bulletin 
desired. Single-copy on any type free 
on request. 

Batteries 

9 RCA BATTERY MANUAL—BDG-111 
(10%" x 8¾")—64 pages. Contains 
information on dry cells and batteries 
[carbon zinc (Leclanche), mercury, 
and alkaline types]. Includes battery 
theory and applications, detailed elec
trical and mechanical characteristics, 
a classification chart, dimensional out
lines, and terminal connections on 
each battery type. Price 50 cents. * f 

• RCA BATTERIES—BAT-134F (10%" 
x 8%")—24 pages. Technical data on 
113 Leclanche, alkaline, and mer
cury-type dry batteries for radios, 
industrial applications, flashlights, 
lanterns, and for photoflash service. 
Price 35 cents.*f 

0 T r a d e M a r k R e g . U . S . P a t . O f f . 
* P r i c e s s h o v / n a p p l y i n U . S . A . a n d a r e 

s u b j e c t to c h a n g e w i t h o u t n o t i c e . 
t S u g g e s t e d p r i c e . 
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KEY TO TERMINAL DIAGRAMS 

A Anode 
B Base 
C Collector 
Dx Diode Unit No. 1 
D 2 Diode Unit No. 2 
D 3 Diode Unit No. 3 
E Emitter 

F Mounting Flange 
G Gate 
IC Internal Connection 
IS Interlead Shield 
K Cathode 
L Lug 
S Stud 

NOTES: 
Elongated case symbol denotes "in-line" arrangement of elec

trode terminals. 
Arrow on case of diodes or emitter lead of transistor diagrams 

indicates direction of "conventional current flow"; electron cur
rent flows in a direction opposite to the arrows. 
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s i v e i i n e of s e m i c o n d u c t o r p r o d u c t s . 
T h e p o p u l a r C i r c u i t s S e c t i o n h a s 
a l s o b e e n r e v i s e d t o i n c l u d e s e v e r a l 
n e w i n t e r e s t i n g a n d p r a c t i c a l c i r c u i t 
a p p l i c a t i o n s . 

NEW FEATURES 
M C o m p l e t e c h a p t e r o n s i l i c o n c o n 

t r o l l e d r e c t i f i e r s d i s c u s s i n g b a s i c 
o p e r a t i o n a n d a p p l i c a t i o n s . 

• R e v i s e d a p p l i c a t i o n g u i d e s p e c i 
f y i n g r e c o m m e n d e d u s a g e f o r 
R C A t r a n s i s t o r s . 

• A d d i t i o n s t o t h e e x p a n d e d T e c h 
n i c a l D a t a S e c t i o n i n c l u d e v a 
r a c t o r d i o d e s , s i l i c o n c o n t r o l l e d 
r e c t i f i e r s , h i g h - v o l t a g e r e c t i f i e r s , 
t u n n e l d i o d e s , a n d m a n y n e w 
t y p e s of t r a n s i s t o r s . 

• AND, for the experimenter and 
h o b b y i s t , s e v e r a l n e w c i r c u i t s 
i n c l u d i n g t w o p o r t a b l e r a d i o r e 
c e i v e r s , a v a r i e t y of h i - f i a n d 
s t e r e o c o m p o n e n t s , a f i v e - w a t t 
c i t i z e n s - b a n d t r a n s m i t t e r , i g n i t i o n 
s y s t e m s , e l e c t r o n i c c o n t r o l c i r 
c u i t s , a n d m a n y o t h e r p o p u l a r 
a p p l i c a t i o n s . 
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