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Materials, Junctions,

and Devices

EMICONDUCTOR devices are

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, amplifiers, oscillators,
electronic switches, mixers, and
modulators.

In 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. In general, all materials
may be classified in three major
categories—conductors, semiconduc-
tors, and insulators—depending upon
their ability to conduet an electric
current. As the name indicates, a
semiconductor material has poorer

conductivity than a conductor, but
better conduetivity than an insulater.

The materials most often used in
semiconductor devices are germa-
nium and silicon. Germanium has
higher electrical conduectivity (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, it 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 frez 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 Fig. 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. As used
in semiconductor devices, however,
these materials contain carefully con-
trolled amounts of certain impurities

INCREASING RESISTIVITY ————=
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Figure 1. Resistivity of typical conductor,
semiconductors, and insulator.

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

Carefully prepared semiconductor
materials have a erystal 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 Fig. 2. Because such a

ELECTRON~PAIR BONDS ATOMS

Figure 2. Crystal lattice structure.

structure has no loosely held elec-
trons, semiconductor materials are
poor conductors under normal condi-
tions. In 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
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amounts of other elements having a
different atomic structure. By 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. If the impurity atoms
added have the same number of val-
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. In
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 val-
ence electron is available, The excess
electron is then held very loosely by
the atom, as shown in Fig. 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.,
its resistance to current flow is
reduced.

LECTRON-PAIR SEMICONDUCTOR
s BOND: ATOMS

/
URIT EXCESS
IwaTOI'wY ELECTRON
Figure 3. Lattice structure of n-type

material.
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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. (It 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 Fig. 4. An 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. As 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

ELECTRON—PAIR SEMICONDUCTOR
BONDS ATOMS

/s
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IMPURITY / ACA
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Figure 4. Lattice structure of p-type
material.

positive electrical charge because it
represents the absence of an electron.
(Again, however, the net charge of
the erystal 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 Fig.
5, an unusual but very important
phenomenon occurs at the surface

P—N JUNCTION
P-TYPE MATERIAL N-TYPE MATERIAL
N~ b
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Figure 5. Interaction of holes and electrons

at p-n junction.

where the two materials meet (called
the p-n junction). An 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
junetion 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-



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
Fig. 6 by an imaginary battery
connected across the junction. (The

JUNCTION

L4 IMAGINARY
~ '+ SPACE—CHARGE
EQUIVALENT
BATTERY

Figure 6. Potential gradient across space-
charge region.

battery symbol is shown only to
represent the internal effects; the
potential is not measurable.) In 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 materia]l are repelled by
the slight negative charge induced
in the p-type material. In effect,
therefore, the potential gradient (or
energy barrier, as it 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

ELECTRON FLOW

B
L
e
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—i ||—+
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amount of current flow is determined
by the polarity of the applied voltage
and its effect on the space-charge
region. In Fig. Ta, the positive ter-
minal of the battéry is connected to
the n-type material and the negative
terminal to the p-type material. In
this arrangement, the free electrons
in the n-type material are attracted
toward the positive terminal of the
battery and away from the junction.
At 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. As 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.

In Fig. Tb, the positive terminal of
the external battery is connected to
the p-type material and the negative
terminal to the n-type material. In
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. At 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. Ex-
cess electrons from the n-type mate-

ELECTRON FLOW

+il=
(b) FORWARD BIAS

Figure 7. Electron current flow in biased p-n junctions.
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rial 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
Fig. 8 shows both the reverse-bias
and forward-bias regions. In the
forward-bias region, current rises

A
CURRENT (MA) |

«<—REVERSE BIAS

FORWARD BIAS —

REVERSE
CURRENT

L CURRENT (gA)

Figure 8. Voltage-current characteristic for
a p-n junction.

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

Fig. 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 junetion
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=I'R), power gain can be ob-
tained in a structure containing two
such resistance elements if the cur-

17

rent flow is not materially reduced.
A device containing two p-n june-
tions biased in opposite directions
can operate in this fashion. :
Such a two-junction device is
shown in Fig. 9. The thick end layers

1 OUTPUT
N lF' N | —O
ELECTRON ;
FLOW

=T et M

-]
Figure 9. N-P-N structure biased for .power

gain.

are made of the same type of mate-
rial (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). By 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.
In 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 will 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 diede, which is rep-
resented by the symbol shown in Fig,
10. Structurally, the diode is basically
a p-n junction similar to those shown
in Fig. 7. The n-type material which

N-TYPE P-TYPE
MATERIAL\ /MATERmL

CATHODE O ANODE

Figure 10. Schematic sg'mbol for a semi
conductor diode.

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. If an ac
signal is applied, as shown in Fig.
11, electron current flows freely dur-
ing the positive half cycle, but little
or no current flows during the nega-
tive half eycle.

One of the most widely used types
of semiconductor diode is the sili-
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.
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Parallel and series arrangements of
silicon rectifiers permit even further
extension of current and voltage

INPUT

SIGNAL LOAD

Figure 11. Simple diode rectifying circuit.

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 Fig. 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 Fig. 12. In normal oper-
ation, the emitter-to-base junction is

EMITTER BASE COLLECTOR

Figure 12. Functional diagram of transistor
structure.

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 Fig.



Materials, Junctions, and Devices

13a, electrons flow from the emitter
to the collector. In the p-n-p tran-
sistor shown in Fig. 13b, electrons

EMITTER /~ \ COLLECTOR

BASE
{a) N—P—=N TRANSISTOR

EMITTER /7 \ COLLECTOR

BASE
(b) P=N—P TRANSISTOR
Figure 13. Schematic symbols for

transistors,

i

flow from the collector to the emit-
ter. In other words, the direction of
dc electron current is always oppo-
site to that of the arrow on the
emitter lead. (As 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. In
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-
gpect to both the emitter and the
base. In 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

HE 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 all 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
Fig. 14. In this type of structure,
two pointed wires were placed next

EMITTER COLLECTOR
N-TYPE
MATERIAL P-TYPE
e REGIONS
- —
BASE
CONNECTION

Figure 14. Structure of point-contact
transistor.
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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-
mstors, which are fabricated by the
various alloy, diffusion, and crystal-
growth techniques descrlbed below.

In grown-junction transistors, the
impurity content of the semicondue-
tor material is changed during the
growth of the original erystal 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 Fig. 15. The finished transistor
is encased in plastic or a hermet-
ically sealed enclosure.

COLLECTOR CONTACT

i
[

EMITTER CONTACT

e—BASE

Figure 15. Structure of grown-junction
transistor.

In 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 Fig. 16.
After proper heating, the impurity
“dots” alloy with the semiconductor
material to form the regions for the
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emitter and collector junetions. The
base connection in this structure is
made to the original semiconductor
wafer.

COLLECTOR
BASE
CONTACT
EMITTER
Figure 16. Structure of alloy-junction

transistor.

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 Fig. 17. Two advantages
are derived from this structure:
(a) the resultant built-in voltage or
“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.

COLLECTOR

DIFFUSED
BASE

EMITTER
Figure 17. Structure of drift-field transistor.

Mesa and planar transistors use
newer construetion 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. In 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 strue-
ture is inherently rugged, has large
power-dissipation capability, and can
operate at very high frequencies.

Figs. 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.

EMITTER BASE CONTACT

DIFFUSED BASE

COLLECTOR
(ORIGINAL.
WAFER)

EMITTER BASE CONTACT

COLLECTCR
(ORIGINAL
WAFER)

Figure 18. Structure of (a) mesa transistor
and (b) epitaxial transistor.

BASIC CIRCUITS

There are three basic ways of con-
necting transistors in a circuit:
common-base, common-emitter, and
common-collector, In the common-
base (or grounded-base) connection
shown in Fig. 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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EMITTER CONTACT
— BASE CONTACT
EMITIER DIFFUSED BASE

i, g

COLLECTOR
WAFER)

EMITTER CONTACT

DIFEUSES BASE CONTACT
EMITTER_

COLLECTOR
(ORIGINAL
WAFER)

(b)

Figure 19. Structure of (a) double-diffused
epitaxial mesa transistor and Eb) double-
diffused planar transistor.

EMITTER CONTACT
piiuseD BASE CONTACT
EMITTER

DIFFUSED BASE

EPITAXIAL

LAYER

(e
COLLECTOR
(ORIGINAL

| WAFER)

¥ BASE CONTACT
DIFFUSED BASE

EPITAXIAL
LAYER

COLLECTOR
(ORIGINAL
WAFER)

4
LDIFFUSED COLLECTOR CONTACT
(b)

Figure 20. Structure of (a) double-diffused
epitaxial planar transistor and (b) triple-
diffused epitaxial planar transistor.
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input or emitter-base circuit has a low
impedance (resistance plus react-
ance) in the order of 0.6 to 50 ohms,
and the output or collector-base ecir-
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 Fig.
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. In 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 Fig. 21 repre-
sent the input wvoltage produced by
the signal generator e. and the out-
put voltage developed across the
load resistor Ri. When the input
voltage is positive, as shown at AB,
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. 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
cireuit, i.e., there is no voltage phase
reversal between the input and the
output of a common-base amplifier,

In the common-emitter (or
grounded-emitter) connection shown
in Fig. 22, the signal is introduced
into the base-emitter circuit and ex-
tracted from the collector-emitter
circuit. This 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 60 to 650,000
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Flgure 21. Common-base circuit
configuration.

ohms. Power gains in the order of
10,000 (or approximately 40 db) can
be realized with this circuit because
it 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 in Fig. 22.
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Figure 22. Common-emitter circult
configuration.

When the input voltage is positive,
as shown at AB, it increases the
forward bias across the base-emitter

current flow through the transistor.
The increased electron flow through
R. 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 Fig. 23, is the common-collector
(or grounded-collector) circuit. In

0.96I—»

o

Figure 23. Common-collector circult -
configuration.

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 cireuit,
there is no phase reversal of the sig-
nal between the input and the output.

The circuits shown in Figs. 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

junction, and thus increases the total same,
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HE term “characteristie” 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 obtamed
from electrical measurements of tran-
sistors in various ecircuits under cer-
tain definite conditions of current and
voltage. Static characteristics are ob-
tained with de potentials applied to
the transistor electrodes. Dynamie
characteristics are obtained with an
ac voltage on one electrode under
various conditions of de potentials
on all 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 Fig.
24, Fig. 25 shows the transfer-
characteristic family of curves for
the same transistor.

TYPICAL COLLECTOR CHARACTERISTICS
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Figure 24. Collector-characteristic curves.
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Figure 25. Transfer-characteristic curves.
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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 cireuits, the forward

current-transfer ratio is specified for

a partlcular ‘eirenit eonfiguration.
The common-base forward current-
transfer ratio is often called alpha
(or ), and the common-emitter for-
ward current-transfer ratio is often
called beta (or f).

In the common-base circuit shown
in Fig. 21, the emitter is the input
electrode and the collector is the
output electrode. The dec alpha, there-
fore, is the ratio of the de collector
current Iy to the de emitter current
In:

=
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T
i

R
1
|

—
=

In the common-emitter circuit
shown in Fig. 22, the base is the
input electrode and the collector is
the output electrode. The de beta,
therefore, is the ratio of the dc col-
lector current Iy to the de base cur-
rent Ig: .

Ic 0981
e Y

Because the ratios given above are
based on de currents, they are prop-
erly called de alpha and de beta. It
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. Fig. 26
shows typical electrode currents in
a common-emitter circuit under no-
signal eonditions 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.
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Figure 26. Electrode currents under no-

signal and signal conditions.

The frequency cutoff of a transis-
tor is defined as the frequency at
which the wvalue 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 forward current-transfer
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
cireuit configuration for a particular
application. Fig. 27 shows typical
curves of alpha and beta as functions
of frequency.

Extrinsic transconductance may
be defined 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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Figure 27. Forward current-transfer ratio
as a function of frequency.

unchanged. Thus, if an emitter-to-
base voltage change of 0.1 volt causes
a collector-current change of 3 milli-
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.) For convenience,
a millionth of a mho, or a micro-
mho (umho), 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 de current
which flows in the reverse-biased
collector-to-base cireuit when the
emitter-to-base circuit 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 opemn.

Transistor breakdown voltages de-
fine the voltage values between two
specified electrodes at which the erys-
tal structure changes and current
begins to rise rapidly. The voltage
then remains relatively constant over
a wide range of electrode currents,
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Breakdown voltages may be meas-
ured with the third electrode open,
shorted, or biased in either the for-
ward or the reverse direction. For
example, Fig. 28 shows a series of
collector-characteristic curves for
different base-bias conditions. It 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 (BVomo), with external base-to-
emitter resistance (BVger), with the
base shorted to the emitter (BVoss),
and with a reverse base-to-emitter
voltage (BVoux).

As the resistance in the base-to-
emitter circuit decreases, the col-
lector characteristic develops two
breakdown points, as shown in Fig.
28, After the initial 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.

(In 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 Fig. 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-

Ip WO
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COLLECTOR CURRENT
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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 limit
the transistor dissipation to safe
values,

| Rbe=100

Vbe O

1 | .
BVceo | BVees
BVceR

COLLECTOR-TO-EMITTER VOLTAGE

Figure 28. Typical collector-characteristic ﬁurves showing locations of various breakdown
voltages.

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 in more detail under
“Switching” in the Transistor Appli-
cations Section.)
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Transistor Applicatiohs

HE diversified applications of

transistors are treated in this see-
tion under the three major elassifi-
cations of Amplification, Osecillation,
and Switching. Because various bias-
ing and coupling methods are used
in transistor eircuits, bias and cou-
pling arrangements are discussed
separately before specifie 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 (de, no-signal) values
of collector voltage and emitter cur-
rent. In general, a transistor may be
considered as a current-operated de-
vice, i.e., the current flowing in the
emitter-base cireuit 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.

[o g

Ry

As 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. In Figs. 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 basie circuits can also
be used. (In these simplified circuits,
induetors and transformers are rep-
resented only by their series re-
sistances.)

A simplified biasing arrangement
for the common-base circuit is shown
in Fig. 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 Ra
and R.. (For the n-p-n transistor
shown in Fig. 29a, the emitter-base
junction is forward-biased because
the emitter is negative with respect
to the base, and the collector-base

Figure 29. Biasing network for common-base circuit for (a) n-p-n and (b) p-n-p transistors.

18
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junction = ig reverse-biased because
the collector is positive with respect
to the base, as shown. For the p-n-p
transistor shown in Fig. 29b, the
polarity of the battery and of the
electrolytic bypass capacitor C; is
reversed.) The electron current I
from the battery and through the
voltage divider causes a voltage drop
across resistor R. which biases the
emitter with respect to the base.
This resistor is bypassed with capac-
itor C: 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 Fig. 30 is commonly called
“fixed bias”. In this case, both the
base and the collector are made
positive with respect to the emitter
by means of the battery. The base
resistance Rx is then selected to pro-
vide the desired base current for
the transistor (which, in turn, estab-
lishes the desired emitter current), by
means of the following expression:

___ Battery volts Eyy
™ Desired base amperes 1n

In the circuit shown, for example,
the battery voltage is six volts, The

200000 SRB
OHMS

--[ 6V
lo) . O
Figure 30. "“Fixed-bias'" arrangement for

common-emitter circuit,

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

Bs = 1o = ;%107

The fixed-bias arrangement shown
in Fig. 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

= 200,000 ohms
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of wvariations between transistors
and the sensitivity of these devices
to temperature changes. This prob-
lem is partially overcome in the “self-
bias” arrangement shown in Fig. 31.

Rg

o) - - O

Figure 31. *“Self-bias" arrangement for
common-emitter circuit.

In 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
Rz is then determined as described
above, except that the collector volt-
age Eo¢ is used in place of the sup-
ply voltage Eus:

- Eo _ 3 ol .

Ry I, ~ 5% 10 100,000 ohms
The arrangement shown in Fig, 31
overcomes many of the disadvan-
tages of fixed bias, although it re-
duces the effective gain of the cireuit.

In the bias method shown in Fig.
32, the voltage-divider network com-
posed of R: and R. 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

Figure 32. Bias network using wvoltage.
divider arrangement for increased stability.
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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 Fig. 31, but is commonly
used because of its inherent stability.

The common-emitter circuits shown
in Figs. 33 and 34 may be used to
provide stability and yet minimize
loss of gain. In Fig. 33, a resistor
Ra is added to the emitter cireuit,
and the base resistor R: is returned

Figure 33. Bias network using emitter
stabilizing resistor.

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

In Fig. 34, the R.R; voltage-divider
network is split, and all ac feedback
currents through Rs are shunted to
ground (bypassed) by capacitor Ci.
The value of R; is usually larger
than the value of R.. The total re-
sistance of R. and R. should equal
the resistance of R, in Fig. 32.

O

Figure 34, Bias network using split voitage-
divider network.

In practical circuit applications,
any combination of the arrange-
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ments shown in Figs. 81, 32, 33, and
34 may be used. However, the sta-
bility of Figs. 31, 32, and 34 may be
poor unless the voltage drop across
the load resistor Ry 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 cireuit stability.
In 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 Fig. 3ba iz 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-

SUPPLY SUPPLY
VOLTAGE VOLTAGE
BIAS BIAS
VOLTAGE VOLTAGE
DICDE
THERMISTOR
(a) (h)
Figure 35. Bias networks including (a) a
thermistor and (b) a temperature- and

voltage-compensating diode.

pensation over a desired temperature
range.

The diode biasing network shown
in Fig. 35b stabilizes collector cur-
rent for variations in both tempera-
ture and supply voltage. The diode
current determines a bias voltage
which establishes the transistor
idling current (collector current un-
der no-signal conditions). As the tem-
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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-
tially independent of temperature.
Temperature stabilization with a
diode network is substantially better
than that provided by most therm-
istor bias networks.

In 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 transistor stages: trans-
former, resistance-capacitance, and
direct coupling.

The major advantage of trans-
former coupling is that it 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 Fig. 36 em-
ploys both fixed and self bias, and
includes an emitter resistor Rz for
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herent in this transformer is not
significant in transistor circuits be-
cause, as mentioned previously, the
transistor is 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. and a power
gain can be measured between T,
and T..

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, and R, in Fig.
36 provides bias for the transistor.
The voltage divider is bypassed by
capacitor C; to avoid signal attenua-
tion. The stabilizing emitter resistor
Rz permits normal variations of the
transistor and circuit elements to be
compensated for automatically with-
out adverse effects. This resistor Rs
is bypassed by capacitor C.. The
voltage supply Ew is also bypassed,
by capacitor C,, to prevent feedback

T| C
B
INPUT ? Ta
E % OUTPUT
Ra
—/WAA
R ==Ci +_ 1
: Co T RE Eb'l"_" =C3

L

Figure 36. Transformer-coupled common-emitter stage.

stabilization. The voltage step-down
transformer T, 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 C, and C; may nor-
mally be replaced by a single
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 cireuit 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 (RC) coupling in
battery-operated equipment is usu-
ally limited to low-power operation.
The frequency response of an RC-
coupled stage is normally better than
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that of a transformer-coupled stage.
Fig. 37a shows a two-stage RC-
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 Fig. 36. The major
additional components are the col-
lector load resistances Ry, and Ria
and the coupling capacitor C.. The
value of C. must be made fairly
large, in the order of 2 to 10 micro-
farads, because of the small input
and load resistances involved. (It
should be noted that electrolytic ca-
pacitors are normally used for cou-
pling in transistor audio -ecircuits.
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

c
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Figure 37.

(b)

¢

(a) Two-stage resistance-capacitance-coupled circuit and (b) two-stage direct-

coupled circuit.
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not a significant factor.

Direct coupling is used primarilyh

when cost is an important factor.
(It should be noted that direct-
coupled amplifiers are not inherently
de amplifiers, i.e., that they cannot
always amplify dec signals. Low-
frequency response is usually limited
by other factors than the coupling
network.) In the direct-coupled am-
plifier shown in Fig. 37b, resistor R,
serves as both the collector load re-
sistor for the first stage and the
bias resistor for the second stage.
Resistors R, and R, provide cireuit
stability similar to that of Fig. 32
because the emitter voltage of tran-
sistor Q. and the collector voltage of
transistor Q: are within a few tenths
of a volt of each other.

Because so few circuit parts are
required in the direet-coupled ampli-
fier, maximum 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 all the stages, and
severe temperature instability may
result.

CIRCUIT STABILITY

Because transistor currents tend
to increase with temperature, it is
necessary in the design of transistor
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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 SF is ex-
pressed as the ratio between a change
in de collector current Io and the cor-
responding change in dec collector-
cutoff current with the emitter open
IC.BD- .
For a given set of operating volt-
ages, the stability factor can be cal-
culated for a maximum permissible
rise in de collector current from the
room-temperature value, as follows:

ICm:: = IOI
Icno: — Ionm

SF =

where Io: and Icso: are measured at
25 degrees centigrade, Icae is meas-
ured at the maximum expected am-
bient (or junction) temperature, and
Tomex is the maximum permissible
‘collector current for the specified
collector-to-emitter voltage at the
maximum expected ambient (or junec-
tion) temperature (to keep transis-
tor dissipation within ratings).
The calculated values of SF can
then be used, together with the ap-
propriate values of beta and rv (base-
connection resistance), to determine
suitable resistance wvalues for the
transistor ecireuit. Fig. 38 shows
equations for SF in terms of resist-

R3 R4 Rz
Rz _ Rao _
+ 1 +1
- R
"|’+ Rl Y R
=B(n[+az'} _ BiR+Req) iul (P+Q)
R2'+BR| Req+8 R| Q+BP
'z Q=R2'(R3+R4+R5)+RgR
e Req=Rp' + o tr p= 1 3+R4+R5)+R4R5
R4 +Rs5 IRI (R3tR4+R5)+R3R5
Ro'=Ra + rp Rz =Rz +rp

Figure 38. Circuit-stability-factor equations for three typical circuit configurations.
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ance values for three typical cirecuit
configurations. The maximum value
which SF 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 defined 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 AB amplifier is an ampli-
fier in which the base bias and alter-
nating signal are such that collector
current in 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 (rf) 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
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can be used only in class A ampli-
fiers. For class AB 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.
All 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 kilocyeles.

When an input signal is amplified,
therefore, the thermal noise gener-
ated in the input circuit is also
amplified. If the ratio of signal
power to noise power (S/N) is the
same in the output circuit as in the
input ecircuit, 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



Transistor Applications

of additional noise in the cireuit ele-
ments. A measure of the degree of
impairment is called the noise figure
(NF) of the amplifier, and is ex-
pressed as the ratio of signal power
to noise power at the input (S./Ni)
divided by the ratio of signal power
to noise power at the output (S./Ns),
as follows:

- SN
NE = R,

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
NF below 6 db is generally con-
sidered excellent.

In audio amplifiers, it is desirable
that the noise figure be kept low. In
general, the lowest value of NF 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 Fig. 39, the resistors
R; and R: determine the base-emitter
bias for the p-n-p transistor. Resis-
tor Ry is the emitter stabilizing re-
sistor; capacitor C: bypasses the ac
signal around R.. The output signal
is developed across the collector load
resistor R.. 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 Fig., 40. Because
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Figure 39. Simple low-level class A

amplifier.

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). In 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

AMPLIFIER
STAGE

‘;

Figure 40. Simple RC frequency-compensation network.
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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 Fig. 41.
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Such cireuits should be designed to
minimize the flow of de currents
through these controls so that little
or no noise will be developed by the
movable contact during the life of

Ry Rz
AN~
C== s
AMPLIFIER L AMPLIFIER
STAGE _[ : STAGE

Figure 41. Negative-feedback frequency-compensation network.

This network provides equalization
comparable to that obtained with Fig.
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, if an input
device such as a crystal pickup is
used. In 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

Rz

g“l

the cireuit. Volume controls and their
associated circuits should permit var-
iation of gain from zero to maxi-
mum, and should attenuate all
frequencies equally for all 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
Fig. 42, The transformer T: provides

T
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Figure 42, Driver stage for push-pull output circuit.

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 vari-
able resistors or potentiometers which
function as volume or tone controls.

the required out-of-phase input sig-
nals for the two transistors @, and
Q: in the push-pull output stage.
Transistor audio power amplifiers
may be class A single-ended stages,
or class A, class AB, or class B
push-pull stages, A simple class A
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single-ended power amplifier is
shown in Fig. 43. Component values
which will 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

Figure 43.

Class A

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

T L

e
V2
PO(vZ) X iez-

is
T oy V2
2 B

Ve X ms

0.55, or approximately
0.6 ampere.

]

In class A service, the de 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 Re in Fig. 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 Rz must equal
the 0.6-volt drop divided by the
0.6-ampere current, or one ohm.
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The current through resistor Ra
is about 10 to 20 per cent of the col-
lector current; a typical value is 16
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)

c . T

TO
gSF‘EAKER

power-amplifier circuit.

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 chms,

Because the voltage drop across
the secondary winding of the driver
transformer T, is negligible, the volt-
age drop across R; is one volt. The
current through R, equals the cur-
rent through R. (90 milliamperes)
minus the base current. If the de
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, is then 90 minus 10, or 80 milli-
amperes, and the value of R, 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 oceurs 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 de cur-
rent of 600 milliamperes. Therefore,
the collector load impedance should
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be 13 volts divided by 600 milli-
amperes, or about 20 ohms, and the
output transformer T: should be de-
signed to matech a 20-ohm primary
impedance to the desired speaker im-
pedance. If a 3.2-ohm speaker is
used, for example, the impedance
values for T: should be 20 ohms to
3.2 ohms,

The total input power to the circuit
of Fig. 43 is equal to the voltage
required across the secondary wind-
ing of the driver transformer T,
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 wvoltage across Re (0.6 wolt),
plus the peak ac signal voltage
across R: (1.0 milliampere times 12
ohms, or 0.12 volt). 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. At low
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signal inputs, however, the resulting
signal would be distorted, as shown
in Fig. 44, because of the low for-
ward current-transfer ratio of the
transistor at very low currents. This
type of distortion, called cross-over

QUTPUT
COLLECTOR
CURRENT

CROSS—OVER
DISTORTION

| INPUT
| BASE
| | CURRENT
ly
|

Figure 44. Waveforms showing cause of
cross-over distortion.

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 Fig. 45. Re-
sistors Rm and Rg: are the emitter
stabilizing resistors. Resistors R,
and R. 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 mno-signal conditions.
The characteristics of the bias net-
work must be very carefully chosen
so that the bias voltage will be just
sufficient to minimize cross-over dis-
tortion at low signal levels. Because
the collector current, collector dissi-
pation, and de 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
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 Fig. 46. In this cir-
cuit, the secondary windings of the
driver transformer T, 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 Q,
for example, Q: draws current. This
current must flow through the
speaker because the accompanying
negative signal on the base of tran-
sistor Q. cuts Q. off. When the sig-
nal polarity reverses, transistor Q,

of temperature

Figure 45. Class B push-pull audio-amplifier circuit.

is cut off, while Q: conducts current.
The resistive dividers R;R. and R.R.
provide a dec bias which keeps the
transistors slightly above cutoff un-
der no-signal conditions and thus
minimizes cross-over distortion. The
emitter resistors Rm and Rz 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 tighter 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

s
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Figure 46.

Single-ended class B circuit.
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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 Fig. 47 indicate
the direction of electron current flow

P-N-P IC  Nepen Ic
Ig—» Ig<—
TE Ig
Figure 47. Electron-current flow in p-n-p

and n-p-n transistors.

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 Fig, 48, the de
electron current path in the output
circuit is completed through the col-
lector-emitter circuits of the tran-
sistors. In the ecircuits of Figs., 45

P-N-P

c 8
INPUT l

Figure 48. Basic complementary-symmetry

circuit.

and 48, essentially no de current
flows through the load resistor Ri.
Therefore, the voice coil of a loud-
speaker can be connected directly in
place of Ry without excessive speaker
cone distortion.

A phase inverter is a type of class
A amplifier used when two out-of-
phase outputs are required. In the
split-load phase-inverter stage shown
in Fig. 49, the output current of
transistor Q. flows through both the
collector load resistor Ri and the
emitter load resistor R.. 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
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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: and R..
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. It is not suitable, therefore,
as a driver stage for a class B out-
put stage.

Figure 49. Split-load phase-inverter stage.

Tuned Amplifiers

In transistor radio-frequency (rf)
and intermediate-frequency (if) 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 Fig. 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:. The resonant fre-
quency f, is then given by

1

= 2z+/LC
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For any given resonant frequency,
the product of L and C is a constant;
at low frequencies LC is large; at
high frequencies it'is small.

o I—»
: ; .IL_
L
o Ic
I—> C::l
R
O

Figure 50. Simple parallel resonant circuit.

The ' Q (selectivity) of a parallel
resonant eircuit alone is the ratio of
the current in the tank (I. or Io) to
the current in the line (I). This un-
loaded Q, 'or Q., may be expressed
in various ways, for example:
= Xq
where X, is the inductive reactance
(= 2#fL), X. is the capacitive re-
actance (= 1/[2+fC]), and Z is the
total impedance of the parallel reso-
nant circuit (tank). 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, in par-

3

allel with a capacitance C,, as shown
in Fig. 51. Similarly, the input im-
pedance can be considered as consist-
ing of a resistance Ri in parallel
with a ‘capacitance C:. Because the
tuned ecircuit 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 @ (or Qu) based upon
the total impedance of the coupled
network, as follows: . &

PR Z (total loading on coil)
X or Xc¢

The capacitances C. and C; in Fig.
51 are usually considered as part of
the coupling network. For example,
if the required capacitance between
terminals 1 and 2 of the coupling
network is calculated to be 500 pico-
farads and the value of C, 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 Ci
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 Fig. 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 ecircuit by
transformer action. The reflected re-
sistance r: is equal to the resistance
R: in the secondary circuit times the
square of the effective turns ratio
between the primary and secondary
windings of the transformer T:

OUTPUT OF INPUT..OF
PRECEDING COUPLING FOLLOWING
TRANSISTOR NETWORK TRANSISTOR
O O
1 3
Ro ==c, G== R
2 4
O O
Figure 51. Equivalent output and input circuits of transistors

connected by a coupling network.
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Figure 52. Equivalent circuit for transformer-
coupling network having tuned primary
winding.

i = Ry (N,/N,)?

where Ni/N: represents the electrical
turns ratio between the primary
winding and the secondary winding
of T. If there is capacitance in the
secondary circuit (C,), it is reflected
to the primary circuit as a capaci-
tance C.p, and is given by

Cup = Cp + (N1/No)?

The loaded Q, or @, is then calcu-
lated on the basis of the inductance
L;, the total shunt resistance (R.
plus ry plus the tuned-cireuit im-
pedance Z: = Q.X. = Q.X:.), and
the total capacitance (C, + C.;) in
the tuned circuit.

Fig. b3 shows a coupling network
which consists of a single-tuned cir-
cuit using magnetic or mutual in-
ductive coupling. The capacitance C.
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,).

T
1 '3
OUTPUT OF INPUT OF
PRECEDING == FOLLOWING
TRANSISTOR |Ct TRANSISTOR
4
Figure 53. Single-tuned coupling network

using inductive coupling.

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 Af is equal to the ratio
of the center or resonant frequency
f. divided by the loaded (effective)
Q of the cireuit, as follows:
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Af = 1,/Qu

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).
At low frequencies, therefore, where
the potential gain of transistors is
high, it 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 winding of the coupling
transformer, as shown in Fig. b4, At

|

OUTPUT OF %"‘ g
PRECEDING 3 =

TRANSISTOR g

FOLLOWING
TRANSISTOR

Figure 54. Transformer coupling network
using tap on primary winding.

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

External 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. If the external
feedback circuit cancels the effects
of both the resistive and the reac-
tive internal feedback, the amplifier
is considered to be unilateralized. If
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 Fig. bb.
The input signal to the transistor
is an if carrier (e.g., 455 kilocycles)
amplitude-modulated by an audio
signal. Capacitor C, and the primary
winding of transformer T. form a
parallel-tuned circuit resonant at
456 kilocyecles. Transformer T,
couples the signal power from the
previous stage to the base of the
transistor. Resistor R.: provides for-
ward bias to the transistor. Capaci-
tor C; provides a low-impedance path
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Figure 55. Neutralized if-amplifier and second-.detector circuit,

for the 455-kiloeycle signal from the
input tuned circuit to the emitter.
Resistor R., which is bypassed for
456 kilocycles by capacitor C,, is
the emitter de stabilizing resistor.
The amplified signal from the tran-
sistor is developed across the par-
allel resonant circuit (tuned to 455
kiloeycles) formed by capacitor Cs
and the primary winding of trans-
former T., and is coupled by T: 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.. Because
of the phase reversal in the common-
emitter configuration, this external
feedback is out of phase with the
input from the if 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 CR is filtered by capacitor C;
and resistor R. so that the voltage
across capacitor C; consists of an
audio signal and a de voltage (posi-
tive with respect to ground for the
arrangement shown in Fig. 55) that
is directly proportional to the am-
plitude of the if carrier, This de

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

Automatic gain control (age) is
often used in rf and if amplifiers in
AM radio and television receivers to
provide lower gain for strong sig-
nals and higher gain for weak sig-
nals. The de 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 de emitter
current or the collector voltage of a
transistor to provide age. Fig. 56
shows typical curves of power gain
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Power gain as a function of
emitter current.

Figure 56.
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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. It is extremely
difficult in practice to construct a
fractional part of a turn. In such
cases, capacitance coupling may be
used, as shown in Fig., 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; and C..
Capacitor C. is normally much
smaller than C,; thus the capacitive
reactance Xg, is normally much larger

QUTPUT OF
PRECEDING
TRANSISTOR

RCA Transistor Manual

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. In “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, induetive, or mutual induct-
ance coupling, or any combination of
the three.

Cross-modulation i$ an important
consideration in the evaluation of
transistorized tuner -ecircuits. This
phenomenon, which occurs primarily
in nonlinear systems, can be defined
as the transfer of modulation from
an interfering carrier to the desired
carrier. In general, the value of
cross-modulation is independent of
both the semiconductor material and

INPUT OF
FOLLOWING
TRANSISTOR

Figure 57.

than Xe. Provided the input resist-
ance of the following transistor is
much greater than Xg., the effective
turns ratio from the top of the coil
to the input of the following tran-
sistor is (C; + G.)/C.. The total ca-
pacitance C. across the inductance L
is given by

C]Cg
Ci + G,

The resonant frequency f. is then
given by
i B
. B 21!\/Lr.Ct
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. In double-tuned networks,

C‘z

Singletuned coupling network using capacitive diviston.

the construction of the transistor.
At 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.

In most rf ecircuits, the undesir-
able effects of cross-modulation can
be minimized by good selectivity in
the antenna and rf interstage coils.
Minimum eross-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.

In rf cireunits 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 rf amplifier is very



Transistor Applications

low compared to the input imped-
ance). This technique is commonly
used in automobile receivers, and
causes a slight degradation in noise
figure. At 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 rf 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. At low-
sensitivity conditions where the rf
stage is operating at maximum gain
and the interfering signal is far
removed from the desired signal,
cross-modulation occurs primarily in
the rf stage. As the desired signal
level increases and reverse age is
applied to the rf stage, the rf tran-
sistor eventually becomes passive
and provides improved cross-modula-
tion. If the interfering signal is
close to the desired signal, it is the
rf gain at the undesired signal fre-
quency which determines whether
the rf stage or mixer stage is the
prime contribution of eross-modula-
tion. For example, at low-signal
levels, it is possible that the rf stage
gain (including attenuation) at the
undesired frequency is greater than
unity. In this case, the undesired
signal at the mixer input is larger
than that at the rf input; thus the
contribution of the mixer is appre-
ciable. Intermediate and high signal
conditions may be analyzed similarly
by considering rf age.

Direct-Coupled Amplifiers

Direct-coupled amplifiers are nor-
mally used in transistor circuits to
amplify small de or very-low-fre-
quency ac signals. Typical applica-
tions of such amplifiers include the
output stages of series-type and
shunt-type- regulating circuits,
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chopper-type circuits, differential
amplifiers, and pulse amplifiers.

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

3

Typical series regulator circuit.

o=
Figure 58.

error or difference signal obtained
from a comparison between a por-
tion of the output voltage and a
reference source. The reference-
voltage source Vg is placed in the
emitter circuit of the amplifier tran-
sistor Q. so that the error or differ-
ence signal between Vi 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 Q. and Qi and the out-
put from the regulating element de-
velops a controlling voltage across
the resistor R..

Shunt regulator circuits are not as
efficient as series regulator circuits
for most applications, but they have
the advantage of greater simplicity.
In the shunt voltage regulator cir-
cuit shown in Fig. 59, the current
through the shunt element consisting
of transistors Q. and Q. varies with
changes in the load current or the
input voltage. This current variation
is reflected across the resistance R,
in series with the load so that the
output voltage Vo is maintained
nearly constant,



Figure 59. Typical shunt regulator circuit.
Direct-coupled amplifiers are also
used in chopper-type circuits to am-
plify low-level de signals, as illu-
strated by the block diagram in Fig.
60. The de signal modulates an ac
carrier wave, usually a square wave,
and the modulated wave is then am-
plified to a2 convenient level. The
series of amplified pulses can then
be detected and integrated into the
desired de output signal.
Differential amplifiers can be used
to provide voltage regulation, as
deseribed 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 Fig. 61 include an output stage
which supplies current to the load
resistor R, and the necessary num-
ber of direet-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 Vi is
placed in one of the cascaded stages
in such a manner that an error or
difference signal between Vz and
some portion of the output voltage
Vo is developed and amplified. Some
form of temperature compensation
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is usually included to insure stabil-
ity of the direct-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 lin-
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 i i CHOPPER 'U,l-r INTEGRATOR li i
0 0

-0

Figure 60. Block diagram showing action of “chopper” circuit.
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Vi
R R2 é

Vﬁl

Figure 61. Typical differential amplifier
circuits.

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 inpuf
and output impedances. Phase inver-
sion is not required, however, be-
cause no phase reversal 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
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gains are all greater than unity.
This configuration is generally desir-
able for use in transistor oscillators
because it 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 46 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.)

For 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 unity, oscillations become
smaller with time (are ‘“damped”)
until they cease to exist. In 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 Fig. 62. The
feedback power must be equal to the
input power plus the losses in the
feedback network to sustain oscilla-
tion. For example, if the power gain
of the transistor amplifier is 50 and
the input power is 2 milliwatts, the
total output power is 100 milliwatts.
If 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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Figure 62.

(LC) network, a crystal, or a resist-
ance-capacitance (RC) network. Fig.
63a shows a simplified diagram for a
transistor oscillator which uses a
“tickler” coil L, 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. and collector
current i. are shown in Fig. 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 Fig. 63b) as a result of the
regenerative feedback coupled from
the collector circuit to the emitter
circuit by the transformer windings

la)

Block diagram of transistor oscillator showing division of output power.

(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

Y

X Z
TIME —>
(b)

F}gure 63. (a) Simplified transistor LC oscillator.and (b) corresponding current waveforms.
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eircuit or the collector circuit. In the
tuned-base oscillator shown in Fig.
64, one battery is used to provide all
the de operating voltages for the
transistor. Resistors R,, R, and R.

provide the necessary bias condi-.

tions. Resistor R:; is the emitter
stabilizing resistor. The components
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emitter stabilizing resistor. Capaci-
tors C; and C. bypass ae around
resistors R, and R, respectively. Al-
though a series-feed arrangement is
shown, a shunt-feed arrangement is
also possible with slight -eircuit
modifications. The shunt-feed circuit
would be almost identical with the

Figure 64, Tuned-base oscillator.

within the dotted lines comprise the
transistor amplifier. The collector
shunt-feed arrangement prevents de
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; is the fre-
quency-determining element of the

oscillator, Variable capacitor C, per- .

mits tuning through a range of fre-
quencies. Capacitor C; couples the
oscillation signal to the base of the
transistor, and also blocks de. Ca-
pacitor C. bypasses the ac signal
around the emitter resistor R; and
prevents degeneration. The output
signal is coupled from the collector
through coupling capacitor C: to the
load. :

A tuned-collector transistor osecil-

lator is shown in Fig. 65. In this

circuit, resistors R, and R, establish
the base bias. Resistor R.: is the

one shown in the tuned-base oscil-
lator in Fig. 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.. Regeneration is
accomplished by coupling the feed-
back signal from transformer wind-
ing 3-4 to the tickler coil winding

|

a T

2 o

3. 5 O L
E OUTPUT
&

L4
T‘[ci %RI Rg = Vee

Figure 65. Tuned-coliector oscillator.
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1-2. The secondary winding of the
transformer couples the signal out-
put to the load.

Another form of LC resonant
feedback oscillator is the transistor
version of the familiar Colpitts os-
cillator, shown in Fig. 66. Regenera-

\l
I

Ra ?gc:;

T
I 3
% OUTPUT
4 2 4

Ry Cast
=V
R CI:'_' + ce
2
!
Figure 66. Transistor Colpitts oscillator.

tive feedback is obtained from the
tuned circuit consisting of capacitors
C; and C. 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 R.. Resistor R. is
the collector load resistor. Resistor
R, develops the emitter input signal
and also acts as the emitter stabiliz-
ing resistor. Capacitors C; 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. For minimum
feedback loss, the ratio of the ca-
pacitive reactance between C, and
Cs 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
Fig. 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 C; and C,,
the oscillator frequency is deter-
mined by the series LC combination
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of the transformer primary and the
added capacitor.

The Hartley oscillator shown in
Fig. 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 Fig. 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; places ter-
minal 2 of the transformer at ac
ground potential through capacitor
Ca.

Figure 67. Hartley-type transistor push-pull

oscillator.

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 Fig.
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 oec-
curs at the series resonant frequency
of C, and L; the resonant frequency
of the circuit is then determined
only by the mechanical vibrating
characteristics of the crystal.

The parallel eapacitance C, shown
in Fig. 68 represents the electro-
static capacitance between the crystal
electrodes. At frequencies above the

oO—y
R
Cp=—=
L
Cs
0_4.J

Figure 68. Equivalent circuit of quartz
crystal.

series resonant frequency, the com-
bination of L and C, has the effect
of a net inductance because the in-
ductive reactance of L is greater
than the capacitive reactance of C..
This net inductance forms a parallel
resonant circuit with C, and any cir-
cuit capacitance across the crystal.
The impedance of the erystal 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 if a crystal is used in the
feedback path. The oscillation fre-
quency is then fixed by the crystal.
At 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 erystal reso-
nance is used in the Pierce oscillator
shown in Fig. 69. (If the crystal

4%

Cq
Ao
i

Figure 69. Pierce-type transistor crystai

oscillator.

were replaced by its equivalent cir-
cuit, the functioning of the oscillator
would be analogous to that of the
Colpitts oscillator shown in Fig. 67.)
The resistances shown in Fig. 69 pro-
vide the proper bias and stabilizing
conditions for the common-emitter
circuit. Capacitor C; 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 C; and Cs. The con-
nection between the capacitors is
grounded so that the voltage de-
veloped across C; 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 (RC) net-
work is sometimes used in place of
an inductance-capacitance network
when phase shift is required in a
transistor oscillator. In the phase-
shift oscillator shown in Fig. 70, the
RC network consists of three sec-
tions (CiRi, C:Rs, and CiRs), 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 oceurs
only at one frequency; thus, the out-
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Figure 70. Transistor RC phase-shift
oscillator.

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
RC networks. More than three sec-
tions may be used in the phase-
shifting networks to reduce feedback
losses.

An RC network is also used in the
Wien-bridge oscillator shown in Fig.
71 to provide a sinusoidal output. In
this circuit, transistor Q. functions
as an amplifier and phase inverter.
The feedback voltage developed be-
tween the collector of Q. and ground
is impressed across the entire bridge
network. The voltage developed
across capacitor C. is regenerative
(positive), and is applied to the in-
put circuit of transistor Q.. Because
this voltage is in phase with the

C3
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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 Q.
through resistor R: to improve fre-
quency stability and to minimize dis-
tortion. R: normally provides greater

y 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. of the

~oscillator is determined by capacitors

C: and C; and resistors R, and Rs, as
follows:

1
21‘5 v R]C],R 307,

If resistor R is made equal to Rs,
and capacitor C, to capacitor C,, this
expression reduces to

f -1
T 2zR.Cy
Either capacitors C; and C: or resis-
tors R, and R: may be made variable
to provide a variable-frequency os-
cillator.

f, =

Nonsinusoidal Oscillators

Oscillator circuits which produce
nonsinusoidal output waveforms are-

Al
[l
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%R rz {—o
R| R3
B
° g Rio
¢z Rg 3 ’
Rz Rg ”

Ry Rg _—_=: Vee

Figure 71. Wien-bridéé—fype transistor oscillator.
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generally classified as relaxation
oscillators. This type of oscillator
uses a regenerative circuit in con-
junction with resistance-capacitance
(RC) or resistance-inductance (RL)
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. In the
RC-coupled common-emitter multi-
vibrator shown in Fig. 72, the output
of transistor Q: is coupled to the in-
put of transistor Q. through the
feedback network Rs:C: and the out-
put of Q. is coupled to the input of
Q. through the feedback network
RiC;. Because the feedback in each
case i3 in phase with the signal on
the base electrode, oscillations can be
sustained.

In the multivibrator circuit, an in-
crease in the collector current of
transistor Q. causes a decrease in
the collector voltage, and a corre-
sponding reduction in the regenera-
tive feedback through capacitor C; to
the base of transistor Q.. As a result,
the current through @Q: decreases
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steadily as the current through Q.
increases, until a point is reached
where Q: is cut off. Capacitor C; then
discharges through resistor R. until
forward bias is reestablished across
the base-emitter junction of Q.. Cur-
rent through Q. then increases, while
current through Q: decreases until
Q: is cut off. The oscillating fre-
queney of the multivibrator is deter-
mined by the values of resistance
and capacitance in the circuit.

The output signal is coupled
through capacitor Cs 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 Fig. 73.
Regenerative feedback through the
tickler-coil winding 1-2 of trans-
formier T: 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

Figure 72:

RC-coupled. common-emitter multivibrator.
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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.

1 T

3 5§ o
4 6
+
Ré Vcc;

<

Figure 73. Basic circuit of blocking
oscillator.

SWITCHING

Transistors are often used in
pulse and switching circuits in
radar, television, telemetering, pulse-
code communication, and computing
equipment. These circuits act as gen-
erators, amplifiers, inverters, fre-
guency dividers, and wave-shapers
to provide limiting, triggering, gat-
ing, and signal-routing funections.
These applications are normally char-
acterized by large-signal or nonlinear
operation of the transistor.

In large-signal operation, the tran-
sistor acts as an overdriven amplifier
which is driven from the cutoff region
to the saturation region. In the sim-
ple transistor-switching circuit shown
in Fig. 74, the collector-base junc-
tion is reverse-biased by battery Veo
through resistor Rs. Switch S; con-
trols the polarity and amount of base
current from battery Vm or V.
When S;: is in the OFF position, the
emitter-base junction of the transis-
tor is reverse-biased by battery Ve
through the current-limiting resistor
R.. The transistor is then in the OFF
(cutoff) state, (Normal quiescent
conditions for a transistor switch in
the cutoff region require that both
junctions be reverse-biased.)
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When the switch is in the ON posi-
tion, forward bias is applied to the
emitter-base junction by battery Ve
through the current-limiting resistor
R.. 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-
tion because the signal passes
through this region rapidly.

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

S|
ON

Ry

Vee

\fg[-l- i

e
+TV92 —;

Figure 74. Simple switching circuit.

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 all 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 8:; in Fig. 74 is
operated in sequence from OFF to
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ON and then back to OFF, the cur-
rent pulses shown in Fig. 75 are ob-
tained. The rectangular input current

Is o 7

I

Ic o |
| Le—tpLolt!
RGO
it —sitsi]
Figure 75. Current waveforms obtained in

switching circuit.

pulse Is drives the transistor from
cutoff to saturation and back to cut-
off. The output current pulse Iy is
distorted because the transistor can-
not respond instantaneously to a
change in signal level. The response
of the transistor during the rise time
t. and the fall time t: is called the
transient response, and is essentially
determined by the transistor char-
acteristics in the active linear region.

The delay time ts4 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 t. (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 ean be reduced
by overdriving the transistor, but
only small amounts of overdrive are
normally used because turn-off time
(storage time plus fall time) is alse
affected,

The pulse time t, (or pulse dura-
tion) is the length of time that the
pulse remains at, or very near, its
maximum value, Pulse time duration
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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 ts is the length
of time that the output current Io re-
mains at its maximum value after
the input current Is 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 fall time t: (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. Fall 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 fall time. A redue-
tion in either storage time or fall
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 cireuit 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 cireuit shown in

Fig. 76 is an example of a mono-
stable circuit. The bias network holds

Cy

Figure 76. Monostable multivibrator.

transistor Q. in saturation and tran-
sistor Q. at cutoff during the quies-
cent or steady-state period. When an
input signal is applied through the
coupling capacitor C,, however, tran-
sistor Q. begins to conduct. The de-
creasing collector voltage of Q.
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(coupled to the base of Q. through
capacitor C:) causes the base current
and collector current of Q. to de-
crease. The increasing collector volt-
age of Q. (coupled to the base of Q:
through resistor R.) then increases
the forward base current of Q. This
regeneration rapidly drives transis-
tor Q. into saturation and transistor
Q: into cutoff. The base of transistor
Q: at this point is at a negative po-
tential almost equal to the magni-
tude of the battery voltage V...
Capacitor C. _then discharges
through resistor R: and the low sat-
uration resistance of transistor Q..
As the base potential of Q. becomes
slightly positive, transistor Q. again
conducts. The decreasing collector
potential of Q. is coupled to the base
of Q. and transistor Q. is driven into
cutoff, while transistor Q. becomes
saturated. This stable condition is
maintained until another pulse trig-
gers the circuit. The duration of the
output pulse is primarily determined
by the time constant of capacitor G
and resistor R, during discharge.
The Eceles-Jordan-type multivi-
brator circuit shown in Fig. 77 is an
example of a bistable circuit. The re-
sistive and bias values of this circuit

c
INPUT ACH
INPUT BOHf

c2

Figure 77.- Eccles-Jordan-type bistable multivibrator,
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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 OFF 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.

In Fig. 77, two separate inputs are
shown. A trigger pulse at input A
will 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 will then return the
circuit to its original state, (Collector
triggering can be accomplished in a
similar manner.) The time constants
of C;R: and of C,Rs essentially deter-
mine the fall time (from conduction
to cutoff) of transistors Q, and Q,
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 ecireuit is
called a “gate”. These circuits are
used extensively in computer appli-
cations to provide a variety of fune-
tions such as circuit triggering at
preseribed intervals and level and
waveshape control. Because these cir-
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cuits are designed to evaluate input
conditions to provide a predetermined
output, they are primarily used as
logic circuits. Logic circuits include
OR, AND, NOR (NOT-OR), NAND
(NOT-AND), series (clamping), and
shunt or inhibitor eircuits.

An OR gate has more than one in-
put, but only one output. It provides
a prescribed output condition when
one or another prescribed input con-
dition exists. In the simple OR gate
shown in Fig. 78, the high resistance
of R: and R, 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. If 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 (NOR) gate.

An AND gate also has more than
one input, but only one output. How-
ever, it provides an output only when
all 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 NOT-AND
(NAND) gate. In the simple NAND
gate shown in Fig. 79, forward (sat-
uration) bias is provided by battery
V. 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 AND-OR gate shown in Fig.
80 illustrates the use of a direct-
coupled transistor logic circuit to

Figure 78,

Simple OR-type logic circuit.
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Figure 79. Simple NAND circuit.

trigger a bistable multivibrator. The
over-all gating function, which con-
sists of a NAND function and a
NOR funetion, is performed by tran-
sistors Q. Q. and Q.. Transistor Q.
is part of the bistable multivibrator.

Transistors Q: and Q. are series-
connected and form a NAND gate.

Provided all transistors are cut off
(quiescent conditfon), triggering of
the bistable multivibrator is accom-
plished when the prescribed input
conditions for either of the NAND
gates are met, i.e., when either tran-
sistors Q. and Q: or transistors Q.
and Qs are triggered into conduction.

MULTIVIBRATOR

a ¢

—0
2

INPUT
A
Q2 c
B
E
INPUT
B 03
B
INPUT
c
&— !

Figure 80.

Similarly, transistors Q. and Q, are
series-connected and form a NAND
gate. Transistors Q: and Q. are par-
allel-connected and form a NOR gate.
Reverse collector bias for all tran-
sistors is provided by battery V...

r
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AMD-OR gate or trigger circuit.

Gating circuits are also used as
amplitude diseriminators (limiters),
clippers, and clamping circuits, and
as signal-shunting or transmission
gates.
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ILICON rectifiers, like other semi-

conductor diodes, are essentially
cells containing a simple p-n june-
tion. As 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. In addition, they ean 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 ean 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 erystals
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-
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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. As
shown in Fig. 81, this reverse cur-
rent flow increases slightly as the
bias voltage increases, but then tends

VOLTAGE

25°C

TEMP?;!OAQT‘I:;JRE = |--lpa AT 25° C

= =l00pa AT 150° C:

Figure 81. Typical reverse characteristics

to remain constant even though the
voltage continues to increase signifi-
cantly. However, an increase in oper—
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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. In many applications,
rectifiers can operate safely at the
avalanche point. If the reverse volt-
age is increased beyond this point,
however, or if 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. As shown in Fig. 82, a
slight rise in voltage beyond this
point increases the forward current

200
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Figure 82. Typical forward characteristics.

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.
Fig. 82 shows the effects of an in-
crease in temperature on the forward-
current characteristic of a- silicon
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rectifier. In 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 (PRV), ie., the highest
amount of reverse voltage which can
be applied to a spécific rectifier be-
fore the avalanche breakdown point
is reached. PRV ratings range from
about 50 volts to as high as 1000
volts for some single-junction diodes.
As will be discussed later, several
junction diodes can be connected in
series to obtain the PRV 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 Fig. 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.

Figure B83.

——— SURGE OR FAULT CURRENT

- — PEnK FIEPETlTlvE
—ﬂ— AVER&GE FORWE\RD
Representation of rectifier

currents.

The peak recurrent forward current
ie the maximum repetitive instan- -
taneous forward eurrent 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 will be
discussed later.

Because these maximum current
ratings are all 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 (2b degrees centigrade).

HEAT SINKS

Silicon rectifiers are often mounted
on devices called “heat sinks”. A
heat sink generally consists of a rel-
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. As 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 Fig. 84,
and the heat-sink cooling chart shown
in Fig. 85. Fig. 84 applies to all rec-
tifier types for both polyphase and de
operation; Fig. 85 differs for differ-
ent rectifier types.

The calculation requires four steps:

1. From Fig. 84, the current-multi-
plying factor is determined for the
- applicable conduction angle (i.e., the
fraction of the ac input eyele during
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Figure 84. Current-multiplying-factor chart.

which forward current is expected to
flow in the particular application).
For de operation of a silicon recti-
fier, a multiplying factor of 0.8 is
generally specified.
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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, Full-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 Fig. 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 Fig. 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 Fig. 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
8. The average forward current
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.
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4, From Fig. 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 ree-
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 sili-
con rectifier (or cell). For example,
four rectifiers having a maximum
reverse voltage rating of 200 volts
each could be connected in series to
handle an applied reverse voltage of
800 volts.

In a series arrangement, the most
important consideration is that the
applied voltage be divided equally
across the individual rectifiers. If 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 if the cir-
cuit is to be exposed to both de 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, it 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 simplest 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

In the application of silicon recti-
fiers, it is necessary to guard against
both over-voltage and over-current
(surge) conditions. A voltage surge
in a rectifier arrangement can be
caused by de 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. In 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 all 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 reec-
tifier operation. Current surges may
be caused by short circuits, capacitor
inrush, de overload, or failure of a
single cell in a multiple arrange-
ment. In 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
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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 de load faults. In
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 de-to-de 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 de 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. Figs. 86 through 92
show seven basic rectifier configura-
tions. (Filters used to smooth the
rectifier output are not shown for
each circuit, but are discussed later.)
Figs. 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.
In the case of the current wave-
form, the smaller the current flowing
through the individual rectifier, the
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Figure 86. Single-phase half-wave circuit.

less chance there is for malfunction
or burnout of the cell.

The half-wave single-phase circuit
shown in Fig. 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.

Fig. 87 shows a single-phase full-
wave circuit with a center-tapped
high-voltage winding. This circuit
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transformer voltage. In addition, it
exposes the individual rectifier cell to
only half as much peak reverse volt-
age, and allows only 50 per cent of
the total current to flow through
each cell. This 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 transmitters. The
three-phase (Y) half-wave circuit
shown in Fig. 89 uses three rectifier
cells. This circuit has considerably
less ripple than the circuits discussed
above. In addition, it allows only
one-third of the total current to flow
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Figure B87.
has a higher peak-to-average volt-
age ratio than the circuit of Fig. 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
cireuit shown in Fig. 88 uses four rec-
tifiers, and does not require the use
of a transformer center-tap. It sup-

plies twice as much output voltage
as the circuit of Fig. 87 for the same

li—-—l N—-J _,l

k-

Single-phase full-wave circuit with center-tap.

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

Fig. 90 shows a three-phase (Y)
full-wave bridge circuit which uses a
total of six rectifier cells. In 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
Fig. 89 for the same voltage condi-
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Figure 88. Single-phase full-wave circuit without center-tap.
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Figure 89. Three-phase (Y) half-wave circuit.
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Figure 90. Three-phase (Y) full-wave bridge circuit.



56

tions. In addition, this eircuit, 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 Fig. 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
cireuit shown in Fig. 92 uses six
half-wave rectifiers in parallel. This
arrangement delivers six current
pulses per cycle and twice as much
output current as the ecircuit shown
in Fig. 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. It is generally rec-
ommended that inductive loads rather
than resistive loads be used for fil-
tering of rectifier current, except
for the ecircuit of Fig. 86. Current
ratios given for inductive loads apply
only when a filter choke is used be-

RCA Transistor Manual

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.

In Table I, all ratios are shown as
functions of either the average out-
put voltage E,, or the average dec
output current L., both of which are
expressed as unity for each circuit.
In practical applications, the magni-
tudes of these average values will,
of course, vary for the different cir-
cuit configurations.

Filter 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. In any
filter-design problem, the load im-
pedance must be considered as an
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Figure 91. Six-phase “star” circuit.
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Figure 92. Three-phase double-Y and interphase transformer circuit.

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

CIRCUIT RATIOS:

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

QOutput Voltage Fig. 86 Fig.87 Fig.88 Fig.89 Fig.90 Fig.91 Fig.92
Average........ swae s Eav Eav Eav Eav Eav Eav Eav
Peak (xEav)....... 5 314 157 157 121 105 1.06 1.05
Ripple (%) ..+ evun e 121 48 48 183 4.3 4.3 4.3

Input Voltage (RMS)

Phase (x Eav)........ 2.22 1.11* 1.11 0.855® 0.428® (.74® 0.855°®
Line-to-Line (x Eav).. 2,22 2,22 1.11 1.48 0.74 1.48% 1.71%

Average Output
(Load) Current....... Iav lav Tav Tav Iav Iav Tav

RECTIFIER CELL RATIOS

Forward Current
Average (x Iav)...... 1.00 0.5 0.5 0.333 0.333 0.167 0.167
RMS (xTaV).vsvsas 1.57 0.785 0.785 0.587 0.579 0.409 0.293
Peak (xIav)......... 3.14 1.57 1.57 1.21 1.05 1.06 0.525

Peak Reverse Voltage
xEav............... 3.14 3.14 1.57 2.09 1.05 2.09 2.42
x Erms g 1.41 2,82 141 2456 2456 283 2.83
* to center tap T maximum value
® (5 neutral } maximum value, no load

Table 1—Voitage and current ratios for rectifier circuits shown in Figs. 86 through 92.
Fig. 86 uses a resistive load, and Figs. 87 through 92 an inductive load.
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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
Fig. 93.
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measured by an ac voltmeter. Filter
capacitors, therefore, especially the
input capacitor, should have a rating
high enough to withstand the in-
stantaneous peak value if breakdown
is to be avoided. When the input-choke
method is used, the available de out-

CHOKE—INPUT CAPACITOR=INPUT CAPACITOR
TYPE FILTER TYPE FILTER FILTER
O—'UEU‘—-WT (o} "OEU‘ o} Oo—e—0
INPUT INPUT INPUT
FROM c:: ¢ OUTPUT FROM == =< OUTPUT _ FROM == OUTPUT
RECTIFIER RECTIFIER | © c RECTIFIER | ©
© +—0O o} - o O—+—0

L=FILTER CHOKE

C=FILTER CAPACITOR

Figure 93. Typical filter circuits.

If 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 will be somewhat lower
than with the input-capacitor method
for a given ac voltage. However, im-
proved regulation together with lower
peak current will be obtained.



Silicon Controlled Rectifiers

HE silicon controlled rectifier
(SCR) 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. Like all rectifiers, it con-
ducts current primarily in one di-
rection. However, it differs from
conventional rectifiers in that it will
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 will
probably replace the name silicon
controlled rectifier on a gradual ba-
sis.)

CONSTRUCTION

Fig. 94 shows the basic construe-
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 TERMINAL.

N (CATHODE)
P (GATE)

N (BASE)

P (ANODE)

PEDESTAL

Figure 94. Construction details of typical
silicon controlled rectifier.

mounted in a rugged case which
provides protection against severe
thermal environmental stresses. The

- pedestal below the semiconductor
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layers acts as a heat sink to help
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dissipate the heat developed inter-
nally during operation.

CURRENT-VOLTAGE
CHARACTERISTICS

The voltage-current characteristic
and cirecuit symbol of the silicon
controlled rectifier are shown in Fig.
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 (Igpou). This
current has a small value until the
peak reverse voltage (PRV) 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.
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this phenomenon oceurs, 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.

It 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 (Vg).

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, reec-
tifier current is extremely small and
the switch is effectively open. When

(b)

(a) Typical voitage and current characteristic and (b) circuit symbol for silicon

controlled rectifier.

Ie
1 Ve
fio___ oo Yao0
ST B8 sl 2.1 EERERNSY it
¥R ) ! :
T " Liggg |
ri=YRminon-rep) vegom(rep)
Iy 'R
vﬁmlrep]
(a)
Figure 95.
Under forward-bias conditions,

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

However, when the forward cur-
rent exceeds a critical value of Vsoo,
the voltage across the device sud-
denly reverts back to a very low
value (Ve) with very little decrease
in current. (It is assumed that the
rectifier is connected to a load resist-
ance of sufficient value to permit
this “cut-back” in wvoltage.) When

the voltage increases to a value ex-
ceeding the breakover point, the rec-
tifier switches to its high-conduction
state and the switeh 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 (imoo). 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 Fig. 96.
When the gate current is zero, the
forward voltage must reach the Vaoo
value of the device before breakover
occurs. As 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. In 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.

h
I

Figure 96. Family of curves with gate cur-

rent at different values.

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. It 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
(Vax (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
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reverse voltage (Vau (non-rep)) is
the maximum value of negative volt-
age which may be applied to the
anode for not more than five milli-
seconds when the gate is open. The
maximum peak forward blocking
voltage (Vreon) 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 Vegu or reverse Viou)
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 (irm(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

Fig. 97 shows the gate trigger-
voltage characteristics for silicon
controlled rectifier type 2N681. The
GATE TRIGGER—VOLTAGE CHARACTERISTICS

i [TYPE 2NE8I
o 5 FORWARD CURRENT =0

TNIMUM GATE VOLTAGE REQUIRED
T TO TRIGGER UNIT
Lt
[T
52
o
-
[
g 1 m
= MUM
T GATE

— W E Vo,
o | T LNGT FalTace, uar
]
So
-75 -50 -25 0 25 50 75 100 I25
CASE TEMPERATURE—"°C

92c5-11921T2
Figure 97, Triggering characteristics for
2N681.
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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 all con-
ditions.

The gate voltage of silicon con-
trolled rectifiers during “off” periods
must be below the values shown by
the lower curve of Fig. 97 to prevent
random triggering. Because the max-
imum gate voltage for “off” periods
varies with temperature, a suffi-
ciently low wvalue must be used to
prevent undesired triggering at all
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” cireuit 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.
An 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

In any silicon-controlled-rectifier
cireuit, 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.
" 'In addition, de fuses can be used to
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protect the devices from de feedback
originating in the load or parallel
conduction eircuits. The magnitude
of the over-current flow can be lim-
ited by proper selection of source
and transformer impedances, as well
as the inductance and reactance, of
the de 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. In 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). In less ecritical
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 ree-
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. In series arrange-
ments, precautions must be taken
to assure equal division of the ap-
plied voltage among the devices. If
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. In this case, proper voltage
division ean be achieved by placing
a small capacitor in parallel with
each voltage-equalizing resistor, as
shown in Fig. 98a. For most appli-
cations, a 0.01- to 0.05-microfarad
capacitor should be sufficient.

In extremely critical 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 Fig. 98b.

I I
1Y M 1AY

LD
N

VOLTAGE-REFERENCE ‘a
DIODES .

® &,
O &

(b)

Figure 98, Various methods of proper
voltage division in series arrangements.

Double-ended diodes should be used
if the series string is required to
block appreciable voltage in the
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reverse direction as well as in the
forward direction.

In series operation, the gate signal
for each silicon controlled rectifier
must be electrically isolated from
the gate signals for all other units.
Small transformers having multiple
secondary windings can effectively
provide such isolation for ac and
pulse-type triggering circuits. In 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 ecircuit 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.
Fig. 99a shows a simple power-con-
trol circuit using a controlled recti-
fier; Fig, 99b shows the waveforms
for applied voltage and load current.
In 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. As 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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Figure 99. (a) Basic power-control circuit
and (b) waveforms for supply voltage, load
current, and gate current.

negative and the rectifier current
falls below the wvalue 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, if
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

In the design of cireuits 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. In the case of conventional rec-
tifiers, these values are readily
determined by the use of the current
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ratios shown in Table I of the sec-
tion on Silicon Rectifiers. For sili-
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 Figs. 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
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Figure 100. Ratio of device current as a

function of conduction and firing angles for
single-phase half-wave conduction into a
resistive load.
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function of conduction and firing angles for
single-phase full-wave conduction into a
resistive load.
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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. It 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 condue-
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. Al-
though the charts are presented in
terms of device current, they are
equally useful for the calculation of
load current and voltage ratios.
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Figure 102, Ratio of device current as a

function of conduction and firing angles for
three-phase half-wave circuit having a
resistive load.

The charts provide ratios relating
average current IL..,, rms current
I.z., peak current I,x, and a param-
eter I, called the reference current.
This last value represents a con-
stant of the circuit, and is equal to
the peak source voltage V. divided
by the load resistance R:. The term
I,x refers to the peak current which
appears at the controlled rectifier
during its period of forward con-
duction, I, is the maximum wvalue
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that the current can obtain and corre-
sponds to the peak of the sine wave.
For conduction angles greater than
90 degrees, I, is equal to I.; for
conduction angles smaller than 90
degrees, I.x is smaller than L.

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: In the single-
phase half-wave circuit shown in
Fig. 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. It
is necessary to determine the range
of conduction angles required to ob-
tain this range of load current.

TYPE
2N685
c‘/

120 VOLTS rms
170 VOLTS PEAK

Ry=2.8
OHMS

I=0(0°< 8.<8¢)
I=Tysin 8 (§;<6<180°)

S 180°
Iwg_uz%f Id

172
180°_2 .
I,-mefZ:r Jgr T de]
Ipk=To (026;=90°)
Ipk=Tosin Of (90°<6;<180%
Figure 103. Single-phase half-wave circuit

using resistive load, and respective equa-
tions for device current.

First, the reference current I, is
calculated, as follows:

L= Vn 170
SR 238

= 61 amperes
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The ratios of Irm./Is for the maxi-
mum and minimum load-current
values -are then calculated, as fol-
lows:

Irml 2
[fo ] min = g = 0.033

I ms 25
L = ==i(41
[Io ] max 61

These current-ratio values are then
applied to curve 3 of Fig. 100, and
the corresponding conduction angles
are determined to be
(6.) min = 15 degrees
(0.) max = 106 degrees
Example No. 2: In the single-
phase full-wave bridge circuit (two
legs controlled) shown in Fig. 104, a
constant average load current of
seven amperes is to be maintained
while the load resistance varies from
0.2 to 4 ohms. In this case, it is
necessary to determine the variation

TYPE
INll99A
32 VOLTS
rms
O, e
45 VOLTS
PEAK
TYPE
2NIB43A

T=0(0°<0<8y)
I=I, sin 8 (8¢<6<180°)

8o®
s:[f/l
Iovg ""e Id8

Tl80e_o V2
Inn;’Ef'lfgf I 68]

ka;Io (0°=8¢=<90°)
Tpk=Igsin G (90°56<180°)
Figure 104. Single-phase full-wave bridge

circuit using resistive load, and respective
equations for device current.

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
Fig. 100 (the individual device cur-
rents are half-wave although the
load current is full-wave).
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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:

Viox
IO — ~
) Mo = i |
45 '
= 93 = 225 amperes
Vix
I,) min = ——
(L) (Re) max
L+ 4
= 4—5 = 11.2 amperes

The corresponding ratios of I./L.
are then calculated, as follows:

o _ 85
[I. ] sy T TEgET s s

1 3.5
= —— = 0312
[Io ] max 11.2
Finally, these ratios are applied to
curve 2 of Fig. 100 to determine the
desired conduction values, as fol-
lows:
(6:) min 25 degrees
(0.) max 165 degrees
Example No. 3: In the three-phase
half-wave circuit shown in Fig. 105,
the firing angle is varied continu-
ously from 30 to 155 degrees. In this
case, it is necessary to determine
the resultant variation in the at-
tainable load power. Reference cur-
rent for this ecircuit is determined
as follows:

I, = .VP“__.. 8_5

R B0 28 amperes

Rectifier current ratios are de-
termined from Fig. 102 for the
extremes of the firing range, as
follows:

0 = 307 Leas = 0.49
Iﬂ
» Irml

6y = 1567 I = 0.06
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2N1845A
|-
Z/
B0 VOLTS RMS
LTON
L
N
(32
RL=3 OHMs

LOAD VOLTAGE=85 VOLTS PEAK
DEVICE VOLTAGE=85 VOLTS PEAK FORWARD
DEVICE VOLTAGE=l49 VOLTS PEAK REVERSE

Figure 105.
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I=T, sin 8 (30°<8<180°)

g¢+120
Toug® uaafef Idf (30°<8¢<60°)

: I“g=]faffsflaoald9 (60°.<6;<i80°)

£ o /2
I,ms=Era%’ e e Izaa] (30°<8,<60°)
f

l80® _ /2
:r,mf[;a% T ae] (60°<8¢<180°)

Tpk=To (30°58;=90°)
Tpk=To sin B¢ (90°< 8y <180°)

Three-phase half-wave circuit using resistive load, and respective equations

for device current.

These ratios, together with the ref-
erence current, are then used to de-
termine the range of rms current in
the rectifiers, as follows:
(Irml) max = 0.49 > 28
= 13.7 amperes
(Iims) min = 0.06 x 28
= 1.7 amperes

In 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 = I V3R
Puwx = 1700 watts
Pmlu = 26 watts



Tunnel, Varactor,

and Other Diodes

TUNNEL DIODES

ATUNNEL 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 Fig.
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.

DOT,  MESH Lo

\ SCREEN-,
A

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

At 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 Fig. 107. Conventional diodes do

™

N

le—ENCAPSULATING
MATERIAL

Figure 106.

The pellet (approximately 0.025 inch
square) is then soldered into a low-

Structure of a tunnel diode.

not conduct current under conditions
of reverse bias until the breakdown
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Figure 107. Typical current-voitage characteristic of a tunnel diode.

voltage is reached; under forward
bias they begin to conduct at ap-
proximately 300 millivolts. In tunnel
diodes, however, a small reverse bias
causes the valence electrons of semi-
conductor atoms near the junction te
“tunnel” across the junction from
the p-type region into the n-type
region; as a result, the tunnel diode
is highly conductive for all 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 I,. At 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.. At 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 Fig. 108, the n-

type and p-type regions are shown as
pure resistances r; and r.. 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

I E
TRANSITION
I NI REGION & & i
r r.
i 1 R(v) 2
Civ)

Figure 108. Equivalent circuit for a tunnel
diode,

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 Fig. 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 inereasingly im-

portant at high frequencies (above
100 megacycles).

Fig. 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. Ls represents the total series

Lg
-Rp ‘;—-L..CD
Rg
o ANA

Figure 109. Eguivalent circuit for a tunnel
diode biased in the negative-resistance
region.

inductance, and Rs the total series
resistance. Cp is the capacitance and
—Rp is the negative resistarce of
the diode. For small signal varia-
tions, both the resistance Rp and the
capacitance Cp are constant.

The figure of merit F of a tunnel
diode is equal to the reciprocal of
2rRC, where R and C are the equiva-
lent values —Rp and Cp, respectively,
shown in Fig. 109. This expression
has two very useful interpretations:
(1) it 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 Fig. 110, must be very
steep so that it 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
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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.

DC LOAD LINE
=== AC LOAD LINE

Figure 110. T\g)ical load lines for tunnel-
iode circuits.

Because tunnel diodes can operate
effectively at frequencies above 300
megacycles, they are particularly
suitable for use in microwave am-
plifiers and oscillators. In microwave
amplifier circuits, tunnel diodes offer
low noise, as well as small size and
weight, low cost, and low power
drain. In 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.

In miecrowave oscillator circuits,
tunnel diodes can provide useful
power outputs at frequencies as high
as bB000 megacycles. Compared to
vacuum-tube microwave oscillators,
tunnel-diode oscillators are inexpen-
sive, require only a fraction of a
volt de 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 dec-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
RCA TUNNEL-DIODE MANUAL
TD-30.)

As a two-terminal switch, the tun-
nel diode is partieularly 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
Fig. 110; however, only points C and

E are stable operating points. If 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.

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

In the basiec monostable circuit or
“gate” shown in Fig. 111a, the static
load line is determined by the resist-

I
L
Yo V—>
(b)
Figure 111. Basic tunnel-diode logic circuit.

ance R. and the voltage V.. If R, is
less than the minimum dynamiec neg-
ative resistance of the diode, only a
single operating point exists. The
gate is stable in its low state if V.
is adjusted so that the operating
point is at E. The dynamic load line
is determined by the inductive time
constant L/R.. When the inductive
time constant is long compared to
the switching time t., the current in
the circuit is effectively constant.

If a small step of current I.. 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 Fig.
111b. Removal of the input causes
the operating point to move to F".
At 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.

Fig. 112a shows a simple tunnel-
diode logic circuit. If the static op-
erating bias is adjusted so that only
one input is required to trigger the
diode, an OR function is performed.
If all inputs are required to trigger
the diode, an AND 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. Fig. 112b
shows the biasing for a three-input
AND gate. If the operating-point
bias is increased slightly, the circuit
can be made to trigger on two of its
inputs; the logical funection per-
formed would then be that of a
“majority gate”.
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Figure 112, Tunnel-diode "AND" gate.

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, it is not eritically af-
fected by radiation until large doses
have been applied. In 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. In such
applications, negative feedback or
direct (eircuit) compensation may be
required.
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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. In addition,
they use a different package (RCA
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 de and ac
power supplies, pulse generators,
high-speed switches, and oscillators.

Fig. 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.
TUNNEL DIODE

J

POWER
TRANSISTOR

(5T
o
f;;:ub
20
Qe
IR
b e e e e

AN
LOAD TO BE
PROTECTED

Figure 113. Overload sensor circuit using
tunnel diode.

TUNNEL RECTIFIERS

In 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 characteristie, it is
called a tunnel rectifier. In 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 Fig. 114, In 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). In tunnel rectifiers, however,
substantial reverse current flows at
very low voltages, while forward
current is relatively small. Conse-
guently, tunnel rectifiers can provide
rectification at smaller signal volt-
ages than conventional rectifiers,
although their polarity requirements
are opposite. (For this reason, tun-
nel rectifiers are sometimes called
‘“back diodes.”)

H
-

—— CONVENTIONAL,
RECTIFIER

TUNNEL
RECTIFIER

e e e

Figure 114. Current-voltage characteristics
of tunnel rectifier and conventional rectifier.

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. Fig. 115 shows the use of
tunnel rectifiers to provide direc-
tional coupling in a tunnel-diode
logie circuit,
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SET
RESET
TUNNEL RECTIFIERS
Figure 115. Logic circuit using a tunnel

diode and three tunnel rectifiers.

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 junec-
tion voltage, as shown in Fig. 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.,
as shown in Fig. 116b, This nonlinear
capacitance and low series resistance,
which permit the device to perform
frequency-multiplication, oscillation,
and switching funetions, result from
a very high impurity concentration

°_"’r};”1
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VOLTAGE
(a) (b)
Figure 116. (a) Capacitance-voltage rela-

tionship and (b) eqguivalent circuits for a
varactor diode.

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
Fig. 117. The ecircuit is driven by a
sinusoidal voltage source V. having

Varactor-diode frequency
multiplier.

Figure 117.

°

a fundamental frequency f and an
internal impedance Z.. Because the
ideal input filter is an open circuit
for all frequencies except the funda-
mental frequency, only the funda-
mental component of current i, can
flow in the input loop. A second-
harmonic current i is generated by
the varactor diode and flows toward
the load Z.; 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.
An “idler” eircuit is generally used
to provide the proper phase relation-
ship between the signal and the
npmpn_

VOLTAGE-REFERENCE DIODES

Voltage-reference or zener diodes
are silicon rectifiers in which the re-
verse current remains small until
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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 fo
several hundred volts for various
current and power ratings, depending
on the junection 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 in 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. Fig. 118
shows the transfer characteristics of
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118. Transfer characteristics of

Figure
transistor.

a transistor; Fig. 119 shows the for-
ward characteristics of a compensat-
ing diode. In a typical circuit, 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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Figure 119. Forward characteristics of

compensating diode.

diode current at this point deter-
mines 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-
acteristie, 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 more detail under “Biasing”
in the Transistor Applications Sec-
tion.)



Transistor Installation

HIS section covers installation

suggestions and precautions
which are generally applicable to all
types of transistors. Careful observ-
ance of these suggestions will help
experimenters and technicians to ob-
tain the best results from semi-
conductor devices and circuits.

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, If
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. If the case is to oper-
ate at a voltage appreciably above
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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 electronie 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). It is
very important to limit the amount
of voltage used in such tests (par-
ticularly between emitter and base)
s0 that the breakdown voltages of
the transistor will 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. Fig. 120 illustrates
the effect of increasing temperature
on the common-emitter forward cur-
rent-transfer ratio (beta), the de
collector-cutoff current, and the in-
put and output impedances. To avoid
undesired changes in circuit opera-
tion, it is recommended that tran-

*Trade Mark Reg. U.S. Pat. Off,
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gistors be located away from heat
sources in equipment, and also that
provisions be made for adequate heat
dissipation and, if necessary, for
temperature compensation.

WARD CURRENT-
F'OR TRANSFER RATIO |

20 4 60 [5) 100
TEMPERATURE—°C

Figure 120. Variation of transistor char-
acteristics with temperature.

HEAT SINKS

In 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. It 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 Fig. 121. It
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. Burrs
should be removed from both the in-
sulator and the holes in the chassis
g0 that the insulating layer will not
be destroyed during mounting. It is
also recommended that a fiber washer
be used between the mounting bolt
and the chassis, as shown in Fig.
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

m

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

_ BT
Ree = (®+%)

where E is the dc collector supply
voltage in volts, Py 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.
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Figure 121. Suggested mounting arrange-
ment for transistor on heat sink.

TERMINAL LUG

SHIELDING

In 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. It
is also desirable to shield separately
each unit of the high-frequency
stages. For example, each if and rf
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 rand ' the layout -of the
parts. When the metal case of a
transistor is grounded at the socket
terminal, the grounding connection
should be'as short as possible to min-
imize lead inddctance. 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

At high frequencies such as are
encountered in FM 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 all connections to
bypass capacitors and high-frequency
filter capacitors. It is recommended
that a common ground return be
used for each stage, and that short,
direct connections be made to the
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“eommon: ground point, The -emitter
“lead especially should he kept as

short as possible. i

Particular care should be taken
with the lead dress of the input and
output ecireuits 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. Fil-
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 rf
circuits, particularly at high frequen-
cies, should be mica or ceramic. For
audio bypassing, electrolytic capaci-
tors are required.



Interpretation of Data

HE technical data for RCA 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 de values, and all 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 defined by the Joint Electron De-
vice Engineering Council (JEDEC)
and standardized by the National
Electrical Manufacturers Association
(NEMA) and the Electronic Indus-
tries Association (EIA).

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, component
variations, equipment-control adjust-
ment, load variations, signal varia-
tions, and environmental conditions.
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Electrode voltage and current rat-
ings for transistors are in general
self-explanatory, but a brief explana-
tion of some ratings will 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 ocecurs. 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. It 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 spee-
ified for ambient, case, or mounting-
flange temperatures up to 25 degrees
centigrade, and must be reduced
linearly for higher temperatures. For
such types, Fig. 122 can be used to
determine maximum permissible dis-
sipation wvalues 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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Figure 122. Chart showing maximum permissible percentage of maximum rated

dissipation as a function of temperature.

data section.) The curves show the
permissible percentage of the maxi-
mum dissipation ratings as a fune-
tion of ambient or case temperature.
Individual curves are plotted for
maximum operating temperatures of
60, 71, 85, 100, 175, and 200 degrees
centigrade. If 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, it 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 characteristies
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
fairly 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 de or statie
conditions.

BVono
BVoro
BVome

collector-to-base breakdown
voltage with emitter open
collector-to-emitter break-
down voltage with base open
collector-to-emitter break-
down voltage with specified
resistance between base and
emitter
collector-to-emitter break-
down voltage with specified
resistance between base and
emitter and with a specified
load resistance in the collec-
tor cireuit.
collector-to-emitter break-
down voltage with base
short-circuited to emitter
collector-to-emitter break-
down voltage with base
biased in the reverse direc-
tion with respect to emitter
collector-to-emitter break-
down voltage with base
biased in the reverse direc-
tion with respect to emitter
through a specified circuit
or under specified conditions
emitter-to-base breakdown
voltage with collector open

BVora.

IS‘ICEE

BVeev

BVonx

BVzro

(3|-
Cob
(30.

furn

fh!l

iz

hyn

hys
hll

has
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common-base input capaci-
tance (emitter to base)
common-emitter input capa-
citance (base to emitter)
common-base output capaci--
tance (collector to base)
common-emitter output ca-
pacitance (collector to emit-
ter)

small-signal common-base-
forward - current - transfer -
ratio cutoff frequency
small-signal common-emit—
ter forward-current-trans-
fer-ratio cutoff frequency
gain-bandwidth product:
(measured in the common-
emitter circuit)
common-base forward cur-
rent-transfer ratio
small-signal common-base:
forward current-transfer
ratio

common-emitter forward
current-transfer ratio
small-signal common-emit-
ter forward current-transfer
ratio

common-base open-circuit.
reverse voltage-transfer
ratio

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

base current

collector current
collector-cutoff eurrent with:
emitter open

collector-cutoff current with:
base open

emitter current
emitter-cutoff current with
collector open

collector dissipation

total transistor dissipation
stored base charge
base-to-collector voltage
base-to-emitter voltage
collector-to-base voltage
collector-to-emitter voltage
emitter-to-base voltage
emitter-to-collector voltage
reach-through (or punch-
through) voltage
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Selection Chart.'.s

HE accompanying charts classify

RCA semiconductor devices by
function and by performance level.
These charts are particularly useful
for an initial 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 g
2N2614

2N104 2N 220

2N175 2N1010 2N3118
2N215° 2N2613

Driver

2N405 2N591 2N 3054
2N406 2N2953 2N3055
Large Signal—Class A and Class B
2N109 2N649 2N 2870/
2N217 2N2147 2N301A
2N270 2N 2148 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 49.9 W
2N176 2N1068 2N1184
2N 351 2N1183 2N1184A
2N376 2N1183A 2N1184B
2N1067 2N1183B 2N1479
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2N1480 2N1701 2N2869/
2N1481 2N1768 2N301
2N1482 2N1769 2N2870/
2N1483 2N2102 2N301A
2N1484 2N 2147 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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VHFor HF Converter

2N140
2N219 -
2N274
2N384
2N411
2N412

IF Amplifier
2N139
2N218
2N274
2N 384
2N409
2N410

Mixer

2N274
2N372
2N384
2N1023
2N1066

Dscillator

2N2857

2N274
2N371
2N 384
2N1023
2N1066

Amplifier
2N2857

2N 384
2N699
2N914
2N1023
2N1066
2N1177

2N274
2N370
2N384
2N708
2N1023
2N1066
2N1224

2N1023 2N1396
2N1066 2N1397

2N1224 2N1526 -

2N1225 2N1527

2N1226 2N1639

2N1395

2N1023 2N1395
2N1066 2N1396
2N1180 2N1397

2N1224 2N1524

2N1225 2N1525
2N1226 2N1638

2N1179 2N1396
2N1224 2N1397
2N1225 2N2708
2N1226
2N1395

UHF

VHF or HF

2N1178 2N1396
2N1224 2N1397
2N1225 2N2708
2N1226
2N1395

UHF

VHF

2N1225 2N2482
2N1396 2N2631
2N1397 2N2708
2N1491 2N2876
2N1492 2N3118
2N1493

HF

2N1225 2N1493
2N1226 2N1631
2N1395 2N1632
2N1396 2N1637
2N1397 2N2273
2N1491 2N3118
2N1492
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Low- Spaeﬂ Swttchmg

(Stage Delays Greater f,h.cm
= 300 Nanoseconds*) ¢

2N 398 . 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 1 2N1309
2N397 2N1170f 2N1319 f
2N404 2N1302 2N1605
2N404A 2N1303 2N1605A
2N414 2N1304 3907/2N404
2N581

High-Speed Switching
(Stage Delays of 30 to 100
Nanoseconds*)

2N697 2N1384 2N1854
2N1300 2N1683 2N2476
2N1301 2N1853 2N 2477

Very-High-Speed Switching
(Stage Delays of 10 to 80

Nanoseconds™®)
2N705 2N834 2N965
2NT706 2N914 2N966

2N706A 2N960 2N967
2N708 2ZN961 2ZN1708
2N710 2N962 2N2205
2NT711 2N963 2N2206
2N828 2N964

Ultra-High-Speed Switching
(Stage Delays of 5 to 10
Nanoseconds*)

2N709 2N955A 2N2938
2N955 2N2475

Hizh-Speed Saturated Switching

2N960 2N963 2ZN966
2N961 2N964 2N967
2N962 2N965 2N2938

* Measured in resistor-capacitor-transistor
logic circuit. Nanoseconds = 10-¢ sec-
onds.

1 Bidirectional type.
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POWER SWITCHING APPLICATIONS

RCA Transistor Manual

Dissipations of 50 W or More

Disgsipations up to 4.9 W 2N173 2N1358 2N1703
2N697 2N1092 IN2895 2N174 2N1412 2N1905
2N699 IN1613 2N2896 2N27T 2N1487 2N1906
2NT706 2N1708 9N 2897 2N278 2N1488 2N2015
2N706A  2N1711  2N2898 2N441 2N1489  2N2016
2N708 2N1893  2N2899 ZN442 2N1490  2N2338
2NTI18A  2N2205  2N2900 2N443 2N1511  2N3055
INT20A IN2206 2N3119 2N1069 2N1512 2N3263
2N834 IN2476 40084 2N1070 2N1513 2N3264
2N914 IN2477 2N1099 2N1514 2N3265

2N1100 2N1702 2N3266
High-Voltage Saturated Switching
2N
Dissipations from 5§ W to 49.9 W SLLY )
2N1067  2N1480  2N1768 High-Voltage, High-Frequency Pulse-Amplifier
2N1068 2N1481 2N1769 2N3119
2N1183 2N1482 2N2102
IN1183A 2N1483 IN2270 VIDEO AMPLIFIER APPLICATIONS
2N1183B 2N1484 2N2339 2N274 2N1224 2N1397
2N1184 2N1485 2N 2405 2N384 2N1225 2N1491
2N1184A 2N1486 2N3053/ 2N699 2N1226 2N1492
2N1184B 2N1700 40053 2M1023 2N1395 2N1493
2N1479 2N1761 2N 3054 2N1066 2N1396
RECTIFIERS
MAX. PEAK MAX. AMBIENT MAX. PEAX MAX. AMBIENT
REVERSE TEMPERATURE REVERSE TEMPERATURE
TYPE VOLTS (Operating — °C) _TYPE VLTS (Operating — °C)
Average Forward Current = IN538 200 165
0.125 A (Note 1) IN539 300 165
IN540 400 165
1N3754 100 100 1N547 600 165
1N3755 200 100 1N1095 500 165
IN3756 400 100 1N2859 100 125
N 125
Average Forward Current = 0.4 A ;‘Ngggg ggg 125
1N3563 1000 100 1N 2862 400 125
1N2863 500 125
Average Forward Current = 0.5 A 1N2864 600 125
1N1763 400 100 1N3193 200 100
1N1764 500 100 1N3194 400 100
1N3196 800 100 1N3195 600 100
1N3256 800 100 1N3253 200 100
1IN 3254 400 100
Average Forward Current = 0.75 A 1N3255 600 100
}ﬁﬁgg ;gg %g Average Forward Current = 5 A
1N442B 300 165 (Note 2)
1N443B 400 165 1N1612 50 175
1N444B 500 150 1N1613 100 175
1N445B 600 150 1N1614 200 175
1N536 50 165 1N1615 400 175
1IN537 100 165 1N1616 600 175
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RECTIFIERS (cont'd)

S W ieen T
TYPE VOLTS (Operating—°C) TYPE VOLTS (0perating—"C)
Average Forward Current = 10 A High-Voltage, Low-Current Types
(Note 2) CR101 1200 125
40108 50 175 CR102 2000 125
40109 100 175 CR103 3000 125
40110 200 175 CR104 4000 125
40111 300 175 CR105 5000 125
40112 400 175 CR106 6000 125
40113 500 175 CR107 7000 125
40114 600 175 CR108 8000 125
40115 800 175 CR109 9000 125
40116 1000 175 CR110 10000 125
CR201 1500 125
Average Forward Current = 12 A CR203 3000 125
(Note 2) CR204 4500 125
IN1199A 50 200 CR206 6000 125
IN1200A 100 200 CR208 8000 125
IN1202A 200 200 CR210 10000 125
IN12063A 300 200 CR212 12000 125
IN1204A 400 200 CR301 2400 125
IN1206A 600 200 CR303 4800 125
Average Forward Current = 18 A CR304 6000 125
400 125
40208 50 175 CR306 8 =
40209 100 175 CREo7 2600
40211 300 175 CR312 3600 125
40212 400 175 CR313 4800 125
40213 500 175 CR314 6000 125
CR316 8400 125
Average Forward Current = 20 A CR317 9600 125
(Note 2) CR321 2400 125
IN248C 55 175 CR322 3600 125
IN249C 110 175 CR323 4800 125
1N250C 220 175 CR324 6000 125
IN1195A 300 175 CR325- 7200 125
IN1196A 400 175 CR331 2400 125
IN1197A 500 175 CR332 3600 125
IN1198A 600 175 CR333 4800 125
CR334 6000 125
Average Forward Current = 40 A CR335 7200 125
(Note 2) CR341 2400 125
IN1183A 50 200 CR342 3600 125
IN1184A 100 200 CR343 4800 125
IN1186A 200 200 CR344 6000 125
IN1187A 300 175 CR351 2400 125
IN1188A 400 175 CR352 3600 125
IN1189A 500 175 CR353 4800 125
1IN1190A 600 175 CR354 6000 125
N?jT‘E 11: gvlth capacitive load. All other current values are for resistive or indue-
ve load.

NOTE 2: Types in these groups are available in reverse-polarity wversions. Maxi-
mum operating temperatures are case temperatures.
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SILICON CONTROLLED- RECTIFIERS

MAX. PEAK
REVERSE
VOLTS:

MAX. AMBIENT
TEMPERATURE
(Dperating—°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
2N184TA 250 125
2N1848A 300 125
2N1849A 400 125
2N1850A 500 125

MAX.-PEAK MAX. AMBIENT
REVERSE TEMPERATURE
TYPE VOLTS {0perating—"C)

Average Forward Current = 16 A

2N681 © 25 125
2N682 50 125
2N683 100 125
2N684 150 125
2N685 200 125
2N686 250 125
2N687 300 125
2N 688 400 125
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 RCA 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 RCA discontinued
transistors (see page 323). In addition, this section has been expanded to in-
clude the following important semiconductor devices:

For data, see pages

e Fin-mounted silicon rectifiers 320
@ Tunnel diodes and tunnel rectifiers 324
e Varactor diodes 328

For Key to Terminal Diagrams, see inside back cover.

SILICON RECTIFIER

A, Hermetically sealed 20-ampere
types used in generator-type power TN248A
supplies in mobile equipment; de-to- 1N248B
de converters and battery chargers;
power supplies for aircraft, marine, ]N248c
Bk and missile equipment; transmitters, _
rf generators, and de-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-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. JEDEC
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:

MAXIMUM RATINGS

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

Peak Beverss VOITRES s s s sod s S aviiiay e 55max  volts
RMS Sugﬁ)}‘y Voltage .......ccvecviinnsnssarorisnrannensisnennnes 39 max volts
DC Blocking Vollage .......cciivieesassenssinissvsnsrssasanes 50 max volts

CHARACTERISTICS
Maximum Reverse Current:
DImdne® i e e R e e G S e 38 ma

* Average value for one complete eyecle at maximum Eeak reverse voltage, maximum
average forward current, and case temperature — 150°C.

87
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SILICON RECTIFIER

These types are reverse-polarity K
IN248RA versions of types 1N248A, 1N248B,

1N248RB and 1N248C, respectively. Types
IN248RA and 1N248RB are discon-

] N248Rc tinued types listed for reference only.

JEDEC No. DO-5 package; outline A
3, Outlines Section.

SILICON RECTIFIER

Hermetically sealed 20-ampere A
TN249A types used in generator-type power
1N249B supplies in mobile equipment; dc-to-

de converters and battery chargers;
]N249C power supplies for aircraft, marine,

and missile equipment; transmitters, 5
rf generators, and de-motor supplies; machine-tool controls; welding and elec-
troplating equipment; dec-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. JEDEC
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
1IN249C. Type 1N249C is identical with type 1N1198A except for the following
items:

MAXIMUM RATINGS

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

110 max volts
77 max volts
100 max volts

Peak Reverse Voltage
RMS Supply Voltage
DC Blocking Voltage

CHARACTERISTICS

.................................................... 36 ma

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

SILICON RECTIFIER

These types are reverse-polarity "
TN249RA versions of types 1N249A, 1N249B,
1N249RB and 1N249C, respectively. Types
IN249RA and 1N249RB are discon-
] N249Rc tinued types listed for reference only.
JEDEC No. DO-5 package; outline A
3, Outlines Section.

SILICON RECTIFIER

Hermetically sealed 20-ampere
TN250A supplies in mobile equipment; de-to-
1N250B types used in generator-type power

dc converters and battery chargers;
TN250C  rpower supplies for aircraft, marine,

and missile equipment; transmitters,
rf generators, and de-motor power supplies; machine-tool controls; welding and
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electroplating equipment; de-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. JEDEC
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:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase Opemtio?rl., with resistive or inductive load

Peak Reverse Voltage .............coiiineiiiiiiniininrinsninns 220 max volts
RMS Sugﬁ!‘y Voltage e 154 max volts
DC Blocking Voltage 200 max volts.

CHARACTERISTICS

Maximum Reverse Current:
DYRITICT o v oy 5 o oo S B R S e B RS SR 34 ma

® Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150°C.

SILICON RECTIFIER

These types are reverse-polarity
versions of types 1N250A, 1N250B, TN250RA

and 1N250C, respectively. Types T1N250RB
IN250RA and 1N250RB are discon-

tinued types listed for reference only. l N250 Rc
JEDEC No. DO-5 package; outline

3, Outlines Section.

A SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 100 volts. It is used in
magnetic amplifiers, de-blocking cir- ] N44OB
cuits, power supplies, and other rec-
tifying applications. This type is
designed to meet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Section. This type is identical with type
1N443B 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 ................coiiiiiiiiinininnnnannns 100 max volts

RMS Sugply Voltage "< e dea s RSN R R 70 max  volts
DC Blocking Voltage ...........coievvniiiniiineneunninarnnnnnnn 100 max  volts

CHARACTERISTICS

Dynamic® ... e i raeaae 100 ua
Bttt o R R R S S i e 0.3 ua

K

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

t DC 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

-I N 44] B voltages up to 200 volts. It is used in

magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec-

tifying applications. This type is

designed to meet stringent environmental and mechanical tests. JEDEC No.

DO-1 package; outline 1, Outlines Section. This type is 1dent1cal with type
1N443B except for the followmg items:

MAXIMUM RATINGS

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

Pealk- ‘Reverme Woltage «oiiuim e i iimsm sl mthiiamdnss 200 max  wolts
RMS Suﬁ PRy WOMARE ... yvcovnvn s cuammnios messims whs s vsnae 140 max volts
DC. Blockitig - NOILREE. ii.veieiansvasassississssssesessvsriassssns 200 max  volts
CHARACTERISTICS
Maximum Reverse Current:
Dynamic® ... iiivienn s iiia bt araaa s st s st aaaa e 100 pa
=i F T R e TR e e SR R R e 0.75 ua
* Average value for one complete eycle at maximum peak reverse voltage, maximum

average forward current, and ambient temperature = 150 C.

f DC value at maximum peak reverse voltage, average forward current = 0, and ambient
temperature = 25°C.

SILICON RECTIFIER A

Hermetically sealed 750-milli-

ampere type for use at peak reverse

'l N 4 42B voltages up to 300 volts. It is used in

magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec-

tifying applications. This type is

designed to meet stringent environmental and mechanical tests. JEDEC No.

DO-1 package; outline 1, Outlines Section. This type is identical with type
1N443B except for the following items:

K

MAXIMUM RATINGS

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

Peak Reverse VOllage .i.oicivisviaiinashionss s sadeniieie s 300 max volts
RMS Supply Voltage 210 max volts
DC Blocflmg Voltage 300 max volts
CHARACTERISTICS
Maximum Reverse Current:
DYRAMHCT o ivvevvsasni ey s e s cul i e e e 200 ra
BEATROT i oae a0 oo 00 AT A T S R e A 1 pa

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

t DC 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. It is used in
magnetic amplifiers, de-blocking cir-
cuits, power supplies, and other rec-
tifying applications. This type is

g1

1N443B

demgned to meet stringent environmental and mechanical tests. JEDEC No.

DO-1 packagg, outline 1, Outlines Section.

MAXIMUM RATINGS

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

Peak Reverse Voltage
RMS Suﬁply Voltage
DC Blocking Voltage
Average Forward Curren

At ambient temperature of 50°C ...

At other ambient temperatures ...
Peak Recirrent CURTENL . ...ovsrvsmnnssmorsesnsssrrsmans snmses
Surge Current (One Cycle) ......cioviiiinnsscsccansssirrsnsrnras
Ambient-Temperature ﬁan

CFOLINE  vvisai st srssarusri st s vissas i nivaiae e sy
g&rage
RATING CHART
TYPE IN443B
750
i
gw 625
o
g2
§ 3a'::un::
=
go 375
%5 250
b
b o2s \
4] 50 100 150 200
RE-*C
AMBIENT TEMPERATURE-C
CHARACTERISTICS

Maximum Forward Voltage Drop*

Maximum Reverse current:
Dyna.mlct
Statict

400 max  volts
280 max  volts
400 max volts

750 max

See Rating C'hart
3.5 max amperes
15 max amperes

—63 to 165 °C
—65 to 175 °C
15 volts
200 pa
1.5 na

* DC value at full-load average current and ambient temperature = 25°C.
§ Average value for one complete cycle at maximum pen.k reverse voltage, maximum

average forward current, and ambient temperature = 150°C.

1 DC value at maximum peak reverse voltage, average forward current =

mnperature = 25°C.

A SILICON RECTIFIER

Hermetically sealed T750-milli-
ampere type for use at peak reverse
voltages up to 500 volts. It is used in
magnetic amplifiers, de-blocking cir-
cuits, power supplies, and other rec-

K tifying applications, This type is

1N444B

0, ambient

designed to meet stringent environmental and mechanical tests. JEDEC No.

DO-1 package; outline 1, Outlines Section.
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MAXIMUM RATINGS

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

Peak Reverse Voltage
RMS Suﬁply Vollage ool N i i aiieaen
DC Blocking Voltage ... ...

Average Forward Current:
At ambient temperature of 35°C .....
At other ambient temperatures

Peak Recurrent Curren

...................................... 500 max volts
. F 350 max volts
500 max  volts

akae i A 750 max ma
- See Rating Chart

3.5 max amperes

t i SRR 0
Surge Current (One Cyele) ........ovviirrnnnnnnnns
A.mEient-Temperature ﬁmge: L5 nmeaIpperes
O&erating ......................................... NN - — —65 to 150 °C
Storage ........ B b e veresrss. —B5 t0 175 °C
RATING CHART
TYPE ING44B | | |
750 - 4 - -
8 N [
mf_, e
oy 625 \ T
e |
Y= 500 ™ =
=3
2% || AN
s
2 | L
55 250 ! - I
2z [T [\
* jes | i V
o 50 100 150 200
AMBIENT TEMPERATURE—°C
92CS-1006IT
CHARACTERISTICS
Maximum Forward Voltage Drop* ..... 15 volts
Maximum Reverse Current:
Bymamied §ol i Sl L s e s i S S 200 Ba
BEAMIET 1iinecnsunmivnm iesaon o w4 A0 N RIS B e = 1.75 sa

* DC value at full-load average current ‘and ambient temperature = 25°C.

t Average value for one complete cyele at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°C.

f DC value at maximum peak reverse voltage, average forward current = 0, and ambient
temperature = 25°C.

SILICON RECTIFIER A

Hermetically sealed 750-milli-

ampere type for use at peak reverse

-I N 4 4 SB voltages up to 600 volts. It is used in

magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec-

tifying applications. This type is

designed to meet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Section.

MAXIMUM RATINGS

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

K

Peak Reverse VOltage ................cociieniininnenns 600 max  volts
BRMS Supply Voltage .........ccooiiiiiieeiunnns S e S 420 max  volts
DC Blocking Voltage .......cccvveevuavanrnvsrnsassrs 600 max volts
Average Forward Current:

At ambient temperature of 35°C ........ SRR A 0. i Lo | T 750 max ma
Af other ambient temperatures ........... et R T il See Rating Chart
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ak Recurrent Current ..........ccoeecsvensnsnsans 3.5 max amperes

S e Current (One cle) ....... - . 15 max amperes
lent -Temperature B.an.s

rating IR Loy —65 to 150 .

S TREE: o0 vn v v s s e T i el e, AR —65 to 175 C

RATING CHART

 FRELIETS, T
TYPE IN4458
bl i
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2 @
o O
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et

o
(=]
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o

n
o
=]

MAXIMUM AVERAGE
FORWARD MILLIAMPERES

125 ] ——‘—- ‘ \
[+] 50 100 150 200
AMBIENT TEMPERATURE—"C
92C5-10062T
CHARACTERISTICS
Maximum Forward Voltage Drop® .......coiannnennans R . 15 voits
Maximum Reverse Current:
Dén_a.rmct .................................................... 200 pa
LT R e e e i T e R 2 ua

* DC value at full-load average current and ambient temperature = 25°C.

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

t DC value at maximum peak reverse voltage, average forward current = 0, and ambient
temperature = 25°C.

A SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 50 volts. It is used in
magnetic amplifiers, de-blocking cir- ] N536
cuits, power supplies, and other rec-
tifying applications. This type is
designed to meet stringent environmental and mechanical tests, JEDEC 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 fes-;stg,e or inducfive l?md

K

Peak Reverse Voltage 50 max  volts

RMS Supply Voltage 35 max  volts

DC Bloe Voltage 50 max volts

CHARACTERISTICS

Maximum Forward Voltage Drop®* .......ceevvrvsonrsvanncnsss 11 s

Maximum Reverse % s
et 1T o S U T R e b 04 ma

* DC value at average forward ma = 500 and ambient temperature — 25°C.

$ Average value for one complete cycle at maximum pea.k reverse voltage, maximum
average forward current, and ambient temperature = g
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BT SILICON RECTIFIER . -~ Oa

Hermetically sealed 750-milli-
ampere type for use at peak reverse
-I N 537 voltages up to 100 volts. It is used in
magnetic amplifiers, de-blocking cir-
cuits, power supplies, and other rec-
tifying applications. This type is ¥
designed to meet stringent ehvironmental and mechanical tests. JEDEC 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 Heverse Voltage ..i..... T L, 100 max volts
RMS Supply Voltage T0max  volis
DC Blocﬁlng Voltage 100 max volts
CHARACTERISTICS
Maximum Forward Voltage Drop® ........ccevescssstcssssssns 11 volts
Maximum Reverse Current:

48 5y -1t [ = SRS T MR o O e e 0.4 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.

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

SILICON RECTIFIER A

Hermetically sealed T750-milli-
ampere type for use at peak reverse
-I N 538 voltages up to 200 volts. It is used in
magnetic amplifiers, de-blocking ecir-
cuits, power supplies, and other rec-
tifying applications. This type is 2
designed to meet stringent environmental and mechanical tests. JEDEC 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, Yoith resleiibe o inductivg Togl

Peak Reverse Voltage ..
RMS Supply Voltage ..
DC Blocking Voltage ..

CHARACTERISTICS

200 max  volts
140 max volts
200 max volts

Maximum Forward Volta%e DEOD® cevrrrsssrsssssnnsesnssnssss 11 volts
Maximum Reverse Current:
DYNAMICE .. .coiierrurrsnssnsnsssssnsssnnsrasssnssensatrsssnas 0.3 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.

t Average value for one co Slete cyecle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°C.

SILICON RECTIFIER A

Hermetically sealed 750-milli-
ampere type for use at peak reverse
-I N 539 voltages up to 300 volts. It is used in
magnetic amplifiers, de-blocking cir=-
cuits, power supplies, and other rec-
tifying applications.  This type is K
designed to meet stringent environmental and mechanical tests. JEDEC No.
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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 inducfive load

Peak Reverse Voltage ....
RMS Sugply Voltage ..
DC Blocking Voltage ..

CHARACTERISTICS

300 max  volts
210 max volts
300 max volts

Maximum Forward Volta%e.Dmp' ........ Masessasssssrasssane 1.1 volts
Maximum Reverse Current:
DVDBTICTE i s s amie o o e G W 0 S S B SR B 0.3 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.

1 Average wvalue for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°C.

A SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 400 volts. It is used in
magnetic amplifiers, de-blocking cir- ] N540
cuits, power supplies, and other rec-
K tifying applications. This type is
designed to meet stringent environmental and mechanical tests. JEDEC 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 inducﬁvei?oa.d

Peal Reverse VOHBER ....covrrsnvrsssanmsssinsnsiosasssssssrens 400 max  volts

RMS Suﬁfly VOIIBER: oo iiiiysis irmenioaes s cam sy s i rna s v s saw 280 max volts
DC BlocEIng VOIRZe: ... ...cvivssimsivmssossvnsssss s asensnnsen 400 max volts
CHARACTERISTICS
Maximum Forward Voltage Drop® ......ieceeevessssoncssarss i 11 volis
Maximum Reverse Current:

D R e s S R B B 0.3 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.

1 Average value for one comslete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 11350°C.

Qa SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 600 volts. It is used in
magnetic apmp].i.ﬁers, de-blocking cir- ] N547
cuits, power supplies, and other rec-
tifying applications. This type is
designed to meet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Section,

MAXIMUM RATINGS

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

Peak Reverse Voltage
RMS Supply Voltage

K

.......................................... 600 max  volts
.......................................... 420 max volts
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DC Blocking Voltage ..... W W R R e 600 max volts
Average Forward Current:
At ambient temperature of 50°C ..i:w.vesevumiivissassivans e 750 max ma
At other ambient temperatures ...............cooivriniiinnan See Rating Chart
Surge Current (One Cycle) ............ R PR e 15 max amperes
Operating Frequency .. .............c0.0. N, NI S ——— . 100 max ke
Ambient-Temperature Range:
Operating ...........ccovvvninnnenanen . A veeiieaae.. —B65 to 165 °C
Storage ......... R e e e R R Rl —65 to 175 *C

RATING CHART

T T T
TYPE IN547 | L ‘ |
8750:—_— —
w | |
g% 625 = !
= ;
?(3 sml I et —
=3 | |
N
xd | |
E% 250 \ |
(s
125, .
L [\ ]
o 50 100 150 200
AMBIENT TEMPERATURE-°*C
925~ l0082T
CHARACTERISTICS
Maximum Forward Voltage Drop®* ........cevevvunnncncnninnnns . 1.2 volts
Maximum Reverse Current:
Dynamies. < een e sy ARG ey e PO 0.35 ma
BRAEICT, vty mime drn e O I e R R e R 5 ua

* DC value at average forward ma = 500 and ambient temperature = 25°C.

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

+ DC value at maximum peak reverse voltage, average forward current = 0, and ambient
temperature = 25°C.

SILICON RECTIFIER

A
Hermetically sealed T750-milli-
ampere type for use at peak reverse
-I N-I 095 voltages up to 500 volts. It is used in
magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec- "

tifying applications. This type is
designed to meet stringent environmental and mechanical tests. JEDEC 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 eps, single-
phase operation, with resis:g.:e or inductive load

Peak Reverse Voltage ...........ccveiiiiinvannaniinnnansninas i 500 max  volts
RMS Suﬁply Voltage i ansaan SR N AR W R 350 max volts
DC Blocking VOIABE ....cevvsvrersrstsrsasrssassssrsssnsnns 500 max volts
CHARACTERISTICS
Maximum Reverse Current:

Dynamic® . ..crriiuiencennerriarianriantasa e neesassaaiasisaas 0.3 ma

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

LA Hermetically sealed 40-ampere

type for use at peak reverse voltages

up to 50 volts. It is used in genera-

tor-type power supplies in mobile .IN.I.ISSA
equipment; de-to-de converters and

battery chargers; power supplies for

aircraft, marine and missile equipment; transmitters, rf generators, and de-
motor power supplies; machine-tool controls; welding and electroplating equip-
ment; de-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. JEDEC No. DO-5 pack-
age; outline 3, Outlines Section. This type is identical with type 1N1186A ex-
cept for the following items:

MAXIMUM RATINGS

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

K

Peak Reverse Voltage ......icevvrveciinsiniiniisninssnsinsines 50max  volts
RMS Supply Voltage ... 35 max voli_s
DC Blocking Voltage 50 max volis

SILICON RECTIFIER

This type is a reverse-polarity
version of type 1IN1183A. JEDEC No.
DO-5 package; outline 3, Outlines .l N] ISSRA
Section.

SILICON RECTIFIER

Hermetically sealed 40-ampere
type for use at peak reverse voltages
up to 100 volts. It is used in genera-
tor-type power supplies in mobile ]N1184A
I equipment; dec-to-de converters and
£l battery chargers; power supplies for
aircraft, marine, and missile equipment; transmitters, rf generators, and de-
motor power supplies; machine-tcol controls; welding and electroplating equip-
ment; de-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. JEDEC No. DO-5 pack-

age; outline 3, Outlines Section. This type is identical with type 1N1186A ex-
cept for the following items:

MAXIMUM RATINGS

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

Peak Reverse Voltage

......................................... 100 max volts
RMS Supply VoltBEe ..........covvviinonrneninil
DC Blocking VOLbaRE: iy i e s e ;Eggg :gﬁ

Dk SILICON RECTIFIER

This type is a reverse-polarity
version of type 1IN1184A. JEDEC No.
DO-5 package; outline 3, Outlines ]N' ] 84RA
Sa Section,
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SILICON RECTIFIER

Hermetically sealed 40-ampere
type for use at peak reverse voltages

'I N'I 'I 86A up to 200 volts. It is used in genera-
tor-type power supplies in mobile

equipment; de-to-dc converters and

battery chargers; power supplies for

aircraft, marine, and missile equipment; transmitters, rf
motor power supplies; machine-tool controls; welding and

[C1A

&k
generators, and dc-
electroplating equip-

ment; de-blocking service; magnetic amplifiers; and a wide variety of other

heavy-duty applications. This type is designed to meet str
and mechanical specifications. The special copper-alloy

ingent environmental
mounting stud can

withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5 pack-

age; outline 3, Outlines Section.

MAXIMUM RATINGS

For power-supply freque of 60 cps, single-
phase operation, un'jtl‘.;:. resime or inductive load

Peak Reverse Voltage ......... o B R R R R .
BRMS Supply Voltage
DC Blocking Voltage
Average Forward Current:

200 max volts
140 max volts
200 max  wvolts

At case temperature of 150°C .......ccvvvivmvannsrirnaans 40 max amperes
At other case temperatuUres ..........cissesuirseasrsonsnansnns See Rating Chart I
Peak Recurrent Current .......... 195 max amperes
Surge Current:* .
For one-half cycle, sine wave ,.............. 800 max amperes
For one or more ey¥eles ......iccesvvrrrarsosnsrsvsssssreronsas See Rating Chart I1
Case-Temperature Range: N
Operating and storage ....... P ——— ve.. —B5 to 200 C
RATING CHART I
. HEAT-SINK COOLING CHART o | TYPE INI1IBGA T T T
I T 1] 4 | LOAD:RESISTIVE OR INDUCTIVE
. fi '~ CURVE | TYPE OF OPERATION
%0 f N | £ A DIRECT CURRENT
N E B SINGLE PHASE
\ ! —- o 50 c THREE PHASE ~ ——
N\ \ g D | six Prase
= ' |
35 T \ T | & 40 q— | L. S
| \ N
| » w f
] \ \ 230 —c
BIo—T—TN— & 2
& b =20 r \\\
[N '_..'__. =
2 T Z, AN
z |
gzs - g I 3 I |
g | r _
[ ! [+ | I N E—— E— |
g 150 160 (70 180 90 200
B20 —r CASE TEMPERATURE-°C
20 rvbe NngeA | RATING GHART IL
W | NATURAL COOLING. — T ;
= SINGLE-PHASE OPERATION ’_4_1_
z RECTIFIER TYPE IS STUD- TYPEINIIBBA e
2 15 :‘gk'#g%ﬂKD'ﬁECTLY ON ] SUPPLY FREQUENCY= 60 CPS SINE WAVE |
E V6= PPER LOAD: RESISTIVE OR INDUCTIVE
ES —HE\%& 121;:{1[6&&:‘15&&&“5 800 RMS SUPPLY VOLTAGE = MAXIMUM= -

AND THERMAL EMISSIVITY OF
Q8.

- [
o R R T T ]

|aENEEE

CASE TEMP

-

MAXIMUM SURGE AMPERES PER CYGLE

RATED VALUE

AVERAGE FORWARD CURRENT= MAX|=-
MUM RATED VALUE

ERATURE =150°C |
ok

N
H;_—ﬁ!—

0 50 100 150 200 =
AMBIENT TEMPERATURE—°C 5l
- gacH-1348T ; " i

6 810 2 4 6 8|00

SURGE-CURRENT DURATION-CYCLES

92C5-1350T
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CHARACTERISTICS : i
Maximum Forward Voltage Dropf ......eevvvvneeerrnsranssns 5 0.65 volt

Maximum Reverse Current:
Dynamicf ........... B e wooa W W o R R e — 25 ma
Statfet ... P, 0.015 ma
Maximum Thermal Resistance:
TUENCHON=EO=COBE: i rmviinsnmrascmpasesssemaesiaimis g 1 °C/watt

* 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-equilibrium conditions.

1 Average value over one complete cyele at maximum geak reverse voltage, maximum
average forward amperes, and case temperature = 150°C.

$+DC value at maximum peak reverse voltage, average forward cwrent = 0, and case
temperature = 25°C.

SILICON RECTIFIER
This type is a reverse-polarity
version of type 1N1186A. JEDEC No.
DO-5 package; outline 3, QOutlines ]N]]%RA
Section.

SILICON RECTIFIER

Hermetically sealed types for
use at peak reverse voltages up
to 300 volts. They are used in INT187
generator-type power supplies in
mobile equipment; de-to-de convert- ] Nl ] 87A
i Sk - ers and battery chargers; power sup- ;
plies for aireraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-blocking service; magnetie 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. JEDEC No.
DO-5 package; outline 3, Outlines Section. Type 1N1187 is a discontinued type
listed for reference only. These types are identical with types 1N1190 and
1N1190A, respectively, except for the following items:

MAXIMUM RATINGS 1

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

1N1187 1IN1187A
300

Peakk Reverse Vollage ...csccissssissaansisinsssssenassd 300 max  volts
RMS Supply Volage .....covvvevnesnerssncsnnasannannnns 212 212max  volis
DC Blociu‘ng WOLEAPE: ol isisnvennieninbssvisessaaesies 240 300 max  wvolts

CHARACTERISTICS

Maximum Reverse Current:
DB e e L R R R R R Ve R e —_— 25 ma

* Average value for one complete cycle at maximum peak reverse voliage, maximum
forward amperes, and case temperature = 150°C.

SILICON RECTIFIER

m These types are reverse-polarity
versions of types 1N1187 and
IN1187A. Type IN1187R is a discon- 1INTT87R

ti d listed £ £, 3
TEDEC e, D5 wacheser eniine INT187RA
S 3, Outlines Section.
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SILICON RECTIFIER

Hermetically sealed types for use A
at peak reverse voltages up to 400 N\
TN1188 volts. They are used in generator-
'I N'I 'I 88 A type power supplies in mobile
equipment; de-to-dc converters and
battery chargers; power supplies for K
aircraft, marine, and missile equipment; transmitters, rf generators, and dec-
motor power supplies; machine-tool controls; welding and electroplating equip-
ment; de-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. JEDEC No. DO-5
package; outline 3, Outlines Section. Type 1N1188 is a discontinued type listed
for reference only. These types are identical with types 1N1190 and 1N1190A,
respectively, except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, with Tetistive or inductive ad

1N1188 1N1188A
Peale Reverse Voltage ......ciccescessisanssseissnniions 400 400 max volts

BRMS Supply Voltage .....cisesinsnsaiassastanensisnnssss 284 284 max volts
D BlockIng WoltaBe wvieiiiaiivisimebe aman os basitns s s 320 400 max  volts

CHARACTERISTICS

Maximum Reverse Current:
T L e R i N R e e R RS e, —_ 22 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 1N1188 and
TNT1188R IN1188A. Type 1IN1188R isea discon-

INTIBBRA s oo e e
3, Outlines Section.

SILICON RECTIFIER

Hermetically sealed types for use A
at peak reverse voltages up to 500
IN1189 volts. They are used in generator-
'l N'I 'I 89 A type power supplies in mobile
equipment; de-to-de converters and
battery chargers; power supplies for K
aircraft, marine, and missile equipment; transmitters, rf generators, and de-
motor power supplies; machine-tool controls; welding and electroplating equip-
ment; de-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. JEDEC 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

For power-supply frequency of 60 cps, single-
phase aperuttoprﬁ w‘»{;t resistive or inductive load

1N1189 1IN1189A

Peak Reverse Voltage 500 500 max volts
RMS Supply Voltage .... 355 355 max volts
DC Blocking Voltage 400 500 max  volts
CHARACTERISTICS
Maximum Reverse Current:

DRmamRe® o e S s A e R R — 2 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
forward amperes, and case temperature = 150°C.

SILICON RECTIFIER

Tk These types are reverse-polarity
versions of types 1N1189 and
1N1189A. Type IN1189R is a discon- 1NTI189R
tinued type listed for reference only.
JEDEC No. DO-5 package; outline 1 N] 1 89RA
EIA 3, Outlines Section.

SILICON RECTIFIER

A Hermetically sealed types for use
at peak reverse voltages up to 600
volts. They are used in generator- IN1190

type power supplies in mobile
equipment; de-to-de converters and ] N.I ] 90A
Sk battery chargers; power supplies for

aircraft, marine, and missile equipment; transmitters, rf generators, and de-
motor power supplies; machine-tool controls; welding and electroplating equip-
ment; de-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. JEDEC No. DO-5 package; outline
3, Outlines Section.

MAXIMUM RATINGS
For power-suppl; equency of 60 s, single-
phase apefaﬁo?n‘ﬁ E.u:{}-; ?r‘:si.stz%e or Mct‘ﬂ:fme

IN1190 IN1190A
600 6

Peak Reverse Voltage ... 00 max volts

RMS SuEply Voltage .. 424 424 max volts
DC Blocking Voltag;e ! 480 600 max volts
Average Forward Current:

At case temperature of 140°C ........ccvvernrsrrsane 35 40 max amperes

At other case temperatures ..........oevevvuuus £ — See Rating Chart I
Peak Recurrent Current .........cveeevevaneenenns o 130 195 max amperes
Burge Current:® .. ......c..eeveveasns P RO, .

For one-half cycle, sine wave ...... 500 800 max amperes

For one or more _cycles —  See Rating Chart II
Case-Temperature Range:

Operating and Storage ....... —65 to 175 —65 to 200 °C

® Superimposed on device operating within maximum_voltage, current, and temperature
ratings; may be reperted after sufficient time has elapsed for the device to return to
presurge thermal-eq..ubrium conditions.
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HEAT-SINK COOLING CHART
L] T T i 1 1

TYPE INII9OA =1
LOAD:RESISTIVE on INDUCTIVE ;I‘IEI.E.'RLII..I%(?SL e
R 40 INGLE-PHASE OPERATION,
us S RECTLY DN HEAT SINK
9 80 Y AT Sk o IBTHIGK ]
25 \ COPPER WITH MAT
&g SIX PHASE 35 BLACK SURFACE THER--
3= ac\ . \mu. EMISSIVITY = 0.9
—
25~ 1
%z 4o N“-...__A w
E ~I_C u 30
g& I~ Y [
O™ oy
20 3
o g 25
100 120 140 160 180 200 220 F
CASE TEMPERATURE—°C g
S2C5-11342T1
gz20
o«
w
. S r
RATING CHART 1T =
L ——— £"
>
@00/ CASE_ TEMPERATURE = 150° ¢ - =

-]
o

RATED W,

L

LOAD: RESiSTIVE OR_INDUCTIVE N
RMS SUPPLY VOLTAGE = MAXIMUM-RATED

VALUE
AVEFMGE FOLRUMRD CURRENT = MAXIMLM—

\
N

MAXIMUM-PEAK-SURGE
AMPERES PER CYCLE

| A
o ; R\
1 T~ - ]
i e T
200 [ _—
50 00 150 200
[+] i 1 e AMBIENT '}EMPER“TURE—'O
) 5 81 a6 8 S20M-M24eT
SURGE—WRRENT mnou—cvcr_es
9205-11350T

CHARACTERISTICS
Maximum Forward Volw%e DIop*® ...seeea “resssan 1.7 0.85 volts
Maximum Reverse Curren

Dynamict .......cccciiiriiinrinsnsninsnnnnarrensnne . 10 1.8 ma

BEARET i R A e ke W SR, 0.025 0.015 ma
Maximum Thermal Resistance: i

FURCHON=0=0a%8 .1 i Ll v e enns se 1 1 C/watt

** Peak value at maximum average forward current, case temperature = 140°C.

+ Average value for one complete
average forward current, an

cle at maximum

case perature = 140°

geak reverse voltage, maximum

$ DC wvalue at mamzénum peak reverse voltage, average forward current = 0, and case

temperature

TNT190R

INTI190RA

SILICON RECTIFIER

These types are reverse-polarity
versions of types 1N1190 and
1N1190A. Type IN1190R is a discon-
tinued type listed for reference only.
JEDEC No. DO-5 package; outline
3, Outlines Section.

[LIK

lSIA
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SILICON RECTIFIER

A Hermetically sealed types used

in generator-type power supplies in '
mobile equipment; dc-to-de con- INT195
verters and battery chargers; power
supplies for aircraft, marine, and .IN] ]95A
missile equipment; transmitters, rf
generators, and dc-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
varilety 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. JEDEC
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 frequen of 60 cps, single-
phase operation, with resisgg?e or inductive load

K

Peak Reverse Voltage .......c.covveviinieisvacioinnsesansosnsins 300 max volts
RIS Dol VOB . o immmns s w s s wy v e v wsom Galan 212 max volts
DC Blo B WO L s n i e r e e Ao e B esno aa binre wine e 300 max volts

CHARACTERISTICS

.................................................... 3.2 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward amperes, and case temperature = 1501?’(:.

SILICON RECTIFIER

K These t}frpes are reverse-polarity

versions of types 1N1195 and

1N1195A, respectively. Type 1N11958 1NTT95R

is a discontinued type listed for ref-

erence only. JEDEC No. DO-5 pack- l N] I95RA
age; outline 3, Outlines Section.

SILICON RECTIFIER

Hermetically sealed types used
in generator-type power supplies in
mobile equipment; de-to-de con- IN1196
verters and battery chargers; power
supplies for aircraft, marine, and 1 N] 196A
: missile equipment; transmitters, rf
generators, and de-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-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. JEDEC
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
IN1196A 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 load

Peak Reverse Voltage .........covoevivvvnnnnns R A N R R 400 max volts
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RMS BUDDLY VOIMAEE .u.vocnsserisisnsonssssiniiinse s 284 olts
DC Blocﬂjng BT TR SR et e S 400 $:§ :alts
CHARACTERISTICS
Maximum Reverse Current:

BIFRAEEE -y | C o 350 mmimor nom mon s s e g BB P 88 BB 25 ma

* Average value for one complete cyele at maximum Peak reverse voltage, maximum
average forward amperes, and case temperature = 150°C.

SILICON RECTIFIER

These types are reverse-polarity «
versions of types 1N1196 and
INT196R 1N1196A, respectively. Type 1N1196R
'I N'I ]96RA is a discontinued type listed for ref-
erence only. JEDEC No. DO-5 pack-

age; outline 3, Outlines Section. A

SILICON RECTIFIER

Hermetically sealed types for use LA
at peak reverse voltages up to 500
IN1197 volts. They are used in generator-
'IN'I ]97 A type power supplies in mobile
equipment; de-to-de converters and
battery chargers; power supplies for B
aircraft, marine, and missile equipment; transmitters, rf generators, and de-
motor supplies; machine-tool controls; welding and electroplating equipment;
de-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. JEDEC 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 1IN1197A. Type 1N1197A is iden-
tical with type 1N1198A except for the following items:

MAXIMUM RATINGS

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

Peak Reverse Woltage . ... iveiiisiiiveisiiais e ssanssidasai s 500 max volts
RMS Su?(ply WOLLAEE ovvyvvs i wwnsin s monm mvan wimm poons e e r s g 55808 355 max volts
DC Blocking Volta8€ ....cvcciiiesissevrarenatnasnsnarsssasaras 500 max volts
CHARACTERISTICS
Maximum Reverse Current:

Dynamie® ... coviiiiiiiiinsinienivrasirsiasniesann i 22 ma

* Average value for one complete cycle at maximum @eak reverse voltage, maximum
average forward amperes, and case temperature = 150°C.

SILICON RECTIFIER

These types are reverse-polarity M
versions of types 1NI1197 and
INT197R 1N1197A, respectively. Type 1IN119TR

'I N'I 197RA is a discontinued type listed for ref-
erence only. JEDEC No. DO-5 pack-
age; outline 3, Outlines Section. A
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SILICON RECTIFIER

Hermetically sealed 20-ampere
types for use at peak reverse volt-
ages up to 600 volts. They are used 1N1198
in generator-type power supplies in
mobile equipment; dc-to-dc con- ] NII 198A

L 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; de-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. JEDEC 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 geverse WOHAEE | i iims i s v e s s o A vne o es o 600 max volts
RMS UE}JI:{ Voltage SR v 424 max volts
DC Blocking Voltage 600 max volts
Average Forward Current:

At case temperature of 150°C 20 max amperes

At other case temperatures See Rating Chart I
Peak Recurrent Current ...... 90 max amperes
Surge Current:*

n
[

=

viTY=09
|

|

For one-half cycle, sine wave .............ccooveunn. . 350 max amperes

For one or more cycles ....... A eI SR R AL e T b See Rating Chart II
Case-Temperature Range:

Operating and storage ................. S R R —65 to 175 °C
@ RATING CHART T
i TYPE Ihligéa | T 7171 7
&
= |- LOAD:RESISTIVE OR INDUCTIVE
; CURVE | TYPE OF QPERATION 1

A DIRECT CURRENT _l -
g A g %:;GELEE mez __1 i . _I HEAT-SINK GCOOLING CHART
i | TYPE INIISH
& 40— [} SIX PHASE _[ __‘ — r gmGEREALﬁH%):dE?JN‘G
] ! LE-!

o | CPERATION.
3 —— T el o1 T "otinTeo DiRgeTLY
2o [ e A e ON HEAT SINK
320 8_
=
=)
-
3
4
‘=

: _— ANEANS Y HEAT SINK: 116"~ THICK
F COPPER WITH MAT
| N \L\\‘%« BLACK SURFACE,
T 5 . HERMAL
L 3

100 120 40 is0 180
CASE TEMPERATURE—"C
S2C5- |0T4ET)

Y]
Q

T

RATING CHART I

;YPE INII9BA

UPPLY FREQUENCY =60 CPS SINE WAV

CASE TEMPERATURE=I50°C =

LOAD: RESISTIVE OR INDUCTIVE

RMS SUPPLY VOLTAGE = MAXIMUM-RATED VALUE
»ﬂ.VEﬁQEuEEFUﬁWM_RD__ CURRENT=MAXIMUM-RATED|

o

MAXIMUM AVERAGE FORWARD AMPERES

A\
A\

w
=
L2
o
[ 4
W
o
wy
gaoc S e
5 5 [ r
% 5

300 S—
[+
a 200 ] "‘ : '
= 0 50 100 150 i 200
3 00 T AMBIENT TEMPERATURE-C
5 | S2CM-10741T
=X
= 0 |

] 2 4 6 810 2z 4 & B8I00

SURGE - CURRENT DURATION~- CYCLES
92C5-(09097T)
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CHARACTERISTICS

Maximum Forward Voltage DIODE ccvcisisosssncsnssnssinnnns . 0.6 volt
Maximum Reverse Current:
Bynamlel ...k e s e e e e e e S 1.5 ma

* Superimposed on device o?erating within maximum voltage, current, and temperature
ratings; may be repeated after cient time has elapsed for the device to return to the

presurge thermal-equilibrium conditions.

1 Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150°C.

SILICON RECTIFIER

These types are reverse-polarity
versions of types 1N1198 and
1N1 198R 1N1198A, respectively. Type 1N1198R
'I N'I 198R.A is a discontinued type listed for ref-
erence only. JEDEC No. DO-5 pack-

age; outline 3, Outlines Section.

SILICON RECTIFIER

Hermetically sealed 12-ampere

type for use at peak reverse volt-

'IN'I'I99A ages up to 50 volts. It is used in

generator-type power supplies in

mobile equipment; de-to-de con-

verters and battery chargers; power

supplies for aireraft, marine, and missile equipment; transmitters, rf generators,

and de-motor power supplies; machine-tool controls; welding and electroplat-

ing equipment; de-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. JEDEC No. DO-4

package; outline 2, Qutlines Section. This type is identical with type 1N1206A
except for the following items:

MAXIMUM RATINGS

For power-supply quency of 60 cps, single-
phase operation, wijﬂ? resistive or inducﬁv?l%ad

Peak Reverse VOHBZE ......ccovnvvmssrmmmirsnsnnssnssnninssnens 50 max  volts
Transient Reverse Voltage:

Non-repetitive, for duration of 5 milliseconds maximum .... 100 max  wvolts
RMS Supply Voltage ........ccoicreinrvsiarisnssrsnsrinsnsssnns 35 max volts
DC Blocking VOItBEE ....ccovsvvirrencssnssonssssansssssssssnas 50 max volts

CHARACTERISTICS

Maximum Reverse Current:
DYDRIMICT i s i e e R R R R R e 3 ma

* Average value for one complete cycle at maximum .Pea'k reverse voltage, maximum
average forward current, and case temperature = 150°C.

SILICON RECTIFIER Tk
This type is a reverse-polarity
-l N-I -I 99RA version of type 1N1199A. JEDEC No.
DO-4 package; outline 2, Outlines

Section. A
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SILICON RECTIFIER

A Hermetically sealed 12-ampere
type for use at peak reverse volt-
ages up to 100 volts. It is used in
generator-type power supplies in l N] 200A
mobile equipment; dc-to-dc con-
S verters and battery .chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-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. JEDEC 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 quen of 60 cps, single-
phase operation, m{;zefesisgg:e or inductive load

Peak Reverse Voltage ............cceiiniiiinniinnnennarinssnans 100 max  volts
Transient Reverse Voltage:

Non-repetitive, for duration of 5 milliseconds maximum .... 200 max volts
RMS Suﬁ?ly NWOIBARE i s i iaiiive s vanme s i s s s T les B e dg 70max  volts
DC Blocking Voltage ......ccveviveriesnnssnsssssasssssssasanns 100 max  wvolts

CHARACTERISTICS
Maximum Reverse Current:
EVONATRION oo msamimm o 8o w0 RN G W A A AN 25 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150P(§. '

SILICON RECTIFIER
This type is a reverse-polarity
i f type 1N1200A. JEDEC No.
ggfnp:\ckage; outline - 2, Out]in:.s ]N]200RA
Section.

SILICON RECTIFIER

A Hermetically sealed 12-ampere
type for use at peak reverse volt-
ages up to 200 volts. It is used in
generator-type power supplies in IIN ]202A
mobile equipment; de-to-de con-
K verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-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. JEDEC 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 resisa%e or inductive lgmd

Peak Reverse VOIage ....veeeervraserssnssssncnssssssssssasnsas . 200 max volis
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ent Reverse Voltage:
Non-repetitive, for duration of 5 milliseconds maximum ..., 350 max  volts
BMS Supply Voltage ..........cccovvivsirsnsnsnnennnssannsnnnn 140 max  volts
DC Blocking Voltage ......... sessssnnnge PR e L . 200 max volts

CHARACTERISTICS

Maximum Reverse Current:
Iarnde® i e e sresrsaerras PSP e e 2 ma

* Average value for one complete ecycle at maximum 5J}eak reverse voltage, maximum
average forward current, and case temperature = 150°C.

SILICON RECTIFIER I

This i -polari
‘I N'l 202RA version oft{yp;e ?Nime%pgcuﬁ?
DO-4 package; outline 2, OQutlines

Section. A
SILICON RECTIFIER
Hermetically sealed 12-ampere A

type for use at peak reverse volt-
'IN'|203A ages up to 300 volts, It is used in

generator-type power supplies in

mobile equipment; de-to-de con-

verters and battery chargers; power 5K
supplies for aireraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-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. JEDEC No. DO-4
package; outline 2, Qutlines 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 in.ducﬂvengmd.

Peak Reverse Voltage .........cccviiciiiunsnsisssainsnvsnssnsns 300 max  wvolts
Transient Reverse Voltage:

Non-repetitive, for duration of 5 milllseconds maximum .... 450 max  volts
RMS Supply VOlage ........c.ivievvencrioisiessnnnsnsnrsnsnns 212max  volts
DC Blocking Voltage .......ccecievnvisnsssnsrsssssesissnes cess 300 max  volis
CHARACTERISTICS
Maximum Reverse Current: :

D AR e i e R A s A RS 175 ma

* Average value for one ccmglete cycle at maximum ?eak reverse voltage, maximum
average forward current, and case temperature = 150°C.

SILICON RECTIFIER K
This type is a reverse-polarity

i f t; 1N1203A. JEDEC No.
] N] 203RA ]‘5%5.1: np:ckg:; outline 2, Outlmec.;

Section. A
SILICON RECTIFIER
Hermetically sealed 12-ampere A

type for use at peak reverse volt- 3
'IN'I204A ages up to 400 volts. It is used in

mobile equipment; dec-to-de con-

verters and battery chargers; power

generator-type power supplies in [3
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; de-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. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1206A
except for the following items:

MAXIMUM RATINGS

o ower-suppl quen of 60 cps, single-
p??;sep operation, mnm%e ifn- inductive load

Peak Reverse VOILAEE ....:eycsnvussrsvsrnsnsrsenasusnssisensnes 400 max  volis
Transient Reverse Voltage:

Non-repetitive, for duration of 5 milliseconds maximum .... 600 max  volts
RMS SUﬁE}‘y NOIaEe s e RS N e 284 max  volts
DC Blocking VOILAEE .. .csusrnrrssssssssrssessssssonsrasnsssns 400 max volts

CHARACTERISTICS
Maximum Reverse Current:
TOVIEIMIOY il e b E o T N VB N N S e 15 ma

* Average value for one comg!ete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150°C.

(3 SILICON RECTIFIER
This type is a reverse-polarity

i £ 1N1204A. JEDEC No.
é:(Es—Tnp‘;cgg:; outline 2, Outli.n:S ] N1204RA
A tion.

SILICON RECTIFIER

A Hermetically sealed 12-ampere
type for use at peak reverse volt-
ages up to 500 volts. It is used in
generator-type power supplies in ]leosA
mobile equipment; de-to-de 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; de-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. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1NI1206A
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 . ..........cciiiiiiiiinieninincnninonnenas

Transient Reverse Voltage: : Mo yolts
Non-repetitive, for duration of 5 milliseconds maximum ..., 700 max volts

RMS Suﬁply NOIBEE 1o vnivn v iirnes s o 4 b aaas b et o b 355 max volts

PC Blocking VOILRRE «ioaiveeinerom st aresnes s erssassssrssrrmns 500 max volts

CHARACTERISTICS

Maximum Reverse Current:
DIFNATIET | o remmima shn it n o s s b R A d AT Bk b B e g e 1.25 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150°C.
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TN1206A
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-SILICON RECTIFIER

This type is a reverse-polarity
version of type 1N1205A. JEDEC No.
DO-4 package; outline 2, Outlines
Section.

SILICON RECTIFIER

Hermetically sealed 12-ampere
type for use at peak reverse volt-
ages up to 600 volts. It is used in
generator-type power supplies in
mobile equipment; de-to-de con-
verters and battery chargers; power

LIK

K

supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dec-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-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. JEDEC No. DO-4

package; outline 2, Outlines Section.

L) -
. llEn'r-e.lmK .GOO"‘INE, CHART & [ ryee IN1206A —l
» & | LOAD:RESISTIVE OR INDUCTIVE
| DPrANIEOeA . % | CURVE | TYPE OF OPERATION
5 -PHASE OPERATION.
RECTIFIER STUD-MOUNTE 2 & | DIRECT CURENT
8 ECTLY ON HEAT SIN g20~ ¢ THREE PHASE
HEAT SINK:-W6"=THICK COPPER " D PHA!
MAT BLACK SURFACE, e
. THERMAL EMISSIVITY=09 s | 1I
R~ 4
by
L ST
w =
2 N
\ \ g . -‘“""‘"--.._
\.a Z
S\ ) E
T E
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/.
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RATING CHART I

CASE TEMPERATURE-"C
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RATING CHART IT

T |
I' TYPE INI206A

1} T T

SUPPLY FREQUENCY= 60 CPS SINE WAVE

CASE TEMPERATURE =150°C
~ LOAD: RESISTIVE OR INDUCTIVE
RMS SUPPLY VOLTAGE = MAXIMUM=

IR

SURGE - CURRENT DURATION-CYCLES
92C5-11066T)
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MAXIMUM RATINGS

For power-supply frequency of 60 cps, si -
p)wsep o'pemﬁg?n‘p, %:ith resistive or inductive

Peak Reverse VoltAge ........c.c.ocuvvvvenininnns e P TR 600 max  volts
Transient Reverse Voltage: . .

Non-repetitive, for duration of 5 milliseconds maximum .... BOO max  volts
BMS SUDDLY VOB (.. i eviivacenssorasssossonsusiisassnane 424 max volts
DC Blocking Volteg‘e ................... o 600 max volts
Average Fo rrent:

At case temperature of 150°C .. 12 max amperes

At other case temperatures .......... e ¥ See Rating Chart 1
Peak Recurrent Current ¥ 50 max amperes
Surge Current:}

For one-half cycle, sine Wave ......vcceieceaninnnsnnans % g i 240 max amperes

CaiorTone or tl;?ore éycles ..................................... See Rating Chart II
e-Temperature Range: =

Operating and storage ............coviemerrncaivataciscionins —65 to 200 C

Superimposed on device operating within maximum voltage, current, and temperature
:rat?.lsgs; mnay be repeated ge_ﬂep sufficient time has elapsed for the device to return to
the presurge thermal-equilibrium conditions.

CHARACTERISTICS

Maximum Forward Volta%e DIop* ..ievesssrsssiecaitiinnass . 0.55 volt
Maximum Reverse Current:

FOAMICE | iinam i s suemm e s s ey e s s i | ma

BEALILT |l vs s sk se vate e ma v e H e e e v e 0.004 ma
Maximum Thermal Resistance: z

JUnCHON-t0-CaBe ... ..cvniiisininsirsi s sa i E e 2 C/watt

* Average value for one complete cycle at maximum geak reverse voltage, maximum
average forward current, and case temperature = 150°C.

f DC value at maximum peak reverse voltage and case temperature = 25°C.

K SILICON RECTIFIER
This type is a reverse-polarity

ion of 1IN1206A. JEDEC No.
?68-12 npt;c]ggz; outline 2, Outljn; ] N] 206RA
ection.

SILICON RECTIFIER

A Hermetically sealed 5-ampere
type for use at peak reverse volt-
ages up to 50 volts. It is used in
generator-type power supplies in 1Nl612
mobile equipment; dc-to-de con-

K verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-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. JEDEC 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, si -
phase operation, with resistive or inductive load

Peak Reverse Voltage ,...
RMS Supply Voltage ..
DC Bloc Voltage ....

S0max  wvolts
35 max volts
S0max  volts
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SILICON RECTIFIER
This type is a reverse-polarity

: "N'I6'|2R version of type 1N1612. JEDEC No.

DO-4 package; outline 2, Outlines

Section.
SILICON RECTIFIER
Hermetically sealed 5-ampere ' A

) type for use at peak reverse volt-
]N]6]3 ages up to 100 volts. It is used in
generator-type power supplies in

- - mobile equipment; de-to-de con-

* verters and battery chargers; power K i
supplies for aireraft, marine, and missile equipment; transmitters, rf generators,
and dec-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-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. JEDEC 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 ...

RMS Supply Voltage .
DC Blocking Voltage

100 max  volis
70 max volts
100 max volts

SILICON RECTIFIER [Tk

This type is a reverse-polarity

i f 1N1613. JEDEC No.
.l N] 6] 3R B‘Bﬂi?np:ck:);i? outline 2, Outli.n:s

Section. LY
SILICCN RECTIFIER
Hermetically sealed 5-ampere A

type for use at peak reverse volt-
"N'I6'I4 ages up to 200 volts. It is used in

generator-type power supplies in

mobile equipment; dc-to-de gon-

verters and battery chargers; power 5K
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet siringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC 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 frequen of 60 cps, single-
phase operation, with resisgt%e or inductive load

Pealt Reverse VOIIaEe ........osvessasmsmsstssanassssassiseranne 200 max  volts
RMS Supply Voltage .........cciiivemincennicnarecssnaiisnatass 140 max volts
DC Blocking VOMage ...cciceiiiavivmmnssrmmmsrrsnrsvivssssssns 200 max volts
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T SILICON RECTIFIER
This type is a reverse-polarity

i f t 1N1614. JEDEC No. 4
‘Sﬁ%s_?np:ckz:;i? outline 2, Ouﬂin;s ] N ] 61 4R
ection.

SILICON RECTIFIER

TA Hermetically sealed 5-ampere

mobile equipment; de-to-de con-

type for use at peak reverse volt-

ages up to 400 volts. It is used in .IN.I6.|5
verters and hattery chargers; power

- generator-type power supplies in

supplies for aireraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-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. JEDEC 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
RMS Suﬁply Voltage
DC Blocking Voltage

K

......................................... 400 max  volts
.......................................... 280 max volts
.......................................... 400 max volts

=

SILICON RECTIFIER

This type is a reverse-polarity
version of type 1N1615. JEDEC No.
DO-4 package; outline 2, Outlines 1N]6'5R
A Section.

SILICON RECTIFIER

A 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 1N] 616

mobile equipment; dec-to-de con-

K verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-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. JEDEC No. DO-4
package; outline 2, Outlines Section.

MAXIMUM RATINGS

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

Peak Reverse Voltage

.......................................... 600 max volts
RMS Supply VOIage ......ccviiiiniiirnrnininnnsanssroansnnnis 420 max volts
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DC Blocking Voltage ........ccecvireissnnnsn. sesnsnssssnasana 600 max volts
Average Forward Current:
At case temperature of 135° C 5 max amperes

At other case temperatures
Peak Recurrent Current
Case-Temperature Range:

Operating and storage

RATING CHART

1
TYPE INIBI6 Lo % [
|_LOAD: RESISTIVE OR INDUCTIVE
[ CURVE | TYPE OF OPERATION
wa 4 A DIRECT CURRENT
oF 6.25 ~] B SINGLE PHASE |
2w ~.] ¢ THREE PHASE
gz 5 8 >0 SIX PHASE -
20 - c:?"‘--.._ \J\ |
Fdg ] — T~
=z ‘\
3 [~
gg 28 .
e [ %
L.2s | ]

o
I30 135 140 145 150 155 IGO. 165 170 175
CASE TEMPERATURE-'C
92C5-1295T

CHARACTERISTICS

Maximum Forward Volta%e Drop* 15 volts
Maximum Reverse Current:
DYABIHET o csanmomns sinssme i sas s sas s e 1 ma
BRIl i R b R e e b R e R e A B A e 0.01 ma

* At maximum average forward current and case temperature — 25°C.

t Average value for one comglete cfede at maximum geak reverse voltage, maximum
average forward current, and case temperature = 135°C.

4+ DC value at maximum peak reverse voltage and case temperature = 25°C.

SILICON RECTIFIER [Tk

This type is a reverse-polarity

i £ 1N1616. JEDEC No.

1N]616R Beéii:np:ckm outline 2, Outlin:s
Section, A

SILICON RECTIFIER A

Hermetically sealed 500-milli-

ampere type for use at peak reverse

-I N-I 763 voltages up to 400 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 direct from a power line at ac voltages up to 140

volts, JEDEC No. DO-1 package; outline 1, Qutlines Section. For forward-
characteristic curve, refer to type 1N3196.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-

phase operation, mtrh capacitor input to filter

Peak Reverse Voltage . 400 max volts

RMS Supply Voltage 140 max volts
Average Forward Curre

At ambient temperatures Up 10 75°C .....cvveevnrsasnssns Ve 500 max ma

At ambient temperatures above 75°C .......cceeneensnnananss See Rating Chart

Peak Recurrent Current:

At ambient temperatures up to 75°C ... ......ciiiiiiiiiiannnes 5 max amperes

At ambient temperatures above T5°C ..........covvnevennnnnes See Rating Chart

K
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Sui%e Current (for turn-on time of 2 milliseconds duration):

ambient temperatures up to T5°C ........ce0ns 35 max amperes
Ax‘:t a.mb%ent temt%iratﬁgis above TH%C ...ccvvvansersrnns See Rating Chart
bient- ature nge: .
e i S Sty PTG TR WPME S P ;. °c
Sf?}rage R sy Py to 150 C
CHARACTERISTICS
Maximum- Forward Voltage Drop* .......... 3 volts
Maximum Reverse Current (at maximum peak reverse voltage):
At ambient temperature of 25°C ............... S B 100 pa
At ambient temperature of 100°C ............... 1 ; ma

* Instantaneous value at average forward amperes = 15 and ambient temperature = 25°C.

TYPICAL CHARACTERISTICS

RATING CHART FULL-WAVE VOLTAGE DIVIDER
TYPE INIT63 3 TyPEINITES 0 ¢ T T
=2 | SUPPLY FREQUENCY=60 CPS AMBIENT TEMPERATURE = 25°C
gE___ - SUPPLY FREQUENCY =60 CPS —
=R - +
32 o meur ST WL
:53 L] =  lI7 VOLTS AC OHMS i
LE 2100 g 13, voiTace
< z
Lo¥ .. Sao0 [ —o_
g T \ : e
52" s0 8% PQ%—LL“’
% \ —
; 25 200 50 —
; J )
75 -50 -25 O 25 50 75 (00 looo Bl 02 o3 04 65 o5 of
AMBIENT TEMPERATURE-"C .
92c5-9727T2 DC LOAD AMPERES BeswTIT
TYPICAL OPERATION
As Half-Wave Rectifier
RMS Supply VOHage .......c.eeeeveeinnen. 117 117 117 volts
Filter-Input Capacitor ....... 50 100 250 uf
Surge-Limit!.n% esistancet ... g 56 56 5.6 ohms
DC Output Voltage (Approx.) at input to filter:
At half-load current of 250 milliamperes .... 126 146 150 volts
At full-load current of 500 milliamperes .... 100 132 139 volts
Voltaée Regulation (Approx.):
Hali-load to full-load current .............. 26 14 11 volis
As Half-Wave Voltage Doubler
RMS Supply Voltage ......ccvvvveevrvnsanrenns 117 117 volts
Filter-Input Capacitor ....... 100 250 uf
Surge-Limitin, esistancet ................. .5 5.6 56 chms
DC Output Voltage (Approx.) at input to filter:
At half-load current of 250 milliamperes .... 273 288 volts
At full-load current of 500 milliamperes .... 235 262 volts
Voltage Regulation {A%pmx.):
Half-load to full-load current ......... waE 38 26 volts
As Full-Wave Voltage Doubler
RMS Supply Voltage .... 117 117 117 0
Filter-Input Capac%tor . 50 100 250 v 1;:?
Surge-Limiting Resistancet .. 56 56 56 ohms
DC Output Voltage (Approx.) at input to filter:
At half-load current of 250 milliamperes .... 260 280 290 volts
At full-load current of 500 milliamperes .... 220 260 275 volts
VnILaI%e Regulation (Approx.):
Half-load full-load current .......... 40 20 15 volts

% The transformer series resistance or other resistance in the line may be deducted from
the wvalue shown.
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SILICON RECTIFIER A

Hermetically sealed 500-milli-

ampere type for use at peak reverse

'IN-|764 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 K
othfar 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. JEDEC No. DO-1 package; outline 1,
Outlines Section. For forward-characteristic curve, refer to type 1N3196.

MAXIMUM RATINGS

For power-supply frequency of 60 c'ps, single-
phase operation, with capacitor input to f?l.ter

Peak Reverse Voltage ....... I, 500 max  volts
RMS Supply Voltacge ...... 175 max volts
Average Forward Current:

ﬁ% aml‘:;i_entttfmperattires upbto 75_;5(:0. 500 max ma

ambient temperatures above T5°C .....c..vviiiiiievnnnnnes Rating Chart

Peak Recurrent Current: s g

At ambient temperatures up to 75°C ..... 5 max amperes

At amblent temperatures above 75°C ............. See Rating Chart
Surge Current (for turn-on time of 2 milliseconds du.l‘al.lon)

At ambient temperatures up to 75°C ............ 35 max amperes

At ambient temperatures above 75°C ........ovvviiiiininnns . See Rating Chart
Ambient-Temperature Range:

Operaling . Cooui e s e e e e e veress —65 to 100 °C

StOTAEE  .....cooveesssassnssssasnrssssasssnssssnnssssssrasssss —o0 00150 °C
CHARACTERISTICS

Maximum Forward Voltage Drop* ..........covvevenrnzanen 3 volts
Maximum Reverse Current (at maximum peak reverse voifagej
At ambient temperature of 25°C ....... 3 100 pa

At ambient temperature of 100%C LR R 1 ma
* Instantaneous value at average forward amperes = 15 and ambient temperature = 25°C.

TYPICAL CHARACTERISTICS
= RA,TING_CHA,WT . ) FULL-WAVE VOLTAGE DIVIDER
TYPE INITE4 TYPE INITE4 ' ; S
:g | SUPPLY FREQUENCY=60 CPS . AMBIENT TEMPERATURE = 25°C
=E | SUPPLY FREQUENCY = 60 CPS -
E.. [
5&:3 6.8 OHMS "
It ] I 2 INPUT 150 L
=50 2 11T VOLTS AC VOLTS o ey
SEx 100 1 = L vouTace
= -
Lou | \ 5 s00 - = -
wo - T T 1 I
Ry l 5 | ' |
25 g0 & 400 — C=250,f
g STy : ~ |
25 T T T 300 90 ;
1 l | = |
0 |

=75 -50 -25 0 25 50 75 00 200
AMBIENT TEMPERATURE-C o ol Q%c L%:D nmm Eos.s 06 O
92C5-9727T2 9RCS-0T1TT

TYPICAL OPERATION
As Half-Wave Rectifier

RMS Supply Voltage ...... 150 150 150 vc}ts
Filter-Input Ca%amtor ............ 50 100 250
Sur% Limiting Resistancef . 6.8 6.8 6.8 ohms
utput Voltage (Approx.) at input to filter:
At half-load current of 250 milliamperes .... 158 184 190 volts
At full-load current of 500 mll.hamiyeres 128 170 178 volts
Voltage Regulation {A%prox
Half-load to full- BUTTEnt s e s - 30 14 12 volts
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As Holf-Wave Voltage Doubler

RMS Supply Voltage ............covviivininnes 150 150 volts
Filter-Input Capacitor ........cocevvveee e 100 250 uf
Surge-LimiH.n% esistancet ............... .00 6.8 6.8 ohms
DC Output Voltage (Approx.) at input to filter:
At half-load current of 250 milliamperes .... ¢ 345 367 volts
lektta ful%load %urren}i of 500) milliamperes ..,. 301 336 volts
oltage Regulation (Approx.):
-load to fun-{oadp eurrenit ......cive0nee 44 31 volts
As Full-Wove Voltage Doubler
RMS Supply Vol 150 150 150 volts
Filter-Input Caﬁac tor 50 100 250 uf
Surge-Li tin? esistancet ................ 6.8 6.8 6.8 ohms
DC Output Voltage (Approx.) at input to filte
At half-load current of 250 milliamperes .... 340 370 380 volts
At full-load current of 500 milliamperes .... 290 340 360 volts
Voltage Regulation (Aspmx‘):
-load to full-load current .............. 50 30 20 volts

t The transformer series resistance or other resistance in the line may be deducted from
the value shown.

DIODE

K Hermetically sealed germanium
type used to compensate f(;)r the ef-
A fects of temperature and supply-
voltage changes in class B push-pull ] N2326
audio-frequency power-amplifier
stages. In 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
—20 to T1°C. Package is similar to JEDEC No. TO-1 (outline 4, Outlines Sec-
tion) except that lead No. 3 is omitted.

MAXIMUM RATINGS
Temperature and voltage-compensation service

Peak Forward Current 200 max
Reverse Voltage* ... ..... —1 max volt
Average Forward Current 100 max ma
Ambient-Temperature Range

Operating and Storage B LR R TP PP TP PR PP —65 Lo BS °C
CHARACTERISTICS
Forward Voltage Drop:

At average forward IA = 2 ......evireecrrisrsnnsssaassrisaae 135 my

At average forward ma = 100 .........covevneiriiininiianienane 260 mv

* Operation with reverse voltages is not recommended.

TYPICAL FORWARD CHARACTERISTIC TYPICAL FORWARD GHARACTERISTIC

. —— il
o TYPE IN2326 «ld S R R e
5 i1 8 -TYPE IN2326 — ]
gl AVERAGE FORWARD MILLIAMPERES =2 ﬁ 6~ AMBIENT TEMPER.&TUREgzs‘c;v —_
= 4
3 || 2 | '
200 = ‘ A
T : /
<150 o~ ] 2, | / |
H e e i T
£ 0 —— £° i
Y ~ Sal / —
< w
& 50 - | T N 2: ——t- / _J .
= & =
l EN | | |
(4] 10 20 30 40 S0 60 7O Q 25 50 75 100 125 150 175 200
AMBIENT TEMPERATURE —°C' AVERAGE FORWARD MILLIVOLTS

F2CS-1M40T) DZCS-I0I4ITI
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SILICON RECTIFIER A

Hermetically sealed type used in
power-supply applications at peak
'l N2858 reverse voltages up to 50 volts. This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive &
loads and 500 milliamperes for capacitive loads. JEDEC 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

Resistive or Capacitive
Inductive Load oad

Peak Reverse Voltage ............ 50 max 50 max volts
RMS Suﬁfly Yoltage ....vicovses 35 max 17 max volts
DC Blocking Voltage ............ 50 max 50 max volts
CHARACTERISTICS

Maximum Reverse Current (at maximum peak reverse voltage) . 0.4 ma

SILICON RECTIFIER A

Hermetically sealed type used in
power-supply applications at peak
'I N2859 reverse voltages up to 100 volts. This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive %
loads and 500 milliamperes for capacitive loads. JEDEC 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

Resistive or Cafzcﬁive
Inductive Load ad

Peak Reverse Voltage 100 max ) 100 max wvols
RMS Suﬁ;ﬁy Voltage ... 70 max 35 max volts
DC Blocking Voltage 100 max 100 max volts
CHARACTERISTICS

Maximum Reverse Current (at maximum peak reverse voltagey . 04 ma

SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
1 N28 60 reverse voltages up to 200 volts. This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive K
loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package;
outline 1, Qutlines Section. This type is identical with type 1N2864 except for
the following items:
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MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-phase operation

Resistive or Capacitive
Inductive Load and

Peak Reverse Voltage ... 200 max 200 max volts
RMS Supply Voliage ... 140 max 70 max volts
DC Bloc! Voltage 200 max 200 max volts
CHARACTERISTICS

Maximum Reverse Current (at maximum peak reverse voltage) . 04 ma

A 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- 1N286]
ward-current rating of 750 milli-
K amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. JEDEC 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

Resistive or Capacitive
Inductive Load Egad
Peak Reverse Voltage ............ 300 max 300 max volts
RMS Suﬁply Yoltage ...voisrives 210 max 105 max volts
DC Bl g Voltage ............ 300 max 300 max volts
A 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- 1N2862
ward-current rating of 750 milli-
amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. JEDEC 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

Resistive or Capacitive
Inductive Load and
Peak Reverse Voltage 400 max 400 max Its
RMS Suf&lly Voltage .... 280 max 140 max :oolts
DC Blocking Voltage .... 400 max 400 max volts
A SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
reverse voltages up to 500 volts. This
type has a rgnaxui:mm average-for- ]N2863
ward-current rating of 750 milli-
amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package:

K
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outline 1, Outlines Section. This type is identical wlth type 1N2864 except for
the followmg items:

MAXlMUM RATINGS

For power«supp!'y frequency of 60 cps, single-phase operation

¢ ngesitsitwel‘wd Ca amdtwef 2
uctive Loa oa :

Peak Reverse Voltage ....... S 500 max 500 max volts
RMS Su‘p( ply Voltage . 350 max : 175 max volis
DC Blocking Voltage 500 max 500 max volts

SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
'I N286 4 reverse voltages up to 600 volts. This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive L

loads and ‘500 milliamperes for capacitive loads. JEDEC No. DO-1 package,
outline 1, Outlines Section.

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive_or Cafacitive
Inductive Load oad
Peak Reverse Voltage . 0 max 600 max volts
EMS Supply Voltage .. 420 max 210 max volis
DC Blocﬁmg Voltage 600 max 600 max i volts
Average Forward Current:
‘At ambient temperatures up L
T O s e iiw 750 max 500 max ma
At ambient temperatures .
above TS0 ... ceivrneininss See Rating Chart I
Surge Current:
For one cycle at ambient
temperature of 25°C . ... ... 40 max 40 max amperes
For more than one cycle and at’ +
other ambient temperatures .. See Rating Chart II
Ambient-Temperature Range: & 1
Operating and Storage ........ —65 to 125 —B65 to 125 oC
E
& RATING GHART T RATING CHART IT e
S (o ibne, | IN2864
3 TYPEIN2864 | I | | 50| SINUSOIDAL SUPPLY-VOLTAGE ,__’_L+
3 750 — - — FREQUENCY (CPS)=60 |
2 [ [ || |
H | = | |
e u 40 . ——r
623 " FOR RESISTIVE OR £ [
] | | INDUCTIVE LOADS S
e 500 i = Z 30
(=] |
e
w 375 L—" § 20
H 2
G 250 cnmrwe LOADS T
3 [ | \\ | ; 10 :
= |25——-r—-' 1 |
=
,:—c _"“!!0 ) o ] 4 6 810 F) 4 & BI00
o = TION—CYCLES
g AMBIENT TEM-FERATUHE‘-‘C SURGE ~CURRENT DURATION e aier
9205~ 10474T
CHARACTERISTICS o~ —
Forward Voltage Drop® ... ..............c.ociieeeian 0.
ﬁ:ﬁm% R:\ferse Current (at maximum peak reverse voltage) . 0.3 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.
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1N3128

to

1N3130

See RCA TUNNEL DIODE CHART starting on page
324 for complete data on these types.

K SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications ?t %t‘a;k
reverse voltages up to 200 volts. This
type has a maximum average-for- ]N3]93
‘ward-current rating of 750 milli-
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 JEDEC No. TO-1; outline 21, Outlines Section. This type is
identical with type 1N3196 except for the following items:

MAXIMUM RATINGS

For power- s'u.p'ply }req’ue'ncy of 60 cps, single-phase operation

A

Resistive or Capacitive
Inductive Load Load
Peak Reverse Voltage ............ 200 max 200 max volts
RMS Supply Voltage ............ - 140 max 70 max volts
Average Forward Current:
At ambient temperatures up

°oC i S— 750 max 500 max ma

Peak Recurrent Current .. — 6 max amperes
K 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- ]N3]94
ward-current rating of 750 milli-
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 JEDEC No. TO-1; outline 21, Outlines Section. This type is
identical with type 1N3196 except for the following items:

A

TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
HALF- WAVE VOLTAGE DIVIDER FULL-WAVE VOLTAGE DIVIDER
TYPE IN3I94 ; L TYPE IN3I94 T T
AMBIENT TEMPERATURE = 25°C AMBIENT TEMPERATURE =25°C
L SUPPLY FREQUENCY = 60 CPS - L SUPPLY FREQUENCY = 60CPS l
- - [:- 4 o o AR # +
£ | o—AM—) 44 INPUT se + ¥
a8 INPUT 28 € Y ne a [~ UTVOLTS AMS  ohMs c= e
g i7voLrs aus 0TS x Frudisod g 31 SoLTASE
'?:350 C = %= 4 '5-’350‘— - i ;:H
3.0 A . P 1
2 | g C=250 uf
b =250 4
—— C=250uf 00
250 : < 250 |—— <t
200 I_ J i ~‘“‘"“\Lm 200 l_—l \\L\F—o—'—-
0 Ol 02 03 04 05 06 OF 0 Ol 02 03 04 05 06 OF
DC LOAD AMPERES DG LOAD AMPERES

B2C5-10916T) B2C5-10918T)



122 RCA Transistor Manual

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Capacitive
SR Inductive Load
everse Voltage ............ 400 max 400 max volts
RMS Supply Voltage ............ 280 max 140 max volts
Average Forward Current:
At ambignt temperatures up w50 500
...................... max max ma
Peak Recurrent Current ........ —_ 6 max amperes
SILICON RECTIFIER K

Hermetically sealed type used in
power-supply applications at peak
'l N31 95 reverse voltages up to 600 volts. This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive A
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 JEDEC No. TO-1; outline 21, Outlines Section. This type is
identical with type 1N3196 except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Capacitive
Inductive Load and
Peak Reverse Voltage ............ 600 max 600 max volts
RMS Supr.ply Voltacge ............ 420 max 210 max volts
Average Forward Current:
At ambient temperatures up

B0 TEE. i e R 750 max 500 max ma

Peak Recurrent Current ........ —_ 6 max amperes
SILICON RECTIFIER K

Hermetically sealed type used in
power-supply applications at peak
] N31 9 6 reverse voltages up to 800 volts. This
type has a maximum average-for-
ward-current rating of 500 milli-
amperes for resistive or inductive A
loads and 400 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 21, Outlines Section.

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Capacitive
Inductive Load l?oa
Peak Reverse Voltage .. 800 max 800 max volts
RMS Supply Voltage 560 max 280 max volts
Average Forward Current:
At ambient temperatures up
bo TR0 il i e 500 ma 400 m ma
At other ambient temperat,ures See Rating Char‘t
Peak Recurrent Current ..... - 5m amperes
Surge Current:
For turn-on time of 2
Am T;ni1115_-i-§:f.:|1nd:; dtu:ahﬁn ....... -— 35 max amperes
ient-Temperature Range:
Operating . p ng ceve.  —65t0 100 —65 to 100 *C
Storage ...........ccerrrireenans —65 to 175 —65 to 175 °C

Lead Temperature: =
For 10 seconds maximum ...... 255 max 255 max C
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CHARACTERISTICS

Maximum: Forward Voltage Drop®* .......cccvreeverneesnasssss 1.2 volts
Maximum Reverse Current: E
Dynamiel ....ccoeaiit it daimeds —— 0.2 ma
Statict ......covvvveetenees i A 0.005 ma

* Instantaneous value at average forward amperes = 0.5 and ambient temperature = 25°C.
$ Average value for one complete cycle at maximum pealn: reverse voltage, maximum
average forward current, and -ambient temperature = 75°C. .

+ DC value at maximum peak reverse volts, average forward current = 0, and ambient

temperature = 25°C.

RATING CHART TYPICAL FORW;?RD CIHARhICTERISﬂG

TYPE IN3196 g | Tree IN3ioe o
<2 | SUPPLY FREGUENCY=60 CPS & AMBIENT TEMPERATURE = 25°C
365 3 ]
En:g o
i&—“—‘ 5
3=3 |
] Zas
3%‘ 100 o 1
- i 30 ¢
Loy o, 2325 L/
Ea I 8 l /
=] . \ w20
ed= o =
w3 215
g z
25 £ 0]
| | | £ s |
o
=% =50 =25 0 25 50 75 100 [+] Q5 ] LS 2 25 3
AMBIENT TEMPERATURE-"C INSTANTANEOUS FORWARD VOLTS
S2C5-9T2TTR B2C5-9T20T2
K 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- 1N3253
ward-current rating of 750 milli-
A 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 JEDEC No. TO-1; outline 22, Qutlines Section. This type is
identical with type 1N3193 except that it has a transparent, high-dielectric-
strength plastic sleeve over the metal case.

K 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- 1N3254
ward-current rating of 750 milli-
A 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 JEDEC No. TO-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 K

Hermetically sealed type used in
power-supply applications at peak
1 N32 5 5 reverse voltages up to 600 volts. This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive A
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 JEDEC No. TO-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 K

Hermetically sealed type used in
power-supply applications at peak
-I N32 5 6 reverse voltages up to 800 volts. This
type has a maximum average-for-
ward-current rating of 500 milli-
amperes for resistive or inductive A
loads and 400 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-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 K

Hermetically sealed type used in
power-supply applications at peak
-IN3563 reverse voltages up to 1000 volts.
This type has a maximum average-
forward-current rating of 400 milli-
amperes for resistive or inductive A
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 JEDEC No. TO-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:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Cafuciﬁve
Inductive Load oad
Peak Reverse Voltage ............ 1000 max 1000 max volts
RMS Supply Voltage _........... 700 max 350 max volts

Average Forward Current:
At ambient temperatures up
10 AN S e D 400 max 300 max ma
Peak Recurrent Current ........ —_ 4 max amperes
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SILICON RECTIFIER

& Hermetically sealed 125-milli-

ampere type used in power-supply

applications at peak reverse voltages

up to 100 volts. This type is designed .l N3754

to meet stringent temperature-

cycling and humidity requirements
of critical applications. Package is similar to JEDEC No. TO-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 WOMBEE .i.ceiiisiviasiviniiviaiasiinishassnasiinis 100 max  volts
S SUDDIY "VOIARE" ..vuvenvins rmmmms s e i s ma e 35max  volis

SILICON RECTIFIER

Hermetically sealed 125-milli-
ampere type used in power-supply
applications at peak reverse voltages
up to 200 volts. This type is designed ] N3755
to meet stringent temperature-
cycling and humidity requirements
of critical applications. Package is similar to JEDEC No. TO-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 VOllaEE ........ccconnescussnrrsssrasanssssssasnnss 200 max volts
BMS Supbly VOIREE . ... oiiasvesmdnesminamisieirisenssimseines 70max  volis

SILICON RECTIFIER

Hermetically sealed 125-milli-
ampere type used in power-supply
applications at peak reverse voltages
ul;:bpto 400 vo]ts.p'I?his type is desigr%ed ] N3756
to meet stringent temperature-
cycling and humidity requirements
of critical applications. Package is similar to JEDEC No. TO-1 (outline 4, Out-
lines Section) except that lead No. 3 is omitted.

MAXIMUR: RATINGS
For power-supply frequency of 60 cps, single-phase operation, with capacitive load

Peak Reverse Voltage i 400 max volts
RMS Supply Voltage .. 140 max volts
Average Forward Current:
At ambient temnperatures up to 65°C 125 max ma
At ambient temperatures above 65°C See Rating Chart

K

Peak Recurrent Current ...................... 1.3 max amperes
Surge Current:

For turn-on time of 2 milliseconds duration .................. 30 max amperes
Ambient-Temperature Range:

EIDCYREIINE © C v e e oo 0 A0 R A, BT —65 to 100 oC

1 Ty R R e e e D e A R —65 to 175 °C
Lead Temperature:

For 10 seconds maximum
CHARACTERISTICS
Maximum Forward Voltage Drop*

................................... 255 max °C

........................... 1 volt
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Maximum Reverse Current:

Dynamict . e 0.3 ma
Staticy 5ot e e 0.005 ma
. Insz}gntaneous value at maximum average forward current and ambient temperature

1 Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 65°C.

+ DC value at maximum peak reverse voltage, average forward current = 0, and ambient
temperature = 25°C.

RATING CHART TYPICAL REVERSE CHARACTERISTICS
S LA -
TYPE IN3756 TYPE IN3754,IN3755, 8 IN3756
¢ |SUPPLY FREQUENCY= 60 CPS 1
125 I T = ——1
: T = e
Zioo ! < 6 DYNAMIC CHARAGTERISTICS
x| \ (AT MAXIMUM AVERAGE §
2 45 ! ~ 4 FORWARD CURRENT AND
g [ LqsA  AMBIENT TEMPERATURE- ss‘m
E 5o | w w3755 |
g ; [ i e ms"fﬁﬁ
-1 25 T . . § (
0 | w10 s—!
20 20 50 60 70 80 90 100 : . —
AMBIENT TEMPERATURE—°C S i T
20511670 5 (]
TYPICAL GHARACTERISTICS  ,
HALF-WAVE RECTIFIER 8
T T T T J
TYee L.“T"Tiiﬁmmz 25_'6 E g STATIC CHARACTERISTICS
i (AT AVERAGE FORWARD
-SUPPLY FREQUENCY = 60 CPS e CURRENT=0 AND AMBIENT
2 _ODC f_-,“ TEM%EH&TURE = 25'!:'.'[
INPUT OHMS AL outpur | 112 — 373" = —_
é'ao T VOLTS RMS T voLmace ,:\\‘3‘;—7‘! I-_-- i IN3T56]
ol e = =
Enso — C=250u! — €
3 ; 100 4
gy . 50
120 £
100 «
0 25 50 75 100 125 150 @ 50 100 150 200 250 300 350 400
DC LOAD MILLIAMPERES REVERSE VOLTS
92C5-n672T7 SzcM-116TIT

1N3847
See RCA TUNNEL DIODE CHART for complete
to data on these tunnel diodes and rectifiers.
TN3863

TWIN DIODE

Hermetically sealed germanium
type used in high-speed switching o Kog
service in electronic data-processing
2DG001 systems. Maximum ratings: de re-
verse voltage = —20 volts; average
forward current = —40 milliamperes; A
ambient temperature range — —65 to 85°C. Package is similar to JEDEC 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-

127

plifier applications. In a common- 2N-Io4

emitter circuit, this type has a
E B ¢ forward-current transfer ratio of 44,
a low-frequency power gain of 41
db, and an integrated noise factor of 12 db maximum. JEDEC No. TO-40
age; outline 15, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ...........v.u0e —30 max
Collector CUYTENL. . i sid dn v ssmsme an s ese s s s e Wehia e e —50 max
Emitter Current ............... e R PEER R . 50 max
Transistor Dissipation:

At ambient temperatures up to 25°C ........ S at e SR A 150 max

At ambient temperature of 50°C .. 80 max

At ambient temperature of 70°C 30 max
Ambient-Temperature Range'

Operating N — . —B5to 70

SROTAPe oot viiiamimaes don s e i . —B65to85
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector Iu.a = —20

and emitter current = 0) —30 min
Collector-Cutoff Current (with collector-to-base volts = —12

and emitter current == 0Y i s o i i s eie L e i —10 max
Emitter-Cutoff Current (with emitter-to-base volts’ — —12 and

colleetor eurrenil =D .o i v iR b e fle e e =10 max
Thermal Resistance:

Junction-to-ambient ...........c0iiiiiiiiiiiinen e s . 0.4

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-

Ratio Cutoff Frequency:

With collector-to-base volts = —6 and collector ma = —1 .. 700
With collector-to-base volts = —3 and collector ma = —0.2 530

Power Gain (with collector-to-emitter volts — —6, collector ma

= —1, input resistance = 170 ohms, and | load resusumce =

0.5 megohm) ........cvvnivivmnnnnn R i R s Wi 324

TYPICAL COLLECTOR CHARACTERISTICS

| T T T T T T T T T 1
== | Tree oNI04 o
COMMON- EMITTER CIRCUIT, BASE INPUT, —
g —-—L—"""[%gal AMBIENT TEMPERATURE =25°C
-40 7
P ! 1500 | |
g — ~1250 ! |
& Palll I —
= -30 e} ! -1000
5 e
2 L~
= [ I —750 |
E -zoi I l =500 |
! = il ‘
| BASE_MICROAMPERES = =250 l
~10 7 1 | _ﬂ_F[ i
0 -2 -4 -6 -8 -i0 Ziz —i4 =
COLLECTOR- TO-EMITTER VOLTS 92CM-85/2T]

In Common-Emitter Circuit

Small-Signal Forward-Current-Transfer-
Ratio Cutoff Frequency:
With collector-to-emitter volts = —6 and collector ma = —1 13.9
With collector-to-emitter volts = —3 and collector ma = —0.2 16.5

pack-

volts
ma
mw
mw
mw

°C
°C

volts

°oC/mw

ke
ke

db

ke
ke
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Power Gain (with collector-to-emitter volts = —§, collector ma

= -1, input resistance = 1400 ohms, and 1 7 g
20000 ohms) s, and load resistance

RCA Transistor Manual

T R T R 41 db
Noise Figure (with collector-to-emitter volts = —4, collector ma
= —0.7, and generator resistance = 518 chms) ..... e R 12 max db
In Common-Collector Circuit
Power Gain (with emitter-to-collector volts = —3, collector ma
= —0.2, input resistance = 0.5 megohm, and load resistance
= 18000 ohms) .........elceuuuns e e i 14.3 db
TYPICAL COLLECTOR CHARAGTERISTICS
L | [ I | I [ |
TYPE 2NIO4
COMMON-EMITTER CIRCUIT, BASE INPUT,
AMBIENT TEMPERATURE = 25°C ‘
=30 l —I- = = o
w =50
o . |
E 25 e | |
3.7 — |
5 -20 I — =] J T
8 7 | -30 |
2 =15 — - T |
§ - // BASE MICHOQMPER._G‘“ZO l ____L L l
a |
| - | | |
=05} Cj:--v— — IO- 1
AN [ [T ]
0 05 -0 -5 -20 -25 -30 -35 -40
COLLECTOR-TO-EMITTER VOLTS S2CM-§524T|
2N105 See list of Discontinued Transistors at end of Tech-

nical Data Section for abbreviated data.

TRANSISTOR

Germanium p-n-p type used

in large-signal audio-frequency am-

2N-|09 plifier applications. It is used in
class B push-pull power-output

stages of battery-operated portable

radio receivers and audio amplifiers

[0]0)
£ B

c

and in class A high-gain driver stages. JEDEC No. TO-40 package; outline 15,

Qutlines Section.

MAXIMUM RATINGS

Collector-to-Base V’olta%e (with emitter open)
Collector-to-Emitter Voltage ... .. ... ... ... . .c.civeiiivanannns
Emitter-to-Base Voltage (with collector open) ..
Collector Current ................... M, M,
Emitter Current A0
Transistor Dissipation:
At ambient temperatures up to 25°C
At ambient temperatures above 25°C ..
Temperature Range:
DPELatIng .. .iliiewsirs mname pneses e R T
Stor?ge ;
Lead Temperature (for 10 seconds maximum)

CHARACTERISTICS

Collector-Cutoff Current (with collector-to-base wvolts = —30
and emitter current = 0) ... iioiiiiiii it i a e
Emitter-Cutoff Current (with emitter-to-base volts = —12 and
collector current = 0) ... ............. e SRR
Base-to-Emitter Voltage (with collector-to-emitter wolt = —
collector ma = —50 ma) .........

—35 max
—25 max

- —12 max
—150 max
70 max

165 max
See curve

—65 to 71

—65 to B5
255 max

—T7 max
—7 max
0.2to 04

volts
volts
volts
ma
ma

mw
page 80
eC

°C

volt
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Collector-to-Emitter Saturation Voltage {(with collector ma =

129

—50 and base current = —8S mMA) ..., . iiieiaeiieiieiiiaains —0.15 max volt
Collector-to-Base Breakdown Vo tage (with collector pa = —50 )

and emitter eunxrent = 0) . ....-iiieananisiesaareria et isanin —35 min volts
Emitter-to-Base Breakdown Voltage (with emiiter sja = —7 and .

collector current = 0) .......c.ceiivriieornioaniaieiianaiiaios —12 min volts

Collector-to-Emitter Breakdown Voltage (with collector ma =

—1 and base current = 0) ........ ... o000 —25 min volts

In Commen-Bass Circuit
Collector-to-Base Capac:tance (with collector-m base wvolts =

—6 and emitter current = 0) ............. A e S 20 to 60 pf
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —6, collector ma = —1, and frequency = 1 kilocycle) 50 to 150
Input Resistance at 1 kiloeyele .........c.ccoiiiiiiiiinninaiaa 1000 to 4000 ohms
TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT
Values are for two transistors except as noted
DC Collector-to-Emitter Supply Voltage ....... —4.5 —9 volts
DC Base-to-Emitter Voltage .................co0vun - —0.15 —0.15 wvolt
Peak Collector Current (approx.) per transistor —35 —40 ma
Maximum-Signal DC Collector ent (approx.) per
AransiStor ... ...t —11.5 -—13 ma
Zero-5Si 1 DC Collector Current (approx.) per transistor —2 —2 ma
Signal-Source Impedance per base 375 375 ohms
Load Impedance per collector ...... 100 200 ohms
Signal FreqUency ..............eozeooenmooiss 5 1 1 ke
glrcmt (E}‘.fﬁlciency at maximum rated output 60 69 per ce(:in
WL GRINL . .ocon i ar et 30 33 b
Total Harmonic Distortion e s e e B 10 max 10 max per cent
Maximum-Signal Power Output AR T . 5 160 mw
56 ']'YFr]ch, TR’J\NSIFER' CHB].RE:FTER[STPC 5 TYPICAL TRANSFER CHARACTERISTIC
@ TYPE 2NI09 a TYPE 2NID9 || [
E-so co;.ggn:;gmrrm CIRCUIT, -—7E g-w-cmogyég{snea CIRCUIT, /4
[ 3 BASE INPUT.
-5Q - AMBIENT TEMPERATURE=25°C 50l Pe
g COLLECTOR-TO-EMITTER = égPLEE%Trg&%E ol
340 \I.rOLTs--I ; g | g-m— EMITTER VOLTS=-1
= |
| [ |
e —30 T o =30
g ol | 1| A e ]
o =20 t o-20 >
g | BAREEEENE
gorT TT 1] g-to i
|./ | | l
(] T -02 =03 -04 -05 ] -02 -04 -06 -0B =l
BASE-TO-EMITTER VOLTS BASE MILLIAMPERES
9205-859872 9205-8E00T2
TYPICAL COLLEGTOR GHARAGTERISTICS
=00 i
TYPE 2|N104 ! ! i r ] I [
L"conuou-amwsa CIRCUIT, snsr: INPUT. | J —1
MJIBLENT TEMPERATURE =2 | | l f |
- |
80 l: l J [ i i i —
" 1.
5 P .:,,0 J | l
Z 60 & —o.g J |— ‘
3 AT | ] ]
= —06 |
E—ao o i 03 |
9 -04 l
et
§ ; = 0.3 : - T
-20 BASE MILLIAMPERES:==0.2 |
1 1 I ]
]_ | | | -0l i
I—I 1]
|| R
0 -2 -4 -6 ~10 -1z ~14 -16

COLLECTOR— ‘I‘c EMITTER VOLTS F20M- BA99T2
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TRANSISTOR

Germanium p-n-p type used

primarily in 455-kilocycle = inter-

2N'|39 mediate-frequency amplifier - appli-
cations in battery-operated portable

radio receivers and automobile radio

receivers operating from either a

()

0]6)]
E B

(2)
[

6-volt or a 12-volt supply. JEDEC No. TO-40 package; outline 15, Outlines

Section.

MAXiMUM RATINGS

Collector-to-Base Voltage (with emitter open;
Emitter-to-Base Voltage (with collector open
Collector Current
Emitter Current
Transistor Dissipation
Amblent-Temperature Range:
OPETELINE . o ocnimmmnwmivie o s o e sl b mmm o o i i o
Btorage ...

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector pa
= —10 and emitter current = 0)

Collector-Cutoff Current (with collector-to-base volts = —12
and emitter eurrent — 0} .... .. ciiiiiieiirarrinasivensins .e
Emitter-Cutoff Current (with ‘emitter-to-base volts = —12
and collector current = 0) ................ e R A e e

In Common-Base Circuit
Small-Signal Forward Current-Transfer Ratio:

With collector-to-base volts = —9 and collector ma = —0.5 ..
With collector-to-base volts = —9 and collector ma = —1 ..
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency.
With collector-to-base volts = —9 and collector ma = —0.5 ..
With collector-to-base volts = —9 and collector ma = —1 ....

In Common-Emitter Circuit
Small-Signal Forward Current-Transfer Ratio:

With collector-to-emitter volts = —9 and collector ma = —0.5 .
With collector-to-emitter volts = —9 and collector ma = —1 ..

TYPICAL OPERATION IN 455-KC IF AMPLIFIER CIRCUIT

DC Collector-to-Emitter Voltage -9
DC Collector Current .......... —0.5
Input Resistance (approx.) ................ 1000
Output Resistance (approx.) ........ M . 70000
Maximum Power Gain (approx.) 5 38
Useful Power Gain (approx.) ...... = 276

Spot Noise Figure (approx.)

TYPICAL COLLECTOR CHARACTERISTICS
-4.0
T T I

35 max

—65 to 70
—65 to 85

—16 min
—6 max

—40 max

i ®®

S5

| I
TYPE 2NI39
—35| . COMMON-EMITTER CIRCUIT, BASE INPUT.

AMBIENT TEMPERATURE = 25°C

e |
w —3.0 -50
¥ -25 / =40
F
3 20! |_—T|
2 -20 e
= | /-"" =30
§ -I.S; ey 1 T
o =20
4 Vam BASE MICROAMPERES ™
=10 —_—
e /-"'"_'_- -0
-0.5 ——

2 -4 -6 -8 -0 -2 -4 -6 -8 -20
COLLECTOR-TO-EMITTER VOLTS

volts
volts
ma
ma
mw
b
°C

volts
pa

Me
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TRANSISTOR

Germanium p-n-p type used
primarily in converter and mixer-
oscillator applications in AM battery-
operated portable radio receivers and 2N.| 40
- P automobile radio receivers operating
from either a 6-volt or a 12-volt
supply. JEDEC No. TO-40 package; outline 15, Outlines Section. For curves
of typical collector characteristics, refer to fype 2N139.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .........coviinnns —16 max  volts
Emitter-to-Base Voltage (with collector open) ................ —0.5 max volt
Collector Current ........c.eececeensscsassssossssassassssssssns —15 max ma
EMIer  CUrzent . ... coseisscssonvevetasisrnssessssstapersyess 15 max ma
mSiSt?l:I‘ Dissipattion D e 80 max mw
ient-Temperature Range:

Operating .. ... viiiiinvnsssanivsassvinnte s e n R —65to 7L e

BIOTHEE  cvvvrrnsisns simatiss iy bis wank ssensis et ees e ens —65 to 85 °C
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector pa = —10 3

and emitter current = 0) ..... ... imeiiieene e eiianizes =16 min volts
Collector-Cutoff Current (with collector-to-base volts = —12

and emitter current = 0) .. ... ittt . —6 max pa
Emitter-Cutoff Current (with emitter-to-base volts = —0.5

and collector current = 0) .......iceiiiienrrrrncrrisscannnnan —12 max na

In Common-Emitter Circuit
Small-Signal Forward 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

DC Collector-to-Emitter Voltage ..............c.cciviiiinendiins —9 volts
DO Collector COr¥eDt . ......heons v ooy dnmeg s sins oy s —0.6 ma
RMS Base-to-Emitter Oscillator Injection Voltage (approx) 100 mv
Input Resistance (8PDProX.) . ...sviereercnssnsessssnrensnssdissss 700 ohms
Output Resistance é'approx] ................................... 75000 ohms
Useful Conversion Power Gain (approX.) ..eevvsesessssrrosnses 32 db

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- 2Nl|73
sistors having high voltage, current,
and dissipation values. It is used in
power-switching, voltage- and current-regulating, de-to-de 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. JEDEC No. TO-36 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) ...........ccvvvuns —40 max volts
Eollector Current . il i iinanivi e aiiede —15 max amperes
Emitter COUITeTIE. . v cmmn s mmm e £ mrt e s mmois s s s 15 max amperes
Bage Current e el R R S R RN —4 max amperes

Transistor Dissipation:
At case temperatures up to 25°C ............cciiiiiiiiaiinas 150 max  watts
At case temperatures above 25°C ... ...ccveivrarreinnnarrrran See curve page 80
Case-Temperature Range:
Operating and StOrage ......csccesassanisirerssasrsrnsnnssss —65 to 100 eC
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CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage:
Wu;h Otaase short-circuited to emitter and collector amperes
With base open and, ¢ d]’iééibr"éiﬁ{aéiéé‘; o‘:’;' A S
With base open and collector amper

Base-to-Emitter Voltage (with collector-to-emitter volts = —2

and collector amperes = —5) ..............ccneeinnniinnrnnns

Emitter-to-Base Voltage (with collector-to-base wvolts = —80
and emltter eurrent = M) (L.l .
peres = —12 and base amperes = —2)
ColIector»to-E:mtter Reach-Through voltage 7
Emitter-Cutoff Current (with emitter-to-base volis = —40
and collector current = 0)
Collector-Cutoff Current:
With collector-to-base volts = —2 and emitter current = 0 .
With collector-to-base volts = —60 and emitter current =
Thermal Resistance (ju.ncuon-to T e s
Thermal Capacity (for Eulses in the 1-to-10- rnilhsecond range) .
Thermal Time Constan

In Commeon-Emitter Circuit
DC fot“war% Current-Transfer Ratio (with collector-to-emitter

ts
Wl.th collector amperes =

RCA Transistor Manual

—50 min volts
¥ volts
—45 min volts
—0.65 volt
—0.15 volt
—0.3 volt
—60 min volts
-1 ma
—100 pa
—2 ma
0.36 °C/watt
0.075 watt-sec/eC
26.25 msec

With collector amperes = —12 ...........ccovvvervsesansenaans . 25
Small-Signal Forward- Current-Transfer-Ratio Cutoff
Frequency (with collector-to-emitter volts = —6 and collector
amperes e i R e NN N TR 10 ke
TYPlC.ﬂL TRANSFER CH.QFIACTERISTWS TYPICAL TR&NSFER CHlRMTERISTICS
TYPE 2NIT3 ' TYPE 2NIT3 C
=|5 LCOMMON-EMITTER CIRCUIT, BASE INPUT.+—- =15 |-COMMON-EMITTER CIRCUIT, BASE INPUT, —
§ COLLECTOR-TO-EMITTER vouTs =-2 1] COLLECTOR-TO-EMITTER VOLTS=-2
;A T ! I I3 ! A0
E o L
-0 — R Z-10 ! =
4 e 80"
=] | | A TURE. 4
- T -
o = PERR
8l | [ | e A g roe|
a I Rﬁo s [ | |
Vet S O
0 -02 -04 -08 -08 0 Zoi -0z -03 -04 -05
BASE-TO-EMITTER VOLTS BASE AMPERES
8205-10709T 92C5~10712F
TYPICAL COLLECTOR CHARACTERISTICS
T I I T 1 I T ! | I |
TYPE 2NIT3
| COMMON-EMITTER CIRCUIT, BASE INPUT. - ‘_{
CASE TEMPEF.&WRE-a lc '[ ' i
| | |
-5 —— 1
o — |
g | 1] '
g == - — -
== N [ T 1T
g -lo —=250" I I | i —
E """1-200\ 50 ‘ l
w 150 | s
= i
8 r—l r‘_-_ G- -'.00.:! 1 . i l | r
Y — =5 —  —
| _a)_sE_E]l:ﬁ';‘LE“—EH b
| S L 0
[T | | 4 / |2 l
== | | Y \N

0 -10 -20 -30 -40 -50
COLLECTOR-TO-EMITTER VOLTS

B2CM- 107227
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TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT

DC Collector Suppvy Voltage —12 volts
DC Supply Voltage ............. ...... ¥ 6 volts
On DC Collectur Current ......... —12 amperes
Turn-Oa DC Base Current —2 amperes
Turn-Off DC Base Current ... .. 0 amperes
Switching Time:

Rise time ........covviinineininennnas 15 usec

Fall time ............ R P B 15 usec

POWER TRANSISTOR

2E Germanium p-n-p type used in
a wide variety of switching and am-
plifier applications in industrial and
c military equipment requiring tran- 2N174
sistors having high voltage, current,
B and dissipation values. It is used in
power-switching, voltage- and current-regulating, de-to-de 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. JEDEC No. TO-36 package; outline 14, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter-to-base volts = —1. 5} 5 —80 max volts
Emitter-to-Base Voltage (with collector open) ....... AR —60 max volts
Collector Current ........ccorrrrrrssvesminrssrsoresins A —15 max amperes
Emitter Current .......iciciiiiiiviiniaeirssve won da e R e e R 15 max amperes
Base Current ... . T, e el 1 acl —4 max amperes
Transistor Dlss:patlon‘

At case temperatures up to 25°C ..........cc00iiiiiiiainn 150 max  watts

At case temperatures above 25°C ... ... .. ... ... iiiiiieees See curve page 80
Case-Temperature Range:

Operating and storage .................. e s S R —65 to 100 *C

TYPICAL TRANSFER CHARACTERIST!CS TYPICAL TRANSFER CHARACTERISTICS

r T T
TYPE 2NI74 ' TYPE 2N1T4 v |
INPUT. |
:s|~°°"""‘°" EWTTER CIRCUIT, BASE INFUT, | 5 ‘ COMMON-EMITTER CIRCUIT, BASE INPUT.
o T COLLECTOR-TO-EMITTER VOLTS -2 15| COLLECTOR ~TO-EMITTER VoLTS -2 e
& i o g8
g | | | u s -
20 | 3 ==
& c / [
5 | I ‘BO' 2 )
u l I o I o
= N A b
g -3 T pERl i
¢ LT g 1
L s I o
/1,5‘_}/__&0 [ T — =
o -0z -04 -06 -08 B e
o -02 —04 -06 -08
ASE -TO =
BASE-TO-EMITTER VOLTS e
92¢5- 07T
CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage:
With base short-circuited to the emitter and collector

AIDEreg: el e L e S el R 7o —T70 min volts
With base open and collector amperes — —1 . ...... ........... —55 min volts
Base-to-Emitter Voltage (with co ector-to-emitter volts — —-2
and collector amperes = —5) ......cciiiiiiiiiiiieiieiissane —.65 volt
Emitter-to-Base Voltage (with collector-to base volts = —80
and emitter current = 0) .................... —1 max wvolt
Collector-to-Emitter Saturation Voltage (wn.h co]]ector
amperes = —12 and base amperes — —2) ... —0.3 volt
Collector-to-Emitter Reach-Through Voltage —80 volts

Emitter-Cutoff Current (with emi ter~tn base v'
collector current = 0} ... it Ceees -1 ma
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Collector-Cutoff Current:

With collector-to-base volts = —2 and emitter current = 0 .. —100 nra
With collector-to-base volts — —80 and emitter current = 0 , —2 ma
Thermal Resistance (junction-to-case) 0.35 °C/watt
Thermal Capacity (for {:ulses in the 1-to-10- m:lhsecond range) . 0.075 watt-sec/°C
Thermal Time Constant ............c.coiiiiiiiiiiiiiirrannncnn . 26.25 msec

In Common-Emitter Circuif
DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = -2):

With collector amperes = —5 .......... m—— R 25 to 50

With collector amperes — —12 ... .......¢.0ucvvniiincsans 20
Small-Signal Forward-Current-Transfer-Ratio Cutoff

Frequency (with collector-to-emitter volts = —6 and collector

SINPOTEE S B . cooimionaie e s S st o s, b e e e e . 10 ke
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT
DC Collector Supply Voltage .......................... e —12 volts
DC Base Sup Pv R 6 volts
On DC Coll or Current i 5 —12 amperes
Turn-On DC Base Current ......... i —2 amperes
Turn-Off DC Base Current .........coievvvivmnrrniirinrinsennss 0 amperes
Switching Time:

Rise time .....ccoviiivvinninnnennans B i S 15 usec

FRIL Hme oot st s me e e R T 15 usec

TYPICAL COLLECTOR CHARACTERISTICS

S S |
TYPE 2NIT4 il P | 1 o |
|— COMMON - EMITTER CIRCUIT, BASE INPUT. T
CASE TEMPERATURE = 25°C | l
-20 | L I L [ | ] L T : | 1
R PP e |
]
g |5 |--900 I 1 | N I IS S — " T—
=5 HENEEN
H — & L ) 1 | |
3 5&——__500 I I t
& -0 1T 400 |
o | '30—0250| I | [
S ] 200 |
© 1 005 °o| [ [
=51 ' T |
T BASE MILLIAMPERE S |
. RVIPIEE ;
e i
[ -0 -20 -30  -40 -50 -860 -70 -80
COLLECTOR-TO-EMITTER VOLTS 92CM-i0T36T
TRANSISTOR

Germanium p-n-p type used in
fow-level preamplifier or input stages '
2N'l75 of audio-frequency amplifiers. This H
type is free from microphonism and 0lo o
hum and has a low noise figure. EB
These features make it possible to
obtain high small-signal sensitivity in transistorized audio equipment such as
hearing aids, mierophone preamplifiers, and recorders. In 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. JEDEC No. TO-40 package; outline 15, Qutlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ............... 5 —10 max volts
Emitter-to-Base Voltage (with collector open) ............. —10 max volts

[
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Collector CUrrent . usciveie i avasisdaameiismasvoivisie —2 max volts
Emitter Current ....... 2 max ma
Transistor Dissipation: 20 max mw
Ambient-Temperature Range: .
Operating ol °C
Storage ....... S oC
CHARAGTER!STICS
Collector-Cutoff Current (with collector-to-base volts = —25
ANd emitler CUITENE == M) o\ i vnan s cmmiiesn s iiatias e et sesss —12 max ra
Emitter-Cutoff Current (with emitter-to-base volts = —12
and collector current = 0) ..cvaveviciiirinse T —12 max pa
In Common-Base Circuit
Small-Signal Forward-Current-Transfer-Ratio Cutoff
Frequency (w.lth collector-to-base volts = —4 and collector )
MA = —0.5) ..ounurrennrrnnsceanarsanarasrarsassrsssases e 0.85 Me
In Common-Emitter Circuit
No:.se Figure (with collector-to-emitter volts = —4, collector
—0.5, and generator resistance — 1000 hm.s] .......... 6 max db
Matched Impedance Power Gain (with collector-to-emitter volts
= —4, collector ma = —0.5, input resistance = 2000 ohms,
and output resistance = 70000 ohms) ........coe0eeenunn 43 db
TYPICAL COLLECTOR CHARACTERISTICS
N ) O . G B “
TYPE 2NITS |
™ COMMON-EMITTER CIRCUIT, BASE INPUT.
AMBIENT TEMPERATURE =25°C s |
20" i 1 I =2 -
” a0 ||
] ]
7 | . |
4 & | ! MPE Rﬁs'_:.-—' I 1 I
7 | lansf- L
T
A== ]
£ -lo //""" — j
.‘:‘: ] -5
2 [ —==d ]
2 T
—c.s; =1 - |
N I |
o 2 -4 -6 -8 -0
COLLECTOR- TO-EMITTER VOLTS S2CN — B3TI
POWER TRANSISTOR
Germanium p-n-p type used in
large-signal audio-frequency ampli-
fier applications. It is used in class
A power-output stages and class B 2N]76
push-pull amplifier stages in auto-
mobile radio receivers. Package is
similar to JEDEC No. TO-3; outline 23, Outlines Section.
MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open) ...... —40 max volts
Collector Current ............... R e A I — —3 max amperes
Emitter Current ......... R e s e A A TSR 3 max amperes
Transistor Dissipation:
At mounting-flange temperatures up o A0 g l0max  watts
Mounting-Flange-Temper, ?
Operating and storage ......................... PR e s .. —B65to 90 °C

* This rating is reduced 1 watt/C® for mounting-flange temperatures above 80°C.
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CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage (with collector ma
and base short-circuited to emitter) . e —30 min volts

ColIector-Cutoﬁ Current (with collector-to-base volts = -—30

and emitter current = 0) ., i...c..0iisbeesnas i, -3 max ma
Emitter-Cutoff Current (mth emitter-to-base volts

and collestor; currelt i 0F licicalh il dhals s e —2 max ma
Thermal Resistance:

Juncton-fo-BmBIent: ....is.ve e indiode dias dnaia s s e 1 °C/watt
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collectcr-to emitter

volts = —2 and collector amperes = —0.5) e v 63
Small-Signal Forward Current-Transfer Ratio at 1

kilocycle (with collector-to-emitter volts = —2 and collector

amperes = —{0.5) 45
Small-Signal Input Resistance at 1 kllocycle 13.5 ohms

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT

DC Collector-SulEEr WOBREO o oo wrcnn o s s W a0 B T —14.4 volts
DC Collector-to ftier VOILARE . ..ivaoncioimensrbnsaanininnsos -13.7 volts
DC Base-to-Emitter Voltage ..........ccciciiviviiainn i —0.24 volt
Peak Collector Current ... F; —1 ampere
Zero-Signal Collector Current —0.5 ampere
Emitter Resistance ............ 1 ohm
Load Impedance ............. P i 25 ohms
Signal Frequency .........ceeoseeressecerrnrrssasnnnsss 1 ke
Signal-Source IMPedanCe ........icoveiesssrcsioresssosnsssannn 10 ohms
Power Gain .........c.cvievevnssrenns 355 db
Total Harmonic Distortion ............cccciiiiiiiiinas 4 per cent
Zero-Signal Collector Dissipation 6.83 watts
Maximum-Signal Power Qutput 2 watts
2N206 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
TRANSISTOR
Germanium p-n-p type used in B

low-power audio-frequency ampli-
2N2'| 5 fier applications. JEDEC No. TO-1
package; outline 4, Outlines Section.
This type is electrically identical E c
with type 2N104.

TRANSISTOR

Germanium p-n-p type used in

large-signal audio-frequency ampli-

2N2'|7 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. JEDEC No. TO-1 package; outline 4, Outlines
Section. This type is electrically identical with type 2N109.

E c

TRANSISTOR

Germanium p-n-p type used @B
primarily in 455-kilocycle intermedi-
2N2'l 8 ate-frequency amplifier applications
in battery-operated portable radio
receivers and automobile radio re- F ¢
ceivers operating from either a 6-
volt or a 12-volt supply. JEDEC No. TO-1 package; outline 4, Outlines Section.
This type is electrically identical with type 2N139.
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TRANSISTOR

Germanium p-n-p type used
primarily in converter and mixer-
oscillator applications in AM battery-
operated portable radio receivers and
automobile radio receivers operating
from either a 6-volt or a 12-volt

E 3

2N219

137

supply. JEDEC No. TO-1 package; outline 4, Outlines Section. This type is

electrically identical with type 2N140.

TRANSISTOR

Germanium p-n-p low-noise
type used in low-level preamplifier
or input stages of audio-frequency
amplifiers. JEDEC No. TO-1 pack-
age; outline 4, Outlines Section. This
type is electrically identical with

E [
type 2N175.

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.

TRANSISTOR

Germanium p-n-p type used in

H large-signal audio-frequency am-
plifier applications. It is used in

single-ended or double-ended out-

0© O put stages, in high-gain class A
E e driver stages of radio receivers and

2N220

2N247

2N269

2N270

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 JEDEC No. TO-7; out-

line 25, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .............cuus.
Emitter-to-Base Voltage (with collector open) ..........cvvvas
Collector Current:

Transistor Dissipation:
At ambient temperatures Up to 25°C .. ..cciiiiiiiiaiiinniaaiae
At ambient temperature of 55°C ... ... .. iiiiiiiiiiiiiiininaaen
At ambient temperature of T1°C ... ... . iiiiiriirennnnnns
Ambient-Temperature Range:
OPeralINg o onih ol e S e e A R
STOPBEE ... on 0 o @ mwas s nn s m 5 KW S W e S e v mn

CHAI}'ACTERISTICS

In Commeon-Emitter Circuit

DC Forward Current-Transfer R.atm (with collector-to-emitter
volts = —1 and collector ma = —150)

—25 max
—12 max

—150 max
—T75 max

150 max
75 max

250 max
150 max
60 max

—65 to 71
—65 to 85

70

volts
volts

ma
ma

mw
mw
mw

o
°C
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TYPICAL COLLECTOR CHARACTERISTICS

T 1 T I | I ] |
TYPE 2N270 ]
~140 .~ COMMON-EMITTER CIRCUIT, BASE INPUT.

T

AMBIENT TEMPERATURE=25"C _[ I

L
3

oL
(=]
=]
L
=)

1
o
=]

COLLECTOR MILLIAMPERES
1
3

BASE MILLIAMPERES=—02
—‘—1__!'] T

1
S

5
\}

o -2 -4 -6 -8 -io
COLLECTOR—TO—EMITTER VOLTS

TYPICAL OPERATION IN CLASS A AF AMPLIFIER CIRCUIT

DC Collector Sugpl_y Voltage .......... %
DC Collector-to-Emitter Voltage ....... A SR
DC Base-to-Emitter Voltage
DC Collector Current ...........

Emitter Resistance .....
Load Impedante ......ivecessssesea iie
Signal Frequency .......c.ceeeeeeecenrans
Power Gain ................. SR
Total Harmonic Distortion:
At power output = 60 mw o VT PP PR,

At power output = 10 mw ............ Sty
Zero-Signal Transistor Dzssipahun
Maximum-Signal Power Qutput ...........ccc00aaen

-2 -4
92CM-9182T

-9 volts

—6.7 volts

—0.19 volt

—19 ma

400 ohms

400 ohms

ke

35 db

10 max per cent
4 max per cent
128 mw
60 mw

TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT

Values are for two transistors except as noted

DC Collector Su Eply Voltage ..... ’
Zero-Signal DC Base-to- Enuﬂ.er Voltage a Al
Peak Collector Current per transistor ...................
Maximum-Signal DC Collector Current per transistor .....
Zero-Signal DC Collector Current per transistor .......... il
Signal-Source Impedance per base
Load Impedance per collector .....
Signal Frequency .........ccceaees
Circult Efficlency ......civeseeiasns
Power Gain ..................
Total Harmonic Distortion:

At power output = 500 MW ....cviuiiriineirrrirnnrierannanan

—12 volts
—0.11 volt
—110 ma
—35 ma
—2 ma
1000 ohms
150 ohms
ke

10 max per cent

At power output = 10 mw ............ 5 max per cent
Maximum-Signal Power Qutput .............. - 00 m
TYPICAL TRANSFER CHARACTERISTIC TYPICAL T'R.ANSFER cHlRﬁCTERIS"l;IC
1 T 1 T 1 T 1 ] i ] I
] Eg;EIOENEanTER CIRCUIT, BA mﬂrrl gﬁmﬁ"&lﬁ'r:n CIRCUIT, BASE INPUT,
7150 " RNBIERT TEMR-osC g 8 1507 AMBIENT TEMPERATURE = zsic <k
& ~i25 | | w | ! RV
% |5/ £ 12 |
= - kY E L}@"
S & 2 2l
= A A1
g 1 5
& -50 S g T
3 o =)
3 ’\& o
S 25 2% 3 |
0 - -2 -3 -4 -5 -6 =i -5 -2
BASE-TO-EMITTER VOLTS - BASE MILLIAMPERES
92C5-9181T 920591787
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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 2N274
industrial and military equipment.
1t 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. JEDEC No. TO-44 package;
outline 16, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltafe (with emitter open) ............... 3 —40 max volis
Collector-to-Emitter Voltage (with base-to-emitter volts = 0.5) . —40 max volts
Emitter-to-Base Volmge (with collector open) ........ Y . —0.5 max volt
Collector Current ............ccoveevoms e e A A SR —10 max ma
Emitter Current ..... S = R e R AR 5 10 max ma
Transistor D1531pat10n-
At ambient temperatures up to 25°C ....,. 120 max mw
At ambient tem{)eratures above 25°C ........... See curve page 80
At case temperatures up to 25°C (with heat smk) 240 max mw
At case temlgaeratures above 25%C ... ... .ciepeiniiinsannnnans See curve page 80
Temperature nge:
Operating and storage ........ieeveviindeisnasssncsssssnsss. —B5to 100 {0
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector pa = —50
and emitter current = 0) ..uvviivvsorasvaes —80 volts
Collector-to-Emitter Reach- 'l'h.rough Voltage
(with emitter-to-base volts = —0.5) ... .. - — —80 volts
Collector-Cutoff Current w:th collector-
and emitter current = 0) ...,....c00iiiiiiinarias -4 pa
Emitter-Cutoff Current {w1th emitter-to-base volts
and collector current = 0) ........ce.iviiininns -1 pa
Thermal Resistance:
Junction-to-case ........ o R 0.21 max °C/mw
Junction-to-ambient ......... .. ... 00l AR AR 0.62 max °C/mw
In Common-Base Circuit
Small-Signal Forward-Current-Transfer-Ratio Cutoff ’
Frequenc (with collector-to-base volts = —12 and ermtter
MAa = 15) . .vuncieriiiaciiinsninna 30 Me
Collector-to-Base Capacitance (wlth col
= —12 and emitter current = 0) ................... 2 pf
In Common-Emiiter 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 short
ith collector-to-emitter volts — —12, emitter ma =
and si alfrequency——l?SMc. 150 ohms
With collector-to-emitter volts — —12, emitter ma =
and signal frequency = 1.5 Me .........c..iiviiivonnnion 1350 ohms
Output Resistance with ac input circuit shorted:
With collector-to-emitter volts = —12, emitter ma =
and signal frequency = 125 Me ..... . ... . .......... 4000 ohms
With collector-to-emitfer volts = —12, emitter ma =
and signal frequency = 1.5 MC ......cvvvumrivrnnenncns o T0000 ohms
Power Gain:
With collector-to-emitter volts = —12, emitter ma = 1.5,
and s;ﬁnal frequency = 12.5 Me A e e T ARG 22 db
With collector-to-emitter volts = —12, emitter ma = 1.5,

and signal freguency = 1.5 Me ... .. i it i iiiiv i 45 db
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TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT

DC Collector-to-Emitter Voltage .........ciciviveivevenninnnas —12 volts
DC Emitter Current - ¥ ma
Source Impedance ..... 2 ohms
(F:‘ai_ggc:twe LOaR T I pf
uency esponse

e-Rise Time B psec
Volta.ge Gain ........ db
Maximum Peak-to-Peak Output Voltage .. 20 volts

POWER TRANSISTOR

Germanium p-n-p type used in

a wide variety of switching and am-

2N277 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, de-to-de 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. JEDEC 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) .. —40max  volis
Emitter-to-Base Voltage (with collector open) ..........c.vue0 —20max  volts

CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage
With E%se short-circuited to emitter a.nd collector amperes

Wlth base open and collector amperes = —03 .
With base open and collector amperes = —1
Emitter-to-Base Voltage {with collector-to-base volts

—40 min volts
—40 volts
—25 min volts

and emitter current = 0) .........c..cciiiininaan —1 max volt
Collector-to-Emitter Reach-Thro Voltage ..........c.connee —40 min volts
Emitter-Cutoff Current (with emiiter-to-base wvolts

and collector current = 0) .....i..ciiinvivivrrarnvennszzinas -1 ma
Collector-Cutoff Current (wi collector-to-base volts = —40

and emitter current = 0) ........ccevveriirniainiissiransans . -2 ma

TYPICAL COLLECTOR CHARACTERISTICS
L L

T T T
TYPE 2N277

| COMMON- EMITTER CIRCUIT, BASE INPUT.

CASE TEMPERATURE = 25°C

=20 - !
o
i 800
$ 7IS[=T-100 555
< . =500
[ =400
g ~300
ot =10 —200 |
2 | — |-150
g '_—ll'  lwol | .
-5 =50
BASE MlLLMLFEE""' 0 [
T o - o—
I l [ | \__{——‘], l f |

0 -5 =10 =15 =20 -25 -30 =35 =40
COLLECTOR—TO-EMITTER VOLTS 92CM-OT2ST
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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
military equipment requiring tran- 2N278
sistors having high voltage, current,
and dissipation values. It is used in
power-switching, voltage- and current-regulating, de-to-de 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. JEDEC 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) . —50 max volts
Emitter-to-Base Voltage (with collector open} ................ —30max  volts

TYPICAL COLLECTOR CHARACTERISTICS
T T T T

T T
TYPE 2N278
COMMON ~ EMITTER CIRCUIT, BASE INPUT,
[ CASE TEMPERATURE = 25°C

-151-890

s

o
|
=]

COLLECTOR AMPERES

100

&

BASE MILLANPERES =50
= == ) Qe
=P

| | =

4] -0 -20 -30 -40 -50 60
GOLLEGTOR-TO-EMITTER VOLTS 920H-10730T

CHARACTERISTICS

Collector-to-Emitter Breakdown Voha&:
th base short-circuited to the emitier and collector amperes

e o N B TR p e e s e D —45 min volts

With base open and collector amperes = —(0.3 —45 volts

With base open and collector amperes = —1 ......... A —30 min volts
Emitter-to-Base Voltage (with co! ector-to-base volts =

and emitter cuxTent = 0} . ..... cocruciiivirrrisnsnrasionns . —1 max volt
Collector-to-Emitter Reach-Throu, Voltage ..............c0.. —50 min volis
Emitter-Cutoff Current (with emitter-to-base volts = —30

and collector current = 0) ........ ... ... .cc0iiiiiiiiaiiaas -1 ma
Collector-Cutoff Current (with collector-to-base wvolts = —50

and emitter current = 0) .....iviviiinniiiiiiiiiiaiaiieaanae —2 ma

See List of Discontinued Transistors at end of 2N301
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-
2N307 fier applications such as class A and
class B audio-frequency amplifiers,
class A driver amplifiers, low-fre- E B
quency oscillators, converters, in-
verters, power supplies, light flashers, and communications systems. Package
is similar to JEDEC No. TO-3; outline 26, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (W:th emitter open) ,.........0c0000 —35 max volts
Collector-to-Emitter Voltage .........iviciivniicitasnssvanianne —35 max volts
Collector CUTTENL ........ceeossnnrssssssobsissnnssstnsnsinsnses —1 max ma
Emitler Current ......iccciviaianiiiinisy doivnrs sunimsieensiay 1 max ma
Transistor Dismgahon

At mounting-flange temperatures up to 25°C ..........0iivin 10 max watts

At mounting-flange temperatures above 25°C

X See curve page 80
Mounting-Flange Temperature Range:

Operating and stOrage ........ocovvriviaiiiieriinracianinsenes —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-mounting flange .............ciiiiiiiiiiiiaaanes - 5 °C/watt

In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = —1.5 and collector ma = —200) ....... 20
Small- Slgnal Forward-Current-Transfer-Ratio Cutoff Frequenc
(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-

2N3 5-' fier applications, It is used primarily

in class A power-output stages and

class B push-pull amplifier stages E 8

in automobile radio receivers. Pack-

age is similar to JEDEC No. TO-3; outline 23, Outlines Section. This type is
identical with type 2N176 except for the following items:

CHARACTERISTICS
In Common-Emitter Circuit

DC Forward-Current Transfer Ratio (with collector-to-emitter
olis =

= —2 and collector amperes = —0.7) ... ... ........... 65
Small Signal Forward Current- ransfer Ratio at 1 k:Iocyc]e
(wlﬂa _;:’ollector-to -emitter volts = —2 and collector amperes e
Small-Signal Tnput Resistanee ..................... 13 ohms

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT

Mounting-flange temperature of 80°C

DC Collector Supply. Vollage .o ii Viiiisiamss b inaa —14.4 volts
DC Collector-to-Emitter Voltage .................. — e —13.2 volts
DC Base-to-Emitter Voltage & —0.3 volt
Peak Collector Current —1.4 amperes
Zero-Signal DC Collector Current —0.7 ampere
Emitter Reslstance ... .o cvirsarsinritrnsrsssinsesssnsinnessas 1 ohm




Technical Data

143

Load Impedance ........coevienenns 15 ohms
Signal Freguency ............ I 1 ke
Signal-Spurce Impedance . e F 10 ohms
Power Gain ... .. ... ....iiiuiinintniiainnoraazeiaiiionns . 335 db
Total Harmonic Distortion at power output of 4 watts ....... s 5 per cent
Zero-Signal Transistor Dissipation ... ................000.. 9.25 watts
Maxlmum-SLgnal Power Output ...... N R R . RS SRR 4 watts
See List of Discontinued Transistors at end of 2N356
Technical Data Section for abbreviated data.
See List of Discontinued Transistors at end of 2N357
Technical Data Section for abbreviated data.
See List of Discontinued Transistors at end of 2N358
Technical Data Section for abbreviated data.
TRANSISTOR
Germanium p-n-p type used as
m an amplifier in AM broadcast-band
battery-operated portable radio re-
ceivers and short-wave receivers. 2N370
000 o JEDEC No. TO-7 package; outline
E B IS 7, Outlines Section.
MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open) .. —20max  volts
Emitter-to-Base Voltage (with collector open) —1.5 max volts
Collector Current .....ivivsicreniisisssnins i e —10 max ma
Emitter Current ......coeevevsnsnvsissssnse . 10 max ma
Collector Dissipation:
At ambient temperatures up to 25°C ..... mw
At ambient temperature of 55°C X mw
At ambient temperature of 71°C . mw
Ambient-Temperature Range:
QOperating ... °C
Storage oC
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base volts = —12
and emitter current = 0) ....... . ...l - —20 max pa
Emitter-Cutoff Current [with ‘emitter-to-base voits = —1.5
and collector eurrent = 0) .......... S L . e —50 max pa
In Common-Base Circuit
Small-Signal Forward Current-Transfer Ratio at 1 kalocycle
(with collector-to-base volts = —12 and collector ma = 1) . 0.954
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to base volts = —12 and collector ma = 1) .. 30 Mc
Interlead acitance between collector and base leads (wi
interlead s?ueld grounded and all leads cut to §g inch) ..... " 0.3 pf
In Common-Emitier Circuit
DC Forward Current-Transfer Ratio at 1 kiloecycle (with
collector-to-emitter volts — —12 and collector ma = —1) .... 60
Gain-Bandwidth Product (with collector-to-emitter volts
= —12 and collector ma = —1) .......... e A e W R 132 Me
TYPICAL OPERATION
Frequency ... ...icissvissasssis FERS 1.5 10 20 Me
DC Collector-to-Emitter Voltage ....... —12 —12 —12 volts
DC Collector Current ................. 1 1 1 1 ma
Input Resistance ,..........cccvvvvnvuas . 1750 200 100 ohms
Output Resgistance ............cccc00i0n 180000 18000 11000 ohms
Maximum Power Gain .._.......... s 50.5 26.2 17 db
Maximum Useful Power Gain in an’
unneutralized eircuit ............ 31 17.6 12.5 db
Intrinsic Transconductance .. ssmaaE 37800 21400 13700 umhos
Collector Transition Capacitance ..... g 1.7 1.7 1.7 pf
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TYPICAL COLLECTOR CHARACTERISTICS

I I ] ]
l, TYPE ZNBTO | | | ‘ |
=35 COMMON—EMITTER CIRCUIT, BASE INPUT,
AMBIENT TEMPERATURE=25°C |
| 1 ]
-3 /J——W =50 | ]
"
w-25f =40
g J i [ [
= A
] -30
3 7 —
-
: _._-——-/J"‘
e 15 —
e / BASE MICROAMPERES ]
2 e
pa
3 |7 10
~0.51—

o -2 -4 -6 -8 =0 -2 -4 -6 -8 -20
COLLECTOR-TO-EMITTER VOLTS 22CM-910TT

TRANSISTOR

Germanium p-n-p type used as
a radio-frequency oscillator in AM B
2N371 broadcast - band  battery - operated
portable radio receivers and short-
wave receivers. JEDEC No. TO-7 00© O
package; outline 7, Qutlines Section. EBis
Ratings and characteristics for this type are the same as for type 2N370 except
for the following items:

MAXIMUM RATINGS

Emitter-to-Base Voltage (with collector open) ............. PP —0.5 max volt
CHARACTERISTICS
Emitter-Cutoff Current (with emitter-to-base volts = —0.5

and collector current = 0) ......ccveciinnirnnnscnnns P —50 max pa

TRANSISTOR

Germanium p-n-p type used as
a radio-frequency mixer in AM
2N372 broadcast - band battery - operated
portable radio receivers and short-
wave receivers. JEDEC No. TO-7
package; outline 7, Outlines Section. BRSO
This type is electrically identical with type 2N370 except for the following items:

MAXIMUM RATINGS

Emitter-to-Base Voltage (with collector open) ........covvviunns —0.5 max volt
CHARACTERISTICS
Emitter-Cutoff Current (with emitter-to- base volts = —0.5 —350 ya

and collector current = 0) ......ceivivivcrrrrsannessrrrnnnns

2N373 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.

2N374 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
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POWER TRANSISTOR

e Germanium p-n-p type used in
large-signal audio-frequency ampli-
fier applications. It is used primarily
in class A power-output stages and 2N37 6
E B class B push-pull amplifier stages of
automobile radio receivers. Package
is similar to JEDEC No. TO-3; outline 23, Qutlines Section. This type is iden~
tical with type 2N176 except for the following items:

CHARACTERISTICS

In Common-Emitter Circuif

Small-Signal Forward Current-Transfer Ratio at 1 kilocycle
(w:th collector-to-emitter volts — —2 and collector amperes

........................................... 60

DC Forward Current-Transfer Ratio (with collector-

— —2 and collector amperes = —0.7) . 78
Small Signal Input Resistance ............. 16 ohms
TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT

Mounting-flange temperature of 80°C

DC Collector Supply Voltage .........ccccvivenmnrssrasssnsannss —14.4 volts
DC Collector-to-. E:m.ltter Voltage ......ccovines o g B A —13.2 volts
DC Base-to-Emitter Voltage ......cicivevriisssrsssnsassassasss —0.3 volt
Peak Collector Current ............eccemvuiiricrransnsssarresnsas —1.4 amperes
Zero-Signal DC Collector Current ...........ccoieiiieiieneannnse —0.7 ampere
Emitter Resistance ......coveieisvseniironrsssssarssnsasssssnrsn 1 ohm
Load IMpPedante . ......icciavisiavaiesicinsronssinsossonnsiosine 15 ohms
Signal FLEQUENOY .ot wimmmmmmnsemmmmmsmamsays o nahe e s 1 ke
Signal- Sou:ce Impedance ............. - % 10 cohms
Power Gain ..........cocnnennnns ' 35 db
Total Harrnorde Distortion ........ 5 per cent
Zero-Signal Transistor Dissipation 5 9.25 watts
Maximum-Signal Power OQutput ........covivvvvnnans A 4 watts

TRANSISTOR

s @B Germanium p-n-p type used in

rf- and if-amplifier circuits; oscilla-

tor, mixer, and converter circuits;

and low-level video-amplifier cir- 2N384

E € cuits in industrial and military

equipment. It is used in the design
of rf circuits having high input-ecircuit 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. JEDEC 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 wvolts —40 max volts
Emitter-to-Base Voltage (with collector open) —0.5 max volt
Collector Current

............................................... —10 max
Emitter Current .. ..........icuieienneenerennsnsnsssensnneanrerns lg max rn:::
Transistor Dissipation:

At case temperatures up to 25°C ... .......iiiiiiinerreneaaas 240 max

At case temperatures above 25°C .. . . ........iirrnnninnenina. See curve page 80

At ambient peratures up to 25°C .........0eeiiiininnnenn 120 max

At ambient temperatures above 2B i RN SR s See curve page 30

Ambient-Temperature Rang
Operating (junction) and storage ........ccovviiveennnnnnnnns —65 to 100 o
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CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector pa = —50
and emitter current = 0) ., ........ ... cccviurerannn "
Collector-to-Emitter Reach-Through Voltage
{with emitter-to-base wolts = —0.5) ... ......ccoovueveeninnn

Collector-Cutoff Current (with “collector- m base valts
and emitter current — 0)

Emitter-Cutoff Current (w:th em:tter-to-base ‘volts =
and collector current = 0) ...

Thermal Resistance:
Junction-to-case - ...........
Junetion-to-ambient .......

In Common-Base Circuit
Small-Signal Forward-Current-Transfer-Ratio Cutoff

-1

volts
volts
ua
pa

0.31 max °C/mw
0.62 max °C/mw

Frequem;y )(wnh collector-to-base volts = —12 and emitter
11 e I e e R e i 100
Input Resistance with ac output circuit shorted (with collector-
to-l5:|gs%lv?1m = —12, emitter ma = 1.5, and signal frequency
= B0 DECY i vnwiaii i e i s o R L S e e ¢ LS i 30
Output~Res1stance with ac input circuit shorted (with collector-
1o- ls)gsillvolts = —12, emitter ma = 1.5, and signal frequency
Collector-to-Base Capacitance '(with collector-fo-base volts "
= —12, and emitter current = 0) ...... 0 ... .vviiiiiianiirans 2
Power Gain (with collector-to-base volts — —12, emitter ma
= 1.5, signal frequency = 50 Me) ....... i s S b U 18
Y 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 eireuit shorted:
ith collector-to-emitter volts = —12, emitter ma = 1.5,
and signal frequency = 30 S e M T - 50
With collector-to-emitter volts = —12, emitter ma = 1.5,
and signal frequency = 125 MC ...........covvvun. e 250
Output Resistance with ac input circuit shorted:
With collector-to-emitter volts = —12, emitter ma — 1.5,
and SIFI mnal frequency = 30 Mc ... .. ... ... 5000
With collector-to-emifter volts — —12, emitter ma = 1.5,
and signal frequency = 125 Me .......... P —— R 16000
Power Gain:
With collector-to-emitter volts — —12, emitter ma = 1.5,
and signal frequency = 30 MeC ..........co0vvvveennonnnn it 20
With collector-to-emitter volts = —12, emitter ma = 1.5,
and signal frequency = 12.5 MC ..vvvuuinvenrinrneecrsnnsnns 28
TYPICAL COLLECTOR CHARACTERISTICS
TYPE 2N3B4 ' | I
45 COMMON-EMITTER CIRCUIT, BASE INPUT. ; [ |
=3.5 AMBIENT TEMPERATURE = 25°C
-850 | |
I l _..‘_—J':—’l"#-_-r
-3 = = |
g =T 1 | | =
& 25/ : __,.r-—I —
=3
: | = |
=4 -2 2 1
= 7 M
o
E—le, 7 =] ’|’_J_- BASE mcﬁomvleaesxwzo
w
< O R I, o |
S 7 1 | | | -0
T | ]
0 -2 -4 -6 -8 -0 -2 -4 -6 -8 -20 -22 -24 -26

COLLECTOR-TO-EMITTER VOLTS

SECM-9418T

ohms

ohms

pf
db

ohms
ohms

ohms
ohms
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TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT BELOW

DC Collector-to-Emitter Voltage ..... "

DC Emitter Current
Source Impedance ..
Capacitive Load ....
Frequency Response
Pulse-Rise Time ...
‘Voltage Gain

Maximum Peak-to-Peak Output Voltage ...

Cy
* | =

TO PREVIOUS
. STAGE

=28 VOLTS DC

= 3600 ohms, 0.25 watt
= 2000 ohms, 0.25 watt
= 62 chms, 0.25 watt

= 620 ohms, 0.25 watt

o ”E.F’P r'."’ﬁ.,“!’

Lca

S

92C5-10394RI
TRANSISTOR .

CGermanium n-p-n types used in

medium-speed switching applica- 2N388

tions in data-processing equipment.

147

volts

ohms
pf

usec
volts

C2 OUTPUT = 25 pf, 12 volts
n = 25 uf, 25 volts
Ib MWF = 100 to 300 puf (variable)
LOAD = 100 pf, 12 volts
CENTER i — 30 ph
= = 20000 ohms, 0.25 watt

JEDEC No. TO-5. package, outline 2N388A.

6, Outlines Section.

MAXIMUM RATINGS
2N 388 2N388A
Collector-to-Base. Voltage (with emitter open) .. 25 max 40 max
Collector-to-Emitter Vo fage
With external base-to-emitter resistance
= 10000 OBMOE .. uuviviiis svinnrs seie s 20 max 20 max

With base-to-emitter volts = —0.5 W - 40 max
Emitter-to-Base Voltage (wlth collector ‘open) .. 15 max 15 max
Collector CUTITent . .o, sivsmsasmbmnsmes s sipsseqig e " 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) . . —65t0100 —65 to 100
Lead Temperature (for 10 seconds maximum) . 235 max 235 max
CHARACTERISTICS

. 2N 388 2N385A
Base-to-Emitter Voltage:

With collector ma = 200 and base ma = 10 .... 1.5 max 1.5 max

With collector ma = 100 and base ma = 4 ...., 0.8 max 0.8 max
Collector-Cutoff Current:

With collector-to-base volts — 40 and

current = 0 ... ......... — 40 max
With collector-to-base volts = 25 and emitter

BTN S R e R i p ATy e e M 10 max 10 max
With collector-to-base volts = 1 and emitter

COEZENE == 0 . i i e b e s A e e STy 5 max 5 max

volts

volts
volts
volts

°C
°C

volts
volt

pa

pa
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In Common-Emitter Circuif

Forward Current-Transfer Ratio:
With_collector-to-emitter volts = 0.75
and collector ma = 200 .....c...iovessessnses 30 min 30 min
With_collector-to-emitter volts = 0.5
and collector ma = 30 “..........0000nennnnnn 60 to 180 60 to 180

in Cu-mmn-Buse Cirevit

Forward-Current-Transfer-Ratio Cutoff uency
{with collector-to-base volts = 6 and collector
TR Y o o wmwissies ao e e E R e e 5 min 5 min

.......... 20 max 20 max

TRANSISTOR

Germanium p-n-p type used in
medium-speed switching applica-

. i % i E
2N395 tions in data-processing equipment.
JEDEC No. TO-5 package; outline
6, Outlines Section.
MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open) .................. —30 max
Collector-to-Emitter Voltage (with external base-to-emitter
resistance = 10000 ohms) .........cveocpisvascsasssrnsnnsnn —15 max
Emitter-to-Base Voltage (with collector open) .................0 —20 max
Collector CORTONE ... i iisarmerimpmsnm s o eansesiessess o —200 max
Transistor Dissipation:
At ambient temperatures up to 25°C .......iiiiiiiirarinnnns 150 max
At ambient temperatures above 25°C .........icihriiiiaiiiie See curve
Ambient-Temperature Range:
= ¢ hn 1 | G SIS S S T —565 to 85
r?lg ...................................................... —65 to 100
Lead emperature (for 10 seconds maximum) ..........e00000
CHARACTERISTICS
Coilector-to -Emitter Saturation Voltage (with collector
=60 and base MA = —5) ......ccivisiicnsiisssivnsrnnans —0.2 max
Couector Cutoff Current (with collector-to-base
volts = —15 and emitter current = 0) ........cvvvvininiiiiina —6 max
in Common-Base Circuif
Collector-to-Base Capacitance (wit.h collector-to-base
volts = —5 and emitter ma XY A R A el A 20 max
orward-Current-Transfer-Ratio Cutoff Frequency with :
collector-to-base volts = —5 and emitter ma = 1) ......... ] 3 min
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio
With collector-to-emitter volts = -—1 and collector ma = —10 . 20 to 150
With collector-to-emitter volts = —0.35 and collector ma = —200 10
TRANSISTOR
Germanium p-n-p types used in
2N396 medium-speed switching applica~-
tions in data-processing equipment.

2N39 6 A JEDEC No. TO-5 package; outline
6, Outlines Section. Ratings for these
are the same as for type 2N393

except for the following items:

MAXIMUM RATINGS

2N396 2N396A
Collector- to-Emitter Voltage:
With DESE ODBEL ..up.nivis s sssbdsniiosiioseed —_ —20 max
Wxth external base- to emitter resnstance
10000 ohms o —20 max —

’!‘rans{stor DiSSlpﬂt_lOn
At ambient temperatures up to 25°C ........ 150 max 200 max

pf

volts

volts
volts

mw
page 80
°C

volt
La

pf

volts
volts
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CHARACTERISTICS
Collec‘l.or-to Emitter Saturation Voltage (with collector ma
= —50 and base ma = —
Collector-Cutoff Current (with collector-to-base volts
and emitter current = 0) ........ .. ciiviiiiiiiians

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = —5
and emitler ma = 1) il tve s e vess i s ia
Forward-Current-Transfer-Ratio Cutoff Frequen (w
collector-to-base volts = —5 and emitter ma = 1) ............

In Common-Emitter Circuit
DC Forward Current-Transfer Ratio:

—0.2 max

—6 max

20 max

5 mim

With collector-to-emitter volts = —1 and collector ma = —10 . .30 to i50

‘With collector-to-emitter volts = —0.35 and collector ma = —200

TRANSISTOR

Germanium p-n-p type used in
medium-speed switching applica-
tions in data-processing equipment,
JEDEC 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
(with collector ma = —50 and base ma = —235) .........00s

In Common-Base Circuit

Forward-Cm*rent«-Transier-Ratio Cut.oﬁ Frequency Swlt.h
collector-to-base volts = —5 and emitter ma = 1) ..........

In Common-Emitter Circuit

Forward Current-Transfer Ratio:
With collector-to-emitter volts = —1 and collector ma = —10 ..
With collector-to-emitter volts = —0.35 and collector ma = —200

TRANSISTOR

(@8 Germanium p-n-p types used for
direct high-voltage control of “on-
3 A ¢ off” devices such as neon indicators,
0, (® relays, incandescent-lamp indica-
\ tors, and indicating counters of elec-
tronic computers. JEDEC No. TO-5
package; outline 6, Outlines Section.

MAXIMUM RATINGS

2N 398 2N398A
Collecmr-to-Base Voltage
th emitter open) ............ —105 max —105 max
Co ector-to-Emitter olt.aFe
(with emitter-to-base volts = —1) —105 max —105 max
Emitter-to-Base Voltage
(with collector open) . —50 max —50 max
Collector Current ........ % —100 max —200 max
Emitter Current ...........sovevee 100 max 200 max
Transistor Dissipation:
At ambient temperatures up to
i e ) 50 max 150 max

15 min

2N397

—0.2 max

10 min

40 to 150
20 min

2N398

149

volt

pf

volt

2N398A
2N398B

2N398B
—105 max
—105 max
—175 max

—200 max
200 max

250 max

........................... See curve page 80

Amblent Temperature Range:
Operating ......ccciviiinniniinea —65 to 55 —65 to 100
Storage ... ... .ceiiiiieieeiaeaen —65 to 85 —65 to 100
Lead Temperature

—65 to 100
—B65 to 100

volts
volts
volis

ma

oC
°C
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CHARACTERISTICS
Base-to-Emitter Saturation Voltgge

{with collector ma = —5

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 collector-to-base volts
= —105 and emitter current
=0 I AR TR T E RS —50 max —50 max

In Common-Base Circuit
Small-Signal Forward-Current-
Transfer-Ratio Cutoff Frequency

(with collector-to-base volts —
—6 and emitter ma = 1) ........ - -

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
Wlth collector-to-emitter volts

—0.35 and collector ma = —5 20 min 20 min
w:th collector-to-emitter wvolts
—0.25 and collector ma = —5 — -—

Small-Signal Forward Current-
Transfer Ratio (with collector-to-
emitter volts = —6, collector ma =

—1, and frequeney = 1 kilocycle) —_ 20 min
TRANSISTOR

Germanium p-n-p types used in

2N 40 4 medium-speed switching applica-

tions in data-processing equipment.
2N 404 A These types also have wide applica-
tion in other low-level, medium-
speed “on-off” control circuits.
JEDEC No. TO-5 package; outline 6, Outlines Section.

MAXIMUM RATINGS

—0.3 max

—0.25 max

—6 max

—25 max

1 min

20 min

40 min

2N404 2N404A

Collector-to-Base Voltage (with emitter open) —25 max —40 max
Collector-to-Emitter Voltage

(with emitter-to-base volts = —1) .......... —24 max —35 max
Emitter-to-Base Voltage (with collector open) —12 max —25 max
Collector Current ..........covvniennanas R s —100 max —150 max
Emitter Current ........cceiicecsivias LA 100 max 150 max
Transistor Dissipation:

At ambient temperatures up to 25°C ...... P 150 max 150 max

At ambient temperatures above 25°C ........ See curve page 80
Ambient-Temperature Range: )

Operating ..................... —65 to 85 —65 to 100

Storage —65 to 100 —65 to 100
Lead Temperature (Ior 10 seconds maxtmum) 255 max 255 max
CHARACTERISTICS
Collector-to-Emitter Saturation Voltage:

With collector ma = —12 and base ma = —04 .............. —0.15 max

With collector ma = —24 and base ma = —1 ..............0. —0.2 max
Base-to-Emitter Saturation Voltage:

With collector ma = —12 and base ma = —04 .............. —0.35 max

With collector ma = —24 and base ma = —1 ........... coovs —0.40 max
Collector-Cutoft Current (with collector-to-base volts = —12

and emitier current = ) i i i e i e e b A S —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 = —8

and collector current = 0) 20 max
Forward-Current-Transfer-Ratio Cutoff Frequency (with

collector-to-base wvolts = —6 and collector ma = —1) ....... * 4 min

volt

volt

ma

za

volts
volts

volts
ma

°C
°C

volt
volt

volt
volt

pa
pcoul

pt
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In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:

With collector-to-emi

With collector-to-emitter volts = —0.15 and collector ma

MAXIMUM RATINGS
Collector-to-Base Volta,

Collector-to-Emitter Volta

tter volts = —0.2 and collector ma = —24

-—12

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. JEDEC No. TO-40 package;
outline 15, Outlines Section. This
identical with type 2N406.

TRANSISTOR

Germanium p-n-p type used in
class A audio-frequency driver-am-
plifier applications in battery-
operated portable radio receivers.
JEDEC No. TO-1 package; outline
4, Outlines Section.

%e (with emitter open) ......ovveevvuan

Emitter-to-Base Voltage (w1th 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:
Operatin,

TYPICAL COLLECTOR CHARACTERISTICS

24 min
30 min

2N405

L

TYPE 2N406

T COMMON-EMITTER CIRCUg5 BASE INPUT. ~50
AMBIENT TEMPERATURE =
et |

1
o
o

IIliJ]I||

AT |

\

||| ~a0 |

L
AN

-:-""!'__---1

.-
Asgl MICROAMPERES = =30

\;

__4—-'—5‘-1--"'"-'—-'[».

COLLECTOR MILLIAMPERES

1
(=]
o

~1

CHARACTERISTICS

-4 -6 -8 -0
COLLECTOR-TO-EMITTER VOLTS

Collector-Cutoff Current (with collector-to-base volts = —12

and emitter current =
and collector current

S2CM - 3464TI

—14 max
—14 max

151

volts
volts
volts
ma
ma

mw
mw
mw

°C
°C

BB
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In Common-Base Circuif

Small-Signal Forward-Current-Transfer-Ratio Cutoff quuency
(with collector-to-base volts = —6 and collector ma = —1)

In Common-Emitter Circuit

DC Collector-to-Emitter Voltage i
DC Collector Current .....

Power Gain (with load resistance of 8500 ohms and mput

resistance of 750 ohms) ..

TRANSISTOR

Germanium p-n-p type used in
class A output stages and class B
2N 407 push-pull output stages of battery-
operated portable radio receivers and
audio amplifiers. JEDEC No. TO-40
package; outline 15, Outlines Section.
This type is electrically identical with type 2N408.

TRANSISTOR

Germanium p-n-p type used in

class A output stages and class B

2N 408 push-pull output stages of battery-
operated portable radio receivers and

audio amplifiers. JEDEC No. TO-1

package; outline 4, Outlines Section.

For curves of collector characteristics and transfer characteristics, refer to

type 2N109.

MAXIMUM RATINGS

Collector-to-Base Voltage (w1t.h emitter open)
Collector-to-Emitter Volta
Emitter-to-Base Voltage (with collector open}
Collector Current .............c...c.ciiririnnnresissnansesosnnnns
Emitter Current ..............
Collector D1ssipation'
At ambient temperatures up to 25°C ............. ..., i
At ambient temperature of 55°C ....
At ambient temperature of 71°C
Ambient-Temperature Range:
Qperating ...........c..... PR ORE gt sty e L D -
Storage ............. .

CHARACTERISTICS

Collector-Cutoft Current with collector-to-base volts = —12
and emitter current —
Emitter-Cutoff Current (wlth ‘emitter-to-base volts = —1.5
and collector current = 0)

In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —1 and collector ma = —50)

TYPICAL OPERATION IN CLASS B AF AMPLIFIER CIRCUIT

Values are for two transistors except as noted

DC Collector Supply Voltage .................. —4.5
Base-to-Emitter Voltage ... ................. —0.15
Peak Collector Current (Approx.) per transistor —35
Maximum-Signal DC Collector Current

(Approx.) per transistor .. . .............. y —11.5
Zero ignal DC Collector Current

qprox) per transistor ............ AR e -2

Signal Frequency ...... 1
Signal-Source ImpedanCE per BRRe i, 375
Load Impedance per collector ................ 100
Bower Gain, ;. oadsiedivebitiidaiais 30
Circuit Efficieney . ... . ............ N 60
Total Harmonic Distortion .. . ...... 10 max
Maximum-Signal Power Output 5

650 ke
—6 volts
—1 ma
43 db
0l (2)
E B ¢
B
E c

—20max  volis
—18 max volts
—2.5 max volts

—T70 max ma
70 max ma
150 max mw
0 max mw
20 max mw
—65 to T1 C
—65 to 85 *C
—14 max ra
—14 max pa
75
—9 volts
—0.15 volt
—40 ma
—13 ma
-2 ma
1 ke
375 ohms
200 ohms
33 db

69 per cent
10 max per cent
160 mw
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TRANSISTOR

Germanium p-n-p type used in
455-kilocycle intermediate-frequency
amplifier applications in battery-
operated portable radio receivers.
JEDEC No. TO-40 package; outline
15, Outlines Section, This type is
electrically identical with type 2N410.

TRANSISTOR

Germanium p-n-p type used in
455-kilocycle intermediate-frequency
amplifier applications in battery-
operated portable radio receivers.

E ¢ JEDEC No. TO-1 package; outline
4, Outlines Section. For curves of
collector characteristics, refer to type 2N139.

MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open)

Emitter-to-Base Voltage (with collector open) ..... I o
Collector Current ...... R S N i T o R R
Emiitter Current ... ssvesvusemssmoan sy R e
Collector Dissipation:
At ambient temperatures up to 25°C ............. e e
At ambient temperature of 55°C .............c.0000
At ambient temperature of T1°C ................ I —— -
Ambient-Temperature Range:
Operabtlig ..o civies v sses s mises AW, A R
Storage ............. A N e L B
CHARACTERISTICS
Collector-to-Base Breakdown Voltage
(with collector pa = —10 and emitter current = 0) ......... '
Collector-Cutoff Current (with collector-to-base volts = —13

and emnitter current = 0)
Emitter-Cutoff Current (with emitter-to-base volts
and collector current = 0)

In Common-Base Circuit

Small-Signal Forward Current-Transfer Ratio at 1 kilocycle:
With collector-to-base wolts = —9 and collector ma = —0.5
With collector-to-base volts = —9 and collector ma = —1

Small-Signa! Forward-Current-Transfer-Ratio
Cutoff Frequency at 1 kilocycle:

With collector-to-base volts = —9 and collector ma = —0.5 ,.
With collector-to-base volts = —9 and collector ma = —1

in Common-Emitter Circuit
DC Forward Current-Transfer Ratio at 1 kilocycle:

With eollector-to-emitter volts = —9 and collector ma = .
With collector-to-emitter volts = —9 and collector ma = —1 .,

TYPICAL OPERATION IN 455-KC IF AMPLIFIER CIRCUIT

DC Collector-to-Emitter Voltage ... ...... T -9
DC Emitter Current .................... 0.5
Input Resistance ...........cccveiuieinininnnan 1000
Output Realstance: 0, os o iiveiiaiatiEi bty 70000
Spot Noise Factor ... .... R e A ST 4.5
Maximum Power Gain ................. 000000 5 38.8
Useful Power Gain ........ccovivvvvnivrsncinaas 28.4

2N409

2N410

—13 max
—0.5 max
—15 max
15 max

80 max
35 max
10 max

—65t0 71
—65 to 85

—13 min
—10 max

—12 max

0.978
0.98

on
-100

45
48

—9
500
30000

37.8
312

153

volts
volt
ma
mw
mw

24,0
C

volts

pa

Me
Me
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TRANSISTOR

Germanium p-n-p type used in
converter and mixer-oscillator ap-
2N 411 plications in battery-operated port-
able radio receivers. JEDEC No.
TO-40 package; outline 15, Outlines
Section. This type is electrically
identical with type 2N412.

TRANSISTOR

Germanium p-n-p type used in
converter and mixer-oscillator ap-

2N 412 plications in battery-operated port-
able radio receivers. JEDEC No.
TO-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
Emitter-to-Base Voltage (with collector open
Collector Current
EMitter CUTPEIE . vuvoiiviicis s suins nass s i sises s sns sovan
Collector Dissipation:
At ambient temperatures up to 25°C
At ambient temperature of 55°C . ....
At ambient temperature of 71°C .
Ambient-Temperature Range:

A B i e A s R R i O RN R SR S

L T T P, S
CHARACTERISTICS
Collector-to-Base Breakdown Voltage

(with collector ya = —10 and emitter current = 0) ......... :
Collector-Cutoff Current (with collector-to-base volts = —13

and emitter current = 0)
Emitter-Cutoff Current (with emitter-to-base volts
and collector current = 0)

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio at 1 kilocycle (with
collector-to-emitter volts = —9 and collector ma = —0.6)

TYPICAL OPERATION IN CONVERTER CIRCUIT

DC Collector-to-Emitter Voltage
DC Collector Current
Input Resistance
Oatput Reslstance i R S e e e b R b A s
RMS Base-to-Emitter Oscillator-Injection Voltage (Approx.)
Binal FreqUBIIOy. i i e sae e s vsie s batem

Useful Conversion Power Gain (Approx.)

TRANSISTOR

Germanium p-n-p type used in
medium-speed switching applica-
2N4'|4 tions in data-processing equipment,
JEDEC No. TO-5; outline 6, Outlines
Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .............c..0

Collector-to-Emitter Voltage:
With base open ... des
With base-to-emitter volts = 1

—65
—63

—13 max

—0.5 max
—15 max

15 max

80 max
35 max
10 max

to 71
to 85

~13 min
—10 max

—12 max

volts
volt
ma
ma
mw
mw

°C
*C

volts

xa

()0

volts

volts
volts
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Emitter-to-Base Voltage (with collector open) .........ovevees —20 max volts
Peak 'Collector CUrrent .. ........oveeansrrnnsssssonsntinsisnssss —400 max ma
DC Colledtor CUIrent ... ..ol viineas vl b iaieies avivais —200 max ma
Transistor Dissipation: .

At ambient temperatures up 10:-25°C .., .iiiiiiiieriienaans 150 max mw

At ambient temperatures above 25°C

....................... . See curve page 80
Ambient-Temperature Range:.

Operating and storage .. ... ... ... .. iiiiiiiiirennrennn vv... —B3to 85 e
Lead Temperature (for 10 seconds maximum) ................ 240 max °C
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base wolts = —12

and emitfer current — D) ..o ir i sty i e ¥ —5 max ra

In Common-Base Circuit
Collector-to-Base Capacitance (with collector-to-base volts

= —6and emitter ma = 1) ..............c.0iiuin R R i 11 pf
Forward-Current-Transfer-Ratio Cutoff Freguency

(with collector-to-base volts = —6 and emitter ma = 1) 8 Mc
Small-Signal Open-Cucmt Reverse Voltage-Transfer Ratio (with

collector-base volts = —6, emitter ma = 1, and frequency

=1 kilocyele) ................ A B A 8 8 b R 0.0005

In Common-Emitter Circuit
Small-Signal Forward Current-Transfer Ratio (with collector=
to-emitter volts = —6, emitter ma = 1, and frequency
= 1 kilocycle) ............ A AR WS B AR SRR A iR 80

POWER TRANSISTOR

Gerrna.mu.m p- n-p type used in
a wide variety of switching and am-
plifier applications in industrial and
military equipment requiring tran- 2N44]
sistors having high voltage, current
and dissipation values. It is used in
power—-smtchmg, voltage- and current-regulating, d¢-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. JEDEC No. TO-36 package; outline 14, Outlines Section.

MAXIMUM 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 CUNYeNRL . ol vmsmms v wws s i s v o —15 max amperes
Emitter 'Current ........, 15 max amperes
Base Current .......... o N —4 max amperes
Transistor Dissipation:

At case temperatures up to 25°C ...........covniiiiianen 150 max  watts

At case temperatures above 25°C ... ...t See curve page 80
Case-Temperature Range:

Operating and storage ..........cc0vvvvnnnns A B A v.v.. =65 to 100
CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage:
With base short-circuited to emitter and collector amperes
B e R i e A R e o P e —40 min volts

With base open ‘and collector amperes = —0.3 I —40 volts
Base-to-Emitter Voltage (wlth collector-to-emitter volts = —2

and collector am}{e‘rﬁ = —3) —0.65 volt
Emitter-to-Base Voltage (w1th collector-to-base volts — —40

and emitter current — 0) ... ... ie e e, —1 max volt
Collector-to-Emitter Saturation Voltage (with collector amperes

= —12 and base amperes = —2) ........ —0.3 volt

2)
Collector-to-Emitter Reach- Thrcug‘h Vo]tage —40 min volts
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Emitter-Cutoff Current (with emuter-tn base volt.s —20
and collector current = 0) .............o0vinenvinesenseesns »
Collector-Cutoff Current:
With collector-to-base volts = —2 and emitter current = 0 ...,

With collector-to-base volts — —40 and emitter current = D
Thermal Resistance (Junr:tion-to-case) .......................
Thermal Capaclg (for pulse durations of 1 to 10 milliseconds) ..
Thermal Time Cons A i

In Common-Emitter Circuit

3

DC Forward Current-Transfer Ratio:

—1 ma

—100 na
—2 ma
0.35 °C/watt
0.075 watt-sec/°C
26.25 msee

w:th collector-to-emitter volts = —2 and collector amperes
................................................... - 20 to 40
“‘1th collector-to-emnter volis = ~2 ‘and collector amperes
.................................................... 29
Small- Slgnal Forward-Current-Transfer-Ratio Cutoff Frequency
{with collector-to-emitter volts —= —6 and collector amperes
= =8 Ll T, R e miwala PR L e R R Y e e 10 ke
TYPICAL TRANSFER CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS
TYee oNadl s J E;aim%§4t:4~=1l1'*r£nlc RCI‘JT a:use : TJ_—I
=15 - COMMON=EMITTER CIRCUIT, BASE INPUT, 150 % IRCUIT, INPUT,
o 18 | COLLECTOR-TO-EMITTER vours-—_z 3 18" COLLECTOR-TO-EMITTER YOLTS= 52
w | | ! ! = I8 | ! I lu_g': |
E T 1 HEPE | .
X . 0. |
-0 v d-lo—-—l— B
g | | * | &5
8 T 1T T &8 E T TTT T
2 sl ‘,96‘3‘ & Y W [
8 1 = 8 Y t :
| A5 ! ; —
= AT T[] | |
0 -oz2 -0.4 -06 -0.8 ] -02 -04 -06 -08
BASE-TO-EMITTER VOLTS BASE AMPERES
92c5-10720T i 92c5-10T2IT
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT
DC Collector Supply Voltage ..........cciinen. L — A —12 volts
DC Base Supply Voltage ........ 6 volts
On DC Collector Current ........ —12 amperes
Turn-On DC Base Current ...... —2 amperes
Turn-Off DC Base Current .............. . 0 amperes
Switchi:zﬁﬂ'ﬁme:
Rise B e R N i A S 15 psec
Fall time .....co00ees R ey Sle e el e b AN 15 usec

TYPICAL COLLECTOR CHARACTERISTICS

11 10 1 11 ]
TYPE

2Na4l
COMMON-EMITTER CIRCUIT, BASE INPUT.
CASE TEMPERATURE=25°C |
| ] l

-20 +— T
| I | | | ' [ ]
NREEENSEEEERSAE
8 -15 —l=-12! T T
e T T |
E '__-——'-‘s°3i_I i ’ |
& -10 : —Er_ﬁo:mo ! | I |
E '__f 300 Io (.
r —20
= | - I = _T_ [ I
o -5 ,-_ =

| |BASE M]LLLMAPEREF‘;./ |
T 1 11 |

_—1:4:—{=' ‘”—;; = T
|

EH

o] -5 =10 -i5 -20 -25 =30
COLLECTOR-TO-EMITTER VOLTS

-3 -40
F2CM-1OTIZT
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POWER TRANSISTOR

L2)E Germanium p-n-p type used in
a wide variety of switching and am-
plifier applications in industrial and
3 military equipment requiring tran- 2N442
sistors having high voltage, current,
Lils and dissipation values. It is used in
power-supply, voltage- and current-regulating, de-to-de 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. JEDEC 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) ...........couues . —30max  volts

CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage:

wit.h. base short-circuited to the emitter and collector amperes

Sl b T 6 T MR N N S A —45 min volts

With base open and collector amperes — —0.3 . ............... —45 volts
Emitter-to-. Base Voltage with collector-to-base volts = —50

and emitter current = 0) ........cc..iiiiiiiiiiiiasiniienas —1 max volt
Collector-to-Emitter Reach-Throu VOoItage .. vcvivviessessrnns ~—50 min volis
Emitter-Cutoff Current (with emitter-to-base volts = —30

and collector current = 0) ........ocveiiuveerriasinsnsnrsznnns -1 ma
Collector-Cutoff Current (with collector-to-base volts = —40 )

and Her exrrent == ) Lt e e s e e e —2 ma

TYPICAL COLLECTOR CHARACTERISTICS
T T T
TYPE 2N44Z
| COMMON - EMITTER CIRCUIT, BASE INPUT.
CASE TEMPERATURE = 25°C
| 200 I i
(1000 | 1 1T [
-800
B ey I B 1

-500_| —

_pa00 | =
~300

| |

=100 | |

1 U [

| _BASE MILLIAMPERES = -50
| | 0 2

! AN ] pivi

(] -0 -20 -30 -a0 ~50 Z60

COLLECTOR-TO-EMITTER VOLTS 22CM-10TIIT

X
o

]
=]

COLLECTOR AMPERES

1
w

POWER TRANSISTOR

Germanium p-n-p type used in
a Eide variety of switching and am-
plifier applications in industrial and
military equipment requiring tran- 2N443
sistors having high voltage, current,
and dissipation values, It is used in
power-switching, voltage- and current-regulating, de-to-de 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. JEDEC 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) ..
Emitter-to-Base Voltage (with collector open)

CHARACTERISTICS

Collector-to-Emitter Breakdown Valua%
Wzth base short-circuited to the emitter and collector amperes
Wlth base open and collector amperes = —0.3 .................
Emitter-to-Base Voltage (w1th co ector»to-base volts = —60
and emitter current = 0) ............ ..o eivinrenes
Collector-to-Emitter Reach- -Through Voltage ........
Emitter-Cutoff Current (wzth emitter-to-base volts
and collector current = 0) . ........coviuuicinann SR
Collector-Cutoff Current (wlth collector-fo-base volts = —60
and emitter-current = 0) .....ccciiirianiiretierrsisrr i .

TYPICAL COLLECTOR CHARACTERISTICS

—60 max
—40 max

=50 min
—55
—1 max
—60 min
-1

-2

| 1 I | !
TYPE 2N443 - . I K
| COMMON - EMiTTER CIRCUIT, BASE INPUT,

| CASE TEMPERATURE =25°C ‘

-5 -1200
B |

-loo0o:
~800

___/‘-20

COLLECTOR AMPERES
1
=)
1
E
8

-5

£S51-

BASE MILLIAMPERE, |
| L e , [

—

4] =10 -20 -30 -40 -
COLLECTOR-TO-EMITTER VOLTS

~60
S2CM-10TRIT

2N456 See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.

457 See List of Discontinued Transistors at end
2N45 Technical Data Section for abbreviated data.

2N 497 See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.

See List of Discontinued Transistors at end
2N544 Technical Data Section for abbreviated data.

See List of Discontinued Transistors at end
2N561 Technical Data Section for abbreviated data.

volts
volts

of

of

of

of

of




Technical Data

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 List 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.
JEDEC No. TO-5 package; outline
6, Outlines Section. This type is
identical with type 2N404 except for

the following items:

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ..................
Collector-to-Emitter Vcﬁt‘age (with emitter-to-base volts = —1)
Emitter-to-Base Voltage (with collector open) ........ccevuvunue
CHARACTERISTICS

Collector-to-Emitter Saturation Voltage

(with collector ma = —20 and base ma = —1) ....cvvvvsrnnss .
Base-to-Emitter Saturation Voltage
(with collector ma = —20 and base ma = —1) ...............s

Collector-Cutoff Current (with collector-to-base volts = —
and emitter current = 0) .. .:..ouvsvinorssirresasseesessisins
Stored Base Charge (with collector ma = —20 and base ma = —2)

In Common-Emitter Circuit

Forward Current-Transfer Ratlo (w1th collector-to-emitter volts
= —0.3 and collector ma = —2

TRANSISTOR

@B Germanium p-n-p type used in
medium-speed switching applica-
£ ¢ tions in data-processing equipment.
JEDEC No. TO-5 package; outline
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 wvolts = —1)

CHARACTERISTICS
Collector-to-Emitter Saturation Voltage:

With collector ma = —24 and base ma = —06 .........c0.uues

With collector ma = —100 and base ma = —5 ....cvvianeneias
Base-to-Emitter Saturation Voltage:

With collector ma = —24 and base ma = —06 ..........0000un

With collector ma = —100 and base ma = —5 ........00uuuurnn
Stored Base Charge

(with collector ma = —24 and base ma = —1.2) .............

In Common-Base Circuit

Forward-Current-Transfer-Ratio 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

2N582

—14 max

—0.2 max
—{0.3 max

—0.4 max
—0.8 max

1200 max

14 min
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In Common-Emitter Circuif
Forward Current-Transfer Ratlo:

With collector-to-emitter volts = —0.2 and collector ma = —24 40 min
With collector-to-emitter volts = —0.3 and coliector ma = —100 20 min
2N583 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
2N584 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.:
TRANSISTOR @a
Germanium n-p-n type used in
switching circuits of compact, g c
2N585 medium-speed electronic computers.
JEDEC No. TO-5 package; outline
6, Outlines Section.
MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open) ....vvvisenennnns 25 max volts
Collector-to-Emitter Vo ta
With ODBIL L 720 o e W S T L v 15 max volts
With base-to-emitter volts = —1 ... ... ... .ciiiiiinnerrninnan 24 max volts
Emitter-to-Base Voltage (with collector open) .................. 20 max volts
Collector CUTTENt .. ... ....c.vuiverrinieurinacarensnssassssnnnsones 200 max ma
Transistor Dissipation:
At ambient temperatures up 10 25°C ... iiiiiiiiiisiiiiiia. 120 max mw
At ambient temperature of 55°C ... .....iciiiiiiiiniaiiiiinns 35 max mw
At ambient temperature of 71°C .....iiveriierneranniissiinnass 10 max mw
Ambijent-Temperature Range: .
OMEFREING 0o v v sis oo S R —65 to 71 oc
BIOTALE .. ussescssssissrsasnaassassanissssnssnstassssnsastingsnssny —65 to 83 C
CHARACTERISTICS
Collector-to-Emitter Saturation Voltage
(with collector ma = 20 and base ma = 1) .......cvvunuuan sane 0.2 max volt
Base-to-Emitter Saturation Voltage
{with collector ma = 20 and basema = 1) .......covvvuinnvnsns 0.45 max volt
Collector-Cutoff Current:
With collector-to-base volts = 0.25 and emitter current = 0 . 6 max pa
With collector-to-base volts = 12 and emitter current = 0. 8 max na
Stored Base Charge (with collector ma = 20 and base ma = 2)". 3000 max pecoul
In Common-Base Circuit
Forward-Current-Transfer-Ratio Cutoff Frequency
(lv.rim collector-to-base volts = 6 and collector ma = 1) ...... 3 min Me
Collector-to-Base Capacitance (with collector-to-base volts = 6
AnA, BIILEET ODEI) ooy oiioan viess dinsisia s hain as samissssasssesisss 25 max pf
In Common-Emitter Circuit
Forward Current-Transfer Ratio (with collector-to-emitter volts
=02 and collector Ma = 20) .......ccivesiseenssrasarssnsrns 20 min

TRANSISTOR

Germanium p-n-p type used in
low-speed switching applications in H

2N586 industrial and military equipment.
It is used as a relay-actuating de-
vice and in voltage-regulator, multi- 00
vibrator, dec-to-de converter, and B

(=)
c

power-supply circuits. It 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, Qutline is similar to JEDEC No. TO-7 package; outline 25, Outlines
Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ....
Emitter-to-Base Voltage (with collector open)

—45max  volts
—12 max volts

Collector Current ........ g —250 max ma
Emitter Current .............00000. 250 max ma
Transistor Dissipation:
At ambient temperatures up to 25° ..... b s e AT O f 250 max
At ambient temperatures above 25°C ... S e e See curve page 80
Ambient-Temperature Range:
Operating and storage ..........oeveveuenen sernnvassavaanananss =063 1085 “C
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage:
With base short-circuited to emitter and collector pa = —50 .. —70 volts
With base open and collector ma = —1 ....... e A e W —35 volts
Collector-to-Emitter Reach-Through Voltage
(with emitter-to-base volts = —1 and emitter current =0) .... -5 volts
Base-to-Emitter Voltage
(with collector ma = —250 and base ma = —T7) ....civvvvennnas —0.7 volt
Collector-to-Emitter Saturation Voltage
(with collector ma = —250 and base ma = —25) .............. —0.25 volt
Collector-Cutoff Current (with collector-to-base volts = —45
and emitter current = 0) .......viiiiiiiiiirraasorasnsoirens e -8 pa
Emitter-Cutoff Current (with emitter-to- base volts = —12
and collector current = 0) .......cciciiiieiviniiians vesrasnenan —4 ua
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —0.5 and collector ma = —250) ...........c iciunn 55
TYPICAL TRAN‘SFER CHARACTEHISI‘IC TYPICAL TRANSFER GHARAGTERISTIG
TYPE 2N586 TYPE 2N586
b L COMMON-EMITTER CIRCUIT, BASE INPUT. —| 0 |_COMMON- EMITTER CIRCUIT, BASE INPUT.
= COLLECTOR-TO-EMITTER VOLTS =-0.5 o COLLECTOR-TO- EMITTER VOLTS=—0.5
g 250 | AMBIENT TEMPERATURE =25°C 5—250 AMBIENT TEMPERATURE = 25°C
g P e S
o —200 = a
= L1 o-200
= | |4 H
&= =150 J/' ' - 150 !
g
5 -100 e e /| |
= % | 8- 00— A
g - F A
A1 § =50 -
- TR LT IA T
BASE MILLIAMPERES = o ° 02 =DR T8 Shs
BASE-TO-EMITTER VOLTS
92¢5-10079T
TYPICAL COLLECTOR CHARACTERISTICS
=250 T T T T T T
-4 T'rPE 2N5&6
COMMON- EMITTER CIRCUIT, BASE INPUT,
&MBIENT TEMPERATURE = 25°C
-200
»
W
o
w
Yl
.::_ =150 '_‘\ ]
=
=
g 100 \ | !
b -1 |
E |
8 [ [ T
=50 |—-0.5
TN Fea | B ]
. -~.... RANSISTOR DISSIPATION
BASE MI.LLIAMPERES- 0.25 N tmLL"’"“"S"ZW !
i 0 "5 —10 =I5 =20 -25 -30 =35 -40

COLLECTOR-TO-EMITTER VOLTS S2CM-10094T
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TRANSISTOR

Germanium p-n-p type used in
large-signal audio-frequency driver-
2N 59] amplifier applications. It is used pri-
marily in high-gain class A audio-
driver stages in automobile radio
receivers. JEDEC No. TO-1 package;
outline 4, Outlines Section.

MAXIMUM RATINGS

Collector-to-Emitter Voltage .......ceivvvvenensnevnennnnnnns e —32max  volts
Collector Current:

PRUK ittt s ar s s b A R S A R A e M b B —40 max ma

........................................................... —20 max ma

Emitter Current

BN o e R R R N T R R R R 40 max ma

........................................................... 20 max ma
With heat Without

Collector Dissipation: sink heat sink

At ambient temperatures up to 55°C ............ 100 50 mw

At ambient temperature of 7T1°C ,.....covvvivnns 40 20 mw
Ambient-Temperature Range:

Operating . 71 max °C

Ly T e O e L ! —65 to 85 °Cc
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage (with collector ma =

—0.3, base resistance = 4700 ohms, and emitter resistance

= 500 OIITIS) .. virinreens e senssenesnannsessnsssnenin —32 min volts
Collector-Cutoff Current (with collector-to-base wolts = —10

and emititer curtent — B) . ivuivivy v s ses s ssassan —T7 max ua
Emitter-Cutoff Current (with emitter-to-base wvolts = —1

and collector current = 0) ......cceeevesnsnsnsasssssnsnssass —20 max ua
Thermal Resistance:

Junetion-to-ambient. ... ivevesamis i saissivvnivesi sy 0.34 °C/mw

Junection=to-heat SINK .....ccovevenressinsinnccsssssissasranne 0.15 °C/mw

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio at 1 kilocycle

(with collector-to-emitter volts = —12 and collector ma = —2) 70
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequenc

(with collector-to-emitter volts = —12 and collector ma = —2 0.7 Me
TYPICAL OPERATION IN CLASS A AF DRIVER-AMPLIFIER CIRCUIT
DC Collector Supply Voltage ...........ccoiiineniernnensnannss —14.4 volts
DC Collector-to-Emitter Voltage ........c.ovviieeeerrnnnssasnssan —12 volts
DC Base-to-Emitter Voltage .........cciiiimiiiiiiriiiiisceninas —0.13 volt
JSJC C]olleector CUFTENE . vovvnrsinnnssnsssssannarsvissnsnasssassne —f r?ca

ignal Frequency c
INPut ReSiSLANCE . ....v0veenrnrenneerensarnesrensiiossssssasennas 1000 ohms
Output Resistance ... 10000 ohms
Power Gaill ............covceensnansnenns 41
Total Harmonic Distortion 3 per cent
Transistor Dissipation .. 25
Power Output .......ccivvvivsnnsrrvssirssssssssnssnssassnsnssns 5 mw

See List of Discontinued Transistors at end of
2N640 Technical Data Section for abbreviated data.

2N641 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.

2N642 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.

2N643 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
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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.

TRANSISTOR

(2)8 Germanium n-p-n type used in
large-signal audio-frequency ampli-

. ‘ ¢ fier applications. It is designed es-
0 {3) pecially for use with its p-n-p
counterpart, RCA-2N217, in class B
complementary-symmetry power-

2N644

2N645

2N647

163

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. JEDEC No. TO-1 package; outline 4, Outlines

Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (w:th emitter open) 25 max
Collector-to-Emitter Voltage ................... 25 max
Emitter-to-Base Voltage (wlth collector open) ... 12 max
Collector Current:
PRI e s o i — B 100 max
B i e s e e e e e R e e e Fa R AR LA N . 50 max
Emitter Current:
Pealt U A e ORI T I T oo —100 max
TS om0 st hem e T B A A e AT sessasasnans —50 max
Collector Dissipation:
At ambient temperatures up to 25°C ........cciinniinnns 100 max
At ambient temperature of 55°C ......... A e e 50 max
Al ambient temperature of T1°C ........ccvvvernvrnnnnnnsns 20 max
Ambient Temperature:
OpBrading o000 i e o -0, 1 |
Storage ................ N N 151 S WA N A A .. —651to85
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base volis = 25
and emitier current = 0) ....... ... .00 0 i iiiiiitaniaana 14 max
Emitter-Cutoff Current (with emitter-to-base volis = 12
and collector current = 0) ............... Vahaeen PP sens 14 max
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 1 and collector ma = 50) ............ b e g 70
TYPICAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC
T L T T T T T T T )
©w TYPE 2NB4T v TYPE 2NG647 I
400 - COMMON-EMITTER CIRCUIT, BASE INPUT. ¥ 00l COMMON— L
w AMBIENT TEMPERATURE = 25°C w BASE IN 9
g I I < AMBIENT Tl-:uP-zs'c | 49‘/
Zs0 5 ER) <
Sl | | | g3 i
= 80 £ = 60 T ,\cﬁ/
g [ & 5 oA
i £ 40 RS>
("} re} | cp/
3 2 PSS 3 o~
87 | oot | | 2 |
o ol 02 03 04 0 02 04 06 0B 1O 12 |4 I6
BASE-TO-EMITTER VOLTS BASE MILLIAMPERES
92C5-9846T

92C5-384TT

volts
volts
volts

ma
ma

ma
ma

mw
mw
mw

°c
*C

BEE
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TYPICAL OPERATION IN CLASS B COMPLEMENTARY-SYMMETRY CIRCUIT

DC Collector Supply VOMAEE ...iciiciiisiiaiivinssinssesassssan 6 volts
DC Collector-to-Emitter Voltage for driver stage .......... i 23 volts
Zero-Signal DC Base-to-Emitter Voltage for output stage ..... 0.14 volt
Peak Collector Current for each transistor in output stage 70 ma
Zero-Signal DC Collector Current for each transistor
(driver and output stage) ....... R R S T TR e 15 ma
Signal Frequency ........coceessmressssssasssssssnssinnnssssnss 1 ke
Input HeBIBEATICN ol inn v wasion san'esiene suaine s hibadis s baasvon 1100 ohms
Load Resistance ............coevvivvnnarssssnssnsnnns S - : 45 ohms
Power Galny ol ol praesisimnia 54 db
Total Harmonic Distortion " 10 max per cent
Power Output (with input = 20 millivolts) ........ccvviviiiinen
TYPICAL COLLECTOR CHARACTERISTICS
oo P S R T G Bl
¥ Eéﬂi.o%"%ﬂmn CIRCUIT, BASE INPUT,
e — - 0 .
J/“ o AMBIENT TEMPERATURE =25°C
80 : \f_ . . s N L i
E | __,// 02 [ i
1 E NN
2 sol-r— T o1~
=X __,_,..—-/T | et 08 L
s L sl _
L— fe" 05 |
O O B I B
-
g [ s g "o [
20 — |
= -, oz
p—r— ; ~—— BASE MILLIAMPERES=0}
—1 !
[+] 2 4 6 B8 [+] 12 14 16
COLLECTOR-TO-EMITTER VOLTS S2CM-9844T
TRANSISTOR
Germanium n-p-n type used in @»
large-signal audio-frequency ampli-
2N 6 49 fier applications, It is designed es- [ ¢
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. JEDEC No. TO-1 package; outline 4, Outlines
Section. This type is identical with type 2N647 except for the following items:

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)
Collector-to-Emitter Voltage (with base open)
Emitter-to-Base Voltage (with collector open)

20 max volts
18 max volts
2.5 max volts

CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base volts = 12

and emitter CORTENt == 0) .. vanrormiias et s s o smssmss st 14 max upa
Emitter-Cutoff Current (wrt‘n ‘emitter-to-base volts = 2.5 and

collector CUTTENt = 0) . u.ieasmmirsnvins sbisosbe sasvssesseesreen 14 max na

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 1 and collector ma = 50) .........cciviiiiiniiianiaas 65
2N656 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
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SILICON CONTROLLED RECTIFIER

K
B teen

Diffused-junction n-p-n-p type

used in a wide variety of power-

control and power-switching appli-

cations in industrial and military 2N68]

T equipment. This type has a maxi-

(stuo} 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.

JEDEC No. TO-48 package; outline 19, Outlines Section.

MAXIMUM RATINGS

For sinusoidal ac supply voltage of 50 to
400 cps, with resistive or inductive load

Peak Reverse Voltage:

Repetitive .......... S A R TS G 25 max  volts

Non-repetitive (transient) .......... T P R 35 max volts
Peak Forward Blocking Voltage (repetitive) .................. . 25 max volts
Peak Gate Voltage:

POIWATH o ois w i s e s D Dea e T R 10 max  volts

everse ...... R A P g 5 max volts

Average Forward Current:

At case temperature of 65°C and conduction angle of 180° ..., 16 max amperes

For other case temperatures and conduction angles ....... See Rating rt I
Peak Surge Current:

For one cycle of applied voltage ................... T~ . 150 max amperes

For more than one cycle of applied voltage ......... ....... See Rating Chart II
Peak Forward Gate Current ................... . 2 max amperes
Peak Gate Power ...........cc0vnnuvns 5max  watts
Average Gabte POWED ......rvevsvrssnssossusessssssaias 0.5 max watt
Temperature Range:

OPOEBLINE (CHBE)  wwionmi smmm s wimiaye mm i & s s s s S s aais a5 —65 to 125 °C

Operating (ambient) .........c..ciiiiiiiiiiiiieirininnnas Bd g See Rating Chart III

SLOYRRE v viennnam e R S e e e e S e e, O 00 L hi o
CHARACTERISTICS
Forward Breakover Volta§e (at case temperature of 125°C) .,.. 25 min volts
Forward Voltage Drop (at case temperature of 65°C) .......... 0.86 max volt
DC Gate-Trigger Voltage:

At case temperature of —65°C ............cc000u0na 3 max volts

At case temperature of 125°C . ...cueneuressinns srireisasassa 0.25 min volt
Average Blocking Current (at case temperature of 125°C):

FOPWEATH w5 fanmorns s b s mie s s i s e s e e e e . 6.5 max ma

BBeEge © o L e S e S NG 6.5 max ma
DC Gate-Trigger Current %at case temperature of 125°C) ...... 25 max ma
Holding Current (at case temperature of 125°C) .............. .

5 ma
Thermal Resistance (junction-to-case) ................. i 2 max °C/watt

RATING CHART T RATING CHART I
e 2N6Bl T T | o~ g TYPE 2N68I > y
i SUPPLY FREQUENCY = 60 CPS SINE WAVE
o |CURRENT WAVEFORM=SINUSO @ BB reubdile 265
U _|LOAD¥RESISTIVE OR INDUCTIVE Ol % 150K TREPETITIVE PEAK REVERSE VOLTAGE |
@l s CONDUCTION i = MAXIMUM RATED VALU
ANGLE E 125 AVERAGE ;?Hwﬂﬁl} CURRENT = =
33 MAXIMUM RATED VALUE
== 100 ¥ ! !
2 100 -
g ™t —i
3z Sy o7
B |20° T~i180* W |
=" 50 | CONDUCTION ANGLE £ 50 .
- | 2 L |
S 25 525 — 1 -
| | . g o |
(4] 5 0 5 70 < 4 e8p 2 4 & 800
* AVERAGE FORWARD CURRENT—AMPERES SURGE CURRENT DURATION—CYCLES

BeCs-ligzeTR S2C5-198T)
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RATING CHART T FORWARD CHARACTERISTICS
TYPE 1 b P
NATURAL COOLING g | Tvee 2Nel
©  15{ SINGLE-PHASE OPERATION. ui
£ I CONDUCTION ANGLE = <
20 [MEALSINKIV/G=THCK - .
2y y &
W= C 100! G,
10 H
ST K &
kL [=]
LN e £ o —
w -
<
50 ™~ g e 5 4}* /
= g o [
oL E —
25 75 125
maram’ TEMPERATURE— c l STMTﬁNEous FQRW!.HD VOLTAGE DHOP—VOLTS
s2¢s-11si6T S2C5-19TT
GATE TRIGGER-VOLTAGE CHARACTERISTICS GATE TRIGGER-CURRENT CHARACTERISTIC
B T L T ‘ ! TYPE 2N68I |
g3 W CATE OLTACE REQURED E ' [T
T TO TRIGGER UNIT e |
v
g 3@ ] 1
He i 00 -
g g% 75 %'%1‘, | 1
[+ 4
2 %% . [ '
«@ = TRz, (‘\W?RE
29 __MAXMUM E | s0 i NT R
GAT EQUIR
E WILL NoT Tﬁﬁse‘?ém‘i? THar z ) 0 |
5 — 8 3
0 0
~75 -50 -25 0 25 50 75 100 125 75 ~50 25 50 75 100 125

CASE TEMPERATURE—'C ChSE TEMPERATURE— "Cocs-useera

sacs-lisaTa

SILICON CONTROLLED RECTIFIER

Diffused-junction n-p-n-p type

used in a wide variety of power-

2N682 control and power switching appli-
cations in industrial and military

equipment. This type has a maxi-

mum peak forward blocking voltage

'r&é:!fm ‘{&?‘a@

A
(sTUD)

8

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. JEDEC
No. TO-48 package; outline 19, Outlines Section. This type is identical with

type 2N681 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:
Repet Ve . s s R e e R R e e
Non-repetitive (transient{ .....................

Peak Forward Blocking Voltage (repetitive)

CHARACTERISTICS

Forward Breakover Voltage (at case temperature of 125°C) ....

50 max
75 max
50 max

50 min

volts
volts
volts

volts



Technical Data 167

SILICON CONTROLLED RECTIFIER

®
éhﬂﬂ?m sncmr
—— Diffused-junction n-p-n-p type
used in a wide variety h(:f powe}r-
control and power switching appli-
cations in industrial and military 2N683
equipment. This type has a maxi-
(s7uD) 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. JEDEC
No. TO-48 package; outline 19, Outlines Section. This type is identical with
type 2N681 except for the following items:

MAXIMUM RATINGS

For sinusoidal ac supply voltage of 50 to
F 400 cps, with resistive or inductive load

Peak Reverse Voltage:

Repetitive ........... L T T T P 100 max volts
Non-repetitive (transient) .......... RN L T SR PO R 150 max volts
Peak Forward Blocking Voltage (repetitive) .................. 100 max volts
CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) .... 100 min volts

SILICON CONTROLLED RECTIFIER
'ri'ﬁ""}&?au 5t

Diffused-junction n-p-n-p type
used in a wide variety of power-
control and power switching appli-
cations in industrial and military 2N684
y equipment. This type has a maxi-
(sTuo} 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. JEDEC
No. TO-48 package; outline 19, Outlines Section, This type is identical with
type 2N681 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 .......... S0 e R e e A S e 150 max  volts
Non-repetitive (transient) ................... " 225 max volts
Peak Forward Blocking Voltage (repetitive)

CHARACTERISTICS

Forward Breakover Voltage (at case temperature of 125°C) .... 150 min volts

150 max volts
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SILICON CONTROLLED RECTIFIER
ﬂhf:’ﬁm E&gm'

INALY
Diffused-junction n-p-n-p type
used in a wide variety of power-
2N685 control and power switching appli-
cations in industrial and military
equipment. This type has a maxi- o
mum peak forward blocking voltage isTuo}
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. JEDEC
No. TO-48 package; outline 19, Outlines Section, This type is identical with
type 2N681 except for the following items:

MAXIMUM RATINGS

For sinusoidal ac supply voltage of 50 to
400 eps, with resistive or inductive load

Peak Reverse Voltage:
Repetitive

e e T R S e R T 200 max  volts
Non-repetitive (transient) ........... ... . . cccoiiiiiininnnneas 300 max  volts
Peak Forward Blocking Voltage (repetitive) .................. 200 max volts
CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) ... 200 min volts
Average Blocking Current (at case temperature of 125°C):
21T ) o RPN POt S e MR LR LI M B oy R e 6 max ma
REVEISEE ..vcivcsrinnsasstsssinsninssnssuidtbatinsdsesesisrgnes 6 max ma
SILICON CONTROLLED RECTIFIER
¥
t
vekiaiany -}En"ngfr T

Diffused-junction n-p-n-p type
used in a wide variety of power-
2N 686 control and power switching appli-
cations in industrial and military
equipment. This type has a maxi- 3
mum peak forward blocking voltage (sTuo)
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. JEDEC
No. TO-48 package; outline 19, Outlines Section. This type is identical with
type 2N681 except for the following items:

MAXIMUM RATINGS

For sinusoidal ac supply voltage of 50 to
400 ecps, with resistive or inductive load

Peak Reverse Voltage:

Repetitive ..o viiviiamnieiiahisdisein dieas sesiavasieviniee 250 max  volts
Non-repetitive (transient) 350 max  wvolts
Peak Forward Blocking Voltage (repetitive) .................. 250 max volts

CHARACTERISTICS

Forward Breakover Voltage (at case temperature of 125°C) .... 250 min volts
Average Blocking Current (at case temperature of 125°C):
FOTWATT o oiiaiononnnanttesssanusiassnisssannsnnsssiiussnnision 5.5 max ma
REVEISE ..uovivevssrrsssasssnsssrsnsssrssssssaaasnasrsnnsssianse . 5.5 max ma
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SILICON CONTROLLED RECTIFIER
¥

o el

Diffused-junction n-p-n-p type
used in a wide variety of power-
control and power switching appli-
cations in industrial and military 2N687
2 equipment. This type has a maxi-
(5100} 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. JEDEC
No. TO-48 package; outline 19, Outlines Section. This type is identical with
type 2N681 except for the following items:

MAXIMUM RATINGS

For sinusoidal ac supply voltage of 50 to
0 cps, with resistive or inductive load

Peak Reverse Voltage: :
Repetitive .. .......... T T L 300 max volts
Non-repetitive (transient) ........ 400 max volts
Peak Forward Blocking Voltage (repet 300 max volts

CHARACTERISTICS

Forward Breakover Voltage (at case temperature of 125°C) .... 300 min volts
Average Blocking Current (at case temperature of 125°C):
Forward 5 max ma
b2 e M R P 5 max ma

SILICON CONTROLLED RECTIFIER

®
:{kﬂ%u ':'s"g”
ERMINAL)
Diffused-junction n-p-n-p type
used in a wide variety of power-
control and power switching appli-
cations in industrial and military 2N688
& equipment. This type has a maxi-
(s7u0) 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. JEDEC
No. TO-48 package; outline 19, Outlines Section. This type is identical with
type 2N681 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:

RepeHtwe . .......cciiipirssnmsmsssnsinssnnsssnunsnsonssnssnis . 400 max  wvolts

Non-repetitive (transient} ................................... 500 max  volts
Peak Forward Blocking Voltage (repetitive) ......cccvvvienines 400 max  volts
CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) .... 400 min volts
Average Blocking Current (at case temperature of 125°C):

FOrwArd . .vvcrruscerenmnpoenrnsnsnmnsrsntsssnsatmbbonisonesessss 4 max ma

REVEISE .iisrasansrscorsrossnnsnrsossnssistsstsssssstossssssss 4 max ma
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SILICON CONTROLLED RECTIFIER

K
Wil el
Diffused-junction n-p-n-p type
used in a wide variety of power-
2N689 control and power switching appli-
cations in industrial and military
equipment. This type has a maxi- 0
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. JEDEC
No. TO-48 package; outline 19, Outlines Section. This type is identical with
type 2N681 except for the following items:

MAXIMUM RATINGS

For sinusoidal ae supply voltage of 50 to
400 cps, with resistive or inductive load

Peak Reverse Voltage:

Repetitive .. ........corcesesnsiitssanasrahdns inansdedressunees 500 max  volts
Non-repetitive (transient) ...............cc0000ns i 600 max volts
Peak Forward Blocking Voltage (repetitive) 500 max volts
CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) ..., 500 min volts
Average Blocking Current (at case temperature of 125°C):
Forward  ...iv.icciawavesssissnsaseivianssseitsrassarsssassnse 3 max ma
3T o o oy gy ey s e e 3 max ma
2N696 See List 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-
2N697 processing equipment. This type is
especially effective under conditions
of severe thermal and mechanical & .
stress and other environmental haz-
ards. JEDEC No. TO-5 package; outline 6, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Volta%e (with emitter open) ................ 60 max volts
Collector-to-Emitter Voltage (with external base-to-emitter
resistance = 10 ohms or less) ............ccciiiiiieiiiiiran, . 40 max  volts
Emitter-to-Base Voltage (with collector open) .............000 5 max volts
Collector CUXTENL ...cicieerisnanssnassbsanassssassssasnsannssas 500 max ma
Transistor Dissipation:
At case temperatures up 10 25°C . .......cciiiiiiriineriiinaas v 2max watts
At ambient temperatures up 10 25°C ... . ... i iienerrreinnnas 0.6 max watt
At case or ambient temperatures above 25°C ...........000000 See curve page 80
Temperature Range: .
Operating (junction) and Storage ..............cce0seu0000:.. —60 10175 nC
Leag Temperature (for 10 seconds mMaximum) .......ceevvenenes 255 max C
CHARACTERISTICS
Base-to-Emitter Saturation Voltage (with pulsed collector ma
= 150" and base mMa = I8) ... .. icoinviscqemsis sy e 1.3max volts
Collector-to-Emitter Saturation Voltage (with pulsed collector

ma = 150* and base Ma = 15) ........cctsierennarvrrnrosrsnns 1.5max  volis
Collector-Cutoff Current (with collector-to-base volts = 30 and
emitter eurrent — 0) ....cvvviiivecisiainssrrnasnassssssrsnns 1max pa
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In Common-Bdse Circuif

Collector-to-Base Capacitance (with collector-to-base volts = 10
and emitter current = 0) .......... A e R .

In Common-Emitter Circuit

DC-Pulse Forward Current-Transfer Ratio (with collector-to=
emitter volts = 10 and collector ma = 150**) ................

Small-Signal Forward Current-Transfer Ratio (with collector-
to emitter volts = 10, collector ma = 50, and freguency

* Pulse duration = 300 psec or less; duty cycle = 0.02 or less.
** Pulse duration = 12 milliseconds or less; duty cycle = 0.02 or

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-

E c

35 max

40 to 120

2.5 min
100

less.

m

pf

2N699

verter; in af service for small-signal and power applications; in switching
service for high-speed switching circuits. It features low saturation voltage,
high sustaining voltage, and low output capacitance. JEDEC No. TO-5 pack-
age; outline 6, Qutlines Section. For curves of collector characteristics, refer

to type 2N1613.
MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ............
Collector-to-Emitter Vo tage (with external base-to-emitfer -
resistance of 10 ohms or less) ............. cciiciunncnnnaan i
Emitter-to-Base Voltage (with collector open) ...........veeue
Transistor Dissipation:
At case temperatures up to 25°C ... ... R T
At ambient temperatures up to 25°C ... .. . .....ceeriiiiiann .

t case or ambient temperatures above 25°C .........cc0vennn
Temperature Range:

Operating (junction) ................
STOTAEE ...vvvvveeronesrsensnnensnnnse S ET iR O
CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) ............. .0 it
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) .........conuvrensiosnnnsnnnsn
Collector-to-Emitter Saturation Voltage

gwith pulsed collector ma = 150* and emitter ma = 15) ..... .
Co lector-Cutoff Current {with collector-to-base volts = 60

emitter current = 0) ..........ccivviiiiaisinraronsaanns .

Emitter Cutoff Current {wIth emitter to-base wvolts

and collector current = 0) ......cooiiemnircnnnrenanseanns .
Thermal Resistance:

JUNCHON-t0=CASE ... cerrrivesnasnsnrrrssarrraannrnnavansrans

Junction-to-ambient ......... S P T ]

In Common-Base Circuit

Input Resistance at 1 kilocycle:
With collector-to-base volts = 5 and collector ma =1 ........
With collector-to-base volts = 10 and collector ma =5 ........
Qutput Capacitance (with collector-to-base volts = 10

and emitter ma = 0) ......... . ioiiiiiiiiininaneis
Output Conductance at 1 kilocycle:
With collector-to-base wvolts = 5 and collector ma =1 ......

With collector-to-base volts = 10 and collector ma = 5 ......
Small-Signal Open-Circuit Reverse Voltage-Transfer

Ratio at 1 kilocycle:

With collector-to-base volts = 5 and collector ma =

1 .
With collector-to-base volts = 10 and collector ma A

120 max

80 max
5 max

2 max
0.6 max
See curve

—65 1o 175
—65 to 300

120 min
80 min
1.3 max

5 max
2 max
100 max

75 max
250 max

20to 30
10 max

20 max
0.1t00.5
1

0.00025 max
0.0003 max

volts

volts
volts

watts
watt
page 80
. &

“C

volts
volts
volts
volts
pa
pa

°C/watt
°C/watt

ohms
ohms

pf

pamho
amho
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In Common-Emitter Circuit

DC-Pulse Forward Current-Transfer Ratio (with collector-to-
emitter volts = 10 and collector ma = 150*)
Small-Signal Forward Current-Transfer H.at:o'
With collector-to-emitter volts = 5, collector ma = 1,
and frequency = 1 kilocycle

With collector-to-emitter volts — 10, collector ma = 5,
and frequency = 1 kilocyele ., ............

With collector-to-emitter volts ="10, 'coilector ma = 50,
and frequency = 20 Mec

* Pulse duration = 300 psec or less; duty cycle = 0.02 or less.

TRANSISTOR

Germanium p-n-p type used in
high-speed logie-circuit applica-

2N705 tions in data-processing equipment.
JEDEC No. TO-18 package; outline
12, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .......ccocvvunenen
Collector-to-Emitter Voltage
(with external base-to-emitter resistance — 10 ohms or less) ..
Emitter-to-Base 'u'oltage (with collector open) .....
Collector
Emitter Current
Transistor Dissipation:
At ambient temperatures up to 25°C
At case temperatures up to 25°C ........... W
At ambient or case temperatures above 25

Temperature ge:
Operating (junction) and storage ......... .
d Temperature (for 10 seconds maximum) ,........ .
CHARACTERISTICS
Base-to-Emitter Voltage (with collector ma = —10
and base ma = —04) .................... g seessanes
Collector-to-Emitter Saturation Voltage

(with collector ma = —10 and base ma = —04) ........... -
Collector-Cutoff Current (with collector-to-base volts

and emitter current = 0} ....... .. c.0iuiiiiiiiiiiiiiiiaraas
Collector Transition Capacitance (with collector-io-base volts

= —10, emitter current = 0, and frequency = 1 Mec) ..... Vew
Emitter Transition Capacitance (with emitter- to-base volis

= —2, collector current = 0, and frequency = 1 Mc) .....

In Common-Emitter Circvit

Small-Signal Forward Current-Transfer _Ratio (with collector-
to-emitter volts = —5, collector ma = —10, and frequency

volts = —0.3 and collector ma = —10) ........cccvvrvnvrrnercrras

TRANSISTOR

Silicon n-p-n type used in high-
2N706 speed switching applications in data-
processing equipment. JEDEC No.

2N706A TO-18 package; outline 12, Outlines

Section.
MAXIMUM RATINGS
2N706

Collector-to-Base Volta%e (with emitter open) 25 max
Collector-to-Emitter Voltage (with external

base-to-emitter resistance = 10 ohms) ...... 20 max
Emitter-to-Base Voltage {with collector open) 3 max
%t:;llef.:itsgz(L‘Bxirem.t.i .................. R -

ransistor Dissipation:

At ambient temperatures up to 25°C ........ 0.3 max

At ambient temperatures above 25 C ..

At case temperatures up to 25°C ............ 1 max

At case temperature of 100°C ..... 0.5 max

40 to 120

35 to 100

45 min
2.5 min

=15 max

—15 max
—3.5 max
—50 max

50 max

150 max
300 max
See curve

—65 to 100

230 max

—0.44 max
~—0.3 max

—3 max

35

25 min

2NT06A
25 max

0.3
See curve page1 80

1 max

volts
volts
volis
ma

ma

mw

mw
page 80
°’c

°c

volt
volt
ua
pt
pf

volts
volts
volts

ma
watt

watt
watt
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Temperature Range:
Operating (junction) and storage ............

CHARACTERISTICS
Base-to-Emitter Saturation Voltage

(with collector ma = 10 and base ma = 1) .. 0.9 max
Collector-to-Emitter Saturation Voltage

(with eollector ma = 10 and base ma = 1) .. 0.6 max
Collector-Cutoff Current (with collector-to-base

volts = 15 and emitter current = 0) ..... 0.5 max

In Common-Base Circuif

Collector-to-Base Capacitance (with collector-
to-base volts = 10 and emitter current = 0) . € max

In Common-Emitier Circuit

2N706
DC-Pulse Forward Current-Transfer Ratio (with
de collector-to-emitter volts = 1, collector ma
= 10, pulse duration = 12 milliseconds or less,
and duty factor = 0.02 or less) ............. 20 min
Small-Signal Forward Current-'[‘ransfe.r Ratio!
With collector-to-emitter volts =

collector ma = 10, and fre%;tenc = 100 Me 2 min
With collector-to-emltter vol iy
collector ma = 10, and frequency = 100 Me —_
TRANSISTOR
: |

Silicon n-p-n type used in very-
high-speed switching and high-fre-
quency applications in equipment
which requires high reliability and
E € high packaging densities. JEDEC No.
TO-18 package; outline 12, Outlines
Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (wzth emitter open)
Collector-to-Emitter Voltage:

With external base-to-emitter resistance = 10 ohms or less .,

With base open
Emitter-to-Base Voltage (with collector open) ......... 7
Transistor Dissipation:

At case tem%eratures up to 25°C .....

At ambient temperatures up to 25°C ........... aTeasEs

At case or amblent temperatures above 25°C ,...............
Temperature Range:

Operating (junctlon) ......... R

Lead Tg_mperature (for 10 seconds maximum) .....eceveesrrsacs

CHARACTERISTICS

Base-to-Emitter Saturation Voltage
with collector ma — 10 and base ma = 1) .....
Collector-to-Emitter Saturation Voltage

(with collector ma — 10 and base ma = 1) ............... e
Collector-Cutoff Current (with collector-to-base volts = 20
and emitter ma = 0) .......iieciiiiriiiines A e eves

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = 10
and emitter current = 0) ........... ... R P e

In Common-Emitter Circuil

Small-Signal Forward Current-Transfer Ratio (with collector=
to-ergnlttﬂ‘ ;ro]ts = 10, collector ma = 10, and frequency
= 1 R SR R R R T AT A
DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = 1 and collector ma = 10 ....
With collector-to-emitter volts = 1 and collector ma = 0.5 ...

173
—65 to 175 °C
0.9 max volt
0.6 max volt
0.5 max pa
-_ ot
2N706A
20 min
2min
40max  volts
20 max volts
15 max volts
5 max volts
1l.2max watts
0.36 max watt
See curve page 80
—65 to 200 °C
—65 to 300
300 max °C
0.8 max volt
0.4 max volt
0.025 max pa
6 max pf
3 min
30 to 120
15
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TRANSISTOR

Silicon n-p-n type used in ultra- 8
high-speed logic-circuit applica-
2N709 tions in data-processing equipment.
JEDEC No. TO-18 package; outline (-
E

12, Outlines Section. This type is ¢
electrically identical with type
2N2475 except for the following items:
CHARACTERISTICS
Base-to-Emitter Saturation Voltage
(with collector ma — 3 and base ma = 0.15) ................ 0.7 to 0.85 volt
Collector-to-Emitter Saturation Voltage
(with collector ma = 3 and base ma = 0.15) ..........cc0vuee 0.3 max volt
In Common-Base Circuit
Input Capacitance (w;th emitter-to-base volts = 0.5,
collector current = 0, and frequency — 140 k:locycles) ........ 2 max pf

In Common-Emitter Circuit

Small-Signal Forward Current-Transfer Ratio (with collector-to- .
emitter volts = 4, collector ma = 5 and frequency = 100 Mc) 6 min
DC Forward Current-Transfer Ratio

With collector-to-emitter volts — 1 and collector ma = 30 .... 15 min
With collector-to-emitter volts = 0.5 and collector ma = 10 .. 20 to 120
TRANSISTOR

Germanium p-n-p type used in

high-speed logic-circuit applica-

2N7'Io tions in data-processing equipment.
JEDEC No. TO-18 package; outline

12, Outlines Section. This type is

identical with type 2N705 except for

the following items:
MAXIMUM RATINGS

Emitter-to-Base Voltage (with collector open) ................ —2 max volts
CHARACTERISTICS
Base-to-Emitter Voltage (with collector ma = —10 and base ma
o R R A A AN —0.5 max volt
CoIlector~to Emitter Saturation Voltage
(with collector ma = —10 and base ma = —04) .............. —0.5 max volt

In Common-Emitter Circuit

Forward Current-Transfer Ratio (with collector-to-emitter volts .
= —0.5 and collector ma = —10) ...........cvtvianniinennien 25 min

TRANSISTOR

Germanium p-n-p type used in
high-speed logic-circuit applica-
2N7‘l 'I tions in data-processing equipment. ¢
JEDEC No. TO-18 package; outline
12, Outlines Section. This type is
identical with type 2NT705 except
for the following items:

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)
Collector-to-Emitter Voltage 5
(with external base-to- Ermtter resistance = 10 ohms or less) .. —12 max volts

—12 max volts
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Emitter-to-Base Voltage (with collector open)
Collector Current ........eccivvevinsnervranes .

Emitter Current ........ PP

CHARACTERISTICS

Base-t%~5E;nitter Voltage (with collector ma = —10 and base ma

Collector-to-Emitter Saturation Voltage e e
(with collector ma = —10 and base ma = —0.5) ..........00

In Common-Emitter Circuit

Small-Signal Forward Current-Transfer Ratio (wlth collector-to-
emltter volts —5, collector ma = —10, and frequency

100
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —0.5 and collector ma = —10) ................. e

TRANSISTOR

Silicon n-p-n type used in a
wide wvariety of small-signal and
high-speed switching applications.

E ¢ JEDEC No. TO-18 package; outline
12, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base VOlf.aie (with emitter open) ....
Collector-to-Emitter Voltage (with base open)
Collector-to-Emitter Voltage (with external ba.se to-emltter

resistance = 10 ohms or less) .....................
Emitter-to-Base Voltage (with collector open) .....ooveiiuiiis
Transistor Dissipation:

At case temlgeratuma up to 25°C . i iiiiaieaa .

At ambient temperatures up to 25°C .........

At ecase or ambient temperatures above 25°C .........

Temperature Range:
Operaung Cmeton): ousivmenmsosammmamniie

Lead Temperature (for 10 seconds maximum)

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 01

and emitter current = 0) ...... . cvreirrnenrsasaasaeas
Emitter-to-Base Breakdown Voltage (with emitter ma

and collector current = 0) .........ccccicivinnsiiinrsanrinases
Collector-to-Emitter Sustaining Voltage (with external base-to-

emitter resistance = 10 ohms and pulsed collector ma = 100*)
Base-to-Emitter Saturation Volta e

with pulsed collector ma = 150* and pulsed base ma = 15*) .
Collector-to-Emitter Saturation Voltage

Sw:th pulsed collector ma = 150* and pulsed base ma = 15*)
Collector-Cutoff Current (with collector-to-base volts — 60 and

emitter clrrent == 0) ... .vviiisiivinnninsnsinssiorrsisnssses
Emitter-Cutoff Current (with emitter-to-base wvolts = 5 and

collector current = 0) .....vurivanrsssvruiaspgunnnsisniansves i
Thermal Resistance:

Junction-to-case .....

Junction-to-ambient .........c 0 iiiiiiaas e e,

In Common-Base Circuit

Emitter-to-Base Capacitance (with emitter-to-base volts = 0.5
and collector current = 0) it
Collector-to-Base Capacltance (wnth ‘collector-to-base volts =
10 and emitter current = 0) .......... i e P .

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
Wlth collector-to-emitter volts = 10 and pulsed collector

With Dctlallector-to “emitter volts = 10 and collector ma

With ambient temperature = —55°C, collector-to-emitfer
volts = 10, and pulsed collector ma = 10* ................ o

-1 max
—100 max
100 max

—0.5 max
—0.5 max

20 min

175

volt
ma

volt
volt

2N718A

75 max
32 max

50 max
7 max

1.8 max
0.5 max
See curve
—65 to 200

—65 to 300
255 max

75 min

7 min

50 min
1.3 max
1.5 max
0.01 max
0.01 max

97 max
350 max

80 max
25 max

40 to 120
20 min
35 min
20 min
20 min

volts
volts
volts
volts
volts

pa

pa

°C/watt
*C/watt

pf
pf
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Small-Signal Forward Current-Transfer Ratio:
With collector-to-emitter volts = 5, collector ma = 1, and

frequency = 1 kilocycle ..............cciiiriiiiiiniinnnns 30 to 100
With collector-to-emitter wolts = 10, collector ma = 5, and
frequency = 1 kilocycle . 35 to 150
With collector-to-emitter volts — '10, ‘collector ma = 50, and’
frequency = 20 MC . ... ... e e 3 min
Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio at
1 kilocycle:

With collector-to-emitter volts
With_collector-to-emitter volts
Input Resistance at 1 kilocycle:

5 and collector ma

] 3 x 10~ max
10 and collector ma ,

3 x 10~ max

4[]
Al

1
5
. 24 to 34
5

With collector-to-emitter volts = 5 and collector ma = ohms
With collector-to-emitter volts = 10 and collector ma = 4to8 ohms
Output Conductance at 1 kilocycle:
With collector-to-emitter volts = 5 and collector ma =1 ., Dl1lto0s5 pmho
With collector-to-emitter volts = 10 and collector ma = 5 01ltol amho
Noise Figure (with collector-to-emitter volts = 10, cn]]ecmr ma
=~ 03, generator resistance = 510 ohms, circuit bandwidth
cps, and signal frequency = 1 kilocycle) ............... 12 max db
'rotal Switchmg ime** cfn:lelau.v time plus rise time plus fall”’
52 T T 30 max nsec
* Pulse duration = 300 usec; duty factor = 0.02 or less.
** Refer to type 2ZN2102 for Total-Switching-Time Measurement Circuit.
3
. TYPICAL COLLECTOR CHARACTERISTICS
I | | | [} | i
TYPE 2NT7IBA
|___COMMON-EMITTER CIRCUIT, BASE INPUT.
I~ AMBIENT, TEMPERATURE=25°C
[
w
[ 4
i}
% 500 ?'/Z _/‘B 2 2 0
- S B oy 8
3 P e e
Z400 v =— —— —_—
-4 |t
£ = | L+
o 300 /:: —
"]
-
o A — = 2
3200 g
loo
BASE MILLIAMPERES=0
0 2 4 6 8 [} 12
' COLLECTOR-TO~EMITTER VOLTS 9zCM-11189T
TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS
T ¥ T T T T
TYPE 2N7I8A TYPE 2N7I8A
COMMON-EMITTER CIRCUIT, BASE INPUT. AVBIENT TEMPERAS G ot NPUT
EIO ~AMBIENT TEMPERATURE =25°C - MSOO TURE®=25°C hq?h?o?
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TRANSISTOR

@s Silicon n-p-n type used in a
wide variety of small-signal and
high-speed switching applications.
JEDEC No. TO-18 package; outline

3 ¢ 12, Outlines Section. For curves of
typical collector and transfer charac-
teristics, refer to type 2NT18A.

MAXIMUM RATINGS

Collector-to-Base Volta;ie (with emitter open) ............c...
Collector-to-Emitter Voltage (with base open) ............. -
Collector-to-Emitter Voltage (with external base-to- ‘emitter
resistance — 10 ohms OF 18SS) . .............ccvverrnnncssnnnss
Emitter-to-Base Voltage [w1th collector open) .............. ]
Transistor Dissipation:
At case temperatures up to 25°C . ..... e
At ambient tem)peratures up to 25°C ........
At case or ambient temperatures above 25°C .............
Temperature Ra

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) ... .....oripiireioiiiirnsirinae g1t

and collector current = 0) ...............c.iuinianiinraaas
Collector-to-Emitter Sustaimntg Vo]tag

ma = 100* and base current = 0) ..... .. ..... ... . ... 0000,
Collector-to-Emitter Sustaining Vo]tage (with external base-to-

emitter resistance = 10 ohms and pulsed collector ma = 100*)
Base-to-Emitter Saturation Voltage

(with pulsed collector ma = 150* and pulsed base ma = 15*)
Collector-to-Emitter Saturation Voltage

s with pulsed collector ma — 150* and ulsed base ma = 15*
Collector-Cutoft Curmnt (with collector-to-base volts = 90 an

amitter current = 0) . oicioimisimimmmpnins pniann st vEn
Emitter-Cutoff Current (with em;tter-to-base volts = 5 and

collector current = 0) .........c0000
Thermal Resistance:

Junction-to-case ..........u..

Junction-to-ambient ......cieiiiiiiiiiiriiiii i aieraaas

In Common-Base Circuit

Emitter-to-Base Capacltanoe (with emitter-to-base wvolts = 0.5
and collector curtent = 0) ..........iiriviniucvnrinsosiannnss
Collector-to-Base Capacltance (with collector-to-base wvolts = 10
and emitter current = 0) ...... e =
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2N720A

120 max  volts
80 max volts

100 max volts
7 max volts

1.8 max watts
0.5 max watt
See curve page 80
g, >
*C
*C

120 min volis
7 min volts
80 min volts
100 min volts
13 max  volis
S5max  volts
0.01 max pa
0.01 max pa

97 max "C/watt
350 max °C/watt

85 max pf
15 max pf
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In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
With collector-to-emitfer volts = 10 and pulsed collector
ma = 150* veee 40 to 120
With collector-tn—emltter volts = 10 and pulsed collector 8 i
4 min

ma = 10*

................. 20 min

With a.mbient tem —55°C, collector- to-emitter volts

10, and pulsed collector ma = 10* ........ N e R A 20 min
Small Signal Forward Current-Transier Ratio:
With collector-to-emitter volts = 5, collector ma = 1, and
frequency = 1 kiloeyele ... ... .c.coiiiiiiiiiiiiiiinasss .. 30to 100
With collector-to-emitter volts 10, collector ma 5, and
frequency = 1 kilocyele ........ccciiiiiimniinrinnannnrias 45 min
With conector-to—emltter volts = 10, collector ma = 50, and
frequency = 20 ME | oiiviiniirens sne s in i bty g 2.5 min
Srrfaﬂl gxﬁl Open- Cu‘cmt Reverse Volfage-Transfer Ratio at
ilocycle:

With collector-to-emitter volts = 5 and collector ma = 1 .... 1.25 x 10~ max

With collector-to-emitter volts = 10 and collector ma = 5 .... 1.5 x 10~ max
Input Resistance at 1 kilocycle:

ith eollector-to-emitter volts = 5 and collector ma =1 .... 20 to 30 ohms

With collector-to-emitter volts = 10 and collector ma = 5 .... 4to8 ohms
Output Conductance at 1 kilocycle:

With collector-to-emitter volfs = 5 and collector ma =1 ..., 0.5 max pmho

With collector-to-emitter volts = 10 and collector ma = 5 .... 0.5max pmho
* Pulse duration = 300 usec; duty factor = 0.02 or less.
¢+ Refer to type 2N2102 for Total- Switching-Time Measurement Circuit.

2N794 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
2N795 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
2N796 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
TRANSISTOR
Germanium p-n-p type used in oL
high-speed switching applications in
2N828 which high reliability and high . n
packaging densities are required. (i ©
JEDEC No. TO-18; outline 12, Out-
lines Section. : B
MAXIMUM RATINGS
Collector-to-Base Volta%e (with emitter open) .............. Ve ~—15 max volts
Collector-to- Ezmtter Voltage (with external base-to-emitter

resistance = 10 ohms or less) ...........ccovvviinnnnannns —15 max volts
Emitter-to-Base Voltage (with collector open) —25max  volts
Collector Current ......... e . —200 max ma
Transistor Dissipation:

At case temperatures up to 25°C ...... . 300 max mw

At ambient temperatures up to 25°C ........... e 150 max mw

At case or ambient temperatures above 25°C ..........e00000 See curve page 80
Temperature Range:

Operating (juncnon] and storage ............ R ... —65to 100 b 1
Lead Temperature (for 10 secon s maximum} ......oeeeennnee 230 max *C
CHARACTERISTICS
Base-to-Emitter Saturation Voltage

Swith collector ma = —10 and base ma = —1) .......... vee. 0.34 10 0.44 wvolt
Collector-to-Emitter Saturation Voltage:

With collector ma = —10 and base ma = —1 ....... —0.2 max volt

With collector ma = —50 and base ma -5 ... —0.25 max volt
Collector-Cutoff Current (wlth collector-to base volts =

and emitter current = 0) .............. —3 max ua
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In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = —6,
emitter current = 0, and frequency = 100 Mc) .............0 6 max pf

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

= —0.3 and collector ma = —10) 25 min
Small -Signal Forward Current-Transfer Ratio (wath ‘collector-to-
emitter volts = —1, collector ma = —10, and frequency .
= 100 Mc) 3 min
Gain-Bandwidth Product (with collector-to-emitter volts = —1
and collector ma = —10) .......... — AT R AT 4 8 e 300 min Me
TRANSISTOR
B Silicon n-p-n type used in very-

high-speed switching applications in

equipment requiring high reliability

and high packaging densities. JEDEC 2N834
No. TO-18 package; outline 12, Out-

lines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ... . ... ......... 40 max  wvolts
Collector-to-Emitter Voltage (with base short-circuited

10 eMItIBr) ...t ey R 30 max volts
Emitter-to-Base Voltage (with collector open) .............. T 5 max volts
Collector CUrrent ............covevserssnrsossasonnrarsasnssssves 200 max ma
Transistor Dissipation:

At case temperatures up to 25°C ................ 1 max watt

At ambient temperatures up to 25°C ................0000 S 0.3 max watt

At case or ambient temperatures above 25°C ................ See curve page 80
Temperature Range:

Ogeratmg (junction) and storage .......... A BN —65 to 175 °C

Temperature (for 10 seconds maximum) .........cevvununs 240 max °c

CHARACTERISTICS
Base-to-Emitter Saturation Voltage

(with collector ma = 10 and base ma = 1) .......ccverunnnns 0.9 max volt
Collector-to-Emitter Saturation Voltage:

With collector ma = 10 and base ma = 1 ...........c.ccuvuun = 0.25 max volt

With collector ma = 50 and base ma =5 . ................ i 0.4 max volt
Collector-Cutoff Current wlth collector-to-base volts = 20

and emitter current = 0) .... . iiciiiiieiniiriiviaanine 0.5 max a

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = 10,
emitter current = 0, and frequency = 100 Mc) ............. 3 4 max pf

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 1 and collector ma = 25 min
Small-Signal Forward 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 Me) ........cooveiinnnn 350 min Mc
8 TRANSISTOR

Silicon n-p-n type used in high~
speed logic-switching and very-
high-frequency amplifier applica- 2N9'|4
E ¢  tions. JEDEC No. TO-18 package;
outline 12, Qutlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (wuth emitter open) ............. 4
Collector-to-Emitter Voltage: i
With external base-to-emitter resistance — 10 ohms or less .., 20 max volts

th DREE G ovrvmmm s s AR R e e e 15 max volts
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Emitter-to-Base Voltage (with collector open) ........oeevvnes 5 rmax volts
Transistor Dissipation:

Atcasetemmtures up to 25°C ...... 1.2max watts

At ambient eratures up to 25°C A R A ey PR 3 0.36 max watt

At case or amblent temperatures above 25°C ...... See curve page 80
Temperature Range:

Operating (jl.mction) w % —65 to 200 °c

L e e i o e R —65 to 300 2 &
Lead Temperature (for 10 seconds mammum) 4 300 max °C
CHARACTERISTICS
Base-to-Emitter Saturation Voltage

with collector ma = 10 and base ma = 1) .....v0vvenens ves. D7to08 volt
Collector-to-Emitter Saturation Voltage

with collector ma = 200 and base ma = 20) ...... e 0.7 max volt

Collector-Cutoff Current (with collector-to-base volts = =20

and emitter current = 0) ........... s R e e 0.025 max pa

In Common-Base Circuif

Emitter-to-Base Capacitance (with emitter-to-base volts = —0.5,

collector current = 0, and frequency — 140 kilocycles) ....... 9 max pf
Collector-to- Base Capacitance (w;th collector-to-base volts = 10,

emitter ma = 0, and frequency = 140 kilocycles) ............ 6 max pf

In Common-Emitter Circuit

DC-Pulse Forward Current-Transfer Ratio:
With collector-to-emitter volts = 1 and collector ma = 10 ..., 3010120

With collector-to-emitter volts = 5 and collector ma = 500 ... 10 min
Small-Signal Forward Current-Transfer Ratio
(with collector-to-emitter volts = 10 and collector ma = 20) ., 3 min
TRANSISTOR
Germanium n-p-n types used in

2N955 high-speed logic-circuit applica-
tions in data-processing equipment.

2N955A JEDEC No. TO-18 package; outline

12, Outlines Section.

MAXIMUM RATINGS

2N955 2N955A

Collector-to-Base Voltage (with emitter open 12 max 12 max volts
Collector-to-Emitter Voltage (with base open 8 max 8 max volts
Emitter-to-Base Voltage (with collector open 2 max 2 max volts
Collector Current ........ A A R ¥ 100 max 150 max ma
“Transistor Dissipation:

At ambient temperatures up to 25°C ........ 150 max 150 max mw

At ambient temperatures above 25°C ........ See curve page 80
Ambient-Temperature Range:

Operating and storage .................. —65 to 100
Lead Temperature (for 10 seconds maximum) . 230 max 230 max °C
CHARACTERISTICS
Base-to-Emitter Saturation Voltage

Swith collector ma = 30 and base ma = 1) .. 0310 0.6 0310 0.6 volt
Collector-to-Emitter Saturation Voltage:

With collector ma = 30 and base ma =1 .... 0.5 max 0.3 max volt

With collector ma = 100 and base ma = 5 .. - 0.6 max volt
Collector-Cutoff Current (with collector-to-base

volts = 5 and emitter current = 0) ......... i 5 max 5 max pa
Total Stored Charge (with collector ma = 30

and base ma = 1.5) ......... R R 125 max 65max  pcoul

In Common-Base Circuit

Input Capacitance (with emitter-to-base volts

= 0.5 and collector current = 0) ............ 10 max 10 max pf
Output dpar:ltance (with collector-to-base volts

- emitter current = 0) ..... REETENE 6 max 6 max pf

In Common-Emitter Circuif

Small-Signal Forward Current-Transfer Ratio
(with collector-to-emitter volts = 5, collector
ma = 20, and frequency = 100 Mc ; QR . 10 10
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DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = 0.5

and collector ma = 30 ................. Viaw 30 min —
With collector-to-emitter volts = 0.3 and .
collector ma =30 ....cevnnvinnninininnns Vv —_ 30 min
@ TRANSISTOR
Germanium p-n-p type used in
E ¢ high-speed saturation switching ap-

plications in industrial data-process- 2N960
ing equipment. JEDEC No. TO-18
package; outline 12, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltafe ......... T AR TR —15max  volts
Collector-to-Emitter Voltage (with external base-to-emitter

resistance = 0) ......... S TR e R e G —15 max volts
Collector-to-Emitter Voltage .......... —7max  volts
Emitter-to-Base Voltage ................ —2.5max  volis
Collector CUYTENE . .. .iewswnssiesis v iesrieysnssnsysns sxasranneee —100 max ma
Transistor Dissipation:

At case temperatures up to 25°C ..... 300 max mw

At ambient temperatures up to 25°C ........ 150 max mw

At case or ambient temperatures above 25°C ............ See curve page 80
Temperature Range: R

Otperatlng ....... L A R AT SR :c

Sor%ge S e oC
Lead Temperature (for 10 seconds maximum) .........c.ceeeus 230 max C
CHARACTERISTICS
Collector-to-Emitter Saturation Voltage:

With collector ma = —10 and base ma = —1 .......... ~—0.2 max volt

With collector ma = —50 and base ma = —5 ... ' —0.4 max volt

‘With collector ma = —100 and base ma = —10 .... —0.7 max volt
Collector-Cutoff Current (with collector-to-base volts

and emitter current = 0) .............. AP e Pt —3 max pa

In Common-Base Circuif

Emitter-to-Base Capacitance (with emitter-to-base wvolts =
—1, collector eurrent = 0, and frequency = 100 ke) .......... 3.5 max pf
Collector-to-Base Capacitance (with collector-to-base volts =

—10, emitter current = 0, and frequency = 1 Me) .......... 4 max pf
Gain-Bandwidth Product (with collector-to-base wvolts = —1,

emitter current = 20, and frequency = 100 Me) ....... 300 min Me

In Common-Emitter Circuif

DC Forward Current-Transfer Ratio:

With collector-to-emitter volts = —0.3 and collector ma = —10 20 min

With collector-to-emitter volts = —1 and collector ma = —50 20 min

With collector-to-emitter volts = —1 and collector ma = 20 min

; TRANSISTOR

Germanium p-n-p type used in
high-speed saturated switching ap-
plications in industrial data-process- 2N96l
ing equipment. JEDEC No. TO-18
package; outline 12, Qutlines Section.

[]

MAXIMUM RATINGS

Collector-to-Base Voliafe [ e e e —12 max volts
Collector-to-Emitter Voltage (with external base-to-emitter

resistance = 0) ..........0000 . - —12 max volts
Collector-to-Emitter Voltage S —T7 max volts
Emitter-to-Base Voltage ................ ‘ —2 max volts
Collector Current .........cocovcuivinian, 3 —100 max ma
Transistor Dissipation:

At case temperatures up to 25°C ........ 300 max mw

At ambient temperatures up to 25°C .........

T 150 max mw
At case or ambient temperatures above 25°C ....

See curve page 80
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Temperature Range:

Operating - . —55 to 100
Lt e e R . —65 to 100
Lead Temperature (for 10 seconds maximum) 230 max
CHARACTERISTICS
Collector-to-Emitter Saturation. Voltage:
With collector ma = —10 and base ma = —0.2 max
With collector ma = —50 and base ma = s —0.4 max
With collector ma = —100 and base ma —10 —0.7 max
Collector-Cutoff Current (with couector-to bhase volt.-; = —6
and emitter eurrent = 0) .......... R i —3 max
In Common-Base Circuit
Emitter-to-Base Capacitance (with emitter-to-base wvolts =
—1, collector current = 0, and frequency = 100 ke) ......... % 3.5 max
Collector-to-Base Capacitance (with collector-to-base volts =
—10, emitter current = 0, and frequency = 1 Me) .......... i 4 max
Gain-Bandwidth Produet (with collector-to-base volts = —1,
emitter current = 20, and frequency = 100 Me) ........... T 300 min
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = —0.3 and collector ma = —10 20 min
With collector-to-emitter volts = —1 and collector ma = —350 20 min
With collector-to-emitter volts = —1 and collector ma = —100 20 min
TRANSISTOR
I §
Germanium p-n-p type used in
high-speed saturated switching ap-
2N962 plications in industrial data-process-
ing equipment. JEDEC No. TO-18
package; outline 12, Outlines Section.
MAXIMUM RATINGS
Collector-to-Base Voltage ......... =12 max
Collector-to-Emitter Vo tage (wlth ‘external " base-to-emitter
bz e 1 NN e S S e M S ey VeE =12 max
Collector-to-Emitter Voltage ...... 5 —7 max
Emitter-to-Base Voltage ...............c... * —1.25 max
Collector Current .........ccoviivevnenns PEPRTS —100 max
Transistor Dissipation:
At case temperatures up to 25°C .. ... RS 3l 300 max
At ambient temperatures up to 25°C ......... 150 max
At case or ambient temperatures above 25°C ...............s See curve
Temperature Range:
Operating ........ SR SRR S R e verees. —35 t0 100
BEOTHEE i i o giom g s o i ob sl 7o i . ]
Lead Temperature (for 10 seconds maximum) ...........ceees 230 max
CHARACTERISTICS
Collector-to-Emitter Saturation Voltage:
With collector ma = —10 and base ma = —1 .......... —0.2 max
With collector ma = —50 and base ma = —5 .... G5 —0.4 max
With collector ma = —100 and base ma = —10 —0.7 max
Collector-Cutoff Current (with collector-to-base volts
and emitter current = 0) .............. R —— —3 max
In Common-Base Circuit
Emitter-to-Base Capacitance (with emitter-to-base wvolts =
—1, collector current = 0, and frequency = 100 kc) 3.5 max
Collector-to-Base Capacitance (with collector-to-base volts =
—10, emitter current = 0, and frequency = 1 Me) .......... 4 max
Gain-Bandwidth Product (with collector-to-base volts = =i, ;
emitter current = 20, and frequency = 100 Mc) ........... ‘ 300 min
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio: N
With collector-to-emitter volts = —0.3 and collector ma = —10 20 min
With collector-to-emitter volts = —1 and collector ma = —50 20 min
With collector-to-emitter volts — —1 and collector ma = —100 20 min

pt
pt

volts
volts
volts
volts
ma

mw
page 80
*C

°cC

volt
volt
volt

pt
pf
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TRANSISTOR

Germanium p-n-p type used in
high-speed saturated switching ap-
plications in industrial data-process-
ing equipment. JEDEC No. TO-18
package; outline 12, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage .............c.c000 nsnrnnnnnner anaians
Collector-to-Emitter Voltage (with external base-to-emitter

resistance = 0) .........ciivniniriniriaiitcaairaiittasiaanna
Collector-to-Emitter Voltage ...........cciiiiiiiiiiiiiinncannnsns
Emitter-to-Base VOIlage .......ccecvvvrsnnsrrrrssnrsenssncnsnnns
Collector Current ........cicvivvicessnsssnsrsasarsnrsssrisssans
Transistor Dissipation:

At case temperatures uUp t0 25°C .......cic0viiiiiareiacnenes

At ambient temperatures up to 25°C ..........cci00enenninen

At case or ambient temperatures above 25°C .............00n
Temperature Range:

0 erating ....................................................

CHARACTERISTICS
Collector-to- Emitter Silturatlon Voltage (with collector ma = --J..

and base
Co]lector-Cutoﬁ Current
and emitter current =

In Common-Base Circuit

Emitter-to-Base Capacitance (with emitter-to-base volts = —1,
collector current = 0, and frequency = 100 ke) ..............
Collector-to-Base Capamtance (with coilector-to base volts =

emitter current = 0, and frequency = 1 Mc) ..........000000
Gain-Bandwidth Product (with collector-to-base volis = 1,
emitter current = 20, and frequency = 100 Me) ............

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —0.3 and coll®&tor ma = —10)

TRANSISTOR

8 Germanium p-n-p type used in
high-speed saturated switching ap-
plications in industrial data-process-
ing equipment. JEDEC No. TO-18
package; outline 12, Outlines Section.
This type is identical with type

2N960 except for the following items:

CHARACTERISTICS
Collector-to-Emitter Saturation Voltage:
With collector ma = —10 and base ma = —1 .......c00uuus .

With collector ma = —50 and base ma
With collector ma = —100 and base ma

In Common-Emitter Circuit
DC Forward 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

—55 to 100
—65 to 100

183
—12 max volts
~—12 max volts
—T7 max volts
—1.25 max volts
—100 max ma
300 max mw
150 max mw
See curve page 80
"©
"C
230 max C
—0.2 max volt
—5 max Ma
4 max pf
5 max pf
250 min Mece
20 min
—0.18 max volt
—0.35 max volt
—0.6 max volt
40 min
40 min

40 min
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TRANSISTOR

Germanium p-n-p type used in
high-speed saturated switching ap-
2N 9 6 5 plications in industrial data-process-
ing equipment. JEDEC No. TO-18
package; outline 12, Outlines Section.
This type is identical with type
2N961 except for the following items:

CHARACTERISTICS

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

In Common-Emitter Circuit

DC Forward 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
TRANSISTOR

Germanium p-n-p type used in
high-speed saturated switching ap-
2N9 6 6 plications in industrial data-process-
ing equipment. JEDEC No. TO-18
package; outline 12, Outlines Section.
This type is identical with type
2N962 except for the following items:

CHARACTERISTICS
Collector-to-Emitter Saturation Voltage:

With collector ma = —10 and base ma == —1 .......c0us0ues &
With collector ma = —50 and base ma = —5 ........c0eee- o
With collector ma = —100 and base ma = —10 ........c00ues

In Common-Emitter Circuit

DC Forward 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

TRANSISTOR

Germanium p-n-p type used in
high-speed saturated switching ap-
2N9 67 plications in industrial data-process-
ing equipment. JEDEC No. TO-18
package; outline 12, Outlines Section.
This type is identical with type
2N963 except for the following items:

CHARACTERISTICS

In Common-Emitter Circuit

DC Forward Current-Transfer Ratm (with collector-to-emitter
volts = —0.3 and collector ma = —10) .....ovvunrruvenrncsaans

max volt
max volt
max volt

—0.18
—0.35
—0.6

40 min
40 min
40 min

40 min
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TRANSISTOR

8 Germanium n-p-n type used in
low-noise small-signal audio-fre-
quency amplifier applications. It is
o £ used in input stages of audio-fre- 2N]0]0
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. JEDEC No. TO-1 package; outline 4, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltafe (with emitter open) volts
Collector-to-Emitter Voltage ....... ... .. ... . . . civevvrvnnn 2 volts
Emitter-to-Base Voltage wlth collector open) o volts
Collector CUrrent ..l . iiiivvimiivisisivsiemrnsmesanins .e ma
Emitter CUurrent ... ......c.coonssesnesresosrescnsssns sn e - ma

Transistor Dissipation:

At ambient tem{-eratures up to 55°C mw
Ambient-Temperature Range:
OPBTAEIIRE om0 000 - "
Blarape il o e e e e h A s S e e e e C
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base volts = 10
and emitter cUrrent = B) .. ....ovivirerirnssscasssosssosnunns 10 max pa
Emitter-Cutoff Current (with emitter-to-base volts = 2.5
and collector cITENt = 0) ....coccuricnssccsnanaassmsnssssnss 6 max ua
In Common-Base Circuit
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 3.5 and collector ma = 0.3) 2 Me
In Common-Emitter Circuit
Small-Signal Forward Current-Transfer Ratio at 1 kilocycle
(with collector-to-emitter volts = 3.5 and collector ma = 0.3) 5
Noise Figure (with generator resistance = 1000 ohms
and integrated noise bandwidth = 15 kiloeyeles) .............. 5 db

See List of Discontinued Transistors at end of 2N1014
Technical Data Section for abbreviated data.

TRANSISTOR

Is Germanium p-n-p type used in

rf and if amplifier circuits; oscillator,

mixer, and converter circuits; and

low-level video-amplifier circuits in 2N] 023
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 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. JEDEC 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

E c
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Emitter-to-Base Voltage (with collector open) .
Collector et . e R e A e
Emitter Current .... R e e A BT
Transistor Dissipation

At case temperatures up to 25°C . v

At ambient temperatures up to 25°C

At case or ambient temperatures above 25°C .
Temperature Range:

Operating (junction) and StOTAZE .................cooess

CHARACTERISTICS

Collector-to-Base Breakdown Voltage
wath collector pa = —50 and emitter current = 0) ....
Collector-to-Emitter Reach-Through Voltage .
(with emitter-to-base volts = —0.

and emitte': SURTENE = O i e e D
Emitter-Cutoff Current (wlth emitter-to-base wolis
and collector current = 0)
Thermal Resistance:
Junction-to-case ..... e
Junection-to-ambient ............ciiieaa.

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Fre?uency
(with collector-to-base volts = —12 and emitter ma =
Input Resistance with ac output circuit shorted (with collector-
to-base volts = —12, emitter ma = 1.5, and frequency = 50 Mc)
Output Resistance with ac input circuit shorted (with collector-
to-base volts = —12, emitter ma = 1.5 and frequency = 50 Me)
Collector-to-Base Capacltance (with collector-to-base volts
= —12 and emitter current = 0) ................... s
Power Gain (with collector-to-base volts = —12,
emitter ma = 1.5, and frequency = 50 Mc)

In Common-Emitter Circuit
Small-Signal Forward Current-Transfer Ratio (with collector-to-

em:llttlfli volt]s J= —12, emitter ma = 1.5 and frequéncy
= i elE) R e A e
Input Resxstance with ‘ac ‘ontput cireuit shorted (with collector-
0- gmlﬂﬂ]' volts = —12, emitter ma = 1.5, and frequency
Output Resistéi{cé“ with ac input cireuit shorted (with collector-
to-emitte]r volts = —12, emitter ma = —1.5, and frequency
Power Gain (with collector-to-emitter volts '= —12," """
emitter ma = 1.5, and frequency = 30 Mc ) ........ R
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT
DC Collector-to-Emitter Voltage .........ccccvieveiiannnenneins
DC Emitter Current .........ccoviivnvnncnnianns ey e ey e
Source IMpPedance ........cocveemcacsvenncasnsanns
Capacitive Load ...... e e AT AP (AR S P R
Frequency Response ........ VA R e e e 3
Pulse Rise Time .......;.s00s-00s0msssnes L e
Voltage Galn . ......c..ouniiivanairiasssnns 5
Maximum Peak-to-Peak Output Voltage ........
TRANSISTOR

Germanium p-n-p type used in

rf and if amplifier circuits; oscillator,

2N" 066 mixer, and converter circuits; and
low-level video-amplifier circuits in

industrial and military equipment.

It is used in the design of rf circuits

—0.5 max volt

—10 max ma

10 max ma

240 max mw

120 max mw

See curve page 80
—65 to 100 °C
—80 volts

—80 volts

—4 pa

=1 pa

0.31 max °C/mw
0.62 max °C/mw

120 Mc
25 ohms
8000 ohms
2 pf
21 db
60
100 ohms
EDOO ohms
23 db
—12 volts
5.8 ma
150 ohms
16 pf
20 cps to 11 Me
0.032 psec
26 db
20 volts
(@8
0 ‘ ‘ @
E c
[
O

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. JEDEC No. TO-33 package; outline 13, QOutlines Sec~-

tion. This type is electrically identical with type 2N1023.
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POWER TRANSISTOR

a 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, de-to-
de converter, inverter, chopper,

E C
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2N1067

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. JEDEC

No. TO-8 package; outline 8, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)
Collector-to-Emitter Voltage:

With base short-circuited to emitter

WL DOBE ODBIL i i st sioins sirim s b s s san s ss e
Emitter-to-Base Voltage (with collector open) ................ .
Collector Current
Emitter Current
Base COrrent .........cccesavsiorrsss
Transistor Dissipation:

At case temperatures up to 25°C .......

Al case temperatures above 25°C .....
Temperature nge

60 max volts

60 max volts
45 max volts
12 max volts
0.5 max ampere
—0.5 max ampere
0.2 max ampere

Smax watls
See curve page 80

Operating (junction) and storage .................. R .. —651t0175 °C
CHARACTERISTICS
Emitter-to-Base Voltage (with collector-to-emitter Volfs — 4

and collector ma = 200) ..................c0000es —-1.2 volts
Collector-Cutoff Current (with collector-io-base volts = 60

and emitter current = e 15 pa
Emitter-Cutoff Current (thh ‘emitter-to-base volts = 12

and collector current — 0) ... o iciay il deaids S 1 pa
Collector Current: -

With collector-to-emitter volts = 60 and base short-circuited

L0 IR o\ il i iaivm s e e R Wi, R R 100 pa

With collectcr-to—emltter volts = 30 and base open .......... 100 pa
Thermal Resistance:

Junction-to-case ............ °C/watt

Junction-to-ambient ....
Thermal Time Constant .......

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 28 and collector ma =

TYPICAL COLLECTOR CHARACTERISTICS

15
100 max °C/watt
8 msec

15 Mc

I T I T ] T
TYPE 2N1067 [ |
700}~ COMMON-EMITTER CIRCUIT, BASE INPUT. | i
MOUNTING—BASE TEMPERATURE =25°C
| C ]
. | ] f 5 1 —
= 8
% 500 = ) | l
= 1]\ J
400 2N T l |
S ol T, | BN
e 8 6‘:-0?';1 [ 1 1 [ |
] [ |
300 6 AL o, _‘ | _‘
| 5
=1 'Sip, f ]
2 -t =TON (warrsy
T T '
100 1 BASE M!LLlAMPERES-z S e ]_ | _’ ]
[ [ | ! | I JI ! |
1 L
[} 5 0 5 20 25 30 35 40 45 50

COLLECTOR-TO-EMITTER VOLTS

S2ZCM-1000IT)
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In Common-Emitter Circuif
DC Forward Current-Transfer %‘a)tio (with collector-to-emitter

volts = 4 and collector ma = 200) .............. 35
DC Collector-to-Emitter Saturation Resistance
(with collector ma = 200 and base ma = 20) ..... A 3 -ohms

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT BELOW

DC Collector Sup%ly\rolta%z EBE) oo e o pm s P— 12 volts
DC Base Stﬁpply oltage (Bi) ..... e B A S —12 volis
Generator Resistance ..................... 50 ohms
On DC Collector Current (Ie) ........ S A e T 200 ma
Turn-On DC Base Current (Imi) ......... iR R e i 20 ma
Turn-Off DC Base Current (Isz) ..... R ey . —20 ma

Switching Time:

Delay time (ta) 0.2 psec
Rise time (tr) .. 1.2 psec
Storage time (ts) .... 0.7 psec
Fall time (tt) ............. 0.9 nsec

TYPICAL TRANSFER CHARACTERISTICS

T .7 T T T l
TYPE ZNIOGT
| _COMMON-EMITTER CIRCUIT, i
BASE INPUT. z
] COLLECTOR-TO-EMITTER VOLTS=4| _ ui
& 25 MOUNTING - BASE oo
< TEMPERATURE=25"C 4 C
= 20 400 :_i
o ¥ =
15 7 3co§:
had o
@ | : % l200 &
= V4 1 | 3
5 // T 100 ©
(4] 1 2 i 0
BASE - TO - EMITTER VOLTS 92¢s-10023
92C5-100027

Bi, B: = 12 volts

Ci1 =75 uf, electrolytic, 25 volis
Ri =151 ohms, 1 watt

R: = 280 ohms, 0.5 watt

Rs = 700 ohms, 1 watt

Ri =59 ohms, 2 watts

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of intermediate-power

2N] 068 switching and amplifier applications

in industrial and military equip-

ment. It is used in power switching,

de-to-de 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.
JEDEC No. TO-8 package; outline 8, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage ..... 60 max volts
Collector-to-Emitter Vo t
With base short-circuit to emitter

With base open ................c.oiiieiii.. . 45 max volts
Emitter-to-Base Voltage (w th collector open) i 12 max volts
Collector Current .............ccoiiivreiinnnn N 1.5 max amperes
Emitter Current . —1.5 max amperes
Base Current .. .... " 0.5 max ampere
Transistor Dissipation:

At case temperatures up to 25°C .............c000hann N . 10 max watts

At case temperatures above 25°C ............ iiiiiiiiieiaaiaan See curve page 80
Temperature Range:

Operating (junction) and storage ..........cccvvnviinrnnnnss..—6310175 °C

i 60 max volis
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CHARACTERISTICS
Emitter-to-Base Voltage (With collector-to-emitter volts 4

and collector Ma ="T50) . ..ouvivisieiiesaiiisosass i —1.2 volts
Collector-Cutoff Current (with coliecfor-to-base voits = 60

and emitter current = 0) .......iiiieiieririeissuniiiienas - 15 pa
Em1tter-Cu£0ff Current (with emitter-to-base volts = 12

and collector current = 0) .........cocvivevinnnnn 1 ra

Collector Current:
With collector-to-emitter volts — 60 and base short-circuited

to emitter ... ... ... e 100 ra
With collector-to-emitter volts = 30 and base open .......... 100 pa
Thermal Resistance:
JUDCHOR-LO=CABE ... iiiiiisinebiiisaniisnisssinsnssnsrridinenin 7.5 °C/watt
Junetion-to-amblent ......ccicriiiiriiiirinirssnnrrsrirnnries 100 max °C/watt
Thermal Time Constant ..........cvciiveiiiaienesnanernicissnnsas 8 msec

In Common-Base Circuif

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 28 and collector ma = 5) .... 135 Me

In Common-Emitter Circvit
DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 4 and collector ma = 750) .......... 38
DC Collector-to-Emitter Saturation Resistance
(with collector ma = 750 and base ma = 20) .....covuvnrones 3 ohms

TYPICAL COLLECTOR CHARACTERISTICS
i

T T
TYPE 2NIO68
COMMON~EMITTER CIRCUIT, BASE INPUT,|
™ MOUNTING- BASE TEMPERATURE = 25°C
12
g | |
&
5 20
50,3 15 *}p =
R | o (RN
o8 W‘@q?
g g3 ro"ﬂ
04 5::"""'%9:'5?3.!»4 Tion
3 (WATTS)a 1o !
0.2
BASE MILLIAMPERES=|
O 5 10 5 20 25 30 35 40 45 50

COLLECTOR-TQ= EMITTER VOLTS 92CM=10006TT

TRANSISTOR__|C

TYPICAL TRANSFER CHARACTERISTICS

TYPE 2NI06B
| COMMON-EMITTER CIRCUIT, BASE INPUT Ic
" COLLECTOR-TO-EMITTER VOLTS=4 R
© | MOUNTING-BASE TEMPERATURE = 25°C g 4
[+
Wt
o [
Z 40 Y — Z
= & <% o
£ 30 - ob e
Sy 8 Bz
w < . i
E 20 v os3 —if+
io » = 92¢s-10023
1 By, Ba = 12 volis
| o Ci=5 pf, electrolyhc. 25 volts
0 05 ] 15 2 Ri =51 ohms, 1 watt
BASE-TO-EMITTER VOLTS Ra = 100 ohms, 0.5 watt
92C5-10007T Rs = 320 ohms, 1 watt

R4 =15.9 ohms, 2 watts



190 RCA Transistor Manual

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT

DC Collector Supgly Volta%e (Bz)
DC Base Supply Voltage (Bi) .......ccovvviiiiiiiianiienainnnas —12 volts
Generator Resistance .............cccvevvvennrennnneenennannenns
On DC Collector Current (I.) ..... 750 ma
Turn-On DC Base Current (Im
Turn-Off DC Base Current (Isz
Switching Time:
. Delay time (ta) 0.2 usec
Rise time (tr)

................................................ unsec
Storage time (ts) 1 psec
Tl T (LEY " 5 cnimimon simooatiy v s e 6 o s i i e st o A 1.8 usec

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of intermediate-power &
2N-| 069 switching and amplifier applications
in industrial and military equip-
ment. It is used in power switching, E 8
de-to-de 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. JEDEC
No. TO-3 package; outline 5, Outlines Section. This type is identical with type
2N1070 except for the following:

CHARACTERISTICS
Emitter-to-Base Voltage (with collector-to-emitter volts = 4

and collector amperes = 1.5) ..........iciviininniiaiiiiannnnn —-1.7 volts
In Common-Emitter Circuit
DC 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

2N-I 070 switching and amplifier applications

in industrial and military equipment.

It is used in power switching, de-to-

de 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. JEDEC
No. TO-3 package; outline 5, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ..........cccvuu0s . 60 max volts
Collector-to-Emitter Voltage:

With base short-circuited to emitter ...............ccciiiian 60 max volts

With DBSE OPEIL . ....cuvuiiinnr et osrscitsarsasnssonaasanas 45 max  volts
Emitter-to-Base Voltage (with collector open) v . 9 max volts
Collector Current .........ccevvvminrrnrnnoernnns .o 4 max amperes
Emitter Current .e —4 max amperes
Base CUrrent .........s.coesisvssmssnnnmsrssnmnssns - 1.3 max amperes
Transistor Dissipation:

At mounting-flange temperatures up to 25°C ............0000 50 max watts

At mounting-flange temperatures above 25°C ................ See curve page 80
Temperature Range:

Operating (junctibn) and glorage ol e daiies —65 to 175 "
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CHARACTERISTICS
Emitter-to-Base Voltage (with collector-to-emitter volts = 4

and collector amperes = 1.5) .. ..........ooviviineinnarzns -11 volts
Collector-Cutoff Current (with collector-to-base volts = BCI

and emitter current = 0) ...............iiiieiiiiiiis — 25 pra
Emitter-Cutoff Current (with emitter-to-base volts = 9

and collector current:ﬂ) e B 1 ua
Collector Curren o

With caIlector-to-enﬂtter volts = 60 and base short-circuited

00, GIITEDRTY . .., ovoaim no crbimm ssmenomen s Siim o ungesincocs AL B p BN A NSRS n i 200 pa

With collector-to-emitter volts = 45 and base open .......... 200 na
Thermal Resistance:

Junection-to-mounting-flange ............... B P TPLE 1 *C/watt
Thermal Time Constant .......ceovenvasenrsnsrss T 10 msec
In Common-Base Circvit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 12 and collector ma = 100) .. 1.2 Mc
In Common-Emitter Circuif
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 4 and collector amperes = 1.5) ......cc.coveiiiinns e 20
DC Collector-to-Emitter Saturation Resistance
(with collector amperes = 1.5 and base ma = 1.5) ............ 0.4 ohm
TYPICAL COLLECTOR CHARACTERISTICS
1 T ) ] T
TYPE 2NIOTO : l =
3.5} COMMON-EMITTER CIRCUIT, BASE INPUT
| MOUNTING— FLANGE TEMPERATURE =25°C
i 11 T
@
wos
5 . [ ERES=100
BASE MILLIAMPERES=
R o s 52 X
5 70K pYrs
SisH= SS’P;?-?O
r X h
3 | = I T-60 750 |40 7 r“"""s;.s‘,
IH )
zo-'
0.5 r_ + 10!
s I 1
| ] [ 5]
0 ] o] 15 20 25 30 35 40 45 50
COLLECTOR-TO-EMITTER VOLTS 92CM-10032T)
TYPICAL TRANSFER CHARACTERISTICS
g;;ig:lgmﬂ“m lCIRCl;I'I’ B;SE INPUT.
- PU
" MOUNTING- FLANGE TEMPERATURE=25°C TRANSISTOR_
@ COLLECTOR-TO-EMITTER VOLTS=4 o
& 100 © —0
ui 4« I
a e Ic
Z 80 % 2 3
< E R
3 <3 5 4%
g 60 n Z \5‘5..‘K —lis
b A’ ) g —O
- 1 V4 '3
20 105
| // ‘ Bz
| 0 i
0 0.5 5 2 ik
BASE-TO~— EMITTER VOLTS 92CS-10023
e Bi, Bz = 12 volts
Ci = Suf. electroiytlc. 25 volts
Ri1 = 51 ohms, 1 wa
Rz = 10 ohms, 0.5 watt
Rs = 75 ohms, 1 watt
R« = 7.5 ohms, 2 watts
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TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT

DC Collector Supply Voltage (B2) .....ccvvevnvenernrennnnannss "
DC Base Su yVoYtage é (2) ............... }% :g{g
Generator es;s ] SRR S50 ohms
On DC Collector Current (Ie) ......c.envvesuierressncsnenss 1.5 amperes
\ Turn-On DC Base Current Isng e e 200 ma
Turn-Off DC Base Current (IB2) ....cveveevncnnneenanns SRE AN N —200 ma
S\\Stri-hing 'rim(ti:}
elay lime ) st sierasivin sessessssssrrsacsreseantestnannE .
Hine HOe (B5) o vivcarvoivvviasios sortionsssiassassssaissnnise gg ﬁ:gg
Storage tme (fa) ..ocoeverrsessronnsrosnonsnssnssnsmsonsrsones 0.8 usec
AL e (e e i s i e by B S R e & A e 1.4 usec
TRANSISTOR .
Germanuim n-p-n type used in
high-current, medium-speed switch- ¢ P
2N]090 ing circuits in electronic computers. NO)

JEDEC No. TO-5 package; outline
6, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ......ccvvvvvvans 25 max volts
Collector-to-Emitter Voltage:

With base-to-euﬁtter volts = —1 ...ciceaiiiia Py S ey 18 max volts

With base OPen .. .........covrssssevirsvasvnsiss RN ——" 15 max volts
Emitter-to- Base Volt.age (with collector open) S S o 20 max volts
Collector Current .............. R e LS 400 max ma
Transistor Dissipation:

At ambient temperatures up to 25°C .......... 120 max mw

At amblent temperature of 55°C ........ P . i 35 max mw

At ambient temperature of T1°C .......cccvvninnnnns 10 max mw
Ambient-Temperature Range:

Operating and StOTAEE ......cevevsnnissiasssscsssnsesassssass =—631085 °c
CHARACTERISTICS
Base-to-Emitter Voltage:

With collector ma = 20 and base ma =OBT 0.4 max volt

With collector ma = 200 and base ma = 10 ...... T SR 1.5max  volts
Collector-to-Emitter Saturation Voltage:

With collector ma = 20 and base ma 67 . P 0.2 max volt

With collector ma = 200 and base ma W ilve rionma s 0.3 max volt
Collector-Cutoff Current (with collector-to-base volts 12

and emitter current = 0) . ......ccvveniiiarsaesasanarrranrian 8 max ua
Stored Base Charge (with collector ma = 20 and base ma = 1.33) 1600 max  pcoul

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = 6

and emitter current = 0) ... ... .. iiiiiiiaaiii s i 25 max pf
Forward-Current-Transfer-Ratio Cutoff Frequency .
(with collector-to-base volts = 6 and emitter ma = —1) ...... 5 min Me

In Common-Emitter Circuit
Forward Current-Transfer Ratio:

With collector-to-emitter volts = 0.2 and collector ma = 20 .. 30 min
With collector-to-emitter volts = 0.3 and collector ma = 200 .. 20 min
TRANSISTOR
Germanium n-p-n type used in 9
high-current, medium-speed switch-
2N]09] ing circuits in electronic computers. ¢ ¢
JEDEC No. TO-5 package; outline

6, Outlines Section. This type is iden-
tical with type 2N1090 except for the
following items:

MAXIMUM RATINGS

Collector-to-Emitter Voltage:
With base-to-emitter volts = —1 ......

15 max volts
With base open .......covvvviuinnnansn

12 max volts




Technical Data 193

CHARACTERISTICS

Base-to-Emitter Voltage:
With collector ma = 20 and base ma = 0.5 .......c.ccuvunnuss 0.35 max volt
With collector ma = 200 and base ma = 6.7 .... 1.1 max volts
Collector-to-Emitter Saturation Voltage: aE

With collector ma = 20 and base ma = A 0.2 max volt
With collector ma = 200 and base ma = 6.7 ............... s 0.3 max volt
Collector-Cutoff Current (w:th collector-to-base volts = 12
and emitter current = 0) ... .. ... .. .iiaiaieaiiii i iaariaiiaas 8 max ua
Stored Base Charge (with collector ma = 20 and base ma = i) 1000 max  pecoul
In Common-Base Circuit
Forward-Current-Transfer-Ratio Cutofl Frequency .
Swnth collector-to-base volts = 6 and emitter ma = —1) .... 10 min Me
Collector-to-Base Capal:itance {with collector-to-base volts = -6
and emitter current = 0) .............. e e B e 25 max pf
In Common-Emitter Circuit
Forward 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

POWER TRANSISTOR

8 Silicon n-p-n type used in-a
wide variety of intermediate-power
switching and amplifier applications
in industrial and military equip- 2N] 092
E ¢ ment. It is used in power switching,
dc-to-de 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.
JEDEC No. TO-5 package; outline 6, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Vo]ta§ (with emitter open)
Collector-to-Emitter Voltage:
With base short-circuited to emitter
With base open_................ 7
Emitter-to-Base Voltage (with collector open) =

60 max volts

60 max volts
30 max volts
12 max volts

Collector Current ........ A A e e A R e e A e 0.5 max ampere
Emitter Current .......cc.ivuieiiiinrinnarereinas T —0.5 max ampere
Base COFTONY ..ol iivi i atvs s sss e e AR 0.2 max ampere
Transistor Dissipation:

At case temperatures up 10 25°C ... ..iiiiiiiiiieii i 2max watls

At case temperatures above 25°C .........ccviinunnn s 1 » See curve page 80
Temperature Range:

Operating (junction) and storage .............ccvv0evesvese.. ~—651t0175 "C
CHARACTERISTICS
Emitter-to-Base Voltage (with collector-to-emitter volts = 4

and ‘eollector mia = 200) . .ous e sienes et sl siaie s v —1.2 volts
Collector-Cutoff Current (with collector-to-base volts = 60

and emitter current = 0) 15 ra
Emitter-Cutoff Current (with emitter-to-base volts = 12

and collector current = 0) ................... R e e 1 pa
Collector Current:

With collector-to-emitter volts = 60 and base

short-circuited to emitter ... ... . ...... ... e 100 nra
With collector-to-emitter volts = 30 and base OPER cuiaiavsss . 100 ua

Thermal Resistance:

Junction-to-case 35 C/watt
Junction-to-ambient 225 max °waatt
Thermal Time Constant . 8 msec
In Common-Base Circuit
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 28 and collector ma =e§) g 1.5 Me

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 4 and collector ma = 200)
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DC Collector-to-Emitter Saturation Resistance

(with collector ma = 200 and base ma = 20) ........cv0veun- 3 ohms
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT BELOW
DC Collector Supply Voltai (B2l viiirnrrrinernnnnninnenn - 12 volts
DC Base Supply Voltage ( —-12 volts
Generator Resistance ...........c.cccovcssssnssnsrsssnsnsans 50 ohms
On DC Collector Current (Te) ovues i R E 200 ma
Turn-On DC Base Current EIB:} 20 ma
Turn-Off DC Base Current (IBz) .....cceoeressscrsassrsesnssas —20 ma
Switching Time:
Delay 8 (1) ciiiiinieaseavien R AR AR
Rise time (t:) .....
Storage time (ts) ................
Fall time (tt) ......... e A SRR R R R R L B R R B
TYPICAL TRANSFER CHARACTERISTICS
TYPE 2NI0O92
COMMON- EMITTER CIRCUIT, - o
BASE INPUT, 1]
m COLLECTOR-TO-EMITTER VOLTS=4 i
@ 25/~ CASE TEMPERATURE =25°C 500
a | <
20 f&‘?- 400 -
] & 2 =
‘EJ 15 g o 300
4 10— ‘/ . zoo_'t_’j
@ =
5/ - 1008
o : = L—Jo 92C5-10023
Bi, Bz = 12 volts
BASE ~-TO-EMITTER VOLTS oy
C: = 5 puf, electrolytic, 25 volis
92¢5-100447 i = 51 ohms, 1 watt
R: = 280 ohms, 0.5 watt
Rs = 700 ohms, 1 watt
R4 = 59 ohms, 2 watts
TYPICAL COLLECTOR CHARACTERISTICS
T T T T ] T i
TYPE 2NI092

COMMON-EMITTER CIRCUIT, BASE INPUT.
-~ CASE TEMPERATURE = 25°C e

=3
o

5 3

e

2 |
[

g

T

COLLECTOR MILLIAMPERES
F-)
8

L]
! 100 G SE MILLANPERES= N _twarrsis I
]
| I 1 | I [
0 5 10 15 20 25 30 35 40 45 50

COLLECTOR-TO-EMITTER VOLTS B2CM-10043TE

POWER TRANSISTOR

Germanium p-n-p type used in

a wide variety of switching and am-

2N]099 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, de-to-de 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. JEDEC 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) .... —80 max volts
Emitter-to-Base Voltage (with collector open) ................. —40 max volts
CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage
With base short-circuited to ermtter and collector amperes

I R L s R N e el —T0 min volts
With base open and collector amperes — —0 t —60 volts
Collector-to-Emitter Reach-"["hr{}u% Voltage ................... —80 min volis
Collector-Cutoff Current (with co lector-to base volts = —80
and emitter current = 0) ........ciiiviiiirnrininrriiraaaana, -2 ma
TYPICAL COLLECTOR CHARACTERISTICS
I | =0 4 R P r [ . [
|___ TYPE 2NI099 !
[~ COMMON-EMITTER CIRCUIT BASE INPUT, T 1
CASE TEMPERATURE 25°C J
=20 i i J t _l i 1 |' : —
8 i | 7 l ]
-5 - 800
e | |
o ~ 500 H
S L300 |
(TP =300_
w-lo e [ E
| | ] 2 l
=] ~ =15
8 : 0T
-5 — =50 ‘.
| | i I J\o
| £ MILLIAMPERESS —0—1 —53'-—‘—
T 1 J
[+] =10 -20 ~30 -40 -50 -60 =70 -80
COLLECTOR-TO-EMITTER VOLTS S2CM~10T33T

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- 2N.|.|00
sistors having high voltage, current,
: and dissipation values. It is used in
power-switching, voltage- and current-regulating, de-to-de 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., JEDEC No. TO-36 package; outline 14, Outlines Section.
This type is identical with type 2N174 except for the following items:

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter-to-base volts = —1.5) . —100 max volts
Emitter-to-Base Voltage (with collector open) ...........ccouvuus —80 max volts
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CHARACTERISTICS

Collector-to-Emitter Breakdown Volta%e (with base
short-circuited to emitter and collector amperes = —03) ....
Emitter-to-Base Voltage (with collector-to-base volts = —100
and emitter current = 0) .. . ... ..iiiieiiciieniieaianas i
Collector-to-Emitter Reach-Through Voltage ................. .
Emitter-Cutoff Current (with emitter-to- base volts = —80
and collector current = 0) .
Collector-Cutoff Current (with ‘collector-to-base volts = —100
and tter current = 0) .......... A8 BT A A B R -

TYPICAL COLLECTOR CHARACTERISTICS

—B80 min

—1 max
—100 min

—1
-2

T T T i I T [ [
TYPE 2N1100
COMMON-EMITTER CIRCUIT, BASE INPUT,

|~ CASE TEMPERATURE =25°C

=15 —-900 . I
r—— aoo
——-700

—+-600
=500

0

-350

-300
-250

COLLECTOR AMPERES
'
=]
|
5
[=]

-150
-5 -100

o L]

/-50

—" EEL‘\O
BASE MILLIAMPER 12 3
poas s o g3 |

0 -20 =40 -60 -80 -100
COLLECTOR-TO-EMITTER VOLTS

TRANSISTOR

Germanium n-p-n bidirectional

type used in medium-speed switch-

2N'I "69 ing circuits in data-processing
equipment. This type is designed so

that the emitter can also function

as a collector and the collector can

S2CM-10724T

volt
volts

also function as an emitter. It is especially useful in bidirectional switching,
core-driver, and ac-signal relay circuits. JEDEC No. TO-5 package; outline 6,

Qutlines Section.

MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open) ................

Emitter-to-Base Voltage (with collector open) ...... A
Collector-to-Emitter Voltage:

With base-to-emitter volts = —1

With base open ..............

Collector Current ..............00000 i
Emitter Current ........ .
Transistor Dissipation:

At ambient temperatures upw25°C e e B S S A AT %

At ambient temperature of 55°C ....ciiiiiiriiiiririiiaaanian

At ambient temperature of 71°C .......cv0vvauen
Ambient-Temperature Range:

t%eratlng A SRR e

FAZE ., ovcssacavsnsnans [ T T

CHARACTERISTICS
Base-to-Emitter Voltage (with collector ma = 200 and base

T A 1 B A g S S g .
Collector-to-Emitter Saturation Voltage (with collector ma

= 200 and base ma = 10} ......uceisapeianiaiiiniiidisiaaiag i

Collector-Cutoff Current (with collector-to-base volts = 12
and emitter open) ............ Lo R

1.5 max
0.3 max
10 max

volts
volts

volts

volts
ma

mw
mw
mw

°c
°C

volts
volt
ua
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In Common-Base Circuit
Forward-Current-Transfer-Ratio Cutoff Frequency

(with collector-to-base volts = 6 and collector ma = 1) .... 4.5 min
Collector-to-Base Capacitance (with collector-to-base wvolts = 6
and collector current = 0) ................. e A 19

In Commeon-Emitter Circuit

Forward Current-Transfer Ratio (with collector-to-emitter volts
= 0.3 and collector ma = 200) ......... e S 3 20 min

TRANSISTOR

@B Germanium n-p-n bidirectional
type used in medium-speed switch-

type used in medium-speed swite
0 5 cauipment. This type 1s designed s 2N1170

that the emitter can also function
as a collector and the collector can

197

Me
pf

also function as an emitter. It is particularly useful in bidirectional switching,
core-driver, and ac-signal relay circuits. JEDEC No. TO-5 package; outline 6,
Outlines Section. This type is identical with type 2N1169 except for the fol-

lowing items:
MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ........... 40 max
Emitter-to-Base Voltage (with collector open) ................. 40 max
Collector-to-Emitter Voltage:
With base-to-emitter volts = —1 ..... SRR G 39 max
With base open ............c00uvus e Ak RN e 20 max
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base volts = 12
and emitter open) .......... R A T R B e 8 max
TRANSISTOR

Germanium p-n-p type used in
radio-frequency amplifier applica-

ceivers. In a typical FM tuner
operating at 100 megacycles, this
type can provide a power gain of
14 db. JEDEC No. TO-45 package; outline 17, Outlines Section.

MAXIMUM RATINGS

EBIS c

Collector-to-Base Voltage (with emitter open) .... —30 max
Emitter-to-Base Voltage {w1th collector open) —1 max
Collector Current .............ccovuiinmiimasnss —10 max

BT CULLRIY i o i b fsraih don e ey P s A i e e s 10 max
Transistor Dissipation:

At ambient temperatures up to 25°C 80 max

At ambient temperature of 55°C ................... 50 max

At ambient temperature of 71°C ......... : 23 max
Ambient-Temperature Range:

Qperating ............c0000 P i e e e e v i e e s —00 10 TL

BUOTAEE  vvvmvwms o rswas s viss nus st ey . e g e . —65to85
CHARACTERISTICS
Collector-to-Base Breakdown Voltage

(with emitter-to-base volts = —0.5 and collector pa = —50) .. —30 min
Collector-Cutoff Current [w1th collector-to-base volts = -12

and emitter current = 0) . ................. R —12 max
Emitter-Cutoff Current (with emitter-to-base volts = —1

and collector current = 0) ............... e A e peE —12 max

In Common-Base Circuit

Small-Signal Forward Current-Transfer Ratlo (with collector-
to-base volts = —12, collector ma = —1, and frequency = 1
kilocycle) ......... v i T 0.99

volts
volts

volts
volts

ua

tions in FM and AM/FM radio re- 2N] -I 77

volts
volt
ma
ma

mw
mw
mw

°C
"C

volts
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Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequenc
(with collector-to-base volts = —12 and collector ma = 140

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —12, collector ma = —1, and frequency = 1 kilocycle) 100

TYPICAL OPERATION
DC Collector-to-Base Voltage

DC Collector Current ......... . —1.5
Signal Frequency . 100
Input Resistance (w1th ac output circuit shorted) ........ 45
QOutput Resistance (with ac input circuit shorted) ............ 4 3800
Extrinsic Transconductance ... .. . ... .iiiiiiiiarrrananninnan 24250
Collector-to-Base OutBut Capac:tance .......................

Maximum Available Power Gain ,...... 14

TYPICAL COLLECTOR CHARACTERISTICS

T 1 T 1
TYPE 2NIITT |
COMMON-EMITTER CIRCUIT, BASE INPUT.

=35~ AMBIENT TEMPERATURE = 25°C 20 |
PIN 3 CONNECTED TO GROUND. ——

I
[

N
\
&

fm"]

COLLECTOR MILLIAMPERES
1
n

B ‘

HAVER

BASE MEROAHPERES= =10

=05 ——
[ |
O——= =4 =6 -8 o -2 - -6 -8 20 -2 —2a -2
COLLECTOR-TO-EMITTER VOLTS 2CM~10200T)
TRANSISTOR

Germanium p-n-p type used in

Me

radio-frequency oscillator applica-
2N'l ]78 tions in FM and AM/FM radio re- @
ceivers. In local-oscillator service at

a frequency above the incoming rf 00,

signal, this type can supply an rf

mixer stage with required oscillator-injection voltage for optimum mixing
throughout the FM band. JEDEC No. TO-45 package; outline 17, Outlines Sec-
tion. This type is identical with type 2N1177 except for the following items:

CHARACTERISTICS

In Common-Base Circuit
Small-Signal Forward Current-Transfer Ratio (with collector-to-
base volts = —12, collector ma = —1, and frequency
I T 1 1T T I e R 55 0.976
In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

olts — —12, collector ma = —1, and frequency = 1 kilocycle) 40
TYPICAL OPERATION
DC Collector-to-Base Voltage ........cocenviaveenrens P i —11
Collector CUITENT .........cevvrirreansnnrssssnsrissrsnsrennnnns —2.5

volts
ma
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Signal Frequency ............. R R SR
Extrinsic Transconductance ............coovvvvnnenrssscssrnnsss
Collector-to-Base Output Capacitance ............c..ciiivinnnnns
TRANSISTOR

Germanium p-n-p type used in

radio-frequency mixer applications

in FM and AM/FM radio receivers.

In a ical FM tuner operating at

000, o typ P g

T 100 megacycles,_this type can pro-
vide a conversion power gain of

189

110.7 Mec
21800 pmhos
2 pf

2N1179

17 db. JEDEC No. TO-45 package; outline 17, Outlines Section. This type is

identical with type 2N1177 except for the following items:
MAXIMUM RATINGS

In Common-Base Circuit

Small-Signal Forward Current-Transfer Ratio (with collector-
to-base volts = —12, collector ma = —1, and frequency
ST RIIOONOIBY | osuiin wmot e i b R A

In Common-Base Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —12, collector ma = —1, and frequency = 1 kilocycle)

TYPICAL OPERATION

DC Collector-to-Base Voltage
DC Colleetor Current ........vcvvnavvvsrvives
SIENAL . FTOQUBTICY - . yoouuivinisis s sinih soaibn sanss o e oid o8 ari s 505 406 0 T8
Input Resistance (with ac output circuit shorted) ............
Output Resistance (with ac mgut circuit shorted and
intermediate frequency = 10.7 Me) .......cvceiiiinnsnsnsasna
RMS Base-to-Emitter Oscillator
Injection VOMAEEe ... ....ocn uiocireriiossasintssnsinssossrons
Extrinsic Conversion Transconductance ................c.oevvnns
Collector-to-Base Output Capacitance .....................c..0.
Maximum Available Conversion Power Gain .........cv0vvvvinns

TRANSISTOR

Germanium p-n-p type used in
intermediate-frequency amplifier ap-

m plications in FM and AM/FM radio
O 0 receivers. In a three-stage 10.7-

" 5% b megacycle if amplifier circuit, this
type can provide a useful power

0.988 Me
80
—12 volts
—0.8 ma
100 Me
40 ohms
90000 ohms
125 mv
7500 amhos
2 £
17 b

2N1180

gain of 65 db with neutralization or 57 db without neutralization. JEDEC No.
TO-45 package; outline 17, Outlines Section. This type is identical with type

2N1177 except for the following items:
MAXIMUM RATINGS

Emitter-to-Base Voltage (with collector open) .......ccvvvvune
CHARACTERISTICS
Emitter-Cutoff Current (with emitter-to-base volts = —0.5

and collector current D) e i s e A T e R A

in Common-Bose Circuit

Small-Signal Forward Current-Transfer Ratio (with collector-
to 1:;:-15}@i Iw:r]tslmJ —12, collector ma = -1, and frequency
= RIOEVRIEY i s i e e e e b ek e R e
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = —12 and collector ma = —1)

—0.5 max volt

—12 max pa
0.988
100 Mec
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In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —12, collector ma = —1, and frequency = 1 kilocycle)

TYPICAL OPERATION

DC Collector-to-Emitter Voltage
DC Collector Current .

Signal FTequEnCy. ... i oivie i s s saats
Input Resistance (with ac output circuit shorted)
Qutput Resistance (with ac input circuit shorted]
Extrinsic Transconductance .............00000000.
Collector-to-Base Qutput Capacn:ance e PR L A
Maximum Power Gain:

Available ........... 00000
Useful:
In neutralized circuit ............ i TR W 3 23
In unneutralized eircuit .......

POWER TRANSISTOR
2N'I 'I 83 Germanium p-n-p types used in
intermediate-power switching and
2N'| 'I 83 A low-frequency amplifier applications
in industrial and military equipment.

Th d i itchi
2NT183B 4% 5 converters, choppers, sole.

80
—12 yvolts
—1.5 ma
10.7 Me
325 ohms
24000 ohms
40250 pmhos
2 pf

Three Stages

35 db
21.6 db
19 db

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. JEDEC No. TO-8 package; outline 8, Outlines Section.

MAXIMUM RATINGS

2N1183 2N1183A 2N1183B
Collector-to-Base Voltage
Sw;th emitter open s R, —45 max —60 max —80 max volts
Collector-to-Emitter Voltage:
With emitter-to-base volts = —1.2 | —45 max —60 max —80 max volts
With base short-circuited to emitter —35 max —50 max —60 max volts
With base open ..........ccceveen —20 max —30 max —40 max volts
Emitter-to-Base Voltage
1with collector open) . —20 max —20 max —20 max volts
Collector Current ...... —3 max —3 max —3 max amperes
Emitter Current 3.5 max 3.5 max 3.5 maxamperes
Base Current ...... —0.5 max —0.5 max —{0.5 max ampere
Transistor Dissipation:
At case temperatures up to 25°C .. 7.5 max 7.5 max 7.5 max watts
At ambient temperatures up to 25°C 1 max 1 max 1 max watt
At case or amhlent temperatures
above 25°C .. See curve page 80
Temperature Ran re:
QOperating (junction) and storage .. —65 to 100
CHARACTERISTICS
2N1183 2N1183A 2N1183B
Collector-to-Emitter Breakdown
oltage:
With emitter-to-base volts = —1.2 .
and collector ma = —0.25 —45 min —60 min —80 min volts
With base short-circuited to emitter i )
and collector ma = —50 Y —35 min —50 min —60 min volts
Wlth base open and collector ma_ .
Bl S R T —20 min —30 min —40 min volts
Emitter—to-Base Voltage
(with collector-to-emitter wvolts
= —2 and collector ma = —400) . 1.5 max 1.5 max 1.5 max volts
Collector-Cutoff Current:
With collector-to-base volts = —1.5
and emitter current = 0 .. —30 max —30 max —30 max pa
With collector-to-base wolts 45
and emitter current = 0 P —250 max — - ua
With collector-to-base volts : 60
and emitter current = 0 .. ... .. — —250 max — ra
With collector-to-base volts = —80
and emitter current = 0 ... ... — — —250 max pa
Emitter-Cutoff Current
(with emitter-to-base volts = —20
and collector current = 0) ...... —100 max —100 max —100 max pa
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Collector Saturation Resistance (with

collector ma = —400 and base ma

2 ) sy i A BT R S AT 1.25 max 1.25 max
Therma] Resistance:

Junction-to-base ...........cvvuuan 10 max 10 max

Junction-to-ambient ............... 75 max 75 max

In Common-Base Circuit

Small-Signal Forward-Current-Trans-
fer-Ratio Cutoff Frequency (with
collector-to-base wvolts = —6 and
emitter ma = 1) ...viiiiiniinnnns 500 min 500 min

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio
(with collector-to-emitter wvolts
= —2 and collector ma = —400) .. 20 to 60 20 to 60

TYPICAL TRANSFER CHARACTERISTIC

201

1.25 max ohms

10 max °C/watt
75 max °C/watt

500 min ke

20 to 60

TYPE 2N1I83B
COMMON-EMITTER CIRCUIT, BASE INPUT,
CASE TEMPERATURE =»25°C
WITH HEAT SINK.
8 : |
® -2
ui
¢ /
<
& 1.5 /;
B - :
2 / -[ B2
S-0s—1-A4 o —hi—
/ 92C5-10457RI
- o 2UT at. Sictrolytic, 25 volts
-T0= —] uni, elecirolytic, V.
EMITTER-TO BhSEVOL‘I‘ngs_mﬂm Rli = 51 ohums, 2 waits
Rz = 120 ohms, 2 watts
Rs = 230 ohms, 1 watt
Ri = 29.5 ohms, 5 watts
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT ABOVE
DC Collector Supply Voltage (Bz) ........c.coievvinninnnnns —12 volts
DC Base S%%ply B’oltage &1) ..... B S s e 12 volts
Generator glstance .........c00000 50 ohms
On DC Collector Current (Te) ....csosssesionssssssvronssnssnss F —400 ma
Turn-On DC Base Current %151) ah w i —40 ma
Turn-Off DC Base Current (IBs) ....cseseesersessssssassirenss 40 ma
Swztchini Time:
Delay time (1) ... ccoiisirniasnsssssnrsessns 0.2 usec
Bise "time (Be) oo st iineieeon pe s emaianm e i e e 2 psec
Storage time (ta) .................. enaeerraaas ——— 18 usec
Fall Bme (B2) i it v e R e T e R 14 nsec

TYPICAL COLLECTOR CHARACTERISTICS

I T T | I i
TYPE 2N1183B ‘

— COMMON-EMITTER CIRCUIT, BASE INPUT.
CASE TEMPERATURE =25°C
WITH HEAT SINK.

COLLECTOR MILLIAMPERES
A
8

n nfm
\
\
\
\
\

| |

o 2 =4 -6 =8 -0 -2 -4 -6 -8 =20
COLLECTOR-TO-EMITTER VOLTS

92CM-10425T)
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TYPICAL COLLECTOR CHARACTERISTICS
] i I [ T I
TYPE 2NII838
|- COMMON—EMITTER CIRCUIT, BASE INPUT.=
CASE TEMPERATURE = 25°C
WITH HEAT SINK,

@ 1
At
& -25
s [
b -160
- —_—T 140
s e 0
2 E——-— G ——— | 100
W .-I‘s 9, I ~80
2 |} “e0
R F : -40
Tic =
Warrervs 20
-05 GASE MILLIAMPERES == 5

o -2 =4 =6 -8 -0 -2 -4 -6 =18 -20
COLLECTOR-TO-EMITTER VOLTS S2CM~10440T1

POWER TRANSISTOR
2N’I 184 Germanium p-n-p types used in a
intermediate-power switching and
2N'l 'I 84 A low-frequency amplifier applications €
in industrial and military equipment.
2N-l -l 84B They are used in power switching,
de-to-de 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. JEDEC No. TO-8 package; outline 8, Outlines Section. These types

are identical with types 2N1183, 2N1183A and 2N1183B, respectively, except
for the following items:

CHARACTERISTICS

w0y

In Common-Emitter Circuif

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —2 and collector ma = —400) .........o0vvinuninnnns 40 to 120 !

TYPICAL COLLECTOR CHARACTERISTICS
I

| T T T T
TYPE 2NIIB4B
COMMON-EMITTER CIRCUIT, BASE INPUT:
CASE TEMPERATURE =25°C
WITH HEAT SINK,
x} 1
[ 4
(1)
< -5
=500
= | ——1T_45
3 L] p
g 400 _,_...-.---—-ﬁ-"“.....-—_-':':‘,..-a;
= — - 1 25
=] = —
3 |
8 e s s s o W o, e 1
15 -300 ——
R e e Y
per _,_..-——""'-F ] 551-0.5
3 -200 — LI AMPERE
© T —ensEM——
f-—"""‘______,_..—-'- _'______,_.---"
=100 —T——1——
=T

0 -2 -4 =6 =B -0 -2 -4 -6 -8 -20
COLLECTOR-TO-EMITTER VOLTS 92CM-10426TI
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TYPICAL COLLECTOR CHARACTERISTICS

_J__Jq _l |

T T T T T T I 1
TYPE 2NIIB4B [
| COMMON—EMITTER CIRCUIT, BASE INPUT.
CASE TEMPERATURE = 25°C | i
WITH HEAT SINK.
- | | ] 1 | _5 _i t
o | | | ]
g-25/— ] i
: [ 1
® -2 __:)"" —— 1 —-80 i
2 20 |
W= G===uil? | ]
=15 =] »'—: -
= D, P —-40 ] =
3 % ——T—1 1 30 |
1]
-1 — uS‘f,Q 3 -20 _ l
7y, ]
| | \‘wa,q-,. ~10 r
-05 ST WIOAMPERES B Slrs ||

L 17

[} -2 =4 -6 -B -0 -2 -14 -6 -8 -20
COLLECTOR-TO-EMITTER VOLTS

See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.

See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.

See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.

See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.

TRANSISTOR
Germanium p-n-p type used

low-level video-amplifier circuits

of

of

of

in

rf and if amplifier circuits; oscillator,
¢ mixer and converter circuits; and

in

industrial and military equipment.
It is used in the design of rf circuits

T
|

92CM=-10434T]

2N1213

2N1214

2N1215

2N1216

2N1224

203

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 drifi-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. JEDEC No. TO-33 package; outline 13, Outlines Sec-

tion. This type is electrically identical with type 2N274.
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TRANSISTOR

Germanium p-n-p type used in

rf and if amplifier eircuits; oscillator,

2N-I 225 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. JEDEC No. TO-33 package; outline 13, Outlines Sec~
tion. This type is electrically identical with type 2N384.

TRANSISTOR

Germanium p-n-p type used in

rf and if amplifier circuits; oscillator,

2N -I 226 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. JEDEC No. TO-33 package; outline 13, Outlines Sec-

tion. This type is electrically identical with type 2N274 except for the following
items:

MAXIMUM RATINGS

Collector-to-Base Volta%e (with emitter open) ................ —60 max  volts
Collector-to-Emitter Voltage (with base-to-emitter wolts = 0.5) —G0 max  volts
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector pa = —50

and emitter current = 0) ............ccocenestiosonsastioanesss —100 volts
Collector-to-Emitter Reach- Th.rough Voltage

(with emitter-to-base wvolis = B) ramsnmbm it B e A —100 volts

TRANSISTOR
B

Germanium p-n-p type used in
high-speed switching applications in
2N]300 data-processing equipment. JEDEC & g
No. TO-5 package; outline 6, Out-
lines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ..
Collector-to-Emitter Vo ta e (with base open; W

—13 max volts
—12 max volts

Emitter-to-Base Voltage (with collector open —1 max volt
Collector Cimrenk -, oo i e e b e e s m S e W e e —100 max ma
Eindther CUITERL. .. ... :rsinionadss asmiatsts s lbosmerasesmibessd 100 max ma
Transistor Dissipation:

At ambient temperatures up to 25°C . 150 max mw

At ambient temperatures above 25°C . See curve page 80
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Amb;ent-'l'emperature Range:
gerating and SLOrAPe . .....iciciissascassansssaniasans o
Lead Temperature (for 10 seconds maximum) ....eeeeevues P

CHARACTERISTICS

Baseatobaﬂrmtter Vo]tlage (with collector ma = —40
a ma Y S e
Collector-Cutoff Current (with collector-to-base volts
and emitter OPEeM) ............coiviiiiurniiznsssasassasssnnnn
Total Stored Charge (with collector ma = —10
8nd base MA == —1) .vvvinscrcossensssnsnassannnresnssrnsn -

In Common-Base Circuit

Collector Capacitance (with collector-to-base volts = —8
and emitter current = 0) .....covvvevieecsiovsssssssscsnnnns .

In Common-Emitter Circuif

Forward Current-Transfer Ratio (with collector-to-emitter

volts = —0.3 and collector ma = —10) iasnes
Gain-Bandwidth Product (with collector-to-emitter volts
= —3 and collector ma = —10) ......cvevressenssnanassasanes ;
TRANSISTOR
]

Germanium p-n-p type used in
high-speed switching applications in
E ¢ data-processing equipment. JEDEC
No. TO-5 package; outline 6, Out-
lines Section. Maximum ratings for
this type are the same as for type

21300 except for the following items:

MAXIMUM RATINGS

Emitter-to-Base Voltage (with collector open) .......cceo.. e
CHARACTERISTICS
Base-to-Emitter Voltage (with collector ma = —40

and base MA-= L) i s s ek e R e .
Collector-Cutoff Current (with collector-to-base volts = —6

and emitter current = 0) .........iciivrreisanssscassssasrsenns
Total Stored Charge:

With collector ma = —10 and base ma = —04 .........000uvne :

With collector ma = —40 and base ma = —1.6 ........co0uunee

In Common-Base Circuif

Collector Capacitance (with collector-to-base volts = —6
and emittel OPEN) ..v.iverivrsanissstivranniviasesnire i ssee ,

In Common-Emitter Circuif

Forward Current-Transfer Ratio:
With collector-to-emitter volts —0.3 and collector m
With collector-to-emitter volts —0.5 and collector ma
Gain-Bandwidth Produet (with collector-to-emitter volts
and collector ma = —10) ......cvviiivniirrnnsnrrrsnrsnsans

i

-

. TRANSISTOR
Germanium n-p-n type used in
t " medium-speed switching applica-

tions in data-processing equipment.
JEDEC No. TO-5 package; outline
6, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter Open; ................
Emitter-to-Base Voltage (with collector open) ................
Colloctor Current .o sisesisemsasivirvasesirqsssinsbestenssssi .

205

—65 to 85 °C

255 max °c

—0.4 max volt
—3 max pa
400 max  pcoul

12 max pf
30 min
25 min Me

2N1301

—4max  wvolts

—0.6 max volt
—3 max pa

325 max  pcoul
800 max peoul

12 max pf

30 min
40 min

35 min Me

2N1302

25max  volts
25 max volts
300 max ma
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Transistor Dissipation:
At ambient temperatures up to 25°C ........ciiiiiieninnnnes
At ambient temperatures agove BEE Givivivisnin e s .
Ambient-Temperature Range:
Operating
Storage s
Lead Temperature (for 10 seconds maximum)

CHARACTERISTICS

Base-to- £|:]nslitter Voltage (with collector ma = 10 and base
ma =
Collector-to-Emitter Saturation Voltage
{(with collector ma = 10 and base ma = 0.5)
Collector-Cutoff Current (with collecwr-to base volts = '25
and emitter current = 0) ........iieeniriannn

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = 5
and emitter current = 0)
Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 5 and emitter ma = 1) ......

In Common-Emitter Circuit

Forward Current-Transfer Ratio:
With collector-to-emitter volts = 1 and collector ma = 10 ....
With collector-to-emitter volts = 0.35 and collector ma = 200 .

TRANSISTOR

Germanium p-n-p type used in
medium-speed switching applica-
2N]303 tions in data-processing equipment.
JEDEC No. TO-5 package; outline
6, Outlines Section.

MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open)

Emitter-to-Base Voltage (with collector open) ..... R Fia
Collector Current .............. SRS N WA —p— S,
Transistor Dissipation:
At ambient temperatures up to 25°C ..........ccciiiiennnans "
At ambient temperatures above 25°C ..........ciiiiiiiiiann i
Ambient-Temperature Range:
Operatlitll 5. o iieesssonniiii b saaa T SRR
BROPAEG: o i s i s s e e e e e e e
Lead Temperature (for 10 seconds maximum) ........covveeinaes
CHARACTERISTICS
Base-to- Enal?;’er Voltage (with collector ma = —10 and base
WA = Y S S e e e ae
Collector-to-Emifter Saturation Voltage
(with collector ma = —10 and base ma = —0.5) ...........
Collector-Cutoff Current {wath collector-to-base volts = —25
and emitter current = 0) e e R PR R i e .

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = —5

and emitter current = 0) . .........iuiiiiiiiiiiiiiiiarsnas
Forward-Current-Transfer-Ratio Cutoff Frequency
{(with collector-to-base volts = —5 and emitter ma = 1) ....

In Common-Emitter Circuit

Forward Current-Transfer Ratio:
With collector-to-emitter volts = —1 and collector ma = —10 ..
With collector-to-emitter volts = —0.35 and collector ma = —200

150 max mw
See curve page 80
—65 to 85 b
. —65 to 100 ©
230 max °C
0.15t0 0.4  wolt
0.2 max volt
6 max ra
20 max pt
3 min Me

20 min

10 min

B
E ¢

—30 max volts
—25max  volts
—300 max ma
150 max mw
See curve page 80
—65 to 85 °c
—65 to 100 "
230 max °C
—0.15 to —0.4 volt
—0.2 max volt
—6 max pa
20 max pf
3 min Mec

20 min

10 min
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TRANSISTOR
B Germanium n-p-n type used in
medium-speed switching applica-
£ ¢ tions in data-processing eqguipment.
© JEDEC No. TO-5 package; outline

6, Outlines Section. This type is
identical with type 2N1302 except
for the following:

CHARACTERISTICS
Base-éo -Emitter Voltage (with collector ma = 10 and base ma
a2

Collector-to-Emitter Saturatlon Voltage
(with collector ma = 10 and base ma = 0.25) ..........c00000

In Common-Base Circuit

Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 5 and emitter ma = 1) ......

In Common-Emitter Circuit

Forward Current-Transfer Ratio:
With collector-to-emitter volts = 1 and collector ma = 10 ..
With collector-to-emitter volts = 0.35 and collector ma = 200 .

TRANSISTOR

Germanium p-n-p type used in
medium-speed switching applica-
tions in data-processing equipment.
JEDEC No. TO-5 package; outline
6, Outlines Section. This type is
identical with type 2N1303 except

for the following:
CHARACTERISTICS

Base-to-Emitter Voltage (with collector ma = —10
and base ma = —0.5 s

Collector-to-Emitter Saturation Valbage (wlth ‘collector ma = —10
and base ma = —0.25)

In Common-Base Circuit

Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = —5 and emitter ma = 1) ....

In Common-Emitter Circuit

Forward Current-Transfer Ratio:

With collector-to-emitter volts = —10 and collector ma = —10 .
With collector-to-emitter volts = —0.35 and collector ma = —200
TRANSISTOR
B

Germanium n-p-n type used in
medium-speed switching applica-
£ ¢ tions in data-processing equipment.
JEDEC No. TO-5 package; outline
6, Outlines Section. This type is
identical with type 2N1302 except

for the following:

CHARACTERISTICS
Base-éos]Emitter Voltage (with collector ma = 10 and base ma

Collector-to-Emitter Saturation Voitage "~ """
{with collector ma = 10 and base ma = 0.17)

207

2N1304

0015 t0 0.35  wvolt
0.2 max volt

5 min Me

40 to 200
15 min

2N1305

—0.15 to —0.35 voit

—0.2 max volt
5 min Mec

40 to 200
15 min

2N1306

0.15t0 0.35 volt
0.2 max volt
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In Common-Base Circuit
Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 5 and emitter ma = 1) .....s 10 min Me
In Common-Emitter Circuit

Forward Current-Transfer Ratio:

With collector-to-emitter volts = 1 and collector ma = 10 .... 60 to 300

With collector-to-emitter volts z 0.35 and collector ma = 200 , 20 min
TRANSISTOR
Germanium p-n-p type used in (28

medium-speed switching applica-

2N-|307 tions in data-processing equipment. ¢ f‘ e

JEDEC No. TO-5 package; outline (1) ©.

6, Outlines Section. This type is
identical with type 2N1303 except ’

for the following:

CHARACTERISTICS
Base-to-Emitter Voltage (with collector ma = —10

and base ma = —00) ... iuciiieein i e e s e e * —0.15 to —0.35 volt
Collector-to-Emitter Saturatlon Vollape: . e ctbonasevey

(with collector ma = —10 and base ma = —0.17) .......c.00us —0.2 max volt

In Common-Base Circuit

Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = —5 and emitter ma = 1) .... 10 min Mc

In Common-Emitter Circuit

Forward Current-Transfer Ratio:

With collector-to-emitter volts = —1 and collector ma = —10 . 60 to 300
With collector-to-emitter volts = —0.35 and collector ma = —200 20 min
TRANSISTOR

Germanium n-p-n type used in

medium-speed switching applica-

2N'I 308 tions in data-processing equipment.
JEDEC No. TO-5 package; outline

6, Outlines Section. This type is

identical with type 2N1302 except

for the following:

CHARACTERISTICS
Base»to-Em:tter Voltage (with collector ma = 10 and base ma
- e R Ry e I R b A 0.15t00.35 volt
Collector-to-Emitter Saturation Voltage
(with collector ma = 10 and base ma = 0.13) .........c0000 .o 0.2 max volt

In Common-Base Circuit

Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = 5 and emitter ma = 1) ....... " 15 min Mec

In Common-Emitier Circuit

Forward Current-Transfer Ratio:
With collector-to-emitter volts = 1 and collector ma

=10 .... 80 min
With collector-to-emitter volts = 0.35 and collector ma =

200 . 20 min
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TRANSISTOR

Germanium p-n-p type used in
medium-speed switching applica-

JEDEC No. TO-5 package; outline
6, Outlines Section. This type is
identical with type 2N1303 except

for the following:
CHARACTERISTICS

Base-to-Emitter Voltage (with collector ma = —10

209

tions in data-processing equipment. 2N1309

and base Ma = —0.5) ...........ioiuurrreainnsnnnnns VasEETes —0.15 to —0.35 volt:

Collector-to-Emitter Saturation Voltage
(with collector ma = —10 and base ma = —0.13) ......cvuvuue —0.2 max

In Common-Base Circuit

Forward-Current-Transfer-Ratio Cutoff Frequency
(with collector-to-base volts = —5 and emitter ma = 1) .... 15 min

In Common-Emitter Circuit

Forward Current-Transfer Ratlo:

With collector-to-emitter volts = —1 and collector ma = —10 .. 80 min
With collector-to-emitter volts = —0.35 and collector ma = —200 20 min
TRANSISTOR
B

Germanium p-n-p bidirectional
type used in medium-speed switch-

§ g g dromh D epecetis  INI319

so that the emitter can also function
as a collector and the collector can

volt

also function as an emitter. It is especially useful in bidirectional switching,
core-driver, and ac-signal relay circuits. JEDEC No. TO-5 package; outline 6.

Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) . —— —20 max
Emitter-to-Base Voitege (with collector open —20 max

Collector-to-Emitter Voltage (with base-to-emgtter s —20 max
Collector Current i St =400 max
Emitter Current =400 max
Transistor Dissipation:

At ambient temperatures up to 25°C .... 120 max

At ambient temperature of 55°C ........ 35 max

At ambient temperature of 71°C . 10 max
Ambient-Temperature Range:

Operating ......... e U e Y e 0

L - . 11 % -]
CHARACTERISTICS
Base-to-Emitter anm%e (with collector ma = —400

and base ma = —26.7) ..............ci0iiieniinonns R —1.5 max
Collector-to-Emitter Saturation Voltage

SWi'r.h collector ma = —400 and base ma = —26.7) ........... i —0.3 max
Collector-Cutoff Current (with collector-to-base volts = —12

and emitier current = 0) .........cichiiiiiiiaiiie. REHR e —6 max

In Common-Base Circuit

Forward-Current-Transfer-Ratio Cutoff Frequency

gwith collector-to-base volts = —6 and emitter ma = 1) ..., 3 min
Collector-to-Base Capacitance (with collector-to-base volts = —6

and emitter current = 0) ..........coiiiiiiann R e 30 max

In Common-Emitter Circuit

Forward Current-Transfer Ratio (with collector-to-emitter volts
= —0.3 and collector ma = —400) .......coviviriiiinnnneniannn 15 min

volts
volts
volis
ma
mw
mw
mw

°C
°C

volts

volt

pf
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POWER TRANSISTOR

Germanium p-n-p type used in

a wide variety of switching and am-

2N-I 358 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, de-to-de 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 extireme 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. JEDEC No. TO-36 package; outline 14, Outlines Section.
This type is identical with type 2N174 except for the following items:

CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage:
With base short-circuited to emitter and collector amperes

R B St i B O BRI e D e B e SR AR .
With base open and collector amperes = —0.3 ............. —
Base-to-Emitter Voltage:
With collector-to-emitter volts = —2 and collector amperes
With collector-to-base volts =— —2 and eoliector amperes — —1.2
Emitter-to-Base Voltage (with collector-to-base volts = —80

and emitter current = 0) ............. . o0l
Emitter-Cutoff Current (with emitter-to-base volts
and collector current = 0)
Collector-Cutoff Current (with ‘collector-to-base volts
and emitter current = 0) ............ R

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency
(w:th) collector-to-base volts = —12 and collector amperes

In Common-Emitter Circuit
DC Forward Current-Transfer Ratio:

Wit.h collector-to-emitter volts — —2 and collector amperes
W:th “collector-to-emitter volts =— —2 and collector amperes
TRANSISTOR

Germanium p-n-p type used in
high-speed switching circuits in

2N'|384 electronic computers. JEDEC No.

TO-11 package; outline 10, Outlines
Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)
Collector-to-Emitter Voltage (with base open
Emitter-to-Base Voltage (with collector
Collector Current ....
Emitter Current ...
Transistor Dissipation:
At ambient temperatures up to 25°C ..
At ambient temperatures above 25°C
Ambient-Temperature Range:

Operating and storage ......
CHARACTERISTICS
Base-to-Emitter Vcltaﬁe (with collector ma = —200

and base ma: = =10) i i B e e e
Collector-Cutoff Current (with collector to-base volts = —3

and emitter current = 0) S AR A g S e SRR

Stored Base Charge (with collector ma = —10 and base ma = —1)

—T70 min volts
—40 min volts
—0.65 volt
—0.35 volt
—0.15 volt
-1 ma
—100 pa
100 ke
55
35
@e
E c
—30 max volts
—30 max volts
—1 max volt
—500 max ma
500 max ma
240 max mw
See curve page 80
—65 to 85 *C
—0.9 max volt
—8 max pa
800 max pecoul
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In Commeon-Emitter Circuit

Forward Current-Transfer Ratio

(with collector-to-emitter volts = —0.5 and collector ma .
Gain-Bandwidth Produet (with collector-to-emitter wvolts
= —3 and collector ma = —10) ......cvevririnrrnrrrernannnes . 20 min Mc

TRANSISTOR

Germanium p-n-p type used in

©) rf and if alglpliﬁer circuits; oscillator,
¢ mixer, and converter circuits; and

low-level video-amplifier circuits in 2N1 395

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. JEDEC No. TO-33 package; outline 13, QOutlines 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,

TYPICAL COLLECTOR CHARACTERISTICS

T - T T T T
TYPE 2N 1395 & 2N1396
COMMON -EMITTER CIRCUIT,BASE INPUT.
| AMBIENT TEMPERATURE=25°C

ﬁ -6
w
% B =50
= ’4 ———l—-—"“ |
pur ] — ]
E‘ -4 //""_' =40 I
s | T -
[} R —
s | LT
= [ \CROAMPERES =-20
g -2} BASE M feiry
N S
7 -10
(1] -2 -4 -6 -B -0 -2 -4 -6 -8 -20 =22 -24 =26
COLLECTOR-TO-EMITTER VOLTS 92CM-10398T
TRANSISTOR

Germanium p-n-p type used in
rf and if amplifier eircuits; oscillator,
mixer, and converter circuits; and
low-level video-amplifier circuits in 2N]396
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-
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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. JEDEC 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

Germanium p-n-p type used in

rf and if amplifier circuits; oscillator, 0

2N]397 mixer, and converter circuits; and

low-level video-amplifier c:.rcults 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. JEDEC 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-
2N-I 4]2 fier applications in industrial and
military equipment requiring tran-
sistors having high voltage, current,
and dissipation values. It is used in LLe

power-switching, voltage- and current-regulating, de-to-de 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. JEDEC 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:

MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter-to-base volts = —1.5) ., =100 max  wvolts

Emitter-to-Base Voltage (with collector open) ...............s —60 max volts
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage (with base short-

circuited to emitter and collector amperes = —0.3) ......... . —80 min volts
Emitter-to-Base Voltage (with collector-to- base volts = —B0

and emitter current = 0) . o rn i A . —1 max volt
Collector-to-Emitter ‘Reach Through Voltage ... .. ........... . ~—100 min volts
Collector-Cutoff Current (wlth collector-to-base volts —100

and emitter current = 0) ........civiviiisiiinniinir e —2 ma

See List of Discontinued Transistors at end of
2N1425 Technical Data Section for abbreviated data.
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See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data. 2N1426

See List 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
in industrial and military equipment. 2N] 479
1t is used in power switching, de-to-
de 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. JEDEC
No. TO-5 package; outline 6, Outlines Section. This type is identical with type
2N1482 except for the following:

MAXIMUM RATINGS

Collector-to-Base Voltage (w:r.h emitter open) ...ieivviiinnee v 60 max volts
Collector-to-Emitter Voltage
With emitter-to-base vo ts —e [ A o = g e e 4 60 max volts
With Dase ODBN . ...ivevrsiirinssrsnnsnssnarasivassssssassanan 40 max volts

CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage {with emitter-to-base

volts = 1.5 and collector ma = 0.25) .............cciviiiinnann 60 min volts
Callector-to-Em1tter Sustainin Voltag
{with collector ma = 50 base current = 0) ........cc00000 40 min volts

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio
(with collector-to-emitter volts = 4 and collector ma = 400) . 20 to 60
DC Collector-to-Emitter Saturation Resistance
(with collector ma = 200 and base ma = 20) ........ovvvvnnn Tmax ohms

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of medium-power
switching and amplifier applications
in industrial and military equipment. 2N1 480

E ¢ It is used in power switching, de-to-

de 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. JEDEC
No. TO-5 package; outline 6, Outlines Section. This type is identical with type
2N1482 except for the following items:

CHARACTERISTICS

Iin Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts — 4 and collector ma = 200) ... ......ovvieverrnnnnanns 20 to 60
DC Collector-to-Emitter Saturation istance
(with collector ma = 200 and base ma = 20)
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POWER TRANSISTOR

Silicon n-p-n type used in a 8
wide variety of medium-power
2N-I 48] switching and amplifier applications

in industrial and military equipment.

It is used in power switching, de-to- E c

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. JEDEC
No. TO-5 package; outline 6, Outlines Section. This type is identical with type
2N1482 except for the following items:

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ............... . 60 max volts
Collector-to-Emitter Voltage:

With emitter-to-base wvolts = 1.5 .. 60 max volts

With base open .............c....n 40max  volts
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage

(with emitter-to-base volts = 1.5 and collector ma = 0.25) .. 60 min volts
Collector-to-Emitter Sustaining Voltage

(with collector ma = 50 and base current = 0) .............. 40 min volts

POWER TRANSISTOR

Silicon n-p-n type used in a

wide wvariety of medium-power

2N-l 482 switching and amplifier applications

in industrial and military equipment.

1t is used in power switching, de-to-

de 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. JEDEC
No. TO-5 package; outline 6, Outlines Section,

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ................ 100 max volts
Cellector-to-Emitter Voltage:

With emitter-to-base volts = 1.5 ... ... .. i iiiiiiiiinnes 100 max volts

With base OPEIL .. ... ... ittt iiiieeateinnessnsrannrsnns 55max  volts
Emitter-to-Base Voltage (with collector open) ................ 12 max volts
Collector Current 1.5 maxamperes
Emitter Current . —1.75 maxamperes
BPABE CHIRTOIIE. oo oo s im0 W om0 W MO 1 max ampere

Transistor Dissipation:
At case temperatures up to 25°C ..
At case temperatures above 25°C ..
Temperature Range:

5 max watts
See curve page 80

Operating (junction) and Storage —65 to 200 °C
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage (with emitter-to-base

volts = 1.5 and collector ma = 0.25) ........cecniieenannciones 100 min volts
Collector-to-Emitter Sustaining Voltage

(with collector ma = 50 and base current = 0) ... ........., 55 min volts
Base-to-Emitter Voltage (with collector-to-emitter volts = 4

and collector ma = 200 e . e xn g AT 3 max volts
Collector-Cutoff Current (with collector-to-base volts = 30

and emitter current = 0) ..... ... ... iiiiiiiiieiiiiiiaiana 10 max pa
Emitter-Cutoff Current (with emitter-to-base wvolts = 12

and collector current = 0) .....cceivrensnncrsnrrntaniciacnaes 10 max ua
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Thermal Resistance:
JUNetion-t0=Case .......c.eeescvsvacssannssssnssasns P I
Junction-to-ambient ..............

Thermal Time Constant

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Fre uency
{with collector-to-base volts = 28 and collector ma =

Collector-to-Base Capacitance (with collector-to-base volts = 40
and emitter current = 0) .......

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
voits = 4 and collector ma = 400} .........coisuianerainss i

Small- S1gnal Forward Current-Transfer Ratio (Wlth “collecto
emitter volts = 4 and collector ma = 5) .

DC Collector-to-Emitter Saturation Resistance
(with collector ma = 200 and base ma = 10) ........

TYPICAL BASE MILLIAMPERES
TYPE 2NI482 o

|_ COMMON=-EMITTER CIRCUIT,BASE INPUT]
COLLECTOR-TO=-EMITTER VOLTS = 4

sessasss

215

35 max °C/watt
200 max °C/watt
10 msec

15 Mec

150 pf
35 to 100
30

Tmax ohms

o >
W, | _CURVE | CASE TEMPERATURE—C
550 25 RagTIc
% — —-G5
540— —_—— 200 3
2 [ | |z
- -
F30 | —I — Vee
gzc p’ 4 O_J_ -l|+ _Ill';_
o 7 = 92CS-10427R2
L i Ve = 8.5 volts
— /J Veo = 12 volts
] 0.5 1 1.5 2 gi = g(om ohﬁxnﬁ. llwatttt
BASE-TO- EMITTER VOLTS 2 = [+] S, wal
92C5-10438TH R: = 59 ohms, 2 watts

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT ABOVE

DC Collector Supply Voltage Vcc) ..... o
DC Base Supply %oltage %i s
Generator Resistance .

Turn-Off DC Base Current (IB2) ....cvcvvessisnssssnsescrsananss
Switching Time:
Delay time (ta) ...
Rise time (tr) .
Storage time (ta)
Fall time (tg) ..

TYPICAL COLLECTOR CHARACTERISTICS

12 volts
—8.5 volts
50 ohms
200 ma
20 ma
—8.5 ma
0.2 psec

1 unsec

0.6 usec

1 usec

! 1 — T T T T T T 1
50 TYPE ZNl482
e COMMON—EMITTER CIRCUIT, BASE INPUT —|
CASE TEMPERATURE®= 25°C
08
z 1]
o M
u |
£os T 2“1 J] ]
: BASE MILLIAMPERES =15
! S =15
g |
@ 04 ©
& o t g o]
g ]
— s
o
aarr —F 2
=ta ! = |
. i 1 — P I i
| | | [+]
0 0 20 30 70

40
COLLECTOR-TO-EMITTER VOLTS

80
92CM-10453T
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POWER TRANSISTOR

Silicon n-p-n type used in a

wide variety of intermediate-power

2N-I 483 switching and amplifier applications

in industrial and military equipment.

It is used in power switching, de-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. JEDEC

No. TO-8 package; outline 8, Outlines Secton, This type is identical with type
2N1486 except for the following:

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .........covva0e . 60 max volts
Collector-to-Emitter Voltage:
With emitter-to-base volts = 1.5
With base open

60 max volts
40 max volts

CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage (with emitter-to-base

volts = 1.5 and collector ma = 0.25) .................ccccnien 60 min volts
Collector-to-Emitter Sustaining Voltage (with collector

ma = 100 and base current = 0) ......ccvcvuusvrarssnsnesrsned ; 40 min volts

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 4 and collector ma = 750) i 20 to 60
DC Collector-to-Emitter Saturation Resistance (with collector

ma = 750 and base ma = T5) ..veesrrvevesncssranrsassscarsas 2.67 max ohms
POWER TRANSISTOR
Silicon n-p-n type used in a .

wide variety of intermediate-power
2N-l 48 4 switching and amplifier applications

in industrial and military equipment.

It is used in power switching, de-to- ¢

de 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. JEDEC
No. TO-8 package; outline 8, Outlines Section. This type is identical with type
2N1486 except for the following:

CHARACTERISTICS

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to- emitter
volts = 4 and collector ma = 750) . ....... ........ 3 20 to 60
DC Collector-to-Emitter Saturation Resistance (with collector
ma = 750 and base ma = T5) .....cvivvevrenensottascnisnsiasns 2.67max ohms
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POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of intermediate-power
switching and amplifier applications
in industrial and rr?ilitar',r equipment, 2N1 485
It is used in power switching, de-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. JEDEC
No. TO-8 package; outline 8, Outlines Section. This type is identical with type
2N1486 except for the following:

MAXIMUM RATINGS

Collector-to-Base Vo]’ca%e {w;th emitter open) ...... R e 60 max volts
Collector-to-Emitter V
With emitter-to-base vo Ls =1 5 T Ay . 60 max  volts
With base open ............... EE SR H s R e 0 S 40 max  volts

CHARACTERISTICS

Collector-to-Emitter Breakdown Voitage (with emitter-to-base

volts = 1.5 and collector ma = 0.25) .................. el 60 min volts
Collector-to-Emitter Sustamlng Voltage (with collector .
ma = 100 and base current = 0) ..... WA ae o T — 40 min volts

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of intermediate-power
switching and amplifier applications
in indusg'ial and nl:ilitary é)quipment. 2N1 486
It is used in power switching, de-to-
de 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, JEDEC
No. TO-8 package; outline 8, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (Wl.th emitter open) ........ PR T 100 max volts
Collector-to-Emitter Vo]talg
With emitter-to-base volts = 1.5 ................. v e 100 max volts

With base open .............ooovviinnenneess 3 55 max volts
Emitter-to-Base Voltage (w1th collector open) 12 max volts
Collector Current . 3 maxamperes
Emitter Current —3.5 maxamperes
Base Current e 1.5 maxamperes
Transistor Dissipation

At case temperatures up to 25°C . 25 max  watts

At case temperatures above 25°C .... ! See curve page 80
Temperature Range:

Operating (junction) and storage ............ o . —65 to 200 o

CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage (with emitter-to-base
wolts = Lb and éollector ma ‘= 028) ol i c b imaiiig 100 min volts
Collector-to-Emitter Sustaining Voltage (with collector

ma = 100 and base curtent = 0) ........c00iiiiirieiiiaiiiian i 55 min volts
Base-to-Emitter Voltage (wi.th collector-to-emitter volts = 4

and: collechor mia = TH0Y: T S G S 3.5 max volts
Collector-Cutoff Current (with collector-to-base volt.s =30

and emitter current = 0) ..... Ve 15 max pa

Emitter-Cutoff Current (with emitter-to-base volts — 12 and
collector iourrent = 0} i e nesaass s baasans S AN i 15 max pa



218 RCA Transistor Manual

Thermal Resistance:
Junction-to-case ......
Junetion-to-ambient

Thermal Time Constant

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Fre%uency

7 max °C/watt
lgg max "C/watt

msec

(with collector-to-base volts = 28 and collector ma = 1.25 Me
Collector-to-Base Capacitance (with collector-to-base
volts = 40 and emitter current = 0) ......... ... iiiiiins 175 pf
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volta'= & and collector ma = BO0Y i i o vaim s yan s 35 to 100
Collector-to-Emitter Saturation Resistance (with collector
ma =750 and base ma = 40) .......coevevrsesrees R s . 1 max ohm
TYPICAL BhSE GH#RACTERIST!CS
TYPE 2NI4B6
COMMON - EMITTER CIRCUIT, BASE INPUT. - Q_JI3
COLLECTOR~-TO- EMITTER VOLTS=4 IB,
2 cun\rE CASE "‘EMP -c 2
«
uw BO h R by e
g &5 2 I Ra TIC
= 200 / / B2 q
g™ 1 A
=
§ 50\ | Vea Vee
| [o} ] | il
) 1 . |
//? i B e i
20 77 ! [ = 92C5-10427R2
l _,\/ /| I Vis = 85 volts
° 0. 1 15 2 25 3 Ecc = ég "glm 1 it
-T0- 1 = ohms, wa
BASE-TO-EMITTER VOLTS He = 930 ohins -1 waft
R: = 15.9 ohms, 2 watts
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT ABOVE
DC Collector Supply Volta e Vcc] ................... T 12 volts
DC Base Supply oltage ( R AN A —8.5 volts
Generator Resistance . ..... . ...........00... PR LN S SRR T 50 ohms
On DC Collector Current (JTe) ......cvvvccececessssissnaronns 750 ma
Turn-On DC Base Current Elm) ............................. . 65 ma
Turn-Off DC Base Current (Iez) ...........coevvennes ma
Swnt::hm,%l Time:
Dela me (td] 0.2 nsec
Rise t1me (tr) 1 psec
Storage time (ts) 0.8 psec
Fall time (tt) 11 psec
TYPICM. COLLECTOR CHARACTERISTICS
TYPE 2N1486
| COMMON—EMITTER CIRCUIT, BASE INPUT.
T CASE TEMPENTUREl =25°C
2 80
10
2 50
& 50
a s -
= 40
g l 30
=
g ——+—= [ | |
= | BASE MILLIAMPERES*20 d
8 i ] el | /
' 0 }
05 '}/// /
T |t A
] ! /
— t 0
Q 1] 20 30 40 70 80

50 60
COLLECTOR-TO-EMITTER VOLTS

S2CM-10445T)
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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 in-
dustrial and military equipment. It 2N]487
is used in power switching, de-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 JEDEC No. TO-3; outline 23, Outlines Section. This type is identical with
type 2N1490 except for the following:

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ........cvcvvenns 60 max volts
Collector-to-Emitter Voltage

With emitter-to-base volts = 1.5 .......oiiiiiiiienniiniannn 60 max volts

WHED DASE (OPBIL . s s s in i o msbinare s inain s ao s s aws oia's aikadie o n/a sina 40 max volts
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage (with emitter-to-base

volts = 1.5 and collector ma = 0.5) ...................... . 60 min volts
Collector-to-Emitter Sustaining Voltage (with collector ma = 100

and bage current == 0) ... . iuvieivavnrarrivesisrassaasssasasas 40 min volts

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 4 and collector amperes = 1.52 ..................... 15 to 45
DC Collector-to-Emitter Saturation Resistance (with collector
amperes = 15 and base ma = 300) .......c.cirrinirrannrranes 2max ohms

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of high-power switch-
ing and amplifier applications in in-
dustrial and military equipment. It 2N]488
€ B is used in power switching, de-to-de
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 JEDEC No. TO-3; outline 23, Outlines Section. This type is identical with
type 2N1490 except for the following:

CHARACTERISTICS

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 4 and collector amperes = 1.5) . ... ................. 15 to 45
DC Collector-to- Emitter Saturation Resistance (with collector

amperes — 1.5 and base ma = 300)
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POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of high-power switch- L3
2N'I 489 ing and amplifier applications in in-
dustrial and military equipment. It
is used in power switching, de-to-de £ B
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 JEDEC No. TO-3; outline 23, Outlines Section. This type is identical with
type 2N1490 except for the following:

MAXIMUM RATINGS

Collector-to-Base Voltaﬁe (with emifter OpEN) ...ccverserrenanes 60 max  volts
Collector-to-Emitter V

With emitter-to-base vol LS e s 60 max volts

With DASE OPEIY | uisuiiniissa s miberatrss s prsssysdrissorasins 40 max volts
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage (with emitter-to-base )

volts = 1.5 and collector ma = 0.5) ...........c.oveieerenresss 60 min volts
Collector-to-Emitter Sustaining Voltage (with collector ma = 100

and base current = D) ......cciiiiiisraattatiaarsariaiiiiaanan 40 min volts

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of high-power switch- e
2N-I 490 ing and amplifier applications in in-
dustrial and military equipment. It
is used in power switching, de-to-de
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 JEDEC No. TO-3; outline 23, Outlines Section.
MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)

Collector-to-Emitter Voltage:
With emitter-to-base volts = 1.5
With base open

................ 100 max  volts

.............................. 100 max volts
............................................ 55 max volts

Emitter-to-Base Voltage (with collector open) ................. 10 max volts
Collector CUTTENT ........0viiuinrsncassnrsannsiosasrssanssssnann 6 maxamperes
Emitter Cumyent e s e e e e e e e —8 maxamperes
BRSe CUTTONE . . oo nmo i s g s s n s s s s ey s s ma e o snmesn 3 maxamperes
Transistor Dissipation:

At mounting-flange temperatures up to 25°C .................. 75 max watts

At mounting-flange temperatures above 25°C ................. See curve page 80
Temperature Range:

Operating (junction) and storage .......... i00ceviininiinnes —65 to 200 ]
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage (with emitter-to-base .

wolts = 1.5 and eollector ma = O05) ., . c.ieiosininaesrvaniian 100 min volts
Collector-to-Emitter Sustaining Voltage (with collector ma = 100

and bage eurtent = ) o0 s i dn e e e E b A e e 55 min volts
Base-to-Emitter Valta“e (with collector-to-emitter \'olts = 4

and collector amperes = 1.5) 3.5 max  volis
Collector-Cutoff Current (with collector-to-base volts = 30

and emitter eurrent = 0) 25 max pa
Emitter-Cutoff Current (with emitter-to-base volts =

collector current = D) ..........ciiiiinrnivuranieastnrannnsnnns 25 max pa
Thermal Resistance: '

Junction-to-mounting-flange ...........cci0ciiiiiiiiiiiiiiians 2.33 max *C/watt
Thermal Time Constant (... .ciiieessisasaihssinasvorsdaivesne 12 msec
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In Common-Base Circuif

Small-Signal Forward-Current-Transfer-Ratio Cutoff Freqouency
(with collector-to-base volts = 12 and collector ma =_100) ..

Collector-to-Base Capacitance (with collector-to-base volts = 40
and emitter current = 0)

In Common-Emitter Circuif

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 4 and collector amperes = 1.5) ............... i
Collector-to-Emitter Saturation Resistance (w1th collector
amperes = 1.5 and base ma = 300)

ssssssssssasresisasansnnel

TYPICAL BASE CHARACTERISTICS

221

1 Me
pf

25t0 75

0.67 max

ohm

300; o
[ i TP 2Mia90
1 [y COMMON-EMITTER
250 CIRCUIT, BASE INPUT.
/[ coLLecToR-To-EMITTER
b4 1| " vouts=a |
w200 1 MOUNTING-
= h T FLANGE
glso N CURVE | TEMP. —°C
g [T ——[ =
: fl===| 8
o 100 T 1
: 4/ o —
fi [
50 Al ul +
A -
4 1
P AR A7) Vee = 8.5 volts
[+] 05 l 1. Veo = 12 volts
B-RSE-TO-EMITTER VOLTS R = 50 ohms, 1 watt
9205-10451T3 R: = 30 ohms, 1 watt
Rs = 7.8 ohms, 2 watts

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT ABOVE

i

92Cs-10427R2

DC Collector Sup ly Volta% VEO) vevvnvinnnn 12 volis
DC Base Suppl:,lr ultage ( SR R SR e R eSS A A & —8.5 volts
Generator Resistance .............. T 50 ohms
On DC Collector Current (Ic) ...... R e T W R e R e 1.5 ma
Turn-On DC Base Current El‘m) T o 300 ma
Turn-Off DC Base Current (IBz) .....ccvavivensasassrnnsnrarse —150 ma
Switching Time:
Delay time (ta) ....... S e PR IR SRRy QX T b 0.2 usee
Rise time (tr) ...... R A h N A e ErpEe 1 usec
Storage time (ta) ..ccvrecivverisesssnrsussinsusssrasssnssnns ¢ 1 psec
F EEE - CEEY, o aianinnio wn e wn o wma e a8 i e Ak e e . 12 psec
TYPICAL COLLECTOR CHARACTERISTICS
T T 1 1 T T T T T T
TYPE 2N1490 | ] ‘
- COMMON-EMITTER CIRCUIT, BASE INPUT. t + :
MOUNTING- FLANGE TEMPERATURE=25°C r _l
al- _1._2_2_5_t_I____; ! | 2o )
s | |
Ex = | _JJ 7 | .—--l——l =t
i 150 |
%3 ] T 125 | —_ ]| T -
8, J BASE MILLIAMPERES=75
g || 1
-l
8 50
© s e —— T
| — \2 T 7
I [
S N— i - 1 ) _J :
o
= = e — o | i
o 1+} 20 30 40 50 60 70 BO

COLLECTOR-TO-EMITTER VOLTS

2CM-104TTT
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TRANSISTOR

Silicon n-p-n type used in a

wide variety of high-frequency and

2N'I 49] 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. JEDEC No. T0-39 package; outline 32, Outlines Section. This
type is identical with type 2N1493 except for the following items:

MAXIiMUM RATINGS

Collector-to-Base Volta%e (with emitter open) ................
Collector-to-Emitter Voltage (with emitter-to-base Volts 05]
Emitter-to-Base Voltage (with collector open) ..

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) ........ciiiiiiiiiiiiiiaiiiassrsenns

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Fre uency
(with collector-to-base volts = 30 and collector ma = 1

In Common-Emitter Circuit

Power Gain at 70 Mc (with collector-to-base volts = 20,
emitter ma = —15, and power output = 10 mMW) .......c00uss a

TRANSISTOR

Silicon n-p-n type used in a
wide variety of high-frequency and

2N] 492 vhf applications in industrial and
military equipment. It is used in
large-signal power-amplifier, video-

amplifier, oscillator, and mixer cir-

30 max
30 max
1 max

30 min

250

15

volts
volts
volt

volts

db

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. JEDEC No. TO-39 package; outline 32, Outlines Section, This
type is identical with type 21493 except for the following items:

MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open) ................

Collector-to-Emitter Voltage (with emitter-to-base volts = 0.5)
Emitter-to-Base Voltage (with collector open) ................

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) ... iveceiinaraiasaisanisasissvrns

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Freguency
(with collector-to-base volts = 30 and collector ma =

In Common-Emitter Circuit

Power Gain at 70 Mc (with collector-to-base volts = 30,
emitter ma = —15, and power output = 100 mw) ........ e

60 max
60 max
2max

275

15

volts

db
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TRANSISTOR

Silicon n-p-n type used in a
wide variety of high-frequency and
vhf applications in industrial and
E [ militarpy equipment, It is used in 2N1 493
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. JEDEC No. TO-39 package; outline 32, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Volta%e (with emitter open) ................. 100 max  volts
Collector-to-Emitter Voltage (with emitter-to-base volts = 0. 5} 100 max volts
Emitter-to-Base Voltage (with collector open) ............... 4.5 max volts
Collector Current ............... R D g R e 50 max ma
Emitter Current .........c00vvvvernnnnnnnans —50 max ma
Transistor Diﬁipaﬁon-

At case temperatures up to 25°C ...... e s e g = Jmax watts

At ambient tem{mratures up to T3] o R SR iz 0.5 max watt

At case or ambient temperatures above 25°C ........... - See curve page 80
Temperature Range: N
. Operating (junction) and storage ........cvvvveverennnnnnnns . —65to 175 C
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = 0.1

and emitter current = 0) . ... .. v iiarisrnqisrriirsasinass o 100 min volts
Emitter-Cutoff Current (with emitfer-to-base volts = 0.5

and collector current == D) ..o v esasaes s i s iy 100 max pa
Collector-Cutoff Current (with collector-to-base volts = 12

and emitter current = 0) ..... Ve A PR PR e AP aen 10 max pa
Thermal Resistance:

Junction-to-case ...... P o PPVt PR 50 max °C/watt

In Common-Base Circuit

Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequenc,\r

(with collector-to-base volts = 30 and collector ma = 15) 300 Mc
Collector-to-Base-and-Stem Capacltance (with collector-to-base
volts = 30 and emitter current = 0} ............cccvvinen ——— 5 max pt

In Common-Emitter Circuit

Small-Signal Forward Current-Transfer Ratio:
With collector-to-emitter volts = 20, collector ma = 15,
and frequency = 1 kilocyele .........ooiivviiiinnnnnns 50
With co]Iector-to-emitteiiw\rolts = 30, collector ma = 15,

and frequency = 100 MC .....ccvicvraninnvmnscenisssnsses 18
Power Gain at 70 Me:

With collector-to-base volts = 20, emitter ma = —15,

and power output = 10 mw ... ............cviirinian e 16 db
With collector-to-base volts '30, emitter ma = —15,

and power output = 100 mw .......... ... ... ieeiiraann ‘e 16 db
With collector-to-base volts — 50, emitter ma = —25,

and power output = 500 mw ..... 12 db

TYPICAL TH&NSFER CH»\RACTERISTIG

"85 TYPICAL TRANSFER CHARACTERISTIC

TYPE 2N1493 TYPE2NI493
60| COMMON-EMITTER CIRCUIT, BASE INPUT. COMMON~-EMITTER CIRCUIT,
) 60/ COLLECTOR-TO-EMITTER VOLTS=30 | ] sol BASE INPUT. i B
& | AMBIENT TEMPERATURE =25°C / fE" COLLECTOR-TO-EMITTER
o OLTS =30
= [ [ S 40[-AMBIENT TEMPERATURE —
340 = =25°C
2] / = || |
80l | i g __
w20 f g 20| 4 “I
-} -
3 ‘ | é / _‘
| l 10 i 1 =
- l | V
0 02 0.4 06 0.8 -

BASE-TO-EMITTER VOLTS @ 02 04 08 Q8 IO k2
92¢5-10%08T BASE MILLIAMPERES  sacs-iosiaT
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TYPICJ\L COLLECTG‘! CHARACTERISTICS

i
TYPE 2N{493
COMMON-EMITTER CIRCUIT, BASE INPUT.
[~ AMBIENT TEMPERATURE = 25'C -

|
l 1{'5:'5-6-5]:"‘“2"

‘ phst MLLIEY
-—._—.__,-F.-'- X
]

(L — o0
K""""'——_—_‘ _——_‘]—_ 056

o
o

COLLECTOR MILLIAMPERES
S
(=]

20 04
0.2
o 0 20 30 40 50 60
COLLECTOR=TO=EMITTER VOLTS £2CM-10307T

POWER TRANSISTOR

Silicon n-p-n type used in a 2E

wide variety of high-power switch-

2N-I 5] -I ing and amplifier applications in in-

dustrial and military equipment. It

is used in power switching, de-to-de

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.

JEDEC No. TO-36 package; outline 14, Outlines Section. This type is electrically
identical with type 2N1487.

8

POWER TRANSISTOR

Silicon n-p-n type used in a

wide variety of high-power switch-

2N-I s-l 2 ing and amplifier applications in in-

dustrial and military equipment. It

is used in power switching, de-to-de

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 serve 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.

JEDEC No. TO-36 package; outline 14, Outlines Section. This type is electrically
identical with type 2IN1488.
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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 in-

dfstrial and military equipment. It 2N]5]3

is used in power switching, de-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
JEDEC 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 in-
dustrial and military equipment. It 2N15]4
is used in power switching, de-to-de
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.
JEDEC No. TO-36 package; outline 14, Outlines Section. This type is electrically
identical with type 2N1490.

TRANSISTOR

@B _ Germanium p-n-p type used in
intermediate-frequency amplifier ap-
plications in battery-operated AM
portable radio receivers. JEDEC No. 2N] 524
E ¢ TO-1 package; outline 4, Outlines
Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ................ —24 max vol
Emitter-to-Base Voltage (with collector open) ................. —0.5 max voﬁ
Colleelor CUITent .ol ol icaiuiiiiiivia i vt s e i v iy —10 max ma
Emitter Current .......... ... ieiiiieienrareerannenennernenonns 10 max ma
Trgltﬂsistogi Disstlr_'ation :t B—
ambient temperatures up to 25°C ......ccicveinineniinenan 80 ma

At ambient temperature of 55°C ........c.ccinviiiniinnnninns 50 ma; $$

At ambient temperature of 7T1°C ... .cvirivrirnnnnnenarerennn 23 max mw
Ambient-Temperature Range:

Operating and StOTaEe .....vuveeterrrnnrsnnsssesessssannnnnnns —65 to 85 °C
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with emitter-to-base

volts = —0.5 and collector pa = —50) ... .. .................. —24 min volis
Collector-Cutoff Current (with collector-to-base volts = —12

and emitter current = 0) ... ... ... ... .. . .. .. ... . ... —16 max pa
Emitter-Cutoff Current (with emitter-to-base volts = —0.5

and collector current = 0) .........ccoiiiiiiniinrennnrrncennns —16 max ua

Thermal Resistance:

Junction-to-ambient . ....iiiieiieiiiiiiiitiiiiieiiarriianas - 04 “C/mw
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In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base wvolts

= —12, emitter current = 0, and frequency = 455 kilocycles) 3.6 max pf
Small-Signal Forward-Current-Transfer-Ratio Cutoff FrE uency
(with collector-to-base wolts = —12, collector ma = %
and frequency = 1 kilocyele) ..... L M a3 Mc
= TYPICAL TRANSFER CHARACTERISTIC
X 1 T
TYee 2NIS24
COLLECTOR-TO-EMITTER
§5‘ VOLTS= -6
Ll AMBIENT TEMPERATURE=25"C
o
4 —
E | [ ]
=3
(-4
2
SRR/
o
- |
[<]
- 11 A 1]
(4] 100 150 200 250
NEE—TWITTER MILLIVOLTS
9205-10679T
In Common-Emitter Circuit
Small-Signal Forward Current-Transfer Ratio (with collector-
to-emitter volts = —6, collector ma = 1, and frequency = 1
floeyele) o e N R S A e R e e e % 17 min
Power Gain (with collector-to-emitter volts = —5.7, emitter
ma = 1, and frequency = 1 kilocycle) .............. e S i 51 max db
TYPICAL OPERATION IN SINGLE-STAGE 455-KC AMPLIFIER CIRCUIT
DC Collector-Supply Voltage . .............c.... —6 =9 =12 volts
DC Collector-to- —8.5 —11 volts
Collector Current ................. —1 ~—1 ma
Input Resistance . ... 1350 1550 ohms
Quiput Resistance . = . 0.415 0.525 megohm
Collector-to-Base Capacitance ....... S - 21 2 £
Maximum Power Gain ....... b e 51 52.4 54.4 b
Useful Power Gain:
In neutralized cireuit ..... o s SR e e 33 33 db
In unneutralized eircuit ....... e — .29 30 302 db
TYPICAL OPERATION IN TWO-STAGE 455-KC AMPLIFIER CIRCUIT
DC Collector-Supply Voltage . —6 —6 —9 -9 —12 —12 volts
DC Collector-w-Emitte
VOIREE ... iooreovrnarsaes . . —8.5 —8.5 -11 —11 volts
Collector Current ... —1 —0.65 —1 —0.65 ma

Input Resistance
Qutput Resistance

. .3 .
Collector-to-Base Capacitance 2.2 2.2 2.1 2.1 2 2
ga:éiri&\.\}z‘n Paw&r_G ;IR 50.9 51.3 52.4 52.8 54 54.3
seful Power Gain:
In neutralized cireuit ...... 31.2 30 31.2 30 31.2 30
In unneutralized circuit ... 28.1 26.6 28.2 26.7 28.3 26.8

TRANSISTOR

Germanium p-n-p type used in
intermediate-frequency amplifier ap-

licati in b - ted AM
IN1525 Bt o bettery ot o (2 4])

TO-40 package; outline 15, Outlines G
Section, This type is electrically E'8
identical with type 2N1524.

1550
0.415 0.65 0.525 0.82 megohm
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TRANSISTOR

Germanium p-n-p type used in
converter (mixer-oscillator) appli-

radio receivers. In a common-emitter
circuit, this type is capable of pro-
viding a useful conversion power

221

cations in battery-operated portable 2N-| 526

gain of 345 db, JEDEC No. TO-1 package; outline 4, Outlines Section. This

‘type is identical with type 2N1524 except for the follomng items:
CHARACTERISTICS

In Common-Emitter Circuit

Small-Signal Forward Current-Transfer Ratio (with collector=
to-emitter volts = 5.7, emitter ma = 1, and frequency = 1

L T P STs e amae A 130 )
Power "Gain (with collector-to-emitter volis = — 5. emitter
ma = 0.65, and frequency = 1.5 Mc) .....i...cchiinrinnnnnnns 44,2

TYPICAL OPERATION'IN SELF EXCITED 1.5- MC CDNVERTER CIRCUIT

DC Collector-SupplY Vol —6 -3 —12
DC Collector-to-Emitter Vo —5 —8 —11
DC Collector Current ............. —0.65  —0.65 —0.65
Input Resistance ................. . 1850 1950 2150
Qutput Resistance ...............c0ooviviiniun.. 0.19 0.28 0.48
RMS Base-to-Emitter Oscillator-Injection Voltage 100 100 100
Conversion Power Gain:

Maximum available .............ciiiiiiiinian, . 442 46.1 48.9

Useful ....oxeearesnnes g L 34.2 345 358

TRANSISTOR

‘Germanium p-n-p type used in

volts
volts
ohms
megohm
mv

db

converter (mixer-oscillator) appli-
m cations - in battery operated AM 2N-| 527

010 ) portable radio receivers. This type
EB c is  electrically 1denhcal with' type
2N152B.

TRANSISTDR

Germamum n-—p-n type used in

. 2N404A. JEDEC No. - TO-5 paekage,
‘outline 6, 'Outlines Section.

',.mxmum RATINGS . T gy i
5 ~2N1605 2N16054.

dium- d itchi lica-
tions in data-processing equipment. IN1605 -

Th g le-
mests of the ponp trpes 2Ni0d nd 2N 605A

.Collector-to-Base Voltage (with emitter o en) 25 max 0 max
Collectnr-to 1tter Voltage (with base? ' e s
. emitter v P .24 max, 40.max. -
Emltter-td-BHSe Vcltage (with’ collector open) ST 12 miax 12 max
Collector Current .. 100 max P I, ms.x »

Emitter Current .
Transistor Dissipation:
y :&E am_guan% Eeempera:ures up to 32"(: ¥ Z
ambien mperatures above 25°C | ....... : ee curve page. 80
_._.=.a.mbxent Tempera?ure Range: : AR hoee 8
ratifig ‘and storage ' -65 dol00 . -—65t 1.00

—100 max P

e ey
3 Leag Temperature (for 10 se.cor}ds maanum) e 01 235 max | 235 ma.x

150 max 1200 a.x' :
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CHARACTERISTICS 3

2N1 2N1605A
Collector-to-Emitter Saturation Voltage: e

With collector ma = 12 and base ma — 04 .., 0.15 max 0.15 max volt
With collector ma = 24 and basema =1 .... 0.2 max 0.2 max volt
Base-to-Emitter Voltage
With collector ma = 12 and base ma = 04 ... 0.35 max 0.35 max volt
With collector ma = 24 and base ma =1 .,.. 0.4 max 0.4 max volt
Collector-Cutoff Current:
With collector-to-base volts = 12 and
emitter current = 0 ...........cc00vr0000 * S max —_ ua
With collector-to-base volts = 40
and emitter current = 0 .................. —_ 10 max ra
Total Stored Charfe (with collector-to-base
volts = 5.25, collector ma = 10, and base
ST R e e e e 1400 1400 max  pecowd
In Common-Base Circuit
2N1605 2N1605A

Collector-to-Base Capacitance (with collector-

to-base volts = 6 and collector current = 0) 20 max 20 max ot
Forward-Current-Transfer-Ratio Cutoff

Frequency (with collector-to-base wvolts

= 6 and emitter current = 1) .............. 4 min 4 min Mc

In Common-Emitter Circuit

Forward Current-Transfer Rati
With collector-to-emitter volt.s = 0.15 and

collector ma = 12 i 30 min 30 min

With collector- to-ngtter ‘volis

collector ma = 24 min 24 min
With collector-to-emitter volis .
collector ma = 20 ........covnnrvensnrsnnsas 40 min 40 min
TRANSISTOR
Silicon n-p-n type used in a oL

wide wvariety of small-signal and -

2N'| 61 3 medium-power applications in in- ’5
dustrial and military equipment. It O ©
can be used in rf service as an am- E '\ ¢
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. JEDEC No. TO-5 pack-
age; outline 6, Outlines Section. For curve of typical transfer characteristics,
refer to type 2N2102.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ............... - 75 max volts
Collector-to- Em:tter Vol tage (with e rnai base-to-emitter
resistance = 10 ohms or 1€88) . .............c.ociiraiiiarenan

Emitter-to-Base Voltage (wil.h collector open)
Collector Current ........c.ccevevsersrnrsosronsssssonsorersnnes
Transistor Dissipation:

At case temperatures up to 25°C

At ambient temperatures up to 25°C ... ...

At case or ambient temperatures above 25°C .
Temperature Range:

gtgeratjng (JuncHON) ..ciiieasenisissriserysss s ara sy

CHARACTERISTICS
Collector-to-Base Breakdown l‘lﬁe
emitter current

m[wlth tc‘:}ollectoeraak_d 0.1 and o on = ¢ AR i 75 min volts
tte: Base Bre own Vo
e t{m emitter ma = 0.25 and col ect.or current = 0) ,......... T min volts

Co tor-to-Emitter “Reach-Through Voltage
(with emitter-to-base volls = and collector ma = 0.1} ..., 75 min volts
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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 collector ma = 150 and base ma = 15) ............ .
Co ector-to-Emitter Saturaticn Voltage
with collector ma = 150 and base ma = 15) .............. .o
Collector-Cutoff Current (with collector-to-base voits = 60
and emitter current = 0) ... ... ... iiiiiiiiiiiiiiias
Emitter-Cutoff Current (with "emitter-to- base volts = 5
and collector current = 0) ...........c0u0e
Thermal Resistance:
Junction-to-case . T R R e R el T e e W M
Junction to ambient ...... G Oy 71 1

In Common-Base Circuit

Input Resistance at 1 kilocycle:
ith collector-to-base volts = 5 and collector ma =1 .....

With collector-to-base volts = 10 and co]lector ma B vadsa
Input Capacitance (with emitter-to-base volts = 0.5

and collector current — 0) ................0.00.0 Py R
Output Capacitance (with collector-to-base volts = 10

and emitter current = 0) ...........ceiininiiiisriatananans e

OQutput Conductance at 1 kilw:ycle'

With collector-to-base volts = 5 and collector ma = 1 ......

With collector-to-base volts = 10 and collector ma = 5 ......

Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio at
1 kilocycle:
With collector-to-base volts = § and collector ma =
With collector-to-base volts = 10 and collector ma = 5 ......

In Common-Emitter Circuif
DC-Pulse Forward Current-Transfer Ratio:*

With collector-to-emitter volts = 10 and collector ma = 150 .,
With collector-to-emitter volts — 10 and collector ma = 500 ..
DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = 10 and collector ma = 0.1 ..
With collector-to-emitter volts = 10 and collector ma = 10 .,
Small-Sig'nal Forward Current-Transfer Ratio:
With collector-to-emitter volts = 5, collector ma = 1,
and frequency = 1 kilocycle ..................cc0nuen SRR
With collector-fo-emitter volts = 10, collector ma = 5,
and frequency — 1 kilocyele .................c.o00o..
Wlth collector-to-emitter volts = 10, collector ma = 50,
d frequenc R 1 e M R DR g %

Noise Figure (wit collector-to-emiiter volts = 10, collector ma

= 0.3, generator resistance = 1000 ohms, circult bandwidth
15 kilocycles, and signal frequency = 1 kiloeycle) ........
'I‘uf.al Switchmg Timet (delay time plus rise time plus fall time)

¢ Pulse duration = 300 psec; duty factor = 0.018.

229
50 min volts
1.3 max volts
1.5max volis
0.01 max ra
0.01 max pa
58.3 max °C/watt
219 max °C/watt
24to 34 ohms
4to8 ohms
BO max pt
25 max pf
0.1t0 0.5 pmho
0ltol umho
0.0003 max
0.0003 max
40 to 120
20 min
35 min
30 to 100
35 to 150
3 min
12 max db
30 max nsec

+ Refer to type 2N2102 for Total-Switching-Time Measurement Circuil.

TYPICAL COLLECTOR CHARACTERISTICS

TYPE 2NI6I3 e crch
COMMON-EMITTER CIRCUIT, BASE INPUT.
- AMBIENT TEMPERATURE =25°C —

|
L1

E’"’" /[ |
| — w' \
— -'_{/ ) \
BﬂSE MICROAMPERES =0

[+] 20 30 40 50 80 TO
COLLECTUR‘TO EMITTER VOLTS
S2C5-TeT

=]

4

L]

B

COLLECTOR MILLIAMPERES

l

\\\\A
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TYPIC&L COLLECTOR CHARACTERISTICS
- T ; T

]
TYPE ENIEI3
COMMON-EMITTER CIRCUIT, B»QSE INPUT.
|~ AMBIENT TEMPERATURE = 25°

e . [ [
W -
&
o
= 2% 8 AL \2 0
Z s00 12t e | ]
- | ——
faed, 1 ___,..-—ﬁ.__--"'"_____..—-—-—'-'_____ 8
2 =400 / "] —t | [ | .y -]
* 7 i ——
=1 / = —— 4
5300 =1 =
3 T
@ 200 4// —| 2
o 7 -  ——
/-—'—_____...-—— ; !
loo I
3 . BASE MILLIAMPERES=0
(] 2 4 & B 10 i2
COLLECTOR-TO-EMITTER VOLTS g2CM=-11IBIT

TRANSISTOR

Gem‘lamum p-n-p type used in

. ... radio-frequency amplifier applica-
2NI63] tions in battery-operated AM port-
able radio receivers. In an unneu-

: tralized rf amplifier circuit, this type

can provide a power gain of 25.6 db

at 1.5 megacycles. JEDEC No. TO-40 package; outline 15, Outlines Section.

MAXIMUM RATINGS .o O

Collector-to-Base Voltage (with. emitter open) - —34 max volts
Emitter-to-Base Voltage { ith_collector open) F —0.5 max volt
Collector Current ........ ... ....... S L e N v —10 max ma

Emitter Current . 10 max ma
Transistor Dissipation:

At ambient temperatures up to 25°C 80 max mw

At ambient temperature of 55°C ........ 50 max mw

At ambient tem?erature of T1°C ....... e iy 35 max mw
Amhlent Temperatdre ‘Range: - . ’ 3 rala i . .

0 erating .............. B e LA o g i e e e e 1 —65 to 71 g

Tage ........ R G e D e T 3 T *c

CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector pa = —50

and emitter current = 0 .:.. i uociimahidinermne s —34 min volts
Collector-Cutoff Current . (with collector-to-base volts = —12

and emitter current = 0) ........ T NG —16 max ua
Emitter-Cutoff Current (with emitter-to-base volts = —0.5

and collector current = 0) ......ccccveivivriiniiiierrirsnnes i —16 max ua
Thermal Resistance:

Junction-to-ambient ...........: D R T e 0.4 max °C/mw

In Common-Base Circuit

Small-8ignal Forward Current-Transfer Ratio (with collector-

to-base volts = —12, collector ma = —1, and freguency

= 1 kiloc cle} T e e e A T Y e B SR AR A 0.987
Small-Signal Forward- Current-Transfer-Ratio Cutoff Frequency

(with collector-to-base volts = —12 and collector ma = —1) .. 45 Me

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —12, collector ma = —1, and frequency = 1 kilocycle) 80
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TYPICAL TRANSFER CHARACTERISTIC

-4

| )
TYPE 2NI63I
COLLECTOR-TO-EMITTER

o

[ VOLTS=-9
AMBIENT TEMPERATURE=25"C

| |

5

| |

| /

COLLECTOR MILLIAMPERES
n w

/
L

] 50 100 150 200 250
BASE-TO-EMITTER HILI.JVDL;I’S

2C5-10678T

TYPICAL OPERATION

DC Collector-Supply Voltage ...............ounen —6
DC Collector-to-Emitter Voltage e —5.7
DC Collector Current .......... ie —1
Signal Frequency ................x - 1.5
Input Resistance (with ac output circuit shorted} e 520
Qutput Resistance (with ac input circuit shorted 0.065
Extrinsic Transconductance ...................... 36000
Collector-to-Base Capacitance ...........covvuvnen 2.2
Maximum Power Galn ........civvvasneerrsssssnns 40.4
Useful Power Gain:

In unneutralized circult .......ccvvneninnnrininn 25.3

TRANSISTOR
B

Germanium p-n-p type used in
radio-frequency amplifier applica-
tions in battery-operated AM port-
able radio receivers. In an unneu-

E 4

tralized rf amplifier circuit, this type

can provide a power gain of 25.6 db
at 1.5 megacycles. JEDEC No. TO-1 package; outline 4, Outlines Section. This

type is electrically identical with type 2N1631.
See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.
See List of Discontinued Transistors at end

Technical Data Section for abbreviated data.

See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.

See List of Discontinued Transistors at end
Technical Data Section for abbreviated data.

of

of

of

of

231
=12 volts
—11 volts

—1 ma
1.5 Mc
1000 ohms
0.18 megohm
36000 0s
2 f

47.7 b
256 db

2N1632

2N1633

2N1634

2N1635

2N1636
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Germanium p-n-p type used in
radio-frequency amplifier applica-

2N-I 637 tions in AM automobile radio re-
ceivers. In an unneutralized circuit,
this type is capable of providing a

useful power gain of 256 db at 1
megacycle. JEDEC No. TO-1 package; outline 4, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .
Emitter-to-Base Voltage (with collector open)
Collector Current
Emitter Curpent ... .ol i ity e eanta seae b
Transistor Dissipation:

At ambient temperatures up to 25°C ...... ;

At ambient temperature of 55°C

At ambient temperature of T1°C
Ambient- Temperature Range'

Operating .. e n e R e e e e e et e e -
Storage ............
CHARACTERISTICS
Collector-to-Base Breakdown Voltage
(]with collector pa = —50 and emitter current = 0) ..... ... =
Collector-Cutoff Current (with collector-to-base volts = —12
and emitter current == 0) ........ 00000000l i
Emitter-Cutoff Current (wlth ‘emitter-to-base volts = —1.5

and collector current = 0)
Thermal Resistance:
Junction-to-ambient ...........cciiiiiiiiiiiiiiiiaan .

In Common-Base Circuit

Small-Signal Forward Current-Transfer Ratio (with collector-to-

base volts = —12, collector ma = —1, and frequency
=1 k:]oc*de) i
Small-Sign. Forward-Current-Transfer-Ratio Cutoff Frequency
Swlth collector-to-base volts = —12 and collector ma = —1) ..
Collector-to-Base Capacitanee ... ...............ccoiiiiiinninans .

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with c-ollectoruto-emltter

volts = —12 and collector ma = —1) ................

TYPICAL TRI\NSFEF\‘ CHARACTERISTJC

&
-]

I,
TYPE 2NIE3T
COLLECTOR-TO-EMITTER
5 voLTs=-i2
AMBIENT T'Ewsrwm'e 25‘0

B

|

|

COLLECTOR MILLIAMPERES
n w

1

[¢] 50 100 150 200 250

BASE-TO-EMITTER MILLIVOLTS

9205~ 1053671

TYPICAL OPERATION

DC Collector-to-Emitter Voltage ......

15'ch 501]1?ector Ourrent iy e s i e
POOBIET i v v s s s e b e

Jn%?n Resmqtancgy(wzth ac output circuit shorted) .

Output Resistance (with ac input circuit shorted) ...

Maximum Power Gain ..............cc0000000

Maximum Useful Power Gal
In unneutralized circuit

@n

E

—34 max
~—1.5 max
—10 max

10 max

80 max
50 max
35 max

—65 to 71
—65 to 85

—34 min
—5max

—15 max

o

volts
volts
ma
ma

mw
mw
mw

"C
*C

volts
ua
pa

0.4 max °C/mw

0.987
45
2

-11.2

1000
0.18
47.7

25.6

Me
pf
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TRANSISTOR

Germanium p-n-p type used in
262.5-kilocycle or 455-kilocycle in-
termediate-frequency amplifier ap-
plications in AM automobile radio 2N]638
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. JEDEC No. TO-1 package;

outline 4, Outlines Section. This type is identical with type 2N1637 except for
the following:

MAXIMUM RATINGS

Emitter-to-Base Voltage (with collector open) ...... A WA —0.5 max volt
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base volts = —12

and emitter current = 0) e e e —T7 max pa
Emitter-Cutoff Current (with emitter-to-base volts = —0.5

and ‘eollector eurvent = 0) .ot i s e —8 max pa

In Common-Base Circuit

Small-Signal Forward Current-Transfer Ratio (with collector-to-

base volts — —12, collector ma = —1, and frequency

=1 kilo(:f.'cle) SO 0.986
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency

(with collector-to-base volts = 12 and collector ma = —1) 40 Mc

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —12 and collector ma = —1) .........c..ovviniiiiiiins 75

TYPICAL OPERATION IN SINGLE-STAGE 262.5-KC AMPLIFIER CIRCUIT

DC Collector-to-Emitter Voltage .................... —5 -1 volts:
DC Collector Current ..............ccoiiaaesnsnssnns —1.6 —2 ma
Input Resistance ... .ciicisissiniisssreasiirseivesvise 1800 1400 ohms
Output Resistance ............ . cciiiienenrinneneanan 0.47 072  megohm
Maximum Power Gain .........c¢eiteesnsensnninsassses 58.6 61.5 db
Useful Power Gain:

In unneutralized circuit .....vvveerevvivrsnscsrvnne . 35 36.6 db-

TRANSISTOR

Germanium p-n-p type used in
converter (mixer-oscillator) appli-
cations in AM automobile radio re-
ceivers. In an unneutralized circuit, 2N1639
this type can provide a useful con-
version power gain of 37 db at 15

megacycles. JEDEC No. TO-1 package; outline 4, Outlines Section. This type
is identical with type 2N1637 except for the following items:

MAXIMUM RATINGS

Emitter-to-Base Voltage (with collector open)

E c

................ —0.5 max volt:
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base vclt.s = —12

and emitter current = 0) .................... i -7 ua:
Emitter-Cutoff Current (w:th emitter-to-base volts = —0.5

and-eollector eurrant- =00 "ol Hands i aaalii gy —8 pa

In Common-Base Circuit

Small-Signal Forward Current-Transfer Ratio (with collector-to-
base volts — —12, collector ma = —1, and frequency
= L OCVCIE) v nvmmion s sipmimimonmms wik s s 56 e s 0 e o8 0.986
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In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —12 and collector ma = —1) ...cvvvvevvonnnnncnnnas = 5

TYPICAL OPERATION

DC Collector-to-Emitter Voltage —11 volts
DC Collector Current ................ —0.65 ~0.65 ma
Signal Frequency .......eeveeeevssnas 5 1.5 Me
Input Resistance ...............c.c.veveerenennensenes i 1850 2200 ohms
Out ut Resistance at 252.5 kilocycles ................ 0.1 0.2 megohm
Base-to-Emitter Oscillator-Injection Voltage .... 100 100 mv
Useful Conversion Power Gain .......cocvvvvennnnnns 354 31 db
TRANSISTOR ]

Germanium p-n-p type used in
high-speed switching applications in
2N'|683 data-processing equipment. JEDEC
No. TO-5 package; outline 6, Out-
lines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)
Collector-to-Emitter Voltage (with base open;
Emitter-to-Base Voltage (with collector open

—13 max volts
=12 max volts
—4 max  volis

Bolector Carrent g O e T R R R e R SRR —100 max ma
Emitter Current .....coovnmmsmrnssrmrsmssannmes s ene nessseses 100 max ma
Transistor Dissipation:
At ambient temperatures up to 25°C .......icossnernannnsnas 150 max mw
At ambient temperatures above 25°C .......c.ciiiiiininiiiiias See curve page 80
Amhient-‘remperature Range:
Seranng and storage erssssessnsaassess —B3 t0 85 °C
Temperature (for 10 seconds maximum) ... ......ie0vens 255 max *C
CHARACTERISTICS
Base~to-Emltter Voltage (with collector ma = —40 and base
P S R T P S AP, —0.6 max volt
Collector-Cutoff Current (wI‘th collector volf.s = —6
and emitter eurrent = 0) ...........cciiiiiierransaasaanans . —3 max na
Total Stored Charge:
With collector ma = —10 and base ma = —04 .........c00vnnn 160 max pcoul
With collector ma = —40 and base ma = —1.6 .....covvennenen 410 max  pcoul

In Common-Base Circuit

Collector Capacitance (with collector-to-base volts = —6
and emitter current = 0) .....vviiiiiincrirrrsiiiarrrinnaan . 12 max pf

In Common-Emitfer Circuit
Forward Current-Transfer Ratio:

With collector-to-emitter volts = —0.8 and collector ma = —10 50 min
With colector-to-emitter volts — —0.5 and collector ma = —40 50 min
Gain-Bandwidth Product (with collector-to-emitter volts = —3 .
and collector ma = —10) ...uvvvenirnsnerennenrneransnnns 50 min Mec
POWER TRANSISTOR
(2)e

Silicon n-p-n type used in a
wide variety of switching and ampli-

fiy licati in industrial ip-
INT700 oo srpiatons i inducil i @
I

GO

de-to-de converter, inverter, chop-

per, and relay-control circuits; in
oscillator, voltage- and current-regulator circuits; and in de and servo ampli-
fier circuits. JEDEC No. TO-5 package; outline 6, Outlines Section.
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MAXIMUM RATINGS

Collector-to-Base Volta?e (with emitter open) .........
Collector-to-Emitter Voltage:

With emitter-to-base volts = 1.5 .......... R R S

With base open .............

Emitter-to- Base Vo]tage .................
Collector Current ........ . 2
Base Current .......... e e I e T =
Transistor Dissipation:

At case temperatures up to 25°C ..........c000n

At case temperatures above 25°C .............. ' .....
Temperature Range: 15

Operati (junction) and storage ............ R
Lead Temperature (for 10 seconds maxu'num} T Ry Sl S,
CHARACTERISTICS

Collector-to-Emitter Breakdown Voltaf
(with emitter-to-base wvolts = 1.5 and collector ma = 0.3) ....
Collector-to-Emitter Sustaining Voltage

(with collector ma = 50 and base current = 0) ............ -
Base-to-Emitter Volta%e (with cnllector-to-emltter volts = 4

and collector ma = 100} .. .coveodicaamsrvosmmssiesnasensorne .
Collector-Cutoff Current {w1th collector-to-base volts 30

and’ emitter current = 0) ......ico0rmii0iiisircbasiiinnsinns .
Emitter-Cutoff Current (wlth emitter-to-base vo}ts =6

and collector current = 0) ........cccoviiiiiiinann

Thermal Resistance:
Junction-to-case..........
Junction-to-ambient® .

Thermal Time Constant

In Common-Base Circuit

Small-Signal Forward- Current—Transier Ratio Cutoff Freguenc'_v
(with collector-to-base volts = 28 and collector ma =

Collector-to-Base Capacitance (with collector-to-base volts = 40
a.nd emitter current = 0) ......... S g TR e S L "

(s | LT In Common-Emitter Circuit

DC Forward Current Transfer Ratio (with collector-to-emitter
volts — 4 and collector ma = 100) ../ i, i .civiiiuiiininans o
Small Signal Forward Current-Transfer Ratio
(with collector-to-emitter wolts = 4 and collector ma = 5) ..
DC Collector-to-Emitter Saturation Resistance
(with collector ma = 100 and base ma = 10) ........cccvvuuun

235

60 max  volts
60 max  volts
6max volts

1 max ampere
0.75 max ampere

S5max  watls
See curve page B0

—65 to 200 2

255 max “c

60 min volts
40 min volts

2max  volts
75 max ua
25 max ua
35 max °C/watt

200 max °C/watt
10 msec

1.2 Mc

150 . pf
20 to 80
40

10 max ohms

3 " TYPICAL COLLECTOR CHARACTERISTICS
‘[l—~——70 R ]
L —eo TYPE 2NI700
- COMMON~EMITTER CIRCUIT, BASE INPUT
%k ":ﬂ CASE TEMPERATURE = 25°C
08 H- l I
30
._g =
o gos 20
s = !
§Q_4 | BASE MILLIAMPERES<I0 D
2:F
4 \
tran P 5 /
o2 -+ .
' : z-____..//
S 2 =
0 v} 29 30 40 50 60 70 8o 24y
- COLLECTOR-TO-EMITTER VOLTS S2CM-11355T)
TYPICAL OPERATION IN POWER- SWITCHING C[RCUIT
DC Collector Sup: %ly Velta%g thc) A2 - volts
DC Base Sélpl)v oltage ( ns] —8.5 . o volts
Generator Resistance . T e e 50 ... obms
Gn DC Collector Current (Ic) ..... e e e aiin 200.:-. .. . -ma
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Turn-On DC Base Current (Iei) .. 4 20 ma
Turn-Off DC Base Current (Isa) . —85 ma
é‘n\'\-f]:)lti:]‘a Tm(t;s] 02
elay B (Y e cammer o psec
Rise time (tr) ......ccvsvienes psec
Storage time (ts) ...vvvveuienns 0.6 psec
Fall time (tf) ...ocvvvvvveeernrnnnnnnns 1 usec
TYPIC&L BASE CHthCTER'ISTICS
TYPE 2NI700 ' o
60l | _COMMON - EMITTER CIRCUIT, BASE INPUT]
@ COLLECTOR-TO-EMITTER VOLTS=4
woenl CURVE | CASE TEMPERATURE —°C
& 25 R;;TIG
& sol— -65
5 — 175 /
Z 30 )% Vee 0
w O . l|1|_
@ 20 Ll =
2 7 L LA o
(© V% 5 92CS-10427R2
L=t Vee = 8.5 volts
| ../J Vc: = 12 wvolts
] 0.5 [ 1.5 2 Ri = 50 ohms, 1 watt
BASE-TO-EMITTER VOLTS R: = 700 ohms, 1 watt
82C5~11569T Rs = 59 ohms, 2

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of switching and ampli-
2N-I 701 fier applications in industrial equip-
ment, It is used in power-switching,
de-to-de converter, inverter, chop- £ ¢
per, and relay-control circuits; in
oscillator, voltage- and current-regulator circuits; and in de and servo ampli-
fier circuits, JEDEC No. TO-8 package; outline 8, Outlines Section.

MAXIMIJM RATINGS

Collector-to-Base Voltaqe { with emitter Open) ....eeeeevenes b 60max volts
Collector-to-Emitter Volta
With emnter-to base vo. t.': T . 60 max  wvolts
WD DEBS ODEIY. . i e e s S i 40max  volts
Emitter-to- Ba.se Voltage (with collector open) o . 6 max
Collector CUrrent ........es.eovsnsssssssssasssaness
Base Curren t ......................
Transistor Dissipation:
At case temperatures to 25°C
At case temperatures above 25°C
Temperature ge:
erating (junction) and storage
Leag Temperature (for 10 seconds mMAXIMUM)} ....cvvvvrrenannnns 235 max °C

CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage (with emitter-to-base
volts = 1.5 and collector e e e i 60 min volts
Couector-to—Emltter Sus Voltage (with collector ma
100 and base current = 0) ... ... ...uviriinnniiianiisrnns 40 min volts
Base-to-Emitter Voltage with collector-to- bnse volts =
and collector ma = 300) .............
Coll.ector—Cutoﬁ Current (with collector=

3 max volts

and emitter current = 0) ............... 100 max ua
Emitter-Cutoff Current (with emitter-to-base volts
and collector current = 0) .....ccecvvivonccrnsnssnsarrnnnas . 50 max ua
Thermal Resistance:
JUNCHION-10=CASE . .....icvvsuusnsnssssssnsssssastssssassascuns ' 7 max "C/watt
Junction-to-amblent ........cccsnsrnsnnsrssossssssrsassronnnas 100 max *C/watt
Time CONStANE vecvevsvasssrsssssssassnsssssnsssns R 10 msec
In Common-Base Circuit
Small-Signal Forward Current-Transfer-Ratio Cutoff Frequency
with collector-to-base volts = 28 and collector ma mg] 1 Me

Collector-to-Base Capacitance ( with collector-to-base volis = 40
and emitter current = 0) ........ciiiiiiiiiiiiiiiiii e 175 pf
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In Common-Emitter Circuit

DC Forward Current-Transfer Ratlo (with collector-to-emitter
volis = 4 and collector ma = 300) .. ..............0cc00n.onnnn 20 to B0
DC Collector-to-Emifter Saturation Resistance (with collector

ma = 300 and base ma = 30) ..i.iiiieiiiiainsisaiiinriseseing 5 max

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT BELOW

DC Collector Supevly Volta 12

DC Base Suppl mge i 2 —8.5

Generator Resistance .............. . 50

750

20

-85

02

1

08

11

TYPICIL B.ASE CHARA L‘TERIS‘I'!CS

TYPE 2NITON B
| COMMON-EMITTER CIRCUIT, BASE INPUT,
COLLECTOR=-TO-EMITTER VOLTS=4
£] | CURVE | CASE TEMPERATURE —°C
g 25
§|OO b o _13?,
é 5 ]r‘/.!
= “3’//
4 so
=
3 4
25 14
|27
("} 0.5 | 1.5
BASE-TO - EMITTER voLrs
saer-HeTIE Vee = 8.5 volts
Voo = 12 volts
Ri1 = 50 ohms, 1 watt
R: = 220 ohms, 1 watt
Rs = 15.9 ohms, 2 watts
o5 TYPICAL COLLECTOR CH!RACTERIST‘ICS
I 1 L] i
220 'r'rPE 2mmi
= COMMON-EMITTER CIRCUIT, BASE INPUT, —|
L2 CASE TEMPERATURE=25°C
2 140
a 120
& 100
s 4
= 2
E 60
50
] 40
a 30
@ - BASE MILLIAMPERES =20 ",
05 10
5 =
_..-/
_:r—f—""'/' L
[+] ) 20 30 40 50 60 70 80

COLLECTOR-TO-EMITTER VOLTS 92CM-I562T1

]

volts
volts

5555 pmef
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‘ment. It is used in power-switching,
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POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of switching and ampli-
fier applications in industrial equip-

de-to-de converter, inverter, chop-
per, and relay-control circuits; in

oscillator, voltage- and current-regulator circuits; and in de and servo amph-
fier circuits. Package is similar to JEDEC No. TO- _3, outline 23, Outlines Section.

MAXIMUM ‘RATINGS

Collector-to-Base Volta
Cc#fctor-to -Emitter V.

With bas

Collector Current

%e (with emitter open) ...........c000u0e . 60 max _ volts
th emltter-to-hase vo E' = 15

R R A R A e A 60 max .vola

.............................. 40 max volts
Emitter- to-Base Voltage (w:th collector open) .

6 max volts
5 max amperes

Base Current ............ccoiiivinvniennnnns TP = . 2.5 max amperes
Transistor Dissipation:
At mounting-flange {emperatures up to 25°C ......... 000000 ¢ Tomax ., watls
At mounting- ﬂange temperatures above 25°C ...........0000n See curve page 80
Temperature Range: 7
Oberatmg (Junction] and storage .............. boy camisvivisy .. —65to 200 ; °C

CHARACTERISTICS

Collector-to-Emitter Bréakdown Voltage (with emitter-to-base
volts =:1.5 and collector ma =

......................... $0min . volts

Collector-in-Em.itter Sustaining Volgage (with collector ma = 100

and base current = ;
Base-to-Emitter Voltage (W1th ‘collector-to- ermtter volts -4

and collector ma =

. 40min ; volts
............. S ¥ 4 max .:vol.ts

Collector- Cutoff Current (with col]ectcr-to—base vo}ts = 30
and emittér current = 0) ........ioiieiirirarnaiasdhiins 200 max | pa
Emitter-Cutoff Current (wztl;i emitter-to-base volts = 6 ¥ |

and collector current = 0

Thermal Resistance: ; )
J\mcuontomounmlg-ﬁange R R UL G R S L 233max°waatt
Thermal Time Constant

.............................. lmméx l ra

............................... 12 msec

In Com‘hon-suse Circuit

Small-Signal Forward Current-Transfer-Ratio Cutoff Fre uency

with collector-to-base volts = 28 and collector ma = 5) ... 1 Me
Collector-to-Basé’ Capac;tance (w;t.h collector-to-base wvolts
= 40 and emitter current = 0) ......coiiiiiiiiiiaiiiiiaenas v 200 pt

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 4 and collector ma = 800) ......... ..... 15 to 60
Collector-to-Emitter Saturation Resmtance {with “collector

ma = 800 and. base m

! TYPICAL BASE CHARACTERISTICS

ma = 80). ........ R e S ade 4!max ohms

NSE T0-EMITTER VOLTS

30 ohuns, 1 watt

]
TYPE 2N1702 0
200 [~ COMMON=- EMITTER CIRCUIT, i
_BASE INPUT.
a | col.LEc‘roﬁ—To EMITTER :
& 250/~ yoOLTS=4 — Ra Txc
o CURVE [CASE ‘I'EMP_— c / :
PO e — £ 2
o 200F .
2 ks -_55 S
_i.l 150 -—"— !?5 l' I Vee !
u | VN o . i
@ 100— 177 i J_ - Vi -l
L / V! b = gzcsHibaz7R2
50 7 ~ : .
[ 1 B, ! WVee = 85 wvolts, | |
i P Voo = 12 volts | 3
0! ,' 05 1§ LB 2 R: = 50 ohms, 1 watt:

A% N URPER L

Rz .
lazps-»u:qu i wwRsoo3.7.8 ohms, 2 watts
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TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT

DC Collector Supply Volta%? Vo) 12 volts
DC Base Supply Voltage (Ves) ......cvviiiinnrninas —8.5 volts
Generator Hesistance ...........cceeensenvicarvanes 50 ohms
On DC Collector Current (e} .......ocvvenvnennennnns i 1.5 amperes
Turn-On DC Base Current (Isi) .....cvovvveveenenns e 300 ma
Turn-Off DC Base Current (Ise) .........ccvvvvnnnns e —150 ma
Switching Time:
Delay time (ta) ....iiiiiiiiinernancicnssnnssnnanes 0.2 usec
Rise time (f:r) .. .ccovininieivrrvnsnrnsiverssnanson 1 usec
Storage time (ts) . 1 psec
o TR TR s R e e R SRR, e e e s S e 12 psec
5 TYPICAL COLLECTOR CHARACTERISTICS
| ] 1] T T T T T
— i gfﬁnn}a@gﬁzﬂsn CIRCUIT, BASE INPUT.
i} 600 CASE TEMPERATURE = 25°C
aH— 500 :
w 4
el
& 300
%3 250
BASE MILLIAMPERES = 200
3 T T6C
92 o
| 80|
<1
(3] 201
30
1 T —
I o+~ I
1 5 '/1
| 2 |
- — I 1 Q
o (-] 20 0 40 50 60 70 B0
COLLECTOR-TO-EMITTER VOLTS S2CM=11364T|

POWER TRANSISTOR

Silicon n-p-n type used in a
{viuide variety of switching and ampli-
er applications in industrial equip-
ment.pﬁ is used in power—switc{%mfg, 2N.| 703
de-to-de converter, inverter, chop-
per, and relay-control circuits; in
oscillator, voltage- and current-regulator circuits; and in de and servo ampli-
fier circuits. This type is stud-mounted to provide positive heat-sink contact
and has a cold-weld seal. JEDEC No. TO-36 package; outline 14, Outlines Sec-
tion. This type is electrically identical with type 2N1702.

TRANSISTOR

B Silicon n-p-n type used in very-
high-speed applications in equip-
ments which require high reliability
and high packaging densities. JEDEC 2N] 708
E ¢ No. TO-46 package; outline 18, Out-
lines Section.

MAXIMUM RATINGS

Collector-to-Base Volta%e (with emitter open) ................ 25 max volts

Collector-to-Emitter Voltage (with external base-to-emitter
resistance = 1000 ohms and load resistance — 100 ochms) .... 12 max volts

Emitter-to-Base Voltage (with collector open) ................ 3 max volts
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Collector Current ...... vy
Transistor Dissipation:
At case temperatures up to 25°C . .............c.ieiiiainaenn
At ambient temperatures up to 25°C ... .. ............ &
At case or ambient temperatures above 25°C ..... —
Temperature Range:
Operating (]unctlon) .................................
Storage

CHARACTERISTICS

Base-to-Emitter Saturation Voltage (with collector ma = 10
And DAKe TN = 1) v i s ah ke e e e b e s
Collector-to-Emitter Saturation Vcltag .
With collector ma = 10 and base ma =1 ........ ERLERTI P ¥
With collector ma = 50 and base ma =5 ......... o e
Collector-Cutoff Current (wlth collector-to base volts = 15
and emitter current = 0) . . .

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = 10,
emitter current = 0, and frequency = 140 kilocyeles) ........

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 1 and collector ma = 10)

Small-Signal Forward Current-Transfer Ratio (with collector-to-
emitter volts = 10, collector ma = 10, and frequency = 100 Mc)

TRANSISTOR

Silicon n-p-n type used in a

wide variety of small-signal and

2N-|7-I-I medium-power applications in in-
dustrial and military equipment. It

can be used in rf service as an am-

plifier, mixer, oscillator, and con-

0.2 max ampere

1 max watt
0.3 max watt
See curve page 80
—65 to 175 °C
—65 to 300 °C
235 max °C
0.7t0 0.9 volt
0.22 max volt
0.35 max volt
0.025 max pa
6 max pt

20 min

2 min

@ ]
E c

verter; in af service for small- and large-signal driver and power applications.
It features low saturation wvoltage, high sustaining voltage, high dissipation,
high pulse beta, low output capacitance, and exceptionally low noise and leak-
age characteristics. JEDEC No. TO-5 package; outline 6, Outlines Section. For

curves of transfer characteristics, refer to type 2N2102.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)
Collector-to-Emitter Voltage (with external base-to-ermtter
resistance = 10 ohms or less) e
Emitter-to-Base Voltage (w1th collector open)
Coleetor CITEnL | ..l i i i sidiaivia i ehios
Transistor Dissipation:
At case temperatures up to 25°C ..............
At ambient temperatures up to 25°C ..... .. ...
At case or ambient temperatures above 25°C .
Temperature Range:
Operating ( ]unctmn) i
Storage : 3

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) . ...... . . v i iiniisair s r i i
Emitter-to-Base Breakdown Voltage (w1th emifter ma = 0.1
and collector current = 0) .....ccoiiivairrinsrnrinnsirens .
Collector-to-Emitter Reach- Through Voltage (with emitter- to-
base volts = 1.5 and collector ma = 0.1) ... ...... .
Collector-to-Emitter Sustaining Voltage (w:th external base-to-
emltter resistance — 10 ohms or less and pulse collector ma

1
Base-to-Emitter Saturation Voll:age (with collector ma = 150
and Dake THE == X8, ., wvwnrvmmim s s s e dis oy wmonn s
Collector-to-Emitter Saturation Voltage (with collector ma
=150 and Bage IR =t I8 iwavpre paed e g m e e g o s .
Collector-Cutoff Current [Wlth ‘collector-to-base volts = 60
and emitter current = 0) ......ciciriiiiiiiiiii it

75 max

50 max

7 max

1 max

3 max

0.8 max
See curve

—65 to 200
—65 to 300

75 min
7 min

75 min

50 min
1.3 max
1.5 max

0.01 max

volts
volts
volts
ampere
watts

watt
page 80

volts
volts
volts

volts
volts
volts

ua
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TYPICAL COLLECTOR CHARACTERISTICS

o T T [ 1 1 T 1 1
TYPE 2NITII -
COMMON-EMITTER CIRCUIT, BASE INPUT___| _ !

AMBIENT TEMPERATURE =25°C | |
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=]

4 5
COLLECTOR-TO-EMITTER VOLTS S2CM-1IB3IT

TYPICAL COLLECTOR CHARACTERISTICS

T T T
] TYPE 2NI7II
COMMON-EMITTER CIRCUIT, BASE INPUT.
~AMBIENT TEMPERATURE=25°C -

=]

0%

’,,M;z/

|
TV
- |

BASE MICROAMPERES=0

@

s

COLLECTOR MILLIAMPERES
@

Ll

0O 10 20 30 40 50 60 70
COLLECTOR-TO-EMITTER VOLTS
B2C5-11630T

Emitter-Cutoff Current (wm‘; emitter-to-base volts =5

and collector current = 0) ...........cciuvnennniannnenn e 0.005 max ua
Thermal Resistance:

Junction-to-case . ......... B T E Ly PR P A e gy - Wy ’ 58.3 max “C/watt

JunCHOn=to-ambIent . Jad i S B e e ek ia 219 max "C/watt

In Common-Base Circuit

Input Resistance at 1 kiloeycle:

With collector-to-base volts = 5 and collector ma =1 ...... 24 to 34 ohms

With collector-to-base volts = 10 and collector ma = 5 ..... 4to8 ohms
Input Capacitance (with emitter-to-base volts = 0.5 and

collector current = 0) g4 T - 80 max pf
Output Capacitance (with collector-to-base volts = 10 and

emitter current = 0) ... ... ... .iieeeieiiin. A 25 max pf
Output Capacitance at 1 kllocycie

With collector-to-base volts = § and collector ma =1 ...... 0.1to 0.5 pmho

With collector-to-base volts = 10 and collector ma = 5 ..., 01lto1l emho
Snfai(l 151gnz}1 Open-Circuit Reverse Voltage-Transfer Ratio at

ilocycle:
With collector-to-base volts = 5 and collector ma = 1 ..... = 0.0005 max
With collector-to-base volts = 10 and collector ma = 5 .,.,.. 0.0005 max
In Common-Emitter Circuit

DC-Pulse Forward Current-Transfer Ratio:*

With collector-to-emitter volts = 10 and collector ma 10 75 min

With collector-to-emitter volts = 10 and collector ma = 150 .. 100 to 300

With collector-to-emitter volts = 10 and collector ma = 500 .. 40 min
DC Forward Current-Transfer Ratio:

With collector-to-emitter volts = 10 and collector ma = 0.01 .. 20 min

With collector-to-emitter volts = 10 and collector ma = 0.1 ... 35 min
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Small-Signal Forward Current-Transfer Ratio:
With collector-to-emitter volts = 5, collector ma = 1, and
frequency = 1 kiloe Fcle e G e i B L e B s 50 to 200

With collector-to-emitter volts = 10, co].lector ma = §, and

frequency = 1 kilocycle . . .. 70 to 300
With collector-to-emitter volts
frequency = 20 megacycles 3.5 min
Noise igure (with collector-to-emitter volts = 10, collector
ma = 0.3, generator resistance = 510 ohms, circuit bandwidth
1 cycle, and signal frequency = 1 kilocycle) .............. 8 max db

* Pulse duration = 300 usec; duty factor = 0.018.

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of intermediate-power
2N'|768 switching and amplifier applications
in industrial equipment requiring
transistors having high voltage, cur- ®
rent, and dissipation values. It is ¢ B
used in power switching, de-to-de converter, inverter, chopper, and relay
actuating circuits; in voltage- and current-regulator circuits; and in dc and
servo amplifier eircuits. 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:

MAXIMUM RATINGS
Collector-to-Base Volta?z (with emitter open) ........cvvvvvee 60 max volts

Collector-to-Emitter Voltage:
With emitter-to-base volts = 1.5 60 max volts
With Dase ODBIL .. .....¢cccnrcrnsnicnnsnssrsanssmsssssasasossns 40 max volts
Transistor Dissipation:
At case temperatures up 10 25°C ... .....iiiiiiirriairraaans 40 max  watis
At case temperatures above 25°C ...........c.iiiiiiiieiiiiaas See curve page SU
Lead Temperature (for 10 seconds ma.xlmu.m) .................. 255 max
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage (with emitter-to-base
wvolts = 1.5 and collector ma = 0.25) ... ..... .c.ooiveunnasss 60 min volts
Collector-to-Emitter Sustaining Volt.age (wlth collector ma )
And Dage CULTERt = 0) fivvevins mnvens s s ensbe diasse e iey o 40 min volts
Thermal Resistance: R
JUNCtion=-t0-Case .......eveucirenarsisiicncrsearorssnsnnsionecans 4.375 max °C/watt
Junction-to-ambient ,..........ciciiiiiiiaiiiiiiiriarraiananes 175 max °C/watt

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of intermediate-power
2N'|769 switching and amplifier applications
in industrial equipment requiring

transistors having high voltage, cur- ©) @

rent, and dissipation wvalues. It is ¢ 8

used in power-switching, de-to-de converter, inverter, chopper, and relay
actuating circuits; in voltage- and current-regulator circuits; and in de and
servo amplifier eireuits. This type has an ofiset 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:

MAXIMUM RATINGS

Transistor Dissipation:

At case temperatures up o 25°C .......ci0e0cievscranienanae 40 max  watts
At case temperatures above 25°C ..........co0i000inennaniies See curve page 80
Lead Temperature (for 10 seconds maximum) .......cevvnnnenn 255 max °C

CHARACTERISTICS

Thermal Resistance:
JUNCHON-T0=CASE . .. .. .iiuriinnrneeraanisanisnsrasrsnnrssnnnns 4.375 max "C/watt
Junction-to-ambient .. 175 max °C/watt
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SILICON CONTROLLED RECTIFIER

[
n'kuml.l Tlis:iim’

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-
tsTun} mum peak forward blocking voltage

243

2N1842A

of 25 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. JEDEC

No. TO-48 package; outline 19, Outlines Section.
MAXIMUM RATINGS

For sinusoidal ac supply voltage of 50 to
400 cps, with resistive or inductive load

Peak ‘Reverse Voltage-
Repettive. . .. 3. O svseseiaie e s s e .
Non-repetitive (transi i 11 3 S
Peak Forward Blocking Voltage (repetitive)
Peak Gate Voltage
Forward ........... R R A W SN

Average Forward Current:
(At case temperature of 80°C and conduction angle of 180° ..
For other case temperatures and conduction angles ... ..... i
Peak Surge Current:

For one cycle of applied voltage e e SR
For more than one cycle of app. ghed voltage ©.............. i
Peak Forward Gate Current ... ... .......cccouccennsrsnsnsannns
Peak Gate Power ................. I — R —
Average Gate Power .....coevevevues L L S

Temperature Range: A .
Operating Ecase ................................. AR L
Operating
B PR i L R I e e b B e P VTV e e

CHARACTERISTICS

25 max
35 max
25 max

10 max
5 max

volts

' wvolts
. volts

volts
volts

10 max a.mperes
See Rating Chart 1

125 max amperes

See Rating Chart 11

2 max amperes

5 max . watts

0.5 max watt

—65 to 125 C
See Rating Chart II1
—65 to 125 °C

Forward Breakover VoltagD (at case temperature of 125“(1) 25 min volts
Average Forward Voltage rop (at case temperature of 80°C) .. ! 1.2 max volts
DC Gate-Trigger Voltage:
At case temperature of —40°C . T . 3.5max  volts
At case temperature of —65°C . . 37 max  wvolis
At case temperature of 100°C . . 0.3 min volt
At case:temperature of 125°C 0.25 min volt
Average Blockmg Current- (at case temperature of 125°C) ¢
) T T S R SR (- B e R RS SR e viofe 22.5 max ma
Lt L ST N e P e 22.5 max ma
DC Gdte-Trigger Current (at case temperature of 125’0) 45max | ma
Holding Current (at case. temperature of 125°C)  .............. (5 ;. swma
Thermal Resistance (]uncnon-to-case) ....... e A AT R R A AT 2 max “C/watt
PR ,RATING CHART T RATING CHART Ir
: TR s
B4ZA TYPE 2 I842.A
e EJEEE%‘NH WAVEFORM=SINUSOIDAL. Q
. t150-L0AD: R‘ESJ_STI\I"E OR INDUCTIVE
3 | ] 50|
=1 e |_ connucnou
w 125 : GLE
LEE | e >J | 125
g 100 ?""‘ 2¢ on T T ’ ; 00
= \\ﬁ% £
=S 75— 30°60°.90°1207180° S a5 . s
3T GRREE T | —m
w 50— i = 5 sof —
5] iz o .
=2
O 25 | ; + § 25 :
e ] | &, -
Ll w15 20 '_bT;,g
ST A ERAGE. FORWARD CURRENT—AVPERES 1™ } suRee: cunm‘nlmn'rm e
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RA"I"IMG CHART 1T FORWARD CHARACTERISTICS
Feh, TR
2 1ol SNOLE - PHAS OSCRATION, S0l =60 CPS SINE WAVE |_
= CONDUCTION ANGLE =180° %
Z0 | HEAT SINK Vg THICK §Q
gt e i 3 40 £
Eg £ /
£le 212 /
LN RN g /
= &
=£4 X I £ 20 !
-] 'Ia
=3 & B /
g 2 2 10 / s
100120 140 o 05 15 2 25 .3
mmr TEMPERATURE —"C INSTANTANEOUS FORWARD YOLTAGE DROP—VOLTS
9205-11907TH 92C5-19i2T
GATE TRIGGER-VOLTAGE CHARACTERISTICS GATE TRIGGER-CURRENT CHARACTERISTIC
o TYPE 2NIB42A TYPE 2NI482A
5 'WARD CURRENT =0 E 150 N
W
? €, 1250\
4 af D
F 4| — MINIMUM GATE VOLTAGE REQUIRED |—{ (& 10
§ T0 TRIGGER UNIT 223 9
ga g% 75 %Ggﬁ;
Ez §| 50 er.frJ %’a%—‘
ik PNEPMSATE Youme THaT g ®
o [ %ri‘-]—_—l-_— [
«7G =50 =25 0 25 50 75 100 125 =% =50 =25 © 50 75 100 125 I
CASE TEMPERATURE—"C CASE TEMPERATURE—"C

SILICON CONTROLLED RECTIFIER

Ao s,
Diffused-junction n-p-n-p type
used in a wide variety of power-

2N'|843 A control and power-switching appli-
cations in industrial and military

equipment. This type has a maxi- b

mum peak forward blocking voltage (sTu0)
of 50 volts and a forward-current capability of 10 amperes (average value)
or 16 amperes (rms value). This type is designed to meet siringent military
environmental and mechanical specifications. The special high-strength copper-
alloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC
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
400 .withreslsﬂgpy Mmﬂveload

ﬁmﬂﬁ A ¢ 9 %mx vglltt:
on.-mpe tive (translent) .................. e o max vl
Peak Forward Blocking Voltage (repetitive) ........covvceuaoe ) max  volis



Technical Data 245

CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) ... 50 min volts
Average Blocking Current (at case temperature of 125°C):
OTWBIL .. .uviiveasirsaniinrirniisrnrssrssrasnssssnns s 19 max ma
Reverse ......... PR AT A A s WA e s W R W R R R e . 19 max ma

SILICON CONTROLLED RECTIFIER

Diffused-junction n-p-n-p type
used in a wide variety of power-

control and power-switching appli-
cations in industrial and military 2N]844A
] equipment. This type has a maxi-
(sTUn} 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. JEDEC
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
Non-repeﬁtlve (transient)

Forward Blocking Voltage (repetitive)

100 max volts

100 max volts

CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) . 100 min volis
Average Blocking Current (at case temperature of 125°C):
FOIWAI . ooercvronnsnsnssorirsnnssmsssssraosnssesssissssnnnne 12.5 max ma
.................................... 12.5 max ma

SILICON CONTROLLED RECTIFIER

T'Eké&u FE&“’“
Diffused-junction n-p-n-p type
used in a wide variety of power-

control and power-switching appli-
cations in industrial and military 2N] 845A
£ equipment, This type has a maxi-
{sTuol 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. JEDEC
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 i igti inductive load

cps, with resistive or

150 max  volts

150 max volts
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CHARACTERISTICS
Forward Breakover Volta%e (at case temperature of 125“C) 150 min volts
Average Blocking Current (at case temperature of 125°C):
ORI i enonsn st R s ais e ey b S AR e 6.5 max ma
BBWOIBE o lh i v pwss v o e R e 6.5 max ma

SILICON CONTROLLED RECTIFIER

¥
e %Eﬁ]rm
Diffuseéd-junction n-p-n-p type
used in a wide variety of power-
2N-I 846 A control and power-switching appli-
cations in industrial and military
equipment. This type has 'a maxi- .
mum peak forward blocking voltage (sTuoh
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. JEDEC
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 reﬁst@g yor mdfmt:ge !aad

Peak Reverse Voltage: i .
RBDOEEIVG s va s v s s o i o T S 200 max - volts

Non-repetitive (transient) ...........c..cciviuimiecnrrencnnsnns 300 max volts
Pealkk Forward Blocking Voltage (repetitive) i....... ... S 200 max volts
CHARACTERISTICS
Forward' Brealover ant.a%e {at case temperature of 125°C) ... 200 min volts
Average Blocking Current (at case temperature of 125°C): ‘.o . .

OO % 5 5 wwnite et e s ¥ e 6 max ma

BOVBIBR v o iiinms e s e s s sssiassissisnsmsondinetsvensnies 6 max ma

SILICON CONTROLLED RECTIFIER

¥
G
; b PR adre < SE D S T T&ﬂmﬁ', T[I.S;WN:L}
Diffused-junction n-p-n-p type
used in a wide variety of power-
2N] 847 A control and power-switching appli-
cations in industrial .and mil_itary
equipment. This type has a maxi- C
{ : mum peak forward blocking voltage . (sTuD)
of 250 volts and a forwa.rd-cuxrent 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. JEDEC
No. TO-48 package; outline 19, Qutlines Section. This: type is identical with
type 2N1842A except for the following items:

MAXIMUM RATINGS I NEAE

For sinusoidal ac supply vo of 50 to
400 .cps, with remt’a%g or: ITLdgH.‘ﬁJ;! load:

Peak Reverse Voltage: LRAY el e U
Repetitive: 0, UL e S S e e 250 max  wvolts
Non-repetitive (transient) t-350 max volts

.. Peak Forward Blocking Voltage (repeutwei SR b s v haddin Cen e e s 250 max:  :volts
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CHARACTERISTICS

Forward Breakover Voltage (at case temperature of 125“C) 250 min volts
Average Blocking Current (at case temperature of 125°C):

Forward .....veeeeviurnunneaarississasrnssssserssrsssasrssnnnns 5.5 max ma
e N i e R R A L R R e i wmi R AR 5.5 max ma

Diffused-junction n-p-n-p type
used in a wide variety of power-
control and power-switching appli-
cations in industrial and military 2N1848A
equipment. This type has a maxi-
sty 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. JEDEC
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:

BEOOHEIVE . eo i s A A e . 300 max  volts
Non-repetitive (translent) ... ....iic.-v.eisssenssnnsainsssess 400 max volts
Peak Forward Blocking Voltage (repetitive) ........c.cc.vven - 300 max volis
CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) .... 300 min  volts
Average Blocking Curre %e(at case temperature of 125°C):

OTWALA . iiiiiiia it s s Mo rav o g e e e v s i 5 5 max ma
FoF 0 I e e P R e R e S max ma
SILICON CONTROLLED RECTIFIER

e g
A 1ot AT
Diffused-junction n-p-n-p type
used in a wide variety of power-
control and power-switching appli-
cations in industrial and military 2N1 849A
shor equipment. This type has a maxi-
STUD

mum peak forward blocking voltage

of 400 volis 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. JEDEC
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:

PRBDEtILIVE | o i o e R 400 max volts
Non-repetitive (transient) ....................... 500 max  wvolts

t)
Peak Forward Blocking Voliage (repetitive) 400 max volts
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CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) .... 400 min volts
Average Blocking Current (at case temperature of 125°C):
FOPWREA v vy nniimes onnrssnion onddnsbastedosssmsies ssesssen 4 max ma
HEVEISE 5ol diiilili s einm AT e S e e g S e 4 max ma

SILICON CONTROLLED RECTIFIER

¥
ST (e
Diffused-junction n-p-n-p type
used in a wide variety of power-
2N'|850 A control and power-switching appli-
cations in industrial and military
equipment. This type has a maxi- "
mum peak forward blocking voltage (s1u0)
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-
mlloy stud can withstand an installing torque up to 50 inch-pounds. JEDEC
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 voliage of 50 to
400 cps, with resistive or inductive load

Peak Reverse Voltage:
REDetIIVE R e S A T o 500 max  volis
Non-repetitive (trans;ent) .............. . 600 max volts
Peak Forward Blocking Voltage (repentwe} 500 max  volts

CHARACTERISTICS

Forward Breakover Voltage (at case temperature of 125°C) . 500 min volts
Average Blocking Current (at case temperature of 125°C
s T o A S e O L T o S SRR, S R 3 max ma
BEVETSE .ivinvrmsstn bsiernmtnsnebssmepre®nnehyietsenonraleins 3 max ma
TRANSISTOR

Germanium p-n-p type used in
high-speed switching applications in
2N'|853 data-processing equipment. JEDEC
No. TO-5 package; outline 6, Out-
lines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ..............00 —18 max volts
Collector-to-Emitter Voltage (with base open) ................ —6 max volts
Emitter-to-Base Voltage (with collector open) .................. —2 max volts
el] P T 605 b ) | R e R I B S P —100 max ma

Transistor Dissipation:
At ambient temperatures up to 25°C
At ambient temperatures above 25°C
Emitter-To-Base Dissipation (under breakdown condition with
reverse bias):

150 max
See curve page EI]

At ambient temperatures up to 25°C .. 25 max mw
At ambient temperatures above 25°C . See curve page 80
Ambient-Temperature Range: 5
Operating and storage ............. . —55 to 85 QC
Lead Temperature (for 10 seconds maximuIn) ..........coeeeens 235 max C
CHARACTERISTICS
Base-to-Emitter Voltage (with collector ma = —6 and
BaRe MA =:0i8) . oos e daie ds g A SR —0.4 max volt
Collector-to- Emltter Saturation Voltage (with collector ma = —6
and base ma = —0.2) ... ..... ... ... .... i A e —0.2 max volt
Collector-Cutoff Current (with collector-to-base volts = —15
and emitter current = D) ......vieeiiiinanaiirirrsaiinarrenan —4.2 max ra
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In Common-Emitter Circuit

Forward Current-Transfer Ratio:

With collector-to- emltter volts = -1, collector CUrrent =0,
and base ma = —02 ... ... ... ... ... e
With collector-to-emitter volts = 0.4, collector ma = —6,
and base current = 0 ........... i v B e e
TRANSISTOR
B

Germanium p-n-p type used in
high-speed switching applications in

£ ¢ data-processing equipment. JEDEC
-3 No. TO-5 package; outline 6, Out-
lines Section. This type is identical
with type 2N1853 except for the
following:
CHARACTERISTICS
Base-to-Emitter Voitage (with collector ma = —20
and base ma = —0.5 .. N o 7]
Collector-to-Emitter Saturation Voltage‘
With collector ma = —20 and base ma = —0.66 .........
With collector ma = —20 and base ma = —0.5 ..

In Common-Base Circuit

Output Capacitance (with collector-to-base volts = —1
emitter current = 0, and frequency = 140 lulocycles] dwcame T

In Common-Emitter Circuit
Forward Current-Transfer Ratio:

With co!lectcr to-emitter voltage = —0.5 and collector
With colle{:ﬁc&ﬁto -emitter voltage = —0.75 and collector e
om0 L T i ey s
With collector-to-emitter voltage = —1 and collector ma = —50
Gain-Bandwidth Product {w1th collector-to-emitter volts = —1
and collector ma = —10) e S L

POWER TRANSISTOR

B Silicon n-p-n type used in a wide
variety of small-signal and medium-
power switching applications in in-

(05 dustrial and military equipment. It
E ¢ features high collector-to-emitter
sustaining voltage, low leakage char-

30 to 400
30 min

249

2N1854

—0.8 max

—0.25 max
—0.3 max

12 max

40 min

25 min
400 max

40 min

volt

volt
volt

pt

2N1893

acteristics, high switching speeds, and a high de forward current-transfer ratio.
This type can be replaced by the 2N2405 in most applications. JEDEC No. TO-5

package; outline 6, Outlines Section.
MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)

Collector-to- Ermtter Vo tage (with external base-to-emitter
resistance — 10 ohms or 1eS8) ... .. iiiicearievisanisaeniires

Collector-to- Ermtter Voltage (with base open)

Emitter-to-Base Voltage (thh collector open)

Collector Current ...

Transistor Dissipation:
At case temperatures up to 25°C
At ambient temperatures up to 25°C .. ... .....
At case or ambient temperatures above 25°C ..

Temperature Range:
Operatmg (Junctwn)

120 max  wvolts

100 max volts

80 max volts

7 max volts

0.5 max ampere

3dmax watts

0.8 max watt

See curve page 80

—65 to 200 °C
—=65 to 300 °C
255 max C
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CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitler current = 0) . ..... . . ...t iviiiiietiniiesorrsnns 120 min volts

Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1
and collector current = 0) ..............
Collector-to-Emitter Saturation Voltage:
With base ma = 15 and collector ma = 150 ..
With base ma = 5 and collector ma = 50 ..
Base-to-Emitter Saturation Voltage:
With base ma = 15 and collector ma = 150 .. 1.3 max  volis
With base ma = 5 and collector ma = 50 .. 0.9 max volt
Collector-to-Emitter Sustaining Voltage:
With base current = 0 and pulsed collector ma = 30* ...... 80 min volts
With external base-to-emitter resistance = 10 ohms and
pulsed collector ma = 100® ............c..convnievnnnnans 100 min volts
Collector-Cutoff Current:
With case temperature = 25°C, collector-to-base volts = 90,

7 min volts

S5max  volts
1.2 max volts

and emitter eurrent = 0 .. .................000eiiioiis " 0.01 max pa |
With case temperature = 150°C, collector-to-base volts = 90, |
and emitter current = 0 - ...coiivianiiie i es b i odee . 15 max pa
Emitter-Cutoff Current (with emitter-to-base volts = 5 and
collector current = 0) ...........000 R R D R 0.01 max ua

Thermal Resistance:
Junebon=lo=case ool aive i e sl e e i 58.3 max °C/watt
Junction-to-ambient ........... T — T ———. . 219 max “C/watt

* Pulse duration = 300 psec, duty factor = 0.018

TYPICAL COLLECTOR CHARACTERISTICS
TYPE 2NIB93 i [T

COMMON~EMITTER CIRCUIT , BASE INPUT,
|_AMBIENT TEMPERATURE =25° C —

‘ [ |
| T |
| |

T

| 60—

le]

I

L~
L /

45

/r
I

COLLECTOR MILLIAMPERES
@

7 |
— ]
J 30— ]
5 | ‘
~ BASE_MICROAMPERES =0 )

] 0 20 30 40 50 60 70 80 90 |00
COLLECTOR-TO-EMITTER VOLTS GRCM-{IE53T

TYPICAL TR&NSFER CHARMTERISTICS

T\"PE 2Nl893
}TTEFI WT 345E JNPUT.
MBIENT TEMPERATURE

‘3'

3
(=]
[+]

8
=]

COLLECTOR MILLIAMPERES
8
[=]

<}
=] -

[}
05 OoFf 08

13 1.4
BASE~TO-EMITTER VOLTS
92C5-1185T
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. i In Common-ﬂuse Circuit
Input Resistance at 1 kllocf(cle.

With collector-to-base volts = 5 and collector ma = 1 20 to 30 ohms

With collector-to-base volts = 10 and collector ma = ; 4to8 ohms
Emitter-to-Base Capacitance (with emitter-to-base volts

and icollectori current = 0) . .. .i..i.iiaapieaeairranaacmias 85 max pf
Collector-to-Base Capacitance {with co‘llector-to base volis

0 and emitter current = 0) 15 max pf
Output Conductance at 1 kllocycle' 4

With collector-to-base volts = 5 and collector ma = 1 ..... . 0.5max pmho

With collector-to-base volts = 10 and collector ma = 5 _..... 0.5max pmho
Sn;al]!-lf‘ngnall Open-Circuit Reverse Voltage- Transfer Ratxo at’

ilocycle:
With collector-to-base volts 5 and collector ma =1 .,.... 125 x10+

With collector-to-base volts = 10 and colle¢tor ma = 5 ..... 15x104

In Commo n-Emitter Circuit

DC Forward Current Transfer Ratm'
W:thlcollector-to-emxtter volts = 10 and pulsed collector ma

........... i .. 40to 120
With collector-to-emitter volts = 10 and collector ma = 10 .. 35 min
With ecollector-to-emitter volts = 10 and collector ma = 0.1 .. 20 min
With collector-to-emitter volts = 10, collector ma = 10 and
case temperature = —55°C 20 min
Small-Signal Forward Current-Transfer Ratio:
With collector-to-emitter volts = 5, and collector ma = 1,
“ and freguency = 1 kllncycle : ... ..+ 30to 100
With collector-fo-emitter volts = 10, and collector ma = 5,
and frequency = 1 luloc{cle 45 min
Wlth collector-to-emitter vo ts. = 10, and collector ma = 50, '
and frequency = 20 MIe ... ... cuieseisssennsssranssnsses e 2.5 min
‘® Pulse duration = 300 psec, duty factor = oms
POWER TRANSISTOR
e . 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 2N.I 905
e@ W de-to-de converters, inverters, and

computers for data-processing equip-
ment; and in ultrasonic oscillators and large-signal wide-band linear amplifiers.
Package is similar to JEDEC No. TO-3; outline 24, Qutlines Section. This type
is identical with type 2N1906 except. for typxcal operation and the following
items:

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .................s —60max  volts
Collector-to-Emitter Vo %tage (with base open) .............ouua —40 max volts

TYPICAL COLLECTOR CHARACTERISTICS

| L R L . L LT

| TYPE 2NI905 - : : |
COMMON-EMITTER CIRCUIT, BASE INPUT,

MOUNTiNG—IFLRNGE TEMPERATURE=25"C 1

LT e

. HEEEEEEE RS |

g-s | =1 ‘l ! l l —
P EENETY T

sﬁﬁ—* 2 [ e [ [T

-2 =

= - +

20
————— ! T
| | | I-I0’> ' [ %
-, | | BASE_MILLIAMPERES =~
g et i s T - “ T 1T T 1. ‘

|
- D T
o ., =5 —lo: =15 - =20 .=ps -30 + =35 -40
' COLLECTOR-TO-EMITTER VOLTS i YL 92CM=-10999T| ..
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TYPICAL TRANSFER CHARACTERISTIC TYPI(::AL TR&NSFER CHARACTERISTIC
| PR T PR TR (R e T | T T T
TYPE 2NI905 TYPE 2N|905
(- COMMON-EMITTER CIRCUIT, BASE INPUT — COMMON-EMITTER CIRCUIT, BASE INPUT
o MOUNTING-FLANGE TEMPERATURE = 25°C o ~3|" MOUNTING-FLANGE TEMPERATURE = 3
E-5 _COLLECTOR-TO-EMITTER VOLTS=-2 _| W COLLECTOR-TO-EMITTER VOLTS=-2
w | | L |
o o -4 —
S 5 /] -3 4
5 I = 1
e / g
a2 7 -2
s -t // s ' /
_ ‘
0 0.2 04 06 [o]:] 1
BASE-TO-EMITTER VOLTS [+ -0 -20 -30 =-40 =50 =60
9205109987 BASE MILLIAMPERES
92C5-10995T
CHARACTERISTICS
Collector-to-Base Breakdown Vollage (with collector ma = —10
and emitter curtent = 0) ...... . ... ... iiiiiiiiiiiiieians —£0 min
Collector-to-Emitter Breakdofwn Voltage (with collector :
ma = —100 and base current = 0) ....................... —40 min
Base-to-Emitter Voltage (wlth collector-to-emitter volts = —2
and collector ma = —1000) . .......couirninnerininnnnns —0.38
Collector-to-Emitter Saturation Voltage (with collector
ma = —1000 and base ma = —50) .........c0veeiiuann e B R —03
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —2 and collector ma = —1000) ........ ..... ........ 50
DC Forward Conductance (with collector-to-emitter volts = —2
and collector ma = —1000) ......o0vueenenns PO PR, 4

POWER TRANSISTOR

Germanium p-n-p type used in

a wide variety of switching and am-

2N]906 plifier applications. It is used as a
high-power high-speed switch in

de-to-de converters, inverters, and

computers for data-processing equip-

volts
volts
volt

volt

ment; and in ultrasonic oscillators and large-signal wide-band linear amplifiers.
Package is similar to JEDEC No. TO-3; outline 24, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Volta%e (with emitter open) ........ccevvcura
Collector-to-Emitter Voltage (with base open) ..........covvuee
Emitter-to-Base Voltage (with collector open) ........ceevvnnne
Collector Current ...........c¢vearvvivases
Base Cwrrent ........... . Caensesus IS ES Y

Transistor Dissipation:
For mounting-flange temperatures 10 25°C L..iiiiiiiinnans

For mounting- ﬂange temperatures above 25°C ..... P R
Temperature Range:
gerahng (junct!on) and storage .............. R TS %
Temperature (for 10 seco maximum) .....ceivivaiinann
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = —10

emitier current = B) i oliain cineais rire viese s s s e v
ColIector-to Emitter Breakdown Voltage (with collector
= —100 and base current = 0) .. . ... . .. .... . ..ciheieee
ihutter—to—Base Breakdown Voltage (with emitter ma = —3§
and collector current = 0) ... ..cciirviveriiniinnnarasnans

—100 max volts

—40 max volis
—1 max volt
—10 max amperes
—3 max amperes
S0 max  watts
See curve page 80
—55 to 100 °C
255 max °C
100 min volts
40 min volts

1 min volt
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TYPICAL COLLECTOR CHARACTERISTICS

T T 1T 11 ]

|___TYPE 2NIS06
COMMON-EMITTER CIRCUIT, BASE INPUT.

MOUNTING ~FLANGE TEMPERATURE=25°C
E_g L
L ———30
==
a-3 =20
| O — — 5
-2 )
- i BASE MILLIAMPERES = -5
of | l J_ | l
e -5 -0 =I5 -20 <40
COLLEGTOR=TO-EMITTER ' vours S2CH-K0996T
TYPICAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC
€ T T T T T T T T T T
TYPE 2NI906 | TYPE 2NIS06
\_oowou—mm:n / | Commom-Em T TER CIRCUIT, BASE INPUT. |
=5 CIRCUIT, BASE MOUNTING-FLANGE TEMPERATURE=25°C
o INPUT. Q 5| COLLECTOR-TO-EMITTER VOLTS =2
Koy ] /
3| ‘ 3-a /
= UNTING—FLANGE |
g3 4 s TURE=25%C | & iy
4 ] ceu_acroa-m— £
g 5 /- EMITTER VOLTS=—2 w
=2 T =2
8 | 87
- =1 /
0 -0.2 -0.4 -06 -0.8
0 -0 -20 -30 -30 -50 BASE-TO-EMITTER VOLTS
BASE MILLIAMPERES S2C5-10994T
9205-109927

Base-to-Emitter Voltage with collector-to-emitter wolts = —2

and collector ma = s R e A e T 0.6 voit
Collector-to Emitter Saturation Voltage (with collector
—5000 and base ma = —250) ..................000iiunn —0.75 volt
Col]ect.or-Cutoff Current (with collector-to- base volts =
and emitter eurrent = 0) . i s e s e ~150 ra
Collector-Cutoff Saturation Current (with collector-to-base
volts = —0.5 and emitter current = 0) .................,.. ‘e —65 ka
Emitter-Cutoff Current (with emitter-to-base volts = —0.5
and collector cUrTent == 0} .....ovevverevnsnrensnsssonnessenss . —1 ma

Thermal Resistance:

Juncuon-ao-mounﬂng BADE & e i e S s e e cees 1.5 max °C/watt

In Common-Emitter Circuit
DC Forward Current-Transfer Ratlo (with collecton—to-ematter
2 —5000

volts = —2 and collector ma = ) 125
Smal.l Signal Forward-Current-Transfer-Ratio Cutoff Freque
(with collector-to-emitter volts = —5 and collector ma = —500 75
Gain-Bandwidth Product (with collector-to-emitter volfs — —&
and collector ma = —500) ..., 75
DC Forward Conductance (with collector-to-emitter volts — —2
and collector ma = —5000) ...............cc0vuivnvnennnnnnrns 8.3

TYPICAL OPERATION IN “ON-OFF” POWER-SWITCHING CIRCUIT

EE%% FEx

Collector-S ly Voltage 5 125 125
DC Collec toup%l{rren ..... -1 —25 —5
-0ff DC -_— 025 025
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Pulse-Generator Open-Circuit Voltage ............ 2 — — volts
Base-Bias Resistor .................. 75 5 5 chms
e -Up" Capacitor ....... 0.1 — — puf
Load Resistor ......,.. 5 5 25 ohms
Generator Impedance 5 5 5 ohms
Switchin, T:me
DIGTAN. TEIIE |\ 5l b o momac ot g o wme waod w Acam: 0.1 0.1 0.1 usec
Rise tlme ................................ 0.1 0.4 0.9 usec
Storage trme ............................. 1 7 i usec
Fall HINe’ . i i fiegs ipanmsiges oissqesiiniorss 0.6 1 2 psec

POWER TRANSISTOR

Silicon n-p-n type used in a

wide variety of high-power switch-

2N20]5 ing and amplifier applications in in-

: ; dustrial and military equipment. It

is used in power-switching, de-to-de

; converter, inverter, chopper, sole-

noid and relay control circuits; in oscillator, regulator, and pulse-amplifier

circuits; and as a class A or clms 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 JEDEC No.

TO-36 package; outline 14, Outlines Section. This type is identical with type
2N2016 except for the fo]lowmg

MAXIMUM RATINGS ; Y

Collector-to-Bise Volta;fe (with emitter open; ..
Collector-—to Emltf.er Vi t-age (with base open

100 max  volts
0max  wvolis

CHARACTER]STICS i !
Collector-to-Emitter Voltage: &
ith emitter-to-base volts = —1.5 and co]lel:tor ma=2 ....... ! 100 min volts

With base open and collector ma =200 ..0..............u.... 50mm volts
Collector-Cuto; Currem (with collector-to-em,ltter volts = 100

and base-to-emitter volts = —1.5) ...... . 2!_‘nax ma
Collector-tb-Emitter Sustaining Vo tage (w:th collector amperes ! o

=02 and base current = 0)7...... b © B0min  volis

POWER TRANSISTOR

Silicon n-p-n:type used in a
wide variety of high-power switch-
: 2N20-| 6 ing and amplifier applications in in-
dustrial and military equipment. It

is used'in power-switching, de~to-de

- converter, inverter," chopper, sole- : :
noid and relay control ecircuits; in oscillator, regulator, and pu]se-amp"llﬁer
_circuits; and as a class A or class B push-pull audio and servo: amphﬁer It
features low saturation resistance, high current and power dissipation, high

beta at high current, and -excelleiit high-temperature perfonnance. JEDEC
No. TO-36 package, outline 14, Outlines Section, ;

MAXIMUM RATINGS el R e T
Col]eetor -to'Base Voltage (with emitter ppen) 130 max - volts
Gollector-to-Emitter Valtage (with base open) .... © 65 max ", volis
mitter-to-Base Voltage (with collector open) .. "10Thax .. volis
.Collector Current " 10 maxamperes

S d

" Base Current ‘6 maxamperes

Emitter Current E : -13 maxa,mperes

Transistor Dlssma”t:dn' 3 i

~.At case témperatures up to! 25°C .............. ™ .. 150 max. :wafis
At case tém eratur'es above 25°C . ....iiiiiiirirrai et : See cu.me page 30

Temperature nge ;
- Operating? ﬂunctmﬂ) and Storage
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CHARACTERISTICS
Collector-to-Emitter Voltage:
With ‘emitter-to-base volts = —1.5 and collector ma = 2 ...... 130 min
With base open and collector ma = 200 et SR 65 min
Collector-to-Emitter Sustaining Voltage (with collector
ma = 200 and base current = 0) .............. ......c.... o 65 min
Collector-to-Emitter Saturation Voltage (with collector
amperes = 5 and base ampere = 0.5) ....... .. ... ... 0000, 1.25 max
Base-to-Emitter Voltage (with collector-to-emitter wvolts = 5
i “eoHector AIIDETEE = 8) il ihies caahis b i s e Ea s aas s o 2.2 max
Collector-Cutoff Current:
With collector-to-emitter volts = 30, base-to-emitter
‘ots = —1.5, and case temperature = 150°C .............. 2 max
With' collector-to-emitter volts = 130, base-to-emitter
volts = —1.5, and case temperature = 25°C ................ 2 max
Emitter-Cutoff Current (with emitter-to-base volts = 10 and
collector current == 0) .......ocvveruvvennanns 2 S S 0.05 max
Thermal Resistance:
Junction-to-case ..... e LN H s T e St O o e 1.17 max
Thermal Time CODSLANE ..evieaveerriossnnnesnsoesssansssssnanne 30
TYPICAL COLLECTOR CHARACTERISTICS
fo 500 1 1 1T T T T 7T
e | TYPE 2N20I6
—— 700 COMMON=EMITTER CIRCUIT, BASE INPUT,—
ém i CASE TEMPERATURE=25°C
8
| 500
©w T
& 200
& 6if- I T
H BASE MILLIAMPERES=300
e
o
S 200 L
ol | 4 s
i |
g /
L&) = 1
00 | — / |
2
30
| [0
=11 I 1 o | ra
0 (4] 20 30 40 50 60 70 B0
COLLECTOR-TO-EMITTER VOLTS 92cM-1092TH
In Common-Base Circuit
Collector-to-Base Capacitance (with collector-to-base volts = 40,
collector pa = 50, and frequency = 1 Mc) ................ 400 max
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = 4 and collector amperes = 9 8
With collector-to-emitter volts = 4 and collector amperes = 5 15 to 50
Small-Signal Forward Current-Transfer Ratio (with collector-
to-emitter volts = 4, collector ampere = 1, and frequency
e e 3 e T s e R 12 to 60
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequenc
(with collector-to-emitter volts = 4 and collector amperes = 5 12 min
TYPICAL OPERATION IN PULSE-RESPONSE TEST CIRCUIT
DC Collectthupgly Voltage (Voo) ....viviiiiiiiiiiiinnnnnnn 24
DC Base-Supply Voltage E BB) .. —6
On DC Collector Current (I.) ... 10
Turn-On DC_Base Current (Is1) S 2
Base-Circuit Resistance (Rm) or Raz) 10
Collector-Circuit Resistance (Re) .... 2
Switching Time:
On time (Delay time ta plus rise time tr) . 4
Off time (Storage time ts plus fall time te) T

255

volts
volts

volts
volts
volts

ma
ma
ma

°C/watt
msec

ke

volts
volts
amperes
amperes
hms

ohms

usec
nsec
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TYPICAL 8&58 CHGR MTERISTICS

TYPE 2N20I6 |
COMMON -EMIT-TER CIRCUIT, BASE IN'PUT-
[~ COLLECTOR-TO-EMITTER VOLTS =4

“«Tpr

CURVE | CASE TEMPERATURE—°C
. 25
1000~ _ _165 - >
—— 75
Y RS

BASE MILLIAMPERES
-4
o
=]

—0

500 7
|
250 5
it i L
e w msls ~TO- gmmasﬁ vgés amm . E ~VWv g2cs-11125R1
TRANSISTOR

Silicon n-p-n type used in a

wide wvariety of small-signal and

2N2-| 02 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- 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. JEDEC No. TO-5 pack-

age; outline 6, Outlines Section.
MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ........ ceaeas . 120 max  volis
Collector-to-Emitter Voltage:
With external base-to-emitter resistance = 10 ohms or less ... 80 max volts
WEE. BESELODIEI ¢o o s rn s o b Ao o e e s bin e e b B s i 65 max volts
Emitter-to-Base Voltage (wlth collector open) 7 max volts
Collector Current .. .. Vi w8 NS IR RO BATEOA B 1 max ampere
Transistor Dissipation:
At case temperatures up to 25°C .. ... ... ....iiciiaeiieeaann 7 5max watts
At ambient temperatures up to 25°C ... . ......iiiieieeeeaas 1 max watt
At case or ambient temperatures above 25°C ................ . See curve page 80
Temperature Range:
Operating (junction) ..........vivviiniiiciinns S o cin g, oY —65 to 200 b, 5
i - e e e I P R S e SR —65 to 300 °Cc
Lead Temperature (for 10 seconds maximum) . ......oi.iiiiie.. 300 max “C
(FYPICAL colLECTOR CHARACTEMSTICS TYPICAL TRANSFER CHARACTERISTICS
TYPE 2N2/02 TYPE 2N2102 ‘|
o :?nlg'le ~EMITTER CIRCUIT, BASE INPUT. %%hé*!EONNT ETMIQEER“cmcutT BASE INPUT.
F ENT TEMPERATURE =25°C —
& | o 209 TURE= 2508 AT 89
a w
X & I o
= & 400 = ©
3 | 4+ E 7
3 = 300
=
g b il H
el — 1 e
g = E29 F 7
E — ] /
82 i My =11 | 100 @ /
[BASE MICROAMPERES =0 y 8 o
0 20 a0 eo 0 100 .5 jo*r
COLLECTOR-TO- EMi‘l’TER VOLTS o aﬁE«?l)g-EMJTTER \?0!-.1'515 o

92C3-1TST 92Cs-pesT
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CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) ...... ........... R
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1
and collector current = 0)
Collector-to-Emitter Reach- Through Voltage (w;th "emitter-to-
base volts = 1.5 and collector ma = 0.1)
Collector-to-Emitter Sustaining Voltage:
With external base-to-emitter resistance — 10 ohms or less
and collector ma = 100
Wlth collector ma = 100 and base current = 0
~to- Emltter Saturation Voltage (with collector ma =—
d base Ma = 15) .. ... .. ae e
Collector-ta-Em;tter Saturation Voltage (with collector ma = 150
and base ma = 15) ..........c. 0
Collector-Cutoff Current (w1th collector-to-base volts 60
and emitter current = 0) .
Emitter-Cutoff Current (with emitter-to-base volts = 5
and collector current = 0)
Thermal Resistance:
Junction-to-case
Junction-to-ambient

In Common-Base Circuit

Input Resistance at 1 kilocycle:
ith collector-to-base volts = 5 and collector ma =1 ...
With collector-to-base volts = 10 and collector ma = 5 .
Input Capacitance (wlth emitter-to-base volis = 0.5 a
collector current = )i
Output Capacitance (w th collector-to-base volts = 10 and
emitter current =
Output Conductance at 1 kr]ocycle'
ith collector-to-base volts = 5 and collector ma =
With collector-to-base volts = 10 and collector ma =5 ......
Small-Signal Open-Circuit Reverse Voltage-Transfer Ratio at
1 kilocycle:
With collector-to-base volts = 5 and collector ma
With collector-to-base volts = 10 and collector ma

51‘....

Il II

TYPICAL COLLECTOR CHARACTERISTICS

120 min
7 min
120 min
80 min
65 min
1.1 max
0.5 max
0.002 max
0.002 max

2517

volts
volts
volts
volts
volts
volts
volt
ua

pa

35 max °C/watt
175 max °C/watt

24 to 34
4t08

80 max

15 max
0.11to0.5
01ltol

0.0003 max
0.0003 max

TYPE 2N2102
COMMON ~EMITTER CIRCUIT, BASE INPUT,
[ AMBIENT TEMPERATURE =25°C ===

| I | | I I T i T ]

COLLECTOR MILLIAMPERES

[BASE MILLIAMPERES =0
———r

1 1T T

o 2 4 ] 8 ([}
COLLECTOR—TO-EMITTER VOLTS

In Common-Emitter Circuit

DC-Pulse Forward Current-Transfer Ratio:*

With collector-to-emitter volts = 10 and collector ma = 150 ..

With collector-to-emitter volts = 10 and collector ma = 500 .,

With collector-to-emitter volts = 10 and collector ma = 1000 ,
DC Forward Current-Transfer Ratio:

With collector-to-emitter volts = 10 and collector ma = 0.01 ,

With collector-to-emitter volts = 10 and collector ma = 0.1 ..,

With collector-to-emitter volts = 10 and collector ma = 10 ...

S2CM-UITET

40 to 120
25 min
10 min

10 min
20 min
35 min

ohms
ohms

pf
pf

pmho
pmho
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Small-Signal Forward Current-Transfer Ratio:
With col]ectur-to-enutter volts = 5, collector ma = 1, and

frequency = 1 Kiloewele ... ..o ocnioissnieonossensesinsi . 30 to 100
With collector-to-emitter volts = 10, collector ma = 5, and

frequency = 1 kiloeycle . . 35to 150
With collector-to-emitfer volts = 10, co]lector ma = 50, and

frequency = 20 Mc ........ 3 min

Nolse F:gure (with collector-to-emitter volts — 10, collector ma

= 0.3, generator resistance = 1000 ohms, circuit bandwidth = 15

kilméycles. and signal frequency = 1 lnlocy 18 iiainin s iy 6 max db
Total Switching Timet (delay time plus rise time plus fall time) 30 max nsec

* Pulse duration = 300 gsec, duty factor — 0.018.
1 See Total-Switching-Time Measurement Circuit below.

-50 V +20V

C1=0.01 pf

Ri, R« = 100 ohms

Rz = 1000 ohms

Ra = 4700 ohms

Rs = 40 ohms

Rs = 1000 ohms, 5 watts

92¢5-11186R1

POWER TRANSISTOR

Germanium p-n-p type used in

high-fidelity amplifiers and other af

2N2'| 47 amplifiers where wide {frequency
range and low distortion are re-

quired. It is intended primarily for

class B amplifier service. JEDEC No.
TO-3 package; outline 5, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltafe
Collector-to-Emitter Voltage ...

—T75 max volts
—50 max volts

Emitter-to-Base Voltage ........ i = —1.5 max volts
Collector Current .......srrsssssasaesesninns —5 max amperes
Base Current ............. e R e : —1 max ampere
Emitter Current ................ v 5 max amperes
Transistor Dissipation:

At mounting-flange temperatures up to 81°C ............... = 125max  watts

At mounting-flange temperatures above 81°C ............... : Derate 0.66 watt/°C
Temperature ange: .

rating { unction) and Storage .................. veienee. —65 to 100 nC

Leage Tempera ure (for 10 seconds mMaxXimum) ................ 255 max Cc
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = —10

and emitter current = aa —175 min volts
Collector-to-Emitter Breakdown Volt.age (w:th “collector ma =

=100 and base current = 0) i, .. it aisaas i s e sy —>50 min volts
Base-to-Emitter Voltage (thh collector-to-emitter wolts = —10

and collector MA = —5D) ....vvicuiviionaroinaiosesranssseiss —0.24 volt

Collector-Cutoff Current (with collector-to-base volts = —40
and emitter current = 0) .......... .ol i A i —1 max ma
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Col.lector-CutofE Saturation Curreroat (with collector-to-base wvolt

5 and emitter current

collector current
Thermal Resistance:
Junction-to-case ......coveverriiniriaians

In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (\\)rith collector-to-em:tter

259

—70 max
—2.5 max
1.5 max °C/watt

ua
ma

volts = —1 and collector ma = —1000) ............... 150
Gain-Bandwidth Product (with collector-to
agd collector ma = L - 4 Mec
TYPICAL COLLECTOR CHARACTERISTICS
T T T T T
TYPE 2N2I47 | f | [
COMMON-EMITTER CIRCUIT, BASE INPUT.
" MOUNTING~FLANGE TEMPERATURE =25°C I
o N
: |
w 3 |
L |
z ﬁ -25%
® -4 n
= -2 BOUNDARY OF
[T} L N RECOMMENDED OPERATING
Y-3 ~ v 7 REGION
-}
3 |
-2 10> ll
~
[ s \
-1 | — BASE MILLIAMPERES=-5 - |
o =5 =0 -I5 -20 -25 -30 -35 -40 -45 -50
COLLECTOR-TOQ-EMITTER VOLTS “92cM-113T2
“TYPICAL TRANSFER CHARACTERISTIC TYPICAL BASE CHARACTERISTIC
TYPE 2N214T
TYPE 2N2147
COMMON—EMITTER CIRCUIT, BASE INPUT,
o NIRRT ¢ | ool RO EMIIER cncu nte et
i1 o COLLECTOR—TO—EMITTER VOLTS=-2
53 / W50 : I
o, ul I
24 S
= / 5—40|
8 /
8 / ' 2-30 7
b "
3-2 2 20 /
o a
pi D/! |
o =300 -600 800 S = =
BASETO—EMITTER MILLIVOLTS ° S GESTO TR vors Do
gecs-132471 . 121,

TYPICAL OPERATION IN SINGLE-ENDED

DC Collector Supply Voltage ....
Zero-Signal DC Collector Current
Zero-Signal Base-Bias Voltage
Peak Collector Current ..
Maximum-Signal DC Collector Current
Input Impedance of Stage (@ﬂ base) .
Load Impedance (Speaker Voice Coil}

PUSH-PULL AMPLIFIER CIRCUIT

22 volts
—0.05 ampere
—0.24 volt

—3.5 amperes
—1.1 amperes
75 ohms

4 ohms



260 RCA Transistor Manual

Power Gain db
Maximum-Signal Power Output ..............coviinenenvsiorann 25 watts
Total Harmonic Distortion at Maximum Signal Power Output .. 5 per cent
Maximum Collector Dissipation (per transistor) under worst-case

eonathONg o R R e 125 watts
EIA Music Power OQutput Rating .........ccciviiiiriiirinnnnnes 45 watts

vee
+
Vee
+0
TQ
Gt
Rg Rs
Waoq = 22 volis
Ri, Rs = 330 ohms, 2 watts
Rz, R« = 3.9 ohms, 0.5 watt 92CS-11332R2
Rs, Rs = 0.27 ohm, 0.5 watt
Voice coil
impedance = 4 ohms
POWER TRANSISTOR
Germanium p-n-p type used in
high-fidelity amplifiers and other af e
2N2] 48 amplifiers where wide frequency
range and low distortion are re-
quired. It is intended primarily for E 8

use as a class A power amplifier
in driver stages of high-power, high-quality af amplifiers, and in the output
stages of moderate-power amplifiers, It can also be used in class B power-
amplifier circuit. JEDEC No. TO-3 package; outline 5, Outlines Section.
MAXIMUM RATINGS
Collector-to-Base Voltaq

Collector-to-Emitter Vo
Emitter-to-Base Voltage

—60 max volts
—40 max volts
—1.5 max volts

| - R
tage

Collector Current ...... —5 max amperes
Base Current ..... —1 max ampere
Ermittar  CURTeRl .. ciionsieeiavissaeinsms e e vernd s5as ien 5 max amperes
Transistor Dissipation:

At mounting-flange temperatures up to 81°C ............v.0 " 12.5 max watts

At mounting-flange temperatures above B1°C ..........cc00u0 Derate 0.66 watt/°C
Temperature N

Ogerating (junction) and StOrage .............coeeneenernnnes —65 to 100 b,
Lead Temperature (for 10 seconds maximum) .........eevee0es 255 max °C
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CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = —10

and emitter current = 0) N —60 min volts
Collector-to-Emitter Breakdown Voltage (with collector ma = )

—100 and base current = 0) A —40 min volts
Base-to-Emitter Voltage with collector-to-emitter volts = —10

and collector ma = —50) .........0iiiuiiiiiiiriin i —0.26 volt
Collector-Cutoft Current (w:th collector-to-base volts = —40 and

emitter current = 0) —1 max ma
Collector-CutofI Saturation Current (with’ collector-to-base volt

Doand emitter current =:0) 5ol sl via e a e —100 max ma

Emitter-Cutoff Current (with emitter-to-base volts = —1.5 and

COMMCIOr cUITENnt = D) iviniwr i vims vrs e s ibseeaoss veive i —10 max ma
Thermal Resistance:

Junction-to-case ............. SR R B AL S 1.5 max °C/watt

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (wlth collector-to-emitter

volts = —1 and collector ma = —1000) ...................... 100
Gain-Bandwidth Product (w:th collector-to-emitter volts = —5
and collector ma = —BO0) ... il i e e e 3 Me

TYPICAL COLLECTOR CHARACTERISTICS

TYPE 2N2148 | _|
| COMMCN-EMITTER CIRCUIT, BASE INPUT.
[~ MOUNTING—FLANGE TEMPERATURE=25°¢C

i ij l INEENE
‘ |
= | 1

BOUNDARY OF
RECOMMENDED OPERATING
REGION :

=4

COLLECTOR AMPERES
wm
NG
A\
b

LI 25>
|
~pl T "
- |'  — e -
BASE MILLIAMPERES =-5 e = g
o e i o i el i |
0 = ! T T T N

COLLECTOR-TO-EMITTER VOLTS 92CM-10999T3

TYPICAL BASE CHARACTERISTIC

TYPE 2N2148

COMMON—EMITTER CIRCUIT, BASE INPUT,
MOUNTING—FLANGE TEMPERATURE = =25°
COLLECTOR-TO-EMITTER VOLTS=-2

2 il
L L]
g !
E L]
1
o B i =i
|
ZaRENEE
B.Aszhngfhnsﬁ?bim =
B2CS-I32ITH

TYPICAL OPERATION IN SINGLE-ENDED PUSH-PULL AMPLIFIER CIRCUIT

DC Collector Sugp]y Voltage . ... .....cviviiiiinninnnnns 16.5 volts
Zero-Signal DC Coliector Current _____ g —0.05 ampere
Zero-Signal Base-Bias Voltage ........ e i —0.26 volt
Peak Collector Current ........ e SR —2.7 amperes

Maximum-Signal DC Collector Current ........ R g —0.85 ampere
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R
T 1 Q
{ K
V
| z Yeg
vee
+0
TO
DRIVER
STAGE
g_
Vee = 16.5 volts
Ri, Rs = 270 ohms, 2 watts
Rz, R« = 3.9 ohms, 0.5 watt 92CS-1332R2
» Ra = 0.39 ohm, 0.5 watt
Voice coil
impedance = 4 ohms
Input Impedance of Sta (per base) 65
Load Impedance (Speaker Voice Coil) 4
Power GaIN ........occconiessarncnnnns B 31
Maximum-Signal Power Output ..............ooiieinciinness = 15
Total Harmonie Distortion at Maximum Si 1 Power Qutput .. 5
Maximum Collector Dissipation (per transistor) under worst-case
COMAIIONIE ., . i vivisa s whr i sy oo et b i Fa oo v o 10 e 7.5
Music Power Output Rating ...........ioceeivunsssnsanes ” 25

TRANSISTOR

Silicon n-p-n type used in very-
high-speed switching applications in

i ts which ire high re-
2N2205 3inifity and high packaging densi-

type is electrically identical with type 2N1708 except for

ties. JEDEC No. TO-18 package; E
outline 12, OQOutlines Section. This

CHARACTERISTICS

Emitter-Cutoff Current (with emitter-to-base volts = 3 and
collector current = 0) ......c.oeveciennssnssarancsrssanssssnos " 100 max

: i hich require high re-
2N2206 iibifiy and high packaging densi-

TRANSISTOR

Silicon n-p-n type used in very-
high-speed switching applications in

ties. JEDEC No. TO-46 package;
outline 18, Outlines Section.

ohms
ohms

db

watts
per cent

watts
watts

c

the following item:

ua
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MAXIMUM RATINGS

Collector-to-Base Volta%e (with emitter open) ........ v 25 max
Collector-to-Emitter Voltage (with external base-to- emitter

resistance = 1000 ohms and load resistance = 100 ohm.s] 20 max
Emitter-to-Base Voltage (with collector open) ........ 3 max
Collector Current ..., ... ..i.iiihiriensiisnnaviis e : 0.2 max

Transistor Dissipation:
At case temperatures up to 25°C 4 ¥ 1 max
At ambient temperatures up to 25°C ..... .. .. I ‘ 0.3 max
At case or ambient temperatures above 25°C .. See curve

Temperature Range:

Operation (junction) P % —65 to 175

St%rﬁge j ................. P — v ... —65to 300
Lead Temperature (for 10 seco: maximum) ........ 235 max
CHARACTERISTICS
Base-to-Emitter Saturation Voltage (with collector ma = 10

anid DaSE MR 5= L) v vmiasanne st a s e sa s e i b . 07to09
Collector-to-Emitter Saturation Voltage:

With collector ma = 10 and base ma = 1 ..........ccocnvuuns 0.22 max

With collector ma = 50 and base ma =5 .......... o 0.35 max
Collector-Cutoff Current (with collector-to-base volts

and emitfer current = 0) ...cciiiviierrianitisiaiirriinnine o 0.025 max

In Common-Base Circuif

Collector-to-Base Capacitance (with eollector-to-base volts = 10,

emitter current = 0, and frequency = 140 kilocyeles) ....... : 6 max

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-enﬁtter

volts = 1 and collector ma = 10) .................... 2 40 to 120
Small-Signal Forward Current-Transfer Ratio (with collector-

to-emifter volts = 10, collector ma = 10, and frequency

=T MCY diiresines omeninssins s ameviss T AT 2 min
TRANSISTOR
@s Silicon n-p-n type used in a

wide wvariety of small-signal and

263

volts
volts
volts
ampere
watt
watt
page 80
°C

°C

volt

volt
volt

na

pf

dium- lications in in-
dustrial and military equipment, 7. 2N2270

E ¢ can be used in rf service as an am-~
plifier, mixer, oscillator and con-

verter; in af service in small-signal and power applications. It features low
output capacitance and exceptionally low noise and leakage characteristics.
JEDEC No. TO-5 package; outline 6, Outlines Section. For curve of collector

characteristics, refer to type 2N2102,

MAXIMUM RATINGS

Collector-to-Base Volta%e (with emitter open) .............00. 60 max
Collector-to-Emitter Vi

With external base -te-ermtter resistance = 10 ohms or less ... 60 max
WAL DUSECODEIX .o s s T s e T s b b duae 45 max
Emitter-to-Base Voltage (with collector open) ............. 7 max
Collector Current ............ G AR 1 max
Transistor Dissipation:
At case temperatures up to 25°C .................. S 5 max
At ambient temperatures up to 25°C 1 max
‘At case or ambient temperatures above 25°C ....... e g See curve
Temperature Range:
geratmg (junction) and storage .............cc0vunn vesearess —65 to 200
Temperature (for 10 seconds maximum) ....... . 255 max
CHARACTERISTICS

Collector-to-Base ‘Breakdo;nm Voltage (with collector ma = 0.1

and emitter current = 0) ._............... E ¥ 60 min
Emitter-to-Base Breakdown Voltage (wlth emitter ma = l]l
and collector current = 0) ......viicucisyosicasssinasns a e 7 min

volts

volts
volts
volts
ampere

watls
watt
page 80

i
°C

volts
volts
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Collector-to-Emitter Sustaining Voltage:
With external base-to-emitter resistance = 10 ohms or 1ess and
pulse collector ma = 100* ... ... .. s
With pulse collector ma = 100* and base current — 0 ...
Base-to-Emitter Saturation Voltage (with collector ma = 150
and-base WA = 18] .0 cin s pai pien s hib e
Collector-to-Emitter Saturation Voltage (w:th collector ma
= 150 and base ma = 15)
Collector-Cutoff Current (with collector-to-base volts B
and emitter current = 0) . ..... .
Emitter-Cutoff Current (with emitter-to-base volts
collector current = 0)
Thermal Resistance:
Junction-to-case

Input Capacitance (wlth emitter-to-base volts = 0.5 and
collector current = 0) .. ... ... -

Qutput Capacitance {with collector-to-base volts = 10 and
emitter current = 0) ....

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
With collggtdor~t0vem1ﬂer volts = 10 and pulse collector
ma¥* — Rk o A e et P P R S e e .
With collector-to-emifter volts = 10 and collector ma = 1 .
Small-Signal Forward Current-Transfer Ratio:
With collector-to-emitter volts = 10, collector ma = 5, and
frequency = 1 kilocycle : SRl e e
With collector-to-emitter volts = 10, collector ma = 50, and
frequency = 20 Mc

Noise Figure (wn.h collector~t0 ‘emitter volts = 10, collector
ma = 0.3, generator resistance = 1000 ohms, circuit bandwidth
15 kilocycles, and signal frrquenc — 1 kilocyele) ........

* Pu]se duration = 300 psec, duty factor = 0.018.

TRANSISTOR

Germanium p-n-p type used for
low-power radio-frequency ampli-
2N2273 fier applications in the vhf range
in industrial and military equipment.
JEDEC No. TO-18 package; outline
12, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)
Collector-to-Emitter Voltage (with base open)
Emitter-to-Base Voltage (with collector open)

Collector Current .......vveivcessssnsnmessrs P B
Transistor Dissipation:

At ambient temperatures up to 25°C ...... R T S .

At ambient temperatures above 25°C .............
Temperature Range:

Operating [junction) and StOrage ..........,..cocecieriias
Lead Temperature (for 10 seconds maximum) ..............
CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter curtent = 0) i vl e iy s sy
Collector-to-Emitter Breakdown Voltage (with collector ma = 0.1
and base ourrent = ) i .iaiioin vy iaass ians s esd va shEa .
Emitter-to-Base Breakdown Vo]tage (with ‘emitter ma = 0.1
and collector current = 0) . ............. . 0iteiiiiiaaiaaiians
Collector-Cutoff Current (with collector-to-base volts = —12
and emitter current = 0) ..... ... ... iiiiiiiiiiiiaaas veee

In Commeon-Base Circuit

tput Capacitance (with collector-to-base wolts = —10,
Olér]rjl,;ltter ciflrrent = 0, and frequency = 140 kilocycles) ........

60 min
45 min

1.2 max
0.9 max
0.1 max
0.1 max

35 max
175 max

80 max

15 max

50 to 200
35 min

30 to 180
3 min

6 max

volts
volts

volts
volt
ma
pa

°C/watt
“C/watt

pf
pt

db

—25 max
—15 max
—1 max
—100 max

100 max
See curve

—65 to 100
235 max

—25 min
—15 min
—1 min

—10 max

3.5 max

volts
volts

ma
mw
page 80

°C
C

volts
volts

volt

pf
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In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = —10 and collector ma = —1) ,......oiiorervin-
Small-Signal Forward Current- Transfer Ratio (with collector-to-

emitter volts = —6, collector ma = —1, and frequency = 10 Mc)
Base Spreading Resistance (with collector-to-emitter volts

= —10, collector ma — —1, and frequency = 250 Mec) ......
High-Frequency Input Impedance (with collector-to-emitter volts

= —9, collector ma = —1, and freguency = 250 Mc¢) . ........
Small- -Signal Power Gain (with col ector-to-emitfer volts = —8,

collector ma = —1, and frequency = 30 Me) .........

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of switching and am-
plifier applications in industrial
equipment. It is used in power-
switching, de-to-de converter, in-
verter, chopper, and relay-control

20 to 150

20to 28

250

50 to 250
10 min

265

ohms
ohms
db

2N2338

circuits; in oscillator, voltage- and current-regulator circuits; and in de and
servo amplifier circuits. JEDEC No. TO-36 package; outline 14, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ........cccvivuen
Collector-to-Emitter Voltage:

With emitter-to-base volts = 15 ................... SRR

WILH DRSS ODBIY 4 v iivnissnstmases s smsnstnsssssos
Emitter-to-Base Voltage (wlth collector open) ..............0ee
Collector Current ........l...c0vviuns S . -~
Bage COrrent ... e siiads B iisiaings SFER A IR R R »
Transistor Dissipation:

At case temperatures up 10 25%°C Liiiiiiasiaivisiaise e anas

At case tem eratures above 25°C . ...iiarviisasessiinsss
Temperature Range

Operating (Junctmn) and SEOYREE ....ovassvsrnios

CHARACTERISTICS

Collector-to-Emitter Voltage (with emitter-to-base volts = 15
and collector MA = 2) .. .....o.oiiivrrrineiineenineas
Collector-to-Emitter Sustaining Voltage (
collector ma =_200
Base-to-Emitter Voltage (with collector-to-emitter wvolts = 4
and collector amperes = 3) ................
Collector-to-Emitter Saturation Voltage:
With collector amperes = 6 and base ampere =
With collector amperes = 3 and base ampere = 0.3 ......
Collector-Cutoff Current:
With collector-to-emitter volts = 30 and base current = 0 .
W[th collector to-emitter volts — 60 and base-to-emitter volts

Wlth collector-to~emltter volts = 30, base-to-emitter volfs
= —1.5, and case temperature = 200°C -~

With collector-to-base volts = 30, emitter current = 0, and
case temperature =

g,

Emitter-Cutoff Current (Wit%‘l emitter-to-base volts = 6

and collector current = 0) ........ocvvvevann R
Thermal Time Constant ............. BN St
Thermal Resistance:

JUNCLioN=10~CaSe .iviversavasiinasansarensna

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts = 40,
emltter current = 0, and frequency = 0.1 Mc) ............ =

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = 4 :and collector amperes = 3
With collector-to-emitter volts — 4 and collector amperes =

60 max

60 max
40 max
6 max

volts

volts
volts
volts

7.5 max amperes
5 maxamperes

150 max
See curve

—65 to 200

60 min
40 min
3 max

3.5 max
1.5 max

5 max

2 max
50 max
0.2 max

3 max
0.1 max
30

1.17 max

600 max

15t0 60
Tmin

watts
page 80

‘C

volts
volts
volts

volts
volts

ma
ma
ma
ma

ma
msec

°C/watt

pf
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Small-Signal Forward Current-Transfer Ratio (with collector-to-
ﬁr_]im‘.ter1 \;D]ts = 4, collector ampere = 0.5, and frequency = 1
1locycele

.................................................... 12 to 72
Small-Signal Forward-Current-Transfer-Ratio Cutoff Frequency

(with collector-to-emitter wvolts = 4 and ecollector amperes
Collector-to-Emitter Saturation Resistance (with collector

amperes = 3 and base ampere = 0.3) ...........c00inn0nn 0.5 max ohm

TYPICAL COLLECTOR CHARACTERISTICS

TYPE 2N2338 ;
COMMON-EMITTER CIRCUIT, BASE INPUT.

(4] [{+] 20 30 40 50 &0 70 80

" CASE TEMPERATURE = 25°C
8|- 1| ‘
[ TOO
I 600
& e | I __500.
E 300 T
e 300 .
5 |
|
e 200 T I
2 T
8 .
BASE MILLIAMPERES = 100
5 T =
50 —
30 — i
0 __|
1 To i

COLLECTOR-TO-EMITTER VOLTS g2CM-11556T)

TYPICAL OPERATION IN PULSE-RESPONSE TEST CIRCUIT BELOW

DC Collector Supply Voltage (Vee) .vvvveverennvnnannnes 24 volis
DC Base Supply @o?t.age (533) ............ —6 volts
On DC Collector Current (Ig) ......... Bt SRt R R L 10 amperes
Turn-On DC Base Current (IB1) .......coesvesnmsnvosnsascses 2 amperes
Base-Circuit Resistance (Rmi or Rms) .....cociviiieeinnannns 10 ohms
Collector-Circuit Resistance (Rc) ...... 2 ohms
Switching Time:
On time EDela:f time ta plus rise time te) .......... 4 psec
Off time (Storage time ts plus fall time t2) ....vcvvveeiiinenen 7 psec
TYPICAL BASE CHARACTERISTICS <—T¢ o)
T T T T 1 L} ]
TYPE 2N2338
|_ COMMON-EMITTER CIRCUIT, BASE INPUT,
COLLECTOR-TO-EMITTER VOLTS =4
0 | _CURVE | CASE TEMPERATURE—"C
&5 _2555 3
%lnool—_-_ 175 - ch
= | A
2 750 o
H P
w
w 500
® / v,
250 7 e
z ] ijIF——o
o -/’I 2 3 Rez ! ‘
BASE-TO-EMITTER VOLTS —ANAN—

92C5-11568T 92CS~11125R1
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POWER TRANSISTOR

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, 2N2339
® (!j 0] de-to-de converter, inverter, chop-
¢ B E per, and relay-control circuits; in
oscillator, voltage- and current-regulator circuits; and in de 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.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open)
Collector-to-Emitter Voltage
With emitter-to-base vo ts = AD e v i 60 max volts
WK DasSe ODBTY . .iconc o oo pio e esissa 40 max volis
Emitter-to-Base Voltage (with collector open) 6 max volts

60 max  volts

Colleetor Current .. .......c5s0 censssnssgnssnivne S e e e 2.5 max amperes
Base CUrrent .........icesisisesaiss 1 max ampere
Transistor Dissipation:

Al case temperatures up to 25°C ............... PRy R PR 40 max watts

At case temperatures above 25°C ........oiiiiiieiiiieiinieies See curve page 80
Temperature ange:

rating qtunctionl and Storage ............. S v... —65to 200 °C

Lea Tempera ure (for 10 seconds maximum) ...... s R e 255 max °C
CHARACTERISTICS
Collector-to-Emitter Voltage (with emitter-to-base wvolts = 1.5

and collector Ma = 0.75) .. ... iivrenmmniiierreeeennnnnnnnsns 60 min volts
Collector-to-Emitter Sustaining Voltage (with base open and

collector ma = 100) 40 min volts

Base-to-Emitter Voltage (with collector-to-emitter volts
cOllEttor amDere = 08) il e i s s e e g S 3 max volts
Collector-to-Emitter Saturation Voltage:
With collector amperes = 1.5 and base ampere = 0.3 . 9 max volts
With collector ampere = 0.3 and base ampere = 0.03 ... 1.5 max volts
Collector-Cutoff Current:
With collector-to-emitter volts = 30 and base current = 0 . 3 max ma
Wlth collector-to-emltter volts = 60 and base-to-emitter volts

.......................................... A—— 0.75 max ma
W:th coiiector-to emitter volts = 30, base-to-emitter volts
= —1.5, and case temperature = 200°C ..................... 20 max ma
With collector-to-base volts = 30, emitter current = 0, and
case temperature =
BB o e e i e P T MR S R R A D e 0.1 max ma
B A A M L ) e A St P e el LS . 1.5 max ma
Emitter-Cutoff Current (with emitter-to-base wvolts = 6 and
collector current = 0) ........... R A B R R 0.05 max ma
Thermal Time Constant ........ 8 .5 R e a5 S e R e Y . 10 msec
Thermal Resistance:
Junction-to-case ............ 7 max °C/watt
Junction=to-ambient ..........c.cciiiiiiiiiiii i iraanae Ve 100 max °C/watt
In Common-Base Circuit
Collector-to-Base Capacitance (with caiIector-to base volts = 40,
emitter current = 0, and freqrency =01 M) . inrsvonssiie 300 max pf
Small-Signal Forward-Current-Transfer-Ratio toff Freguency
(with collector-to-base volts = 28 and collector ma 1 Me
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = 4 and collector ampere = 0.3 20 to 80
With _collector-to-emitter volts = 4 and collector ampere = 1.5 6 min
Srnall-Signal Forward Current- Transfer Ratio:
With collector-to-emitter volts = 4, collector ampere = 0.1
and frequency = 1 kiloeyele ... . ... ... ... ... iiiiinn 12 to 84
With collector-to-emitter volts = 28, collector ampere
0.02, and frequency = 0.1 Mg ..............coocvovninnns 7 min

Collector-to-Emitter Saturation Resistance (with collector
ampere = 0.3 and base ampere = 0.03) ................ — Smax ohms
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TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT BELOW

DC Collector Sup{;rl% Voltage (Vee) ..
DC Base Slﬂyply otage ( Bn) .............................
Generator Registance ............ovevcenases .
On DC Collector Cu:rent (Ic)
Turn-On DC Base Current (Isi)
Turn-Off DC Base Current (Issz)
Switching Time:
Delay time (ta) ........
LT = T 7
Storage time [t-}
Fall time (tr)

92C5-|0427R2

POWER TRANSISTOR

Silicon n-p-n type used in a wide

variety of small-signal and medium-

2N2 405 power switching applications in in-
dustrial and military equipment. It

features high collector-to-emitter

sustaining voltage, low leakage char-

Ves = 8.5 volts

Vee = 12 volts

R: = 50 ohms, 1 watt
R: = 220 ohms, 1

Ra = 15.9 ohms, 2 watts

[

acteristics, high switching speeds, and a high de forward current-transfer ratio.
JEDEC No. TO-5 package; outline 6, Qutlines Section. For curve of typical

transfer characteristics, refer to type 2N1893.
MAXIMUM RATINGS

Coueftgr-tol-t]:ase Voltage (with base-to-emitter reverse bias
= - v
Collector-to-Base Voltage (with emitter open) ..... A ke
Collector-to-Emitter Voltage:

With external base-to-emitter resistance = 10 ohms or less ..

With external base-to-emitter resistance = 500 ohms .
Collector-to-Emitter Voltage (with base open) .. .
Emitter-to-Base Voltage (with collector open) . e
Collector Current ............... .
Transistor Dissipation:

At case temperatures up to 25°C

At ambient temperatures up to 25°C

At case or ambient temperatures above 25
Temperature Range:

Ogerating (junction) and Storage ......... ——

Temperature (for 10 seconds maximum) ...... YR

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) ............. S e s M
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1
and collector current =— 0) ........coveetsrenvstssrsrronsosse
Collector-to-Emitter Saturation Voltage:
With base ma = 15 and collector ma = 150 ......... ST s
With base ma = 5 and collector ma = 50 ......c00ernnesescns
Base-to-Emitter Saturation Voltage:
With base ma = 15 and collector ma = 150 ........couvvnannn
With base ma = 5 and collector ma = 50 .......... R .

volts
volts

volts
volts
volts
volts

ampere

watts

watt

page 80

°C
°C

volts
volts

volt
volt

volts
volt
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Cc{‘;l‘}ector-tmEmitter Sustaining Voltage:

base current = 0 and pulsed collector ma = 100*% ......

With base current = 0 and pulsed collector ma = 30* .....
With external base-to-emitfer resistance = 10 ohms and

pulsed collector ma = 100* ............... ... v00nns
With external base-to-emitter resistance = 500 ohms and

pulsed collector ma = 100® .........ccovirvinncnnnnnns

Collector-Cutoff Current:
With case temperature — 25°C, collector-to-base volts = 90,

and emitter current = 0 .. ...... ... iiiiiiiiiiii e .
With _case temperature = 150°C, collector-to-base volts = 90,
and emitter eurrent = 0 .......co0niiaineiisssrssasrinns

Emitter-Catoff Current (with emitter-to-base wvolts = 5 and
collector current = 0)

Thermal Resistance:
Junction-to-case ............ T —
Junction-to-amblent .....iecveenenerrensiseraionranas rinsesnsen

* Pulse duration = 300 psec, duty factor = 0.018

In Common-Base Circuif

Input Resistance at 1 kilocycle:
ith collector-to-base volts = 5 and collector ma =1 ......
With collector-to-base volts = 10 and collector ma = 5 .....
Emitter-to-Base Capacitance (with emitter-to-base wvolis = 0.5
and collector eurrent = 0) ... ... siestsnrinnsrnsssssannis
Collectar-to-Base Capacitance (with collector-to-base volts = 10
d emitter current = 0)
Os.wgut Conductance at 1 k1locycle.
th collector-to-base volts = 5 and collector ma = 1 ......
With collector-to-base wvolts = 10 and collector ma = 5 .....
Srga;ltlﬂSlgn?l Open-Circuit Reverse Voltage-Transfer Ratio at
ocycle:
With collector-to-base volts = 5 and collector ma = 1 .,....
With collector-to-base volts = 10 and collector ma = 5§

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
Wlth collector-to-emitter volts = 10 and pulsed collector ma

Wxth collector-to-emitter volts =10 and ‘collector ma = 10
With collector-to-emitter volts = 10, collector ma = 10, and
case temperature = —55°C ...............
Small-Signal Forward Current-Transfer Ratio:
With collector-to-emitter wvolts = 5, collector ma = 5, and
frequency — 1 kilocycle ... i
With collector-to-emitter wvolls
frequency = 20 Mec ............
Noise Figure (with collector-to-emitter volts = 10, collecior ma
= 0.3 generator resistance = 500 ohms, circuit bandwidth
= 15 kilocycles, and signal frequeney = 1 kilocycle) ......

¢ Pulse duration = 300 usec, duty factor = 0.018

24

90 min
90 min

140 min
120 min

0.01 max
10 max

0.01 max

269

volis
volts

volts
volts

pa
ua
pa

35 max °C/watt
175 max °C/watt

to 34

4108

80 max
15 max

0.5 max
0.5 max

3x 104
3x 10+

25 min

60 to 200

35 min
20 min

50 to 275

TYPICAL COLLECTOR CHARACTERISTICS

6 min

6 max

TYPE 2N2405
COMMON-EMITTER CIRCUIT, BASE [NPUT.
L AMBIENT TEMPERATURE #25° G
°
g.c
3 I
o —— // 7
D i s —T /||y
38 = \
r 30 _—1
2 L
51—
BASE MICROAMPERES=0
© 0 20 20 40 50 60 70 80 90 (00 10 120 130 140

COLLECTOR-TO-EMITTER VOLTS

S2CM-1IB4TT

ohms
ohms
pf

pf

prnho
pmho

db
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TRANSISTOR
Silicon n-p-n type used in ultra- B
high-speed logic-circuit applications
2N2475 in data-processing equipment. Pack-
age is similar to JEDEC No. TO-18;
outline 27, Outlines Section. E c
MAXIMUM RATINGS
Collector-to-Base Volta%e (with emitter open) ...... P i 15 max  volts
Collector-to-Emitter Voltage (with base o‘peng ..... P 6 max  volts
Emitter-to-Base Voltage (with collector open) ...........ovvvennn 4 max volts
Transistor Dissipation:
At case temperatures up to 100°C ...... R PPN W i 500*max mw
At ambient temperatures up to 25°C ..... e T e o 300 max mw
At ambient_temperatures above 25°C .............iieiuinanan See curve page 80
Temperature Range:
B R R R R SRR SRS —65 to 300 °c
Operating (Eunctio s S — veseen.. —B5 to 200 °C
Lead Temperature (for 10 seconds maximum) ........... ke 300 max °C

* This rating must be reduced by 5 mw per °C for case temperature above 100°C.

CHARACTERISTICS

Base-to-Emitter Saturation Voltage (with collector ma = 20
and base ma = 0.66) oo, 0.8tol.0 volt
Collector-to-Emitter Saturation Voltage (wuh collector ma = 2
and base ma = 0.66) ... ..o iiiiiiiiiene.
Collector-Cutoff Current (with collector-to-base volts
and emitter current = 0) ............. SRS A E e . 0.05 max na

& 0.4 max volt

In Common-Base Circuit

Output Capacitance (with collector-to-base volts = 5, emitter

current = 0, and fre%uency = 140 kllocycles) i v 3 max pf
Input Capacitance (wit emitter-to-base volts = 0. 5 collector
current = 0, and frequency = 140 kilocycles) ..... Vi E T 2.5 max pf

In Common-Emitter Circuit

Small-Signal Forward Current-Transfer Rat;o (with collector-to=-
emitter volts = 2, collector ma = 20, and frequency = 100 Mc) 6 min
DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = 0.3 and collector ma = 1 .. 20 min
With collector-to-emitter volts = 0.5 and collector ma = 50 .. 20 min
With collector-to-emitter volts = 0.4 and collector ma = 20 .. 30 to 150

TRANSISTOR

Silicon n-p-n type used in core- B
driving and line-driving applications
2N2 476 requiring exceptionally fast switch-
ing speeds at high currents. JEDEC
No. TO-5 package; outline 6, Out- E c

lines Section. This type is identical
with type 2N2477 except for the following items:

CHARACTERISTICS
Collector-to-Emitter Saturation Voltage:
With collector ma = 150 and base ma--?s 0.4 max volt
With collector ma = 500 and base ma = 50 . i s 0.75 max volt
Base-to-Emitter Voltage (with collector ma = 150
And BUEE TOB = "TB) 5 i v i e S e 1 max volt

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio .
{with collector-to-emitter volts = 0.4 and collector ma = 150) 20 min
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TRANSISTOR

(e Silicon n-p-n type used in core-
driving and line-driving applications

¢ No. TO-5 package; outline 6, Out-

2N

requiring exceptionally fast switch-
O a (3) ing speeds at high currents. JEDEC 2N247 7
E 0

[

lines Section.

MAXIMUM RATINGS
Collector-to-Base Volta§e (with emitter open) . ‘ 60 max
Collector-to-Emitter Voltage (with base open) . 20 max
Emitter-to-Base Voltage (with collector open) . 5 max
Transistor Dissipation:

At case temperatures up to 25°C ........iiiiiiininrsaannaans 2 max

At ambient temperatures up to 25°C ............ T . 0.6 max

At case or ambient temperatures above 25°C ...............0 See curve
Temperature Range:

Operating (junetion) . ...ieecaleaiig, oddiiianiifiveriiviiii —65 to 200

RO A i i e hbn v rrv e i B D R I R B 8 A A R AT —65 to 300
Lead Temperature (for 10 seconds maximum) .........oeeevinas 300 max
CHARACTERISTICS
Collector-to-Emitter Saturation Voltage:

With collector ma = 150 and base ma = 3.75 ..... VAl A e 0.4 max

With collector ma = 500 and base ma = 50 ..... 0.65 max
Base-to-Emitter Voltage (with collector ma = 150

and base ma = 3.75) ...........ieiiiiiiieiaiiais R 0.95 max
Collector-Cutoff Current (with eollector-to-base volts = 30

and emitter cwrrent = 0) ...viiiniiaririniisaiiriananens ianne 0.2 max

In Common-Base Circuit

QOutput Capacitance (with collector-to-base volts = 10,

emitter current = 0, and frequency = 140 kilocycles) ........ 10 max

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 0.4 and collector ma = 150) . _.................. 40 min
Small-Signal Forward Current-Transfer Ratio (with collector-to-

emitter volts = 10, collector ma = 50, and frequency = 100 Mc) 2.5 min

TRANSISTOR
B Germanium n-p-n type used for

low-power radio-frequency ampli-

volt
volt

volt

pf

fi licati in the vhf i
industrial and military equipment. 2IN2482

E ¢ JEDEC No. TO-18 package; outline
12, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) 20 max
Collector-to-Emitter Voltage (with base open{ . 12 max
Emitter-to-Base Voltage (with collector open 3 max
Collector Current

Transistor Dissipation: 100 max

At ambient temperatures up to 25°C ............... o 150 max

At ambient termperatures above 25°C ......... . .ciiiieiiiann. See curve
Temperature Range:

Operating (junction) and storage ..............ccvevvvevennnns —65 to 100
Lead Temperature (for 10 seconds maximum) .............. ol 235 max
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = 0.1

and emitter current = 0) . REEY B s Ca e 20 min
Collector-to-Emitter Breakdown Voltage (with collector ma = 2

and base short-circuited to emitter) i i ST 15 min
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1

and collector current = 0) ... ....... : R 3 min
Collector-Cutoff Current (with collector-to-base volts = 6

and emitter current = 0) ....... FHHE s SR e R FEEE 5 max

volts
volts
volts
ma

mw
page 80
°c

°C

volts
volts
volts
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In Common-Base Circuit

Output Capacitance (with collector-to-base volts = 6,

emitter current = 0, and frequency = 140 kilocycles) ....... i 4.5 max
Collector-to-Base Time Constant (with collector-to-base volts

= 6, collector ma = 2, and frequency = 31.9 Mc) ............ 0.3 max

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 6 and collector ma = 2) .................. vevsereess 25 to0 200
mall-Signal Forward Current-Transfer Ratio:
With collector-to-emitter volts = 6, collector ma = 2,
and frequency = 1 kilocycle ............ccc00qnrnss civeess 150175
With _collector-to-emitter volts = 10, collector ma = 10,
And frequency = 100 ME ...ooivivissiessisonnsesnasnnivini 10
With collector-to-emitter volts = 1.7, collector ma = 85,
and frequency = 100 ML .. ..oieiienrnieisisnnnssissmaes 3min
Base Spreading HResistance (with collector-to-emitter volts

collector ma = 10, and frequency = 250 Mc) ................ 30
Noise Figure:
With collector-to-emitter volts = 6, collector ma = 2,
and frequency = 30 MC .......coviieeiiineiininniinns 5
With collector-to-emitter volts = 6, collector ma = 2,
and freguency = 100 Me ......civnrsesssnnsnenssosssnns 6
Small-Signal Power Gain:
With collector-to-emitter wolts = 6, collector ma = 2,
and frequency = 30 Me .............iciiieiiaiia, 25
With collector-to-emitter volts = 6, collector ma = 2,
and frequency = 100 M .........c.covimmiiinineinainns 12
With_collector-to-emitter volts = 12, collector ma = 10,
and frequenecy = 200 Me . ............co.iiiiiiiiiiaiaaas . 8
Power Output as Class A Amplifier (with collector-to-emitter
volts = 12, collector ma = 30, signal input = 6.5 mw, and
frequency = T0 Me) . ..ccsuciiinvasissnnninns o W R - 150

TRANSISTOR

Germanium p-n-p type used in

a wide variety of small-signal and

2N26'|3 low-power applications in high-
quality af-amplifier equipment. It

is a low-noise high-gain type in-

tended primarily for use in the input

pf

psec

chms

db
db

db
db
db

and low-level stages of equipment having stringent performance requirements
at low idling-current levels (0.3 to 0.7 milliampere). It can also be used in
the input stages of phonograph amplifiers using either ceramic or magnetic
pickups, tape recorders and players, microphone amplifiers, and other similar
applications. It features a high small-signal forward current-transfer ratio,
excellent linearity over the entire range of collector current, high cutoff fre-
quency, low saturation currents, and uniform gain characteristics over the en-
tire audio-frequency spectrum, JEDEC No. TO-1 package; outline 4, Outlines

Section.

MAXIMUM RATINGS

Collector-to-Base Voltage ...................c..... R —30 max volts
Collector-to-Emitter Voltage (with external base-to-emitter

resistance — 10000 ohms) .............cc0ceieannnnnn R o —25 max vo%g
Emitter-to-Base Voltage ...........ccoecuuen A R e R i —25 max vo
Collector Current ............. et p i s R RS RN A X —50 max ma
E:m_ttliart CuBrent A KEER R A L W AR R e . 50 max ma
Transistor Dissipation:

At ambient temperatures up to 55°C .........c.ciiiiiniiaans 120 max mw

At ambient temgeratures above 55°C . ...coensennasnsircnas 5 Derate 2.6 mw/"C
Temperature Range:

Op‘;atjng (juncgtion} and Stora§e bk AR ny s RS —65 to 100 :E
LeageTemperature (for 10 seconds maximum) ............00. & 255 max
CHARACTERISTICS

llector-to-Base Breakdown Voltage (with emitter-to-base
Covoii“:s — —2 and collector ma = —0.05) ....ioeviiiinnrirnnn v —30 min volts
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Collector-to-Emitter Breakdown Voltage (with collector ma

= —1 and external base-to-emitter resistance = 10000 ohms) —25 min volts
Emitter-to-Base Breakdown Voltage (with emitter ma = —0.05
and collector eurrent = 0) ...........cooiiiiiiiiinuninnness . —25 min volts
Collector-Cutoff Current (w:th collector-to-base volts = —20
and emitter current = 0) cocvinmmspusens oy ey —5 max na
Emitter-Cutoff Current (with emitter-to-base volts = —20
and collector current = 0) ..........0iieiiiiiiiiaiiiiinian . —7.5 max pa
Extrinsic Base-Lead Resistance (measured at 20 Mc with
collector-to-emitter volts = —4.5 and collector ma = —0.5) .. 300 ochms
- In Common-Emitter Circuit
Small-Signal Forward Current-Transfer Ratio (with collector=
to-emitter volts — —4, colector ma = —0.5, and frequency .
= 1 KIlOCYCI®) ....veiveieiinn ettt st 120 min
Small- -Signal Forward-Current Transfer-Ratio Cutoff Frequency
with collector-to-emitter volts — —4.5 and collector ma —= —0.5) 10 typ Me
- Noise F:gure (with collector-to-emitter volts = —4.5, collector
ma = —0.5, generator resistance = 1000 ohms, circuit band-
width = 1.1 kilocycle, and signal frequency = 1 kilocycle) .. 4 max db
Collector-to-Base Feedback Capacitance (with collector-to-
emitter volts = —4.5 and collector ma = —0.5) ......... P 10 pf

) e
Equivalent RMS Noise Input Current for the 20- to 20000~
cps frequency range (with collector-to-emitter volts =
—4.5, collector ma = —0.5, and external base-to-emitter
resistance = 50000 ONMS) .......ccoovieseereereeeeeens 0.001* max La

®* At ambient temperatures above 25°C, value may be higher,

TYPICM. COLLECTOR CHARACTERISTICS

S I Comm\ e e cmcurr,
L2 ,.Q' BASE_INPUT.
-7 == AMBIENT TEMPERATURE =25° G
{ )
26 // / — /
o
a ( / /l/ L
Z-5 / —
3 / |~
§_4 // L 'gj
7
g /_,..--"’ _— | _—
w =3 —
- —#.___,....--"'
é B =10
“|
|_t—1
-
= I BASE MICROAMPERES =5
| |
L] -l =& =3 -4 -5 -6 -0
COLLECTOR— TO—EMlTTER VDL.TS S20M- lIgs4T

TYPICAL TRANSFER CH&E&CT‘:’ RISTIC

TYPE 2N2613 2
Mml —EMITTER CIRCUIT, BnSE INPUT
NT TEMPERATURE =2!

coLLEcTOﬁ-‘ru MITTER
VoLt ~EMITT I ‘
l N
0 —50 -100 -150 —200 250

BASE-TQ-EMITTER MILLIVOLTS
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1
5

1
-
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TRANSISTOR

Germanium p-n-p type used in

a wide variety of small-signal and

2N26'| 4 low-power applications in high-
quality audio-frequency amplifier

equipment. It is intended primarily

for use in low-to-medium-level

E

c

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. JEDEC No. TO-1

package; outline 4, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage
Collector-to-Emitter 'Vu
resistance = 10000

Emitter-to-Base Voltage

Collector Current ................ e e

Emitter CUurrdnt ... ..vvommnesmmrmmrssn s o sesmvin

Transistor Dissipation:
At ambient temperatures up to 55°C
At ambient temperatures above 55°C
At case temperatures up to 55°C with infinite heat sink ......
At case temperatures above 55°C with infinite heat sink ......
At case temperatures up to 55°C with typical heat sink
At case temperatures above 55°C with typical heat sink

Temperature Hange:

Ogeratmg (junction) and Storage ............. ST

Temperature (for 10 seconds maximum) .......

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (w:th emitter-to-base
volts = —2 and collector ma = —0.0 Vi

Collector-to-Emitter Breakdown antage (wlth ‘collector ma
= —1 and external base-to-emiiter resistance = 10000 ohms) ..
Emitter-to-Base Breakdown Voltage {with emitter ma = —0.05

and collector current = 0) ... . ... ... .. iiiiiiiiiiiiia, +
Collector-Cutoff Current (with collector-to-base volts = —20

and emitier eurrent = 0) ... ... i e s ae
Emitter-Cutoff Current (with emitter-to-base volts = -—20

and collector current = 0) Y

Extrinsic Base-Lead Resistance (measured at 20 Mc with
collector-to-emitter volts = —6 and collector ma = —1) .....

In Common-Emitter Circuit

Small-Signal Forward Current-Transfer Ratio (with collector-

to-emitter volts = —6, collector ma = —1 and frequency
=1 kiloct\;cle} ....................
Small-Signal orward-Current Transfer-Ratio Cutoff Frequenc
&with collector-to-emitter volts = —6 and collector ma = —1
Collector-to-Base Feedback Capacitance (with collector-to-
emitter volts = —6 and collector ma = —1) ................. =

TYPICAL TRANSFER cH.ﬂ. RACTERISTIC

TYPE 2N2614
COMMON-EMITTER CIRCUIT, BASE INPUT.

-50 AMBIENT TEMPERATURE = 25° C
|| ||
-40 |
] ‘ I
I </

; ;}‘/
1
|

Aw - - - -
BASE-TO-EMITTER MILLIVOLTS

1
]
[=]

COLLECTOR MILLIAMPERES
&
o

L
[}

|PE
t:t:u.\.‘i-"ﬂ-"EL

o
1

—40 max volts
—35 max volts
—25 max volts
—50 max ma
50 max ma
120 max mw
Derate 2.6 mw,-"'C
300 max
Derate 6.67 mw,.-"’C
225 max mw
Derate 5 mw/°C
—65 to 100 °c
255 max °C
—40 min volts
—35 min volts
—25 min volts
—5 max na
—T7.5 max ua
300 ohms
100 min
10 Me
9 pf
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TYPICAL COLLECTOR CH#RMTER!STICS

275

50 y TYPE 2N26l14
PoL COMMON-EMITTER CIRCUIT, BASE INPUT.
702 — AMBIENT TEMPERATURE = 25° C . !

~40 o2 »@"‘?; [ I
oV
8 e
¥ -
Z -3 ST =
=l A
= A [ ]
2 -z0 )
- e =0
§ / ,.—-'"'"'"F-'-—
2 — =0ds T
© o | e |

i = iuos: 1

[ |
| BASE MILLIAMPERES =0
] =) -5 = 8 = ~ S T
COLLECTOR-TO-EMITTER VOLTS 220M-11836T

POWER TRANSISTOR

B Silicon n-p-n type used in a wide
variety of large-signal high-power

hi licati i ilita d in-
Eust?ipaxl) f::ﬁ?nnjniga:;:)r;s :gu?;me’;‘t, 2N263]

E ¢ It is intended primarily for use in
AM, FM, 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. JEDEC No. TO-39 package;
outline 32, Qutlines Section. This type is identical with type 2N2876 except

for the following items:
MAXIMUM RATINGS

Collector CUXTENt . ....iisvesnsiaivmbaassss ssessvas ¥
Transistor Dissipation:
At case temperatures up to 25°C ...
At case temperatures above 25°C

SAFE OPERATING REGION

TYPE 2N263| ]
06 BIAS POINT MUST BE IN REGION "A" TO AVOID
@ SECOND BREAKDOWN DURING CLASS A
@ .OPERATION,
® 05 ;
£ |
< 04
Bos|
] A
Zo2
L%]
0.

© [0 20 30 40 50 60
COLLECTOR-TO-EMITTER VOLTS
g2c5-120%9T

1.5 max amperes

8.75 max watts
See curve page B0
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CHARACTERISTICS
Collector-to-Emitter Saturat!on] Voltage (with base ma = 300

and collector GmMPeres == 1B) i, ierinsssasessiniiosessesines 5 1 max volt
In Common-Emitter Circuit
Umieutrahzed RF Power Output (with load and generator
? edance = 50 o
With collector-to-em:tter volts
and frequency = 50 - 7.5*min walts
With _collector-to-emitter volts
and frequency = 150 IMC ..viuuevunenrarioneseanannssnnan e 3*min watts

* Input power = 1 watt.

POWER TRANSISTOR

Silicon n-p-n type used in a wide
variety of vhf and uhf applications.

2N2708 It is intended primarily for use in
amplifier, mixer, and oscillator ap-
plications in the frequency range

from 200 to 500 megacycles. It uses

a four-lead package which has the same dimensions as the TO-18 package.
Qutline 31, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage ...
Collector-to-Emitter Voltage
Emitter-to-Base Voltage ....
Collector Current

Transistor Dissipation:
At ambient temperatures 0 B5°C sevsnsssnssnnmnesnme s 200 max mw
At ambient_temperatures above 25°C ........cvuersnnnnennans See curve page 80
Temperature Range:

geratmg (junct.lon) and, Sforage: ..l e esse s —65 to 200 Qs
Lea

35max  volis

20 max volts

3 max volts

Limited by power
dissipation

Temperature (for 10 seconds maximum) .......eeeeeenne 230 max °c
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector pa = 1
and emitter exXTENt = 0) ... counivieiaisomsanesainessnassersn 35 min volts
Collector-to-Emitter Breakdown Voltage (with pulsed collector
ma = 3* and base current = 0) 20 min volts

Emitter-to-Base Breakdown Voltage (with emitter pa = 10
and collector current = 0)
Collector-Cutoff Current:
W:th ambient temperature = 25°C, collector-to-base volts = 15,
and emitter current = 0 ,........cocciiirrarisesrsosesivanse 0.01 max pa
With ambient temperature — 150"0. collector-to-base volts =
15, and emitter current =

3 min volts

............................... . 1 max ra
In Common-Base Circuif
Emitter-to-Base Capacitance** (with emitter-to-base wvolts
= 0.5, collector current = 0, and freguency = 140 kilocycles) . 14 pt

Collector-to Base Capacitance** (with collector-to-base volis
15, emitter current = 0, and frequency — 140 kilocycles) . 1.5 max pf
ollecLor to-Base Time Constant*** (wlth collector-to-base volts
= 15, collector ma = 2, and frequency = 319 Mc) .......u0s 15to 33 psec

In Common-Emitter Circuif

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 2 and collector ma = 2) .........covsieeensnnconnnns 30 to 200
Small-Signal Forward Current-Transfer Ratio (with collector-

t.o-ermt'l.er volts = 15, collector ma = 2, and frequency

F i T 30 to 180

Noise Figure (with collector-to-emitter volts = 15, collector ma

= 2, source resistance — 50 ohms, and frequency = 200 Mec) . 8.5 max db
Transconductance (with collector-to-emitter volts = 15, collector

ma = 2, and frequency = 200 Me)
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Small-Signal Common Emitter Power Gain with collector-to-
emitter volts — 13, collector ma = 2, and frequency = 200 Mc:
MEBEERIIZE. oo b rmnmpacs e sk st e e 40 e o AT I e b e
Tmentralized oo sl e S e el e ik s e
Magnitude of Small-Signal Forward Current-Transfer Ratio
(with collector-to-emitter volts = 15, and collector ma = 2)

. Pulse duration = 300 psec or less; duty factor = 0.01 or less.
**  With lead No. 4 (case) not connected.
*** Tead No. 4 (case) grounded.

POWER TRANSISTOR

Silicon n-p-n type used in a wide
variety of uhf 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-

15 to 22
12

Tto1l2

271

db
db

2N2857

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.

MAXIMUM RATINGS

Collector-to-Base Volta% A A I o o
Collector-to-Emitter Voltage .......cccvvrevrerrsnerceninrsnacias
Emitter-to-Base Voltage ......coivieivisnnsssssssssssssnssssniss
Collector Current .........c.ccoevieerrsnrsassnnranes i
Transistor Nissipation:
At ambient temperatures up to 25°C ....iivviiiiiiinanirinnn
At ambient temperatures above 25°C ................ccoiinins
At case temperatures up to 25°C Ew:th heat sink) ....... Vi
At case temperatures above 25°C (with heat sink) ..........
Temperature ge:
erating (junction) and Storage ...............ci00n
Lead Temperature (for 10 seconds maximum) ................

CHARACTERISTICS

Co].lector-to Base Breakdown Voltage (with collector ma
= 0.001 d emitter current = 0) s

Co].lector-to Emitter Breakdown - 'Voltage (w:th ‘collector ma’
= 3 and base current = 0)

Emitter-to-Base Breakdown Voltage (with emitter ma
= 0.01 and collector current = ?

Collector-Cutoff Current (w:th “collector-to-base vo.
and emitter current = 0)

In Common-Base Circuit

Emitter-to-Base Capacltance‘ (with emitter-to base volts = 0.5,
collector current = 0, and frequency = 0.140 Me) ..........

Collector-to-Base Capacitance** (wi collectur-to—base volts
= 10, emitter current = 0, and frequency = 0.140 Me) .......

Collector-to-Base Time Constant* (with collector-to-base volt.s
= 6, collector ma = 2, and frequency = 31.9 Me) ...

Power Output as oscillator (with collector-to-base volts
emitter ma = 12, and frequency = 500 Mec)

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volt = 1 and collector ma = 3) ........ci cvivisaeiinaninnnan V
Small-Signal Forward Current-Transfer Ratio* (with collector-
to-emitter volts = 6, collector ma = 2, frequency = 0.001 Me)
Noise Figure** (with collector-to-emitter volts — 6, collector
%0 =15, )irequency 450 Me, and source resistance —

30 max
15 max
2.5 max
20 max

200 max
See curve

—65 to 200
230 max

30 min
15 min
2.5 min
0.01 max

14

1.8 max
4to15

30 min

30 to 150
50 to 220

4.5 max

volts
volts
volts
ma

mw
page 80
mw
page 80

°c
°C

volts
volts
volts

pa

pf
pf

psec

db
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Small-Signal Common-Emitter Power Gain (with collector-to-
emitter volts = 6, collector ma = 1.5, and frequency = 450 Me) 1251019 db

* Fourth Lead (case) not connected.
** Lead No. 4 grounded.

POWER TRANSISTOR

Germanium p-n-p type used in

2N2869 / a wide variety of af power-amplifier ¢
and large-signal applications in
2N30-| commercial, industrial, and military
equipment. It is used in class A and E a

class B af-output-amplifier stages of
automobile radio receivers and mobile communications equipment. It provides
excellent de-to-de and de-to-ac power conversion. This type features high
breakdown voltage, low saturation voltage, high large-signal beta, and a high
dissipation capability. JEDEC No. TO-3 package; outline 5, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage ........... P A —60 max volts
Collector-to-Emitter Voltage . —50 max volts
Emitter-to-Base Volts ............ —10 max volts
Collector Current ...........cccvivvnenenns p 2 —10 max amperes
Emitter Current .........cvvviiiunninn. v 10 max amperes
Base Current ..... R —3 max amperes
Transistor D1ssipatlon'

At mounting-flange temperatures up to 55°C ................ 30 max watts

At mountin ﬁaﬂange temperatures above 55°C .............. 5 Derate 0.66 watt/°C
Temperature

Ogeratmg {]uncnon) and Storage .............cc0000000000... —6510100 C

Lead Temperature (for 10 seconds maximum) ........... 255 max °C
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = —5

and emitter current = 0) ....... ... e i —60 min volts

Coi.lector to-Emitter Breakdown Voltage (with collector ma
—600 and base current = .
Emitter-to-Base Breakdown 'Voltage (w1th ‘emitter ma
and collector current — 0) .......covpuuervrmnzoscens
Collector-to-Emitter Saturation Voltage (wtth collector amperes

ven —50 min volts
—10 min volts

= —10 and base ampere = —1) i —0.75 max volt
Base-to-Emitter Voltage (with collector-to-

and collector ampere = —1) —0.5 max volt
Collector-Cutoff Current (with collector-to-base volts = —30

and’ emitter current = D) .o e iinis s aaeis e e - —0.5 max ma
Collector-Cutoff Saturation Current (with collector-to- base '

volts = —0.5 and emitter current = 0) .............coiiinas . —0.1 max ma

In Common-Emitter Circuit

DC E‘orward Current-Transfer Ratio (with collector- to-emltter

ts — —2 and collector ampere = —1) ik 50 to 165
Gain-Bandwldth Product (with collector-to-emitter volts
and collector ampere = —1) . .....c.coveiniannvrareransnnns i 450 Ke
TYPICAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARMTERISTIC
TYPE 2N2B69/2N30!
TYPE 2N2869/2N30! COMMON-EMITTER CIRCUIT, BASE INPUT.
COMMON—EMITTER CIRCUIT, BASE INPUT. MOUNTING —FLANGE TEN\PERATUHE-ZS'
MOUNTING —FLANGE TEMPERATURE =25° C ~10|COLLECTOR~TO—EMITTER
¢ |COLLECTOR—-TO—EMITTER VOLTS=—15 o VOLTS=—1.5 /
w L b
[ 4 I
Lt 8
s | S P
2=K l 7 = p
® -6
] ! A e v
i, / 20—~
g L g /
= /
-~ -2
I
0 -02 —06  -08 © 50 —i00 -i50 —200 250 —300

= —EM.I TER VOLTS
BASE-TOQ T 92c3-5249T4 BASE MILLIAMPERES
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TYPICAL OPERATION IN CLASS A, AF POWER AMPLIFIER CIRCUIT

Mounting-flange temperature of RO°C

DC Sug L VOMRGR. - ovuipsos s soniins Siaion wiomia o8 e Mmoo 30 —14.4 volts

ector-to-Emitter Voltage ...........ccciiiiiiiiiiieciinns —12.2 volts
DC Base-to-Emitter Voltage ..... v —0.35 volt
Zero-Signal Collector Current . —0.9 ampere
Signal Frequency ....... 400 cps
Signal-Source Impedance 10 ohms
Load Impedance ........ 15 ohms
Power Gain ............. 38 db
Maximum-Signal Power Output ........... . ... ... ..c..iiiiann 5 watts
Circuit Efficiency (at power output of 5 watts) . 45 per cent
Maximum Total Harmonic Distortion (at power output ‘of watts) 5 per cent
Zero-Signal Collector Dissipation ......................cc.00en 11 watts

TYPICAL OPERATION IN CLASS B PUSH-PULL
AUDIO POWER-AMPLIFIER CIRCUIT

Mounting-flange temperature of 80°C; values are for two transistors except as noted

DC BUDDIF NOIAPE . .viuiivesiiiusadamams s v s aescaasime —14.4 volts
Zero-Signal DC Base-to-Emitter Voltage —0.13 volt

Zero-Signal DC Collector Current (per transnstor) —0.05 ampere
Peak Collector current (per transistor) —2 amperes
Maximum-Signal DC Collector Current (per transistor) ........ —0.64 ampere
SIENAl FrequenCy .. .........c.ioceennaooeiineoeeeaeierannnnnsnn 400 cps
Signal-Source Impedance per “bage i N R 10 ohms

ad Impedance per collector ..........ccivivviiimminiiiianiuas . 6 ohms
P OO . i i R i el e e i B e B e e e 30 db
Maximum-Signal Power Qutput ............................... 12 watts
Maximum Total Harmonic Distortion (at power output of

ALY i e S e i A R BT e A 5 per cent
Circuit Efficiency (at power output of 12 watts) ................ 67 per cent
Collector Dissipation (lier transistor at power output of

b . o 3 watts

TYPICAL COLLECTOR CHARACTERISTICS

TYPE 2N2869/2N301 ' T
COMMON AT 1eR CRCUIT, BASE INPUT.
| MOUNTING —FLANGE TEMPERATURE = 25° C 1

COLLECTOR MILLIAMPERES
1
@

1
£

2 | |
— = | pend
ASE MILLIAMP RES ==l |

0 -I¥ -20 =25 -30 -35 -40 -45 -50
COLLECTOR-TO-EMITTER VOLTS PCM-I24TTZ

POWER TRANSISTOR

Germanium p-n-p type used in
a wide variety of af power-amplifier
and large-signal applications in 2N2870/
commercial, industrial, and military
E '3 equipment. It is used 1,n class A and 2N30] A

class B af-output-amplifier stages
of automobile radio receivers and mobile communications equipment. It pro-
vides excellent de-to-de and de-to-ac power conversion. This type features
high breakdown voltage, low saturation voltage, high large-signal beta, and a
high dissipation capability. JEDEC No. TO-3 package; outline 5, Outlines Sec-
tion. This type is identical with type 2N2869/2N301 except for the following
items:

1
»
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MAXIMUM RATINGS
Collector-To-Base Voltage ......

e R —B0 max volts
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = —5

and emitter current = 0

....................... —80 min volts
Collector-to-Emitter Saturation Voltage (wnth collector
amperes = —10 and base ampere = —1) ...........ocveuiarns —0.5 max volt
2N2873 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 B

variety of large-signal high-power

2N2876 vhf applications in military and in- =

dustrial communications equipment.

It is intended primarily for use in

AM, FM, 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.

MAXIMUM RATINGS

Collector-to-Base Voltage ..., .. e Tewwan . . 80 max volts
Collector-to-Emitter Voltage:

WIth DBEE DDBIL ..oyreisicns vimimsism e dissne § e85 e 5 558 6 saan 60 max volts

With base-to-emitter volts = 1.5 80 max volts
Emitter-to-Base Voltage .............. S —— Tl 4max  volts
Collector Current 2.5 max amperes
Transistor Dissipation:

At case temperatures up to 25°C ....... SRR TR 3 17.5 max watls

At case temperatures above 25°C .. .......eecvivniinrainniens See curve page 80
Temperature e

Seratmg (junction) and Storage ... PR cerenses —B5 to 200 of &

Lead Temperature (for 10 seconds mammum) ................ e 230 max °c
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = 0.3

and emitter current = 0) .. .. .. ... ... 80 min volts
Collector-to-Emitter Sustaining Breakdown Voltage (with

pulsed collector ma = 500* and base current = 0) ......... . 60 min volts
Collector-to-Emitter Breakdown Voltage (with base-to-emitter

volts = —1.5 and collector ma = 0.I) ...........ccovvvinnen, 80 min volts
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1

and collector current = 0) ... ...ccvivausssracriones 4 min volts

Collector-to-Emitter Saturation Voltage (with base ma

and collector amperes = 2.5) 1 max volt
Collector-Cutoff Current “(with collector
and emitter current = 0.1 max pa
Collector-to-Case Capacitance 6 max pt
In Common-Base Circuit
Collector-to-Base Capacitance (with collector-to-base volts
= 30, emitter current = 0, and frequency = 140 Kkilocycles) .. 20 max pt

In Common-Emitter Circuit

Base Spreading Resistance (with collector-to-emitter volts = 28, .
collector ma = 250, and frequency = 400 Mc) ..... . 6 ohms
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Gain-Bandwidth Product (with collector-to-emitter volts = 28
and emitter ma = 250) 200
Unneutralized RF Power Output (w1th load and generator
impedance,= 50 ochms):
With collector-to-emitter volts 28, collector ma = 500 -
and frequeney = 50 Mc ... ... ... i 10** min
With collector-fo-emitter volts = 28, collector ma = 275, .
and. frequency = 150 MO . ..cvornnmes srrenssessnveass 1 min

* Pulse duration = 5 pstic or less; duty factor = 0.01 or less.

*# Input power — 2 watts.
i Input power = 1 watt.

. SAFE OPERATING REGION

SECOND BREAKDOWN DURING CLASS A

TYPE 2ZN2BTE
1 BIAS POINT MUST BE IN REGION "A" TO AVOID
O_PERQTION.

'l L 1 !

NANEE
I'_] l
. | |

COLLECTOR-TO-EMITTER VOLTS
92c5-12038T

TRANSISTOR

Silicon n-p-n type used in a wide
variety of small-signal and low-to-

*COLLECTOR AMPERES
i o

=)

i
>

et

feaures extremely low leakage char-
acteristics, high pulse beta, high

231

Me

waltts
watts

di licati i ili-
tary and mdustrial squipment, Tt 2N2893

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. JEDEC No. TO-18 pack-

age; outline 12, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage ...... . . 120 max
Collector-to-Emitter Vo tage‘

With base open ....... 65 max
With base-to-emitter resistance 80 max
Emitter-to-Base Voltage ......... 7 max
Collector Current .. .............coveevvuneensnsersncs . 1 max
Transistor Dissipation:
At case temperatures up to 25°C . .........iiiiiieeeennn 1.8 max
At ambient temperatures up to 25°C ............c.c0cveeininanns 0.5 max
At case and ambient temperatures above 25°C ......... See curve
Temperature Range:
gﬁrahng (junction) and Storage ............. P N o i1+ 1+ 1|
Lead Temperature (for 10 seconds maxmlum) 255 max
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) ... ... ... .. ..., s 120 min
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1
and collector current = 0) .. . ... . ...t & 7 min
Collector-to-Emitter Sustainin Volta e:
With base open, pulsed collector ma = 100*, and base
QUXTENt = O it s s s N e 65 min
With emitter-to-base resistance = 10 ohms, and pulsed
collector ma = 100* .. . ........... . 80 min
Collector-to-Emitter Saturation Voltage (thh pulsed collector
ma = 150* and base ma = 35 0.6 max

Base-to-Emitter Saturation Voltage (with puised collector
ma = 150* and base ma = 15) ...........c000n el 1.2 max

volts
volts
volts
volts
ampere
watts
watt
page 80

. B4
°C

volts
volts

volts
volts
volt

volts
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Collector-Cutoff Current:
With case temperature = 25°C, collector-to-base volts = 60,
and emitter current = 0 ....... ... ... ... 0ieiieaea.ss
With case temperature = 150°C, collector-to-base volts = 60,
.and emitter current = 0
Emitter-Cutoff Current (with emitter-to-base wolts = 5
and collector current — 0
Thermal Resistance:
Junction-to-case ............
Junection-to-ambient .............

TYPICAL TRANSFER CHARACTERISTICS

TYPE 2N2B835
COMMON-EMITTER CIRCUIT, BASE INPUT.
©500-AMBIENT TEMPERATURE=25°C .|
& s |
3400 7
3 7/ 3R
=300 /
&
3200
: |
© 100
O
04 06

0.8 I 12 14 1.6
BASE-TO-EMITTER VOLTS
92CS-11BST

TYPICAL COLLECTOR CHARACTERISTICS

0.002 max
2 max
0.002 max

ra
ua
pa

97 max °C/watt
350 max °C/watt

TYPE 2N2895 !
COMMON-EMITTER CIRCUIT, BASE INPUT,
AMBIENT TEMPERATURE = 25° C
sl |
b4
wo | L T T |
()
S
20 1 !
5 R | | r
IR 2NN |
£ ;__3/ |,
g ._.—--L_—: 2%, | | |
2. ] \ | |
1 7 [
i - . — |
| BASE MICROAMPERES = 0 \ ‘
0 20 100

40 60 80
COLLECTOR-TO-EMITTER VOLTS

In Common-Base Circuit

Emitter-to-Base Capacitance (with emitter-to-base wvolt

— 0.5, collector current = 0, and frequency = 140 kilocycles) .
Collector-to-Base Capacitance (with collector-to-base volts

= 10, emitter current = 0, and frequency = 140 kilocycles) ..

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
With collﬁcﬁ%or-to-emitter volts = 10 and pulsed collector
ma = o man ra o e ek i e R L T e e T R
With collesctan_r-to-emitter volts = 10 and pulsed collector
ma = 0™ ..ovees
With collector-to-emitter volts = 10 and collector ma = 0.1 ..
With collector-to-emitter volts = 10 and collector ma = 10
With case temperature = —55°C, collector-to-emitter volts
= 10, and collector ma = 10 .......... T —
Small-Signal Forward Current-Transfer Ratio:
With collector-to-emitter volts = 5, collector ma
frequency = 1 kilocycle ; ;
With collector-to-emitter volts =
frequency = 20 Me

B2CM-IUTST

80 max
15 max

40 to 120

25 min
20 min
35 min

20 min

pt
pf
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Noise ‘Figure (with collector-to-emitter volts = 10, collector
ma = 0.3, generator resistance = 510 ohms, cireuit bandwidth
= 1 ¢ps, and frequency = 1 kiloeyele) ...................,

* Pulse diiraticn = 300 gsec; duty factor = 0.018.

TRANSISTOR

8 Silicon n-p-n type used in a wide

variety of small-signal and low-to-

medium power applications in mili-

tary and industrial equipment. It

E ¢ features extremely low leakage char-
acteristics, high pulse beta, high

8 max

283

db

2N2896

small-signal beta, very low capacitance, and large gain-bandwidth product.
JEDEC No. TO-18 package; outline 12, Qutlines Section. For curve of typical

transfer characteristics, refer to 2N2895.
MAXIMUM BATINGS

Collector-to-Base Voltage .....
Collector-to-Emitter Voltage:

With base 0P8N .ol asyueus disas s

With base-to-emitter resistance =
Emitter-to-Base Voltage ...........
Collector Current ...........ce.u..
Transistor Dissipation:

At case temperatures up to 25°C .

At ambient temperatures up to oReEy T

At case and ambient temperatures above 25°C .
Temperature Range:

Sera‘ung (]u.nctlon) and Storage ..............

Lead Temperature (for 10 seconds maximum) ..

CHARACTERISTICS

Col.lector-to-Base Breakdown Voltage (with collector ma
0.1 and emitter current = 0) ........cco0eiiiiiiiiiiiins
Emitter-to-Base Breakdown Voltage (with emltber ma = 01
and collector current = 0)
Collector-to-Emitter Sustaining Voltage‘
With basie o::'rjen. pulsed collector ma 100*, a:nd base
current =

00* .
Collector-to-Emitter Saturatmn Voltage (with pulsed collector
ma = 150* and base ma b B T o

Base—to Emitter Saturation Voltage (with pulsed collector
50* and base ma 1 =R A
Ocllectcr-Cutoﬁ Current:
With case temperature =
and emitter current = 0

With case temperature =
and emitter current B T e R R R s
Emitter-Cutoff Current (w:th emitter-to-base volfs = 5 and
collector current = 0 ..... 5

Thermal Resistance:

Junction-to-case ..........
Junction-to-ambient

A

In Common-Base Circuit

Emitter-to-Base Capacitance (with emitter-to-base volt = 0.5,
collector current = 0, and frequency = 140 kllOCyCIeS) ......

Collector-to-Base Capacltance (with collector-to- base volts = 10,
emitter current = 0, and frequency = 140 kilocycles) ........

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio
Wlth col]ector to-emitter volts = 10 and pulsed collector

Wlt.h coIIector to-emitter volts = 10 and collector ma = 1 .

With case temperature = —55°C, couector-to-emltter volts
= 10, and collector ma = 10 ........ ...

Small-Signal Forward Current-Transfer Ratio:

With collector-to-emitter volts = 5, collector ma = 5, and
frequency = 1 kilogyele .........cvvvvimminrrrnarsszrrissnn

With collector-to-emitter volts = 10, ‘collector ma = 50, and
froquency = 20 MC iiv.cicviiene s e s s waeg

* Pulse duration = 300 usec; duty factor = 0.018.

140 max
90 max
140 max

7 max

1 max

1.8 max
0.5 max
See curve

—65 to 200
255 max

140 min
7 min

90 min
140 min
0.6 max

1.2 max

0.01 max
10 max
0.01 max

97 max
350 max

80 max
15 max

60to 200
35 min

20 min

50 to 275
6 min

volts
volts
volts
volts
ampere
watis
watt
page 80
*°C

]

volts
volts

volts
volts

volt
volts

pa
pa
pa

°C/watt
°C/watt

i
pf
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TYPICAL COLLECTOR CHARACTERISTICS
" TvPe 2N2896 T [
COMMON-EMITTER CIRCUIT, BﬂSE INPUT,
T AMBIENT TEMPERATURE = 25 c

COLLECTOR MILLIAMPERES
o
‘ |
N\

T[] ot ]
—

2l ; oo v
EEEE T T\
[ | : ) |
— | BASE MICROAMPERES+0
o 25 50 75 100 125 150 75 200
COLLECTOR-TO-EMITTER VOLTS 926M-12094F
TRANSISTOR
Silicon n-p-n type used in a wide 7

variety of small-signal and low-to-
2N2897 medium power applications in mili-
tary and industrial equipment. It
features extremely low leakage char- &
acteristics, high pulse beta, high

c

small-signal beta, very low capacitance, and large gain-bandwidth product.

JEDEC No. TO-18 package; outline 12, Outlines Section.
MAXIMUM RATINGS

Collector-to-Base Vo]taﬁe e s RS e 60 max  volts
Collector-to-Emitter Voltage:
WIh DABE ODEN oo varrvamsamrrrvos vy snssrsrsnsess I e Y F 45 max volts
With base-to-emitter resistance = 10 ohms or 1ess ....... e 60 max  volts
Emitter-to-Base Voltage ......... WA . S —— . 7 max volts
Collector Current .............cov.en S R R T A e S R Sy 1 max ampere
Transistor Dissipation:
At case temperatures up to 25°C . ........00..n AR 18 max watts
At ambient temgeratums UD L0 280 v s ey ka5 n g . 0.5 max watt
At case and ambient temperatures above 25°C ................ See curve page 80
Temperature Range:
seratmg (Junctzon] and Storage ............. Nl PR I —65 to 200 °C
Lead Temperature (for 10 seconds maximum) .............. e 255 max °C
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = 0.1
and emitter current = 0) Li..0.s iy i aeas e 4 60 min volts
Emitter-to-Base Breakdown Voltage (with emitter ma =
and collector current = 0) ..........ccovevnininciirnnnanns . 7 min volts
Collector-to-Emitter Sustmmng Voltage:
With base open, pulsed collector ma = 100*, and base
current = 0 i . 45 min volts
With_emitter-to-base resistance
collector ma = 100* . 60 min volts
Collector-to-Emitter Saturation ‘Voltage ‘(with pulsed collector
ma = 150* and base ma = 15) . .......cciiiaesiiansiraaaanns Y 1 max volt
Base-to-Emitter Saturation Voltage “(with’ pulsed collector
ma = 150* and base ma = 15) ..........ccviirinntianninann o 1.3 max  volts
Collector-Cutoff Current:
With case temperature = 25°C, collector-to-base volts = 60,
and emitter eurrent = 0 ........coovirrirreiiiiiaansaaas e 0.05 max ra
With case temperature = — 150°C, collector-to-base volts = 60,
and emitter current = 0 . 50 max ua
Emitter-Cutoff Current (wtth emitter-to-base volts = 5 and
collector current = 0 .......ovivnnrinnnennnnens e i - 0.05 max pa
Thermal Resistance:
Junction-to-case . ....... 00000000 R R R R v 97 max °C/watt
Junction-to-ambient ................ SAN A A 350 max "C/watt
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In Common-Base Circuif

Emitter-to-Base Capac;tance (with emitter-to-base volt = 0.5,
collector current — 0, and freci enciy = 140 kilocycles) ....

Collector-to-Bdse Capacitance (with collector-to-base volts = 10,
emitter current = 0, and frequency = 140 kilocycles) ..... ive

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
With collfgtor-to-enutter volts = 10, and pulsed collector
ma =
With_collector-to-emitter volts = 10, and collector ma=1..
Small-Signal Forward Current-Transfer Ratio
With collector-to-emitter volts = 5, collector ma = = 5, and
requency = 1 kilocyele ..........oivvrriviiinacisriiiasan
With collector-to-emitter volts = 10, collector ma = 50, and
B BNy == B I i e e U R T R W e .e

* Pulse duration = 300 psec; duty factor = 0.018.

TYPICAL TRANSFER CHARACTERISTICS

|[TYPE 2N2897
COMMON-EMITTER cmcurr. Ba.ss INPUT,
500, AMBIENT TEMPERATURE:=2

COLLECTOR MILLIAMPERES

06 o8 I 12 s 15 I8
BASE-TO-EMITTER VOLTS

TYPICAL COLLECTOR CHARACTERISTICS

285

80 max
15 max
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\
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——TT /
| _____’asl /
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|| s wrouwrents o | )
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TRANSISTOR

8 Silicon n-p-n type used in a wide

variety of small-signal and low-to-

medium power applications in mili-

tary and industrial equipment. It

E ¢ features extremely low leakage char-
acteristics, high pulse beta, high

S2CM-LITET

2N2898

pf
pf

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 db maximum and offers
five levels of beta control from 0.1 ma to 0.5 ampere. JEDEC No. TO-46 pack-

age; outline 18, Outlines Section. This type is electrically identical with type
2N2895.

TRANSISTOR

Silicon n-p-n type used in a wide ®@e
variety of small-signal and low-to-
2N2899 medium power applications in mili-

tary and industrial equipment. It

features extremely low leakage char- E c

acteristics, high pulse beta, high
small-signal beta, very low capacitance, and large gain-bandwidth product.
JEDEC No. TO-46 package; outline 18, Outlines Section. This type is elec-
trically identical with type 2N2896.,

TRANSISTOR

Silicon n-p-n type used in a wide 8
variety of small-signal and low-to-
2N2900 medium power applications in mili-
tary and industrial equipment. It
features extremely low leakage char- E ¢
acteristics, high pulse beta, high
small-signal beta, very low capacitance, and large gain-bandwidth product.

JEDEC No. TO-46 package; outline 18, Outlines Section. This type is elec-
trically identical with type 2N2897.

TRANSISTOR

Silicon n-p-n type wused in 8
switching applications in military and
2N2938 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 characteristies. JEDEC
No. TO-52 package; outline 20, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage
Collector-to-Emitter Vo tage 13 max volts
Emitter-to-Base Voltage .... S5max  volts
Collector CUTTBOY .. .....¢cocvcovissmstonssnsnsssinssssssssiasssnn 500 max ma
Transistor Dissipation:

At case temperatures up to 25°C

At ambient temperatures up to 25°C

At case or ambient temperatures above 25°C .
Temperature Range:

25max  volts

1 max watt
0.3 max watt
See curve page 80

ODETALINE 4o iiua nimm s s b 00 v sh o, w0080 0B 0 W0 Ao MR —65 to 175 2,5
[ Y N S N e sl S e YR AP —G5 to 200 C
Lead Temperature (for 10 seconds maxmfmm) ................. 300 max °C

CHARACTERISTICS

Collec(tsor-to—Emnter Saturation Voltage (with collector ma

= 50 and base ma = T e 0.4 max volt
Base-to-Emitter Saturation Voltage (with collector ma = ='50"

and base MA = 1B} . ..ceiiiiiiniimmnsnineninnn s sn ey 0.8 to 0.95 volt
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Collector-Cutoff Current:
With ambient temperature = 25°C, collector-to-emitter volts
= 20, and emitter-to-base volts = 0 ....... i
With ambient temperature = 150°C, collector-t
= 20, and emitter-to-base volts = 0 ..... W

In Common-Base Circuit

Emitter-to-Base Capacitance (with emitter-to-base volts = 1
and base current = 0

Collector-to-Base Capacnance (with ‘collector-to-base volts = 5
and emitter current = 0) .......iiiiiiiiiiiiiiin e

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
With collector-to-emitter volt = 0.35 and collector ma = 10 ..
Wit.h coIIector-to emitter volt = 0.4 and pulsed collector ma

Wlt.h collector to-emitter volt = 0.4, pu]sed collector ma
50*, and ambient temperature = —55"C .....c.ciuniiinn .
Small- S;gnal Forward Current-Transfer Ratio (with collector-
to-erriiut&ell‘wv?lts = 10, collector ma = 10, and frequency
= B) e e R e R R L s .

* Pulse duration = 50 wpsec; duty factor = 0.02 or less.

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 de

E c

Section.

MAXIMUM RATINGS

Collector-to-Base VoIta% ........................ .
Co].le:tlra.or-to-Emltter Vi tage (with base-to-emitter resistance "

000 s or less) ...... T —— e
Emitter-to-Base Voltage ..... S e CRRSEEETE e e
Collector Current ......... B R . IO S .
Emitter Current ......... Crasiesssseraraeanes

Transistor Dissipation:
At ambient temperatures up to 55°C
At ambient temperatures above 55°C o
At case temperatures up to 55°C with infinite heat sink ...
At case temperatures above 55°C with infinite heat sink ....
At case temperatures up to 55°C with practical heat sink* ..
At case temperatures above 55°C with practical heat sink*

Tempemture nge:

eratmg (gunctxon} and Storage ............. LT
Tempera ure (for 10 seconds maximum) ......... AR ch
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with emitter-to-base
ts = —2 and collector ma = .0

vol 5) g
Collector-w-Emttter Breakdown Voltage (with base-to-emitter
resistance = 10000 ohms and collector ma = —1)
Emitter-to-Base Breakdown Voltage (with emitter ma
Collector-Cutoff Current (with collector-to-base volts = —20
and emitter current = 0) ............. ... ...0....00.,
Emitter-Cutoff Current (with emitter-to-base volts
collector current = 0) ....... o Ly :

25 max

25 max

5 max

4 max

287

BB

pf
pf

2N2953

beta over its entire
collector-current range, and uniform gain characteristics over the audio-fre-
quency range. All leads are insulated from the case to permit use of the equip-
ment chassis as a heat sink., JEDEC No. TO-1 package; outline 4, Outlines

—30 max

—25 max
—25 max
—150 max
150 max

120 max

volts

volts
volts
ma
ma

mw
Derate 26 mw,-'”('.‘

300 ma;

Derate 6. 6? mwf“c

225 max
Derate 5 mw.f"‘C
. —65 to 100 e
255 max °C
—30 min volts
—25 min volts
—25 min volts
—5 max pa
—7.5max pa



288 RCA Transistor Manual

In Common-Emitter Circuit
Small-Signal Forward Current-Transfer Ratio (with collector-

to-emitter volts = —10, collector ma = —10 and frequency
= 1 kilocyele) ... 200 min

Small-Signal Forward Current-Transfer Ratio Cutoff Frequency

(with collector-to-emitter volts = —12 and collector ma = —1) 10 Me
Extrinsic Base-Lead Resistance (with collectcr-wvemitter volts

= 10, collector ma = —10, and frequenc 20 Me) ......... . 300 ohms
Collector-to-Base Feedback Capacitance (with collector-to-

emitter volts = —12 and collector ma = —1) .............. 7 6.5 pf

* Thermal resistance of heat sink is less than 50°C/watt.

TYPICAL TH#NSFER CHAR&CTERISTIC

=100.s[ TYPE 2NZ T T =
!mea"s‘o RN2eR3ER creurm L=
§=3 [Ammzzmg; TEMPERATURE
% _;lCOLLECTOR-TO- _
= EMITTER
§ D I i
E L L7 =
P | / .
E Ty
b= 71 -
§ - A — —
i I

-4 |

=25 -5 =-225 -275 =325 -3715

BASE-TO-EMITTER MILLIVOLTS
S2C5-1214TT

TYP!CAL COl.l.ECTOR CHARACTERISTICS

Egpaozuuze%nnsn CIRCUIT, BASE INPUT, - J 1 | |
AMBIENT TEMPERATURE = 25° | |
=40 ] I
w
w
]
g"” s =1
g " =
P20 -
© 1 |
i
® 1o/ T =
B L—"T 1
o - B z -1a -i5
COLLECTOR-TO-EMITTER YOLTS S2CH-[2144T)
POWER TRANSISTOR
Silicon n-p-n type used in a @)=

2N3053 / wide variety of medium-power ap- .
plications in industrial and commer-
cial equipment. This type is intended
40053 primarily for frequencies up to 20
megacycles in small-signal power P
circuits. It is designed to assure freedom from second breakdown and features
low leakage current and wide beta range. JEDEC No. TO-5 package; outline
6, Outlines Section.

O
o)
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MAXIMUM RATINGS

Collector-to-Base Volt.a% A R R R
Collectoy-to-Emitter Vo tage'
WWIth  Base opeI | S G S R e e = 40 max volts
With external base-to-emitter resistance =10 ohms .......... 50 max volts
With base-to-emitter volts = 1.5 volts 60 max volts
Emitter-to-Base Voltage ..... I i o 5 max volts

60 max volts

Collector CUITEBNL .....vsiiadsenmrvransasnnos p 0.7 max ampere
Transistor Dissipation:

At case temperatures up to 25°C ...... ST DR A S5max watts

At case temperatures above 25°C ......... R R, See curve page 80
Temperature nge:

Operating and Storage ................cccciiinan vereesaresss —69 to 200 °C
Lead Temperature (for 10 seconds maximum) ..... I PP - 235 max °C
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = 0.1) 60 min volts

Collector-to-Emitter Sustaining Voltage:
Wlth external base-to-emitter resistance = 0 and collector

e e e b R e 40 min volts
Wlth external base-fo-emitier resistance = 10 ohms and
eodlector Mha "= M0 L. o0 s s e b e ke e 50 min volts
Collector-to- E‘mltter Saturation Volt.age (with collector ma
= 150 and base Ma = TB) il i st s b v v g i 1.4 max volts
Base to-Emitter Saturation Voltage (with collector ma = 150
bagme i = IB) Liiviiia s ii e v s E e s a e b h i 1.7 max volts
Collector-Cutoﬁ Current (with collector-to-base volts = 30
and emitter current = 0) ...... .00t inin. . 0.25 max ua
Emitter-Cutoff Current (with emitter-to-base volts = 4 and
collector current — 0) ...i.o.siuasoluiiiiindidmt e dias s A 0.25 max ua
Thermal Resistance (junction-to-case) ..... N B S R e 35 max “C/watt

In Common-Base Circuit

Emitter-to-Base Capaclta.nce (with emitter-to-base volts = 0.5

and’;eollector errrelit = 0N i i e e s e s S 80 max pf
Collector-to-Base Capacitance (with collector-to-base volts = 10
and smitter current =5 0) Loiiiienhe o de it seas 15 max pf

In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 10 and pulsed collector ma = 150*) .................. 50 to 250
Small- Signal Forward Current-Transfer Ratio (with collector-
to-emitter volts = 10, collector ma = 50, and frequency
SBIRIROY i e TR B R R e 5 min

* Pulse duration = 200 psec; duty factor = 0.018.

TYPICAL COLLECTOR CHARACTERISTICS
| Ty 2N3053/40053

AMBIENT TEMPERATURE =25" C 1 ‘ |
T 1T BEEREE

|
T |
_l _|__ oo _+_ o 10 | _] ‘l

=

8

\ \“:’

8

n
[=]
o

—-————LBASE CURRENT=2 MAJ_ } __]__l__

4
COLLECTOR—TO- EMITTER WI.TS S20M-1232TT

COLLECTOR CURRENT —MILLIAMPERES
o
o
o

°
o

o



290 RCA Transistor Manual

TYPICAL TRANSFER CHARACTERISTICS

TYPE 2N3053/40053 I
ﬂ COLLECTOR-TO-EMITTER VOLTS =10 |
wio ;
a
-3
=
- T
2
-3
L6 ]
=
W
13 Er.1
&4
o
Y2 ‘
&

0 02 04 06 08 10 12 I4

BASE-TO-EMITTER VOLTS
ecs-12aer

POWER TRANSISTOR

Silicon n-p-n type used in a

wide variety of intermediate-power

2N305 4 applications in industrial and com-
mercial equipment. This type is par-

ticularly useful in power-switching

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,

MAXIMUM RATINGS

Collector-to-Base Voltage ...... 80 max  volts
Collector-to-Emitter Voltage:
With BasE ODBI .. v ivosnamsisin s s s wmy s v s 55max  volts
With external base-to-emitfer resistance — 100 ohms ....... ” 60 max volts

90 max volts
T max . volts

With base-to-emitter volts = 1.5 volts
Emitter-to-Base Voltage ...............

Collector Current .......... Sinaa 4 max amperes
Bagh TR &0 ves v0im 05w e bb @ e dns A 2 max amperes
Transistor Dissipation:

At case temperatures up to 25°C .......cvcvviinnnnncicnrones 25 max watts

At case temperatures above 25°C .......... e See curve page 80
Temperature Range:

Operating and Storage .................... R e —65 to 200 b o]
Lead Temperature (for 10 seconds maximum) ..... U - 235 max °“C

TYPICAL COLLECTOR CHARACTERISTICS

'TYPE 2N3054 | [ |
CASE TEMPERATURE=25° C

| T ] |

2.5‘ | | I - r -
¥ EE' 100 9030 -,OJ | |
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J======LREN
LOHE=T : ! :

'"E_ ] I BASE CURRENT URRENT =20 MA_ [ i/
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| ._—;-I_I_ e -
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NON—

\\‘
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COLLEC’I’UR-TO-EMITTER VOLTS S2CM-12303T
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CHARACTERISTICS

Collector-to-Emitter Sustalning Voltage:
- With external base-to-emitter resistance = 0 and collector

A = M0 i G e e e e o 55 min volts
With external base-to-emitter resistance — 100 ohms and
collector ma = 100 ...........cooiviizipsnnss o 60 min volts
Collector-to-Emitter Saturation Voltage (with collector ma
= B00:and Base ma = B0 i e s e s 1 max volts
Base-to-Emitter Saturation Voltage (with collector ma = 500
and collector-to-emitter volts = 4) . 1.7 max volts
Emitter-Cutoff Current (with emitter-to-base volts = 7 and
collector current = 0) ... ................ 1 max

ma
Thermal Resistance (junction-to-case) 7 max °C/watt
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 4 and collector ma = 500) ...........cooivveiiaunn.s .. 2510100

‘I'YPICAL TR&NSFER CHARAC TEHISTIOS

I:OLLECTOR Fo-EMITTER VOLTS#4
00 ‘ o]
e
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POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of high-power applica-
tions in industrial and commercial
equipment. This type is particularly 2N3055
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, JEDEC No. TO-3 package; outline 5, Qutlines Section.

MAXIMUM RATINGS

Collector-to-Base anmﬁ 100 max volts-
Collector-to-Emitter Voltage:
WL BASE ODEN Sincena s s e s Ve Ve 60 max volts
With external base-to-emitter resistance — 100 ohms ........ 70 max volts

With base-to-emitter wolts = 1.5 volts
Emitter-to-Base Voltage .. T max volts
Collector Current 15 max amperes
Base Current ......... AR o 7 max amperes
Transistor Dissipation:

At case temperatures up to 25°C ..

At case temperatures above 25°C ..
Temperature nge:

100 max valts

115max  watts
See curve page 80

Ogerating ANd SLOTAES - cvvvvir vy s .. —65 to 200 °C
Temperature (for 10 seconds maximum) ........c.c..uueuuns 235 max °C
CHARACTERISTICS
Collector-to-Emitter Sustaining Voltage:
With external base-to-emitter resistance = 0 and collector
A =220 e e A e e e e e 60 min volts
With external base-to-emitter resistance = 100 ohms and
collector mia = 200 ... it iiviaii s nrnnies s ie 70 min volts



292 RCA Transistor Manual

Collector-to-Emitter Saturation Voltage (with collector

amperes — 4 and base ma = 400) . _...............c.iciiiaas 1.1 max volts
Base-to-Emitter Saturation Voltage (with collector-to-emitter

volts = 4, and collector amperes = 4) .........covvviancisas 1.8max  volts
Emitter-Cutoff Current (with emitter-to-base wvolts = 7 and

collector eurrent = 0)" ... i il dicaviiomduad v saats sdina s e e S max ma
Thermal Resistance (junction-to-case) ..........ccvvvienienns . 1.5 max °C/watt

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = 4 and collector amMperes = 4) ....ovvvrenneerrronnnns . 20 to 70

TYPICAL COLLECTOR CHARACTERISTICS

TYPE 2N3035 | [ | [
| CASE TEMPERATURE =25° C i
2w "c!o | ]
NrE==AEEEN |
= 500,
"i‘ 400 ]
= 15 r
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1 1 il
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COLLECTOR-TO-EMITTER VOLTS 2CM-12308T
TYPICAL TRANSFER CHARACTERISTICS.
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TRANSISTOR
Silicon n-p-n type used in rf 8

amplifiers in military and industrial
2N3-| 18 high-frequency and vhf_ communi-
cation equipment. It is intended
primarily for use in large-signal vhf & c
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. JEDEC No. TO-5 package; outline 6, Outlines Section.
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MAXIMUM RATINGS

Emitter-to-Base Voltage ........ciccavvvrvnriearnennssssns VR 4 max
Collector-to-Emitter Voltage:

With base-to-emitter volts = —1.5 ........c. i iiiiiiaiians 85 max

With base open ..... U e T 60 max
Collector Current ............ I R A i W A e e 0.5 max
Transistor Dissipation:

At case temperatures up to 25°C .............. 4 max

At ambient temperatures up to 25°C ................. ... 1 max

At case or ambient temperatures above 25°C ................ See curve
Temperature Range:

Operating (junction) and Storage ................ AP P —65 to 200
Lead Temperature (for 10 seconds maximum) ............. T 255 max
CHARACTERISTICS
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1 .

and collector current = 0) ..........coisusienniibonncaionians 0 4 min
Collector-to-Emitter Sustaining Breakdown Voltage (with .

pulsed collector ma = 10* and base current = 0) ............ 60 min
Collector-to-Emitter Breakdown Voltage (with base-to-emitter
volts = —1.5 and collector ma = 0.1) .......cccvvirnennnannns 85 min

Collector-Cutoff Current:
With ambient temperature = 25°C, collector-to-base volts

=30, and emitter current = 0) ........iiiiiiiiiaiiaieas e 0.1 max
With ambient temperature = 150°C, collector-to-base wvolts
= 30, and emitter current = 0) ........ e 4 e i aaria 100 max

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volts
=28, emitter current — 0, and frequency — 1 Me) .......... e 6 max

In Common-Emitter Circuit .

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts — 28 and collector ma = 25) ... ............cco curiinan 50 to 275
Small-Signal Forward Current-Transfer Ratio (with collector-

to-emifter volts = 28, collector ma = 25, and frequency

= B0 MIE) L e s R i e R A R R 5 min
Output Power Class C Service**: .
With collector-to-emitter volts = 28, and frequency = 50 Me . 1 min
With collector-to-emitter volts = 28, and frequency = 150 Mc . 0.4 min
Power Gain Class A Servicet (with collector-to-emitter volts
= 28, collector ma = 25, and frequency — 50 Me) ....... FERe e 18 min

* Pulse duration = 300 usec; duty factor = 0.018 or less.
** Input power = 0.1 watt (with heat sink).
t Output power = 0.2 watt (with heat sink).

TRANSISTOR

Silicon n-p-n type used in ]
switching and pulse-amplifier appli-
2N3'| 'I9 cations. It is intended primarily for
use in high-voltage high-frequency
amplifiers and high-voltage satura- &
tion switches in military and indus-

293

volts
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volts
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watts
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page 80

°C
o o
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volts

pa

pa

pf

watt
watt

db

c

irial equipment. This type features high collector-to-emitter voltage ratings,
fast rise time, and high power dissipation. JEDEC No. TO-5 package; outline

6, Outlines Section.
MAXIMUM RATINGS

Collector-to-Base Voltage ......ovovvvivennnn. S . o 100 max
Collector-to-Emitter Voltage:
With base-to-emitter wolts = —15 ..... M A TR e 100 max
With base open ........... R R T b e R 80 max
Emitter-to-Base Voltage ............. A T 4 A AT 4 max
Collector Current ........cccoueviiiiiiinianniainns A By e Y 0.5 max

Transistor Dissipation:

At case temperatures up to 25°C ..... e 4 max

At ambient temperatures up to 25°C ..................... 1 max

At case or ambient temperatures above 25°C .. .............. See curve
Temperature Range:

Ogeratmg (junction) and Storage .............cceeveninnnens —65 to 200
Lead Temperature (for 10 seconds maximum) ................ 255 max

volts

volts
volts
volts
ampere

watts
watt
page 80
b, 2

“C
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CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ma = 0.10
and emitter current = 0) ....... ... .ciiiariiiiniinariniisn i
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.10
and collector current = O) .ol ciisi i bt s as i i e
Collector-to-Emitter Breakdown Voltage (with base-to-emitter
wolts = 1.5 and” ecollector ma = 0.1) -iaias sl il
Collector-to-Emitter Sustaining Breakdown V’oltage (thh
gulsed collector ma = 10* and base current = 0) .......... =
Collector-to-Emitter Saturation Voltage (with base ma = 10
and collector ma &= 00 L. iiin i sy saeua
Base-to-Emitter Saturation Voltage (with base ma = 10 and
collector ma = 100)
Collector-Cutoff Current:
With ambient temperature = 25°C, collector-to-base volis
= 60, and emitter curtent = 0 ....... ...l iirraanaaiars .
With ambient temperature = 150°C, collector-to-base volts
= 60, and emitter current = 0 .........cccieiieiiiiiian
Emitter-Cutoff current (with ambient temperature = 25°C,
emitter-to-base volts = 3, and collector current = 0) ........
Satu.rated Switching Turn-on Time {with collector r supply volts
= 28, base ma — 10, and collector ma = 100) ..............
Saturated Switching Turn-off Time (with “collector supply volts™
= 28, base ma — —10, and collector ma = 100) ............. .
Pulse-Amplifier Rise Time (with collector supply volts = 80
and collector ma = 10) .......covvneevenrnennns o A i

In Common-Base Circuit

Collector-to-Base Capacitance (with collector-to-base volis
= 28, collector current = 0, and frequency = 1 Me) ......cuun

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
With collector-to-emitter volts = 10 and collector ma = 10 ..
With pu!sed collector-to-emitter wvolts = 10* and collector
AR L s e e e R e A
I s e i e e SR 6k B B ey Sk e
Gain-Bandwidth Product éwith collector-to-emitter volis = 28,
collector ma = 25, and frequency = 50 Mc) ....... i S e (A

* Pulse duration = 300 usec; duty factor = 0.018.

SILICON CONTROLLED RECTIFIER

Diffused-junction n-p-n-p type

used in a wide variety of line-

2N3228 operated power-conirol and power-
switching applications. It is par-

ticularly wuseful in 117-volt line
power-controlled and power-switch-

ing applications requiring a forward current of 3.2 amperes (average

or 5 amperes (rms value). Outline 33, Outlines Section.
MAXIMUM RATINGS

For sinusoidal ac supply voltage of 50 to
400 eps, with resistive or inductive load.
Peak Reverse Voltage:
Repetitive ................... e g e SR A e R .
Non-repetitive .. .. il iiieiiisiiivps s s SEae iaa
Peak Forward Blocking Voltage (repetitive) ..........
Average Forward Current:
At case temperature of 50°C and conduction angle of 180° ..
For other case temperatures and conduction angles .......
Peak Surge Current:
For one cycle of applied voltage .............. SRR
For more than one cycle of app. ed WOHARE oovvanvssnmaswnes
Peak Forward Gate Current .................
Peak Gate Voltage:
Forward .......seressescnccs e S e e
Reverse ....... CE e e e T e A e WA -

100 min volis
4 min volis
100 min volts
80 min volts
0.5 max volt
1.1 max volt
50 max na
50 max ua
100 max " na
40 max nsec
700 max nsec
20 max nsec
6 max pf

40 min

50 to 200

20 min

250 min Me
A

K G
value)
200 max volts
330 max volts
200 max volts
3.2 max amperes
See Rating Chart I

60 max amperes
See Rating Chart II
2 max amperes

10 max
2 max

volts
volts
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;eak Gatte P(HUEI‘ ..... T A B A 5max  volts
emperature Range: .
Operating (€ase) ......evvvvncerrrinnns R A e R —40 to 100 C
Operating (ambient) See Rating Chart III
BROYREE i iiin s nam v firivas a4 a4 o Wi walnme e ¥ —40 to 125
CHARACTERISTICS )
Forward Breakover Voltage (at case temperature of 100°C) .... 200 min volts
Forward Voltage Drop (a forward current = 2 amperes and
case temperature — F e A D N L 1.5 max volts
Average Bfockmg Current (at case temperature of 50"0)
Forwar .................................. 1.5 max ma
ROVEDSE ... .ivpiasaiaisnnsrinsis 1.5 max ma
DC Gate Tngger Current (at case temperature ‘of 25°C) 15 max ma
RATING CHART I RATING CHART II
[s] TYPE 2N3228 TYPE 2N3228
CURRENT WAVEFORM =SINUSOIDAL
” LOAD=RESISTIVE O INDUCTIVE SUPPLYEF,.'}%:‘!’EN&{E £0.CPS SINE WAVE
g | 60l REP TlTn.rE PEAK REVERSE VOLTAGE =200 |-
ols Sn .e.\.rERAGE FORWARD CURRENT =3 AMPERES
<& i80°7 @50
2 &, corqnucr[on =
<< ‘%‘ AN EE" N S
u 2 2 A
120 ¢ o ™~
-4
| & aZ
180 Wi 20— = l
T : © 10| 1 — | —+
CONDUCTION ANGLE T | ‘
40, ' | | ! © 2 4 6 Z 4 68 Z 46
| 2 3 4 5 | 10 100 000
AVERAGE FORWARD CURRENT—AMPERES SURGE CURRENT DURATION—CYCLES
92C5-12375T 9205-12376T
RATING CHART IIT FORWARD CHARACTERISTICS
NATUREEBz 8 TYPE 2N?’%E.QTURE 25°C
L—SNGLE PHASE OPEMT!OE. 30- SUPPLY FREQUENCY =
o T, CONDUCTION ANGLE =80 o 60 S SINE WAVE g/ /(
< 3 L | | z
20 A [ 20 &
Re e Siiag
LR ] % 7
51 |0, S 31 '
- Ay ¥ \\ \ | =
< DN a5
s R ‘ = 7
gé h g2 | 1A
1 ; 1
50 75 100 1.5 2 2.5 5
AMBIENT TEMPERATURE—°C INSTANTANEOUS FORWARD VOLTAGE DROP—VOLTS
92C5-12377T 9205-12379T
‘ GATE-TRIGGER CURRENT CHARACTERISTIC GATE TRIGGER-VOLTAGE CHARACTERISTIC
TYPE 2N3228 [ [ 7 TYPE 2N3228
| | | FORWARD CURRENT =0
3 1 03
A ! 3 |
11} >
© |
[ran} e
g 3 May, I
2 M)
= i REQURE ,i‘g‘momse
;.'.:i _I_‘ s |l GE UNIT 1
oy s | | | || |
E 3 - D i i I - -
8% £ ||
g | T S
L&) w
o | :ol_i | |
=75 =50 =25 _0__25 50 75 00 ©-75 -5

25 75 |
CASE TEMPERATURE—°C CASE TEMPERATURE—°C°0

92cs-12380T 92C5-12378T
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POWER TRANSISTOR

Silicon n-p-n type used in a [
wide variety of aerospace, military,
2N3263 and industrial applications requiring

a high degree of reliability. The high E

current-handling capability of this

type and its fast switching speed
make it especially suitable in circuits where optimum ecircuit efficiency is de-
sired. This type is used in switching-control amplifiers, power gates, switching
regulators, de-de converters, de-ac inverters, de-rf amplifiers, and power os-
cillators. Outline 45, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage ..........c.ccoiuviiisinninansnnrnssss 150 max volts

Collector-to-Emitter Vo ge (with emitter-to-base volts = =, 5) 150 max volts
Collector-to-Emitter Sustaining Volta ﬁl
With base-to-emitter resistance = ohms or less ....... 110 max volts

WHELH DBBE OPBN .. o dn e i S hran w b e e Eow e 3 Z i ia 90 max volts
Emitter-to-Base Voltage 7 max volts
Collector Current ..... R 25 max amperes
Base Current ............ . e " 10 max amperes

Transistor Dissipation .......................................... See Dissipation Curve
Temperature Range:

Operating (junction) and Storage ................... STy —65 to 200 °C

CHARACTERISTICS

Emitter-to-Base Voltage (with emitter—to-base ampere — 0.02
and collector eurrent = 0) ... .. ... . . .. .. ....o.iieiieas 7 min volts
Collector-to-Emitter Sust.almng ‘."oltag(=

With collector ampere — 0.2 and base current = 0 ... ...... 90 min volts
With external base-to-emitter resistance = 50 ohms or less,
collector ampere = 0.2, and base current = 0 . 110 min volts
Collector-to-Emitter Saturation Voltage (with pulsed ‘collector
amperes = 15* and base amperes = 1.2) . . .. . ........ 0.75 max volts
Base-to-Emitter Saturation Voltage (with pulsed collector
amperes — 15* and base amperes = 1.2) 1.60 max volts
Collector-Cutoff Current:
With case temperature = 25°C, collector-to-base volts ;
= 80, and base CUITENt = 0 . ................wc. civeesees 4 max ma

w;th case temperature — 125°C, collector-to base volts
80, and bhase current = 0 4 max ma
Em1tter-Cuton Current:
W1th case temperature = 25°C, emitter-to-base volts

= 5, and collector current = 0 ... ................... 5 max ma
With case temperature — 125°C, emitter-to-base volts
= 5§, and collector current = 0 ., ... . .. iiiaiasssnvamiiii . 5 max ma

Collector Current (with base reversed ‘biased, collector-

to-emitter volts = 150, and emitter-to-base volts = 1.5) .... 20 max ma
Thermal Resistance (wlth junction temperature = 100°C,

collector-to-emitter volts = 40, and collector amperes = 0.5) .. 1.5 max “C/watt
Saturated Switching Turn-on Time (with de collector supplg

volts = 30, turn-on and turn-off base amperes = 1.2, an

collector amperes = 15) ... icorivuvnrmmrsoessspsms e . 0.5 max usec

Saturated Switching “Storage Time (with dc collector supply
volts = 30, turn-on and turn-off base amperes — 1.2, and
collector amperes = 15) 1.5 max usec
Saturated Switching Fall Time {W|th ‘de collector suppiy volmge
= 30, turn-on and turn-off base amperes = 1.2, and collector
BIDETEB = 18] o i s s e e g et e e e e W i 0.5 max psec
Second Breakdown Characteristics (safevoperatmg regmn)
Current at second breakdown with collector-to-emitter "
VOB S TTB . e Bom mcn isimon s, mimms v oot min it s 0 ST A W2 RO L 0 LA 350 min ma
Energy at second breakdown with emitter-to-base volts = —8,
col% ctor amperes = 10, base-to-emitter resistance — 20 ohms, . .
and inductance = 40 gh ........ ..o e e . 2min mjoules

In Common-Base Circuit

Collector-to-Base Feedback Capacitance (with collector-to-
base volts = 10, base current = 0, and frequency = 1 Me¢} .... 900 max pf
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In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
With collector-to-emitter volts — 3 and pulsed collector

AMPETES = 5% .. .. iiunirciaisiesrncnssssastsraborns s rssesanis 40 min
With collectcr-tc-em;tter volts'= 3 and pulsed collector
amperes = 15% ... e 25t0 75
With collector-to-emitter volts = 4 and pulsed callectur
amperes = 20 .......... 20 min
Gain-Bandwidth Product (with collector-to-ef .
collector amperes = 3, and frequency = 5 Mc) 20 min Me
*Pulse duration = 350 psec or less; duty factor = 0.02 or less. )
TYPICAL BASE CHARACTERISTICS ] TYPICAL TRANSFER CHARACTERISTICS
TYPE 2N3263
g;ffsg'po?jr%-smﬂsu VOLTS =3 COLLECTOR-TO-EMITTER VOLTS =3 -
1oco
] ‘ [
" & w
W ¥ w
& 800 ] ;’}:“ w2 K9
)
2 600 / 1 2 4
) o 15
pur Y
g g Y 7
w v A
W 400 s | 2
3 3 Ky
8 ‘3,/
200 =
Y
| Ei% |
o
o 0.2 [FE ] 0Z 04 _065_08 12 4 s
ME ~TO~ EMITTER VDLTS BASE-TO-EMITTER YOLTS
S2C5-12438T 9205-2942T
DISSIPATION CH&R&CTERISTICS
TYPE 2N3263 {
FOR MAXIMUM CASE TEMPERATURES ABOVE
- Ts'c, DERATE LINEARLY AT 066 wi'C, -
34 | |
Elg— 125
£ 100
E3 - 75 ‘
=
i i e
%2 so—T-—-" >
LT S [« S . S
25[; AsF_;upgﬁgygg-rt 5*C £
0 [0 20 30 40 50 80 70 80 90
COLLECTOR~-TO-EMITTER VOLTS
9205-1253T
POWER TRANSISTOR
¢ Silicon n-p-n type used in a
wide variety of aerospace, military,
and industrial applications requiring
B e a high degree of reliability. The high 2N3264

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-de converters, de-ac inverters, de-rf amplifiers, and power os-
cillators. Outline 45, Outlines Section. For curves of transfer characteristics,
refer to type 2N3263.
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MAXIMUM RATINGS

Collector-to-Base Volta? N
Collector-to-Emitter Voltage (with' emitter—to base volts = —135)

Collector-to-Emitter Sustammg Vol 53
ith base-to-emitter resistance — 50 ohms or less ......... e
With base open ............... wereaas e
Emitter-to-Base Voltage ................ PR seasssaaaans ESTRN
Collector
Base Current .......
Transistor Dlsslpation .......... R — g R

Temperature Range:
Operating (junction) and Storage .......ecevveresnsnnssnnses

DISSIPATION CHARACTERISTICS

TYPE 2N3264 vs‘
FOR !-!MIIMUM ‘CASE TEMPERATURES AQO
- 75 C,DERATE LINEARLY AT 0.66 W/°C
%3?_ 125 | 1 |
i | |
o0 - A
8 n_&l'\
2z %S |
29 sor—23{
38 |__[mo |
“Fnsi: TEM’EE]U.WE:L ;i
L] 00 20 30 40 50 60 TO

COLLECTOR~TO-EMITTER VOLTS
92C5-125R2T

CHARACTERISTICS

Emitter-to-Base Volta%e (with emitter-to-base ampere = 0.02
and collector current = 0) ...........co0iiiiiinn
Collector-to-Emitter Sustaimng Voltage:
With collector ampere = 0.2 and base current = 0
With external base-to-emitter resistance = 50 ohms or less,
collector ampere = 0.2, and base current = 0 ...............
Collector-to-Emitter Saturation Voltage (with pulsed collector

amperes = 15* and base amperes = 1.2) ................. .

Base-to-Emitter Saturation Voltage (with pulsed collector
amperes = 15* and base amperes = 1.2) ...........cc0u0n
Collector-Cutoff Current:
With case temperature = 25°C, collector-to-base wvolts = 60,
and base current = 0 ....... ... ... .iiieeceaiiiieaeees
With case temperature = 125°C, collector-to-base volts = 60,
and base current = 0 ....... asnin Bagon o pnes Ry S
Emitter-Cutoff Current:
With case temperature = 25°C, emitter-to-base volts = 5, and
collector eurrent = O iioiiiicinis i e g s et e e s
With case temperature = 125°C, emitter-to-base volts = 5,
and collector current == 0 ...........cccieriicavirgenareis
Collector Current (with base reversed biased, collector 1o~ emif.ter
volts = 120, and emitter-to-base volts = 1.5)
Thermal Resistance (with junction temperature = 100°C,
collector-to-emitter volts = 40. and collector amperes = 0.5)
Saturated Switching Turn-on Time i)wnh de collector supply
volts = 30, turn-on and turn-off base amperes = 1.2, and
COIIECOr AMPETeS = 15) ... .....ooiory vneseennnsnnsoneeonense
Saturated Swi chi.ng Storage Time (with dec collector supply
volts = 30, turn-on and turn-off amperes = 1.2, and
collector amperes = 15) . ......ccceimievsanersnnsusossnarzanns
Samrated Switching Fall Time (with de collector supgly voltage
base amperes = 1.2, and collector amperes = 15) ...... /s
Second Breakdown Characteristics (safe-operating regmn)
Current at second breakdown with collector-to-emitter
Tt e - A S e e A R R E -
Ener§y at second breakdown with emitter-to-base volis = —8,
collector amperes = 10, base-to-emitter resistance = 20 hms.
and inductance = 40 gh ...... D L e o s

In Common-Base Circuit

Collector-to-Base Feedback Capacitance (with collector-to-base
volts = 10, base current = 0, and frequency = 1 Me¢) ........

120 max  volts
120 max  volts
B0max  volts

60 max volts

7 max volts

25 maxamperes

10 max amperes

See Dissipation

—65 to 200 °C

7 min volts
60 min volts
80 min volts

120 max  volts
180 max  volts

10 max ma
10 max ma
15 max ma
15 max ma
20 max ma

1.5 max °C/watt
0.5 max usec

15max  psec

0.5 max usec
T00 min ma

2 min mjoules

900 max pf
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& SR In Common-Emitter Circuit

DC Forward Current-Transfer Ratio:
.. With collector-to-emitter wvolts = 3 and pulsed collector

amperes = 5* 35 min
With collector-to- _emitter volts — 3 and pulsed collector
amperes = 15* e p— 20 to 80

With collector- |§0 -emitter volts — 4 and pulsed collector
5
Gain-Bgndwidth Product (with collector-to-emitter volts = 10, .
collector amperes = 3, and frequency = 5 Me) .............. 20 min Mc
* Pulse duration = 350 gsec or less; duty factor = 0.02 or less.

POWER TRANSISTOR

Silicon n-p-n type used in a
wide variety of aerospace, military,
c €  and industrial applications requiring
a high degree of reliability. The high 2N3265
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, de-de converters, de-ac inverters, de-rf amplifiers, and power os-
cillators. Outline 46, Outlines Section. This type is electrically identical with
type 2N3263 except for the following items:

Transistor PR OREION G s e e R T e s e See Dissipation Curve
Thermal Resistance (with junction temperature = 100°C,
collector-to-emitter volts = 40, and collector ampere = 0.5) 1 max °C/watt

DISSIPATION CHARACTERISTICS

TYPE 2N3265
FOR MAXIMUM CASE TEMPERATURES ﬂBOVE
75° C, DERATE LINEARLY nT W/

7s| | |

m\lli
MNEEEEER

|50
[ ]

CASE TEMPERATURE =175 C |
| | |
o 20 30 40 50 60 7O B0 9Q
COLLECTOR~TO-EMITTER VOLTS
S2C5-1231T

]

3 8

8

XIMUM TRANSISTOR
Mﬁ‘JSS!PﬁTI»ON-—WAs";r‘IgS

L]
[t

-]

POWER TRANSISTOR

Silicon n-p-n type used in a
:nr'ige variety of aerospace, military,

industrial applications requiring
a high degree of reliability. The high 2N3266
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, de-dec converters, dc-ac inverters, de-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:

Translstor DISSIPDAYON . c.ovie i giisas s ai st G i s e See Dissipation Curve
Thermal Resistance (with Junction temperature = 100°C, T

collector-to-emitter volts = 40, and collector ampere = 0.5) 1 max °C/watt

DISSIPATION CHARACTERISTICS
gggiuﬂauzu??cnss TEMPERATURES mVE
75° C, DERATE LINEARLY ﬂT | W

75

B
L".]

|
100

AN |

g

-4
o

3

MAXIMUM TRANSISTOR
DISSIPATION—WATTS

2%(case TEMPERATURE <178’ C

I
o 20 40 50 60 TO 80 %0
cou_ecm-ro-amnmw TS,car

TRIPLE DIODE

Hermetically sealed germanium
type used in high-speed switching
service in electronic data-processing

3DGO001 systems. Package has the same di-
mensions as JEDEC No. TO-33; out-
line 13, Outlines Section. Diode units

are identical with those of type 2DG00L. This is a discontinued type listed for
reference only.

3746 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.

TRANSISTOR
3907 / Germanium p-n-p type used in 8
critical switching applications in
2N 404 data-processing equipment. This ¢ e
premium type features excellent sta-

bility, reliability, and rugged con-
struction. JEDEC No. TO-5 package;
outline 6, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .................. —25max  volts
Collector-to-Emitter Vo%tage (with emitter-to-base volts = —1) —24 max volts
Emitter-to-Base Voltage (with collector open) ........... —12max  volts
Collector Current .......cccevrrsressnrrrassssss —200 max ma

Emifter Current ........cccciiiieeiiiiaaians cou 200 max ma
Transistor Dissipation:

At ambient temperatures up to 25°C .. sanae 150 max mw
At ambient temperatures above 25°C .......cievicriirennenes See curve page 80
Ambient-Temperature Range: s o
Operating .......ccocicerenonsestotonssrsnessasssneasensosonss —65 to 85 7
SEOTAZE  ..o.vvieersnsessssassssssansstsssssnssssissssssnssntns —B65 to 100 C

Lead T%mperature (for 10 seconds maximum) .......ceeeenees 235 max *C
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CHARACTERISTICS
Base-to-Emitter Satm’gl.lon Voltage:
With collector ma = —12 and base ma = —04 .....c.cvvvvnnns
With eollector ma = —24 and base ma = —1 ......cocnnvrens .
Collector-to-Emitter Saturation Voltage:
With collector ma = —12 and base ma = —-Oi.
With collector ma = —24 and base ma = —1 ............ ... e
Collector-Cutoff Current (with collector-to-base volts = —12

and emitter current = 0) .. .......cevnisusiisirasisssannnnsss
tored Base Charge (with collector ma = —10 ‘and base ma = —1)

In Common-Base Circuit
Small-Signal Forward-Cwrrent-Transfer-Ratio Cutoff Frequency

(with collector-to-base volts = —6 and collector ma = —1) ..
Qutput Capacitance (with collector-to-base volts = -6

and emitter current = 0) .....................
Input Capacitance (with emitter-to-base volts = ‘26

and collector current = 0) .......covvceiennn ARy

In Common-Emitter Circuit

Forward Current-Transfer Ratio:
With collector-to-emitter volts = —0.15 and collector ma = —12
With collector-to-emitter volts = —0.2 and collector ma = —24

POWER TRANSISTOR
Germanium p-n-p type used in

ik high-fidelity audio-frequency ampli-

fier applications. This type is in~

k tended primarily for use in push-
e (e pull class B output circuits requiring

low distortion, high power output,

301

=—0.35 max volt
—0.4 max volt

=0.15 max volt
—08.2 max volt

—5 max pa
1400 max  pecoul

4 min Mc
20 max pf
20 max pf
30 min
24 min

40022

and wide frequency response. It 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 linearily of characteristics
over the full range of collector current, JEDEC No. TO-3 package; outline 5,

Qutlines Section.
MAXIMUM RATINGS

Collector=t0-Base VOILBEE ..ivoveisaserriosrossascassnsrsassnes "
Collea:éor ht?n E)Im;tter VoItage {with. ‘base-to-emitter resisfance
CHINR] Lo e e e e GSisssdsBssansssestateana e st s R
Emitter-to-Base Voltage ................. T
Collector CUrrent ........ccvceinessasssssnassssssansassssns
Base CUETENL .....cvrsassattesrissnssrssrsssnsanasssssibsnssaiss
Transistor Dlssipatlon.
At mounting flange temperatures up to BI°C ........ceccuuue
At mounanﬁaﬂange temperatures above B1°C .......ciieeenes
Temperature nge:
Oserating (junction) and Storage .............. TR
Temperature (for 10 seconds maximum)
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (wlth collector ma = —-5
and emitter current = 0) ...........cconieiiiinisiiiraiies v
Collector-to-Emitter Breakdown Voltage (with collector ma
= —200 and base-to-emitter resistance = 30 ohms) ........ i
Emitter-io-Base Breakdown Voltage (with emitter ma = —200
and collector current = 0) ..........civiciriniecrinnnnnnnsna .
Base-to-Emitter Voltage (with collector-to-base volts
and collector ma = —50) ................c.ciiiiiiiniariaan :
Collector-Cutoff Current (with collector-to-base volts = —30

and emitter current = 0) .
Collector-Cutoff Saturation Current [with collector-to base

volts = —0.5 and emitter current = 0) ..............c..00un .
Thermal ResiStance (junction-to-CAse) ..............oooosveeine

In Common-Emitter Circuit

Gain-Bandwidth Product (with collector-to-emitter volts = —5
and collector ampere = —0.5) ... ... it i

DC Forward Current-Transfer Ratio (with collector-to- emitter
volts — —2 and collector amperes = 1} .....ovvevvnnnoncnnaas

—32 max volts
—32 max volts
—5 max volts

—>5 max amperes

—1 max ampere
125 max watls
Derate 0.66 watt/°C
—65 to 100 ; *C
255 max bt ™
—32 min volts
—32 min volts
—5 min volts
—0.18 volt
—1 max ma

—0.1 max ma
1.5 max °C/wait

300 kilocycles
50
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TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT

DC Collector Supply Voltage ........... R ki P T —14 volts
Zero-Signal DC Collector Current

............ T —50 ma
Zero-Signal Base-Bias Voltage ....... o ) e —0.18 . volt
Peak Collector Current ...........cccooitiiursnnrnnnnasssssssnns . —2.25 amperes
Maximum-Signal DC Collector C\l.rrent —0.716 ampere
Input Impedance of Stage (per base) ............... e 43 oﬂms
Load Impedance (speaker voice coil) .............. ..ol 4 ohms
POWer (GBIM «viveunteevmnnnsesyiine A A R G AR RN e i 24 db
Maximum-Signal Power Output ....... e ey 10 watts
Total Harmonic Distortion ......................c¢c000.s we st a ot 5  per cent
Maximum Collector Dissipation (per transistor) ................ 5 watts
EIA Music Power-Output Rating ............... 18 watts

TYPICAL OPERATION IN CLASS A AF-AMPLIFIER CIRCUIT
DC Collector Supply Voltage

SR L S A M B S AR, W —16

DC Collector-to-Emltter Vi %tage e RS S e —13.2 volts
DC Collector Current ......... e —0.9 ampere
Peak Collector Current ....... : —1.8 amperes
Input Impedance ........... 15 ohms
Collector Load Impedance = 15 ohms
Maximum-Signal Power Output ......... S 5 watts
Total Harmonie Distortion ............ 5 per cent
Power Gain - 33 db

ximum Collector Dissipation ... 12 watts

POWER TRANSISTOR

Germanium p-n-p type used in
high-fidelity audio-frequency ampli- ¢
40050 fier applications. This type is in-
tended primarily for use in push-
pull class B output circuits requiring € 5
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. JEDEC No. TO-3 package; outline 5, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base ‘J’c;lt.aalgl —40 max volts
Collector-to-Emitter Voltage o S e e —40 max volts
 Emitter-to-Base Voltage .......... . —5 max volts
Collector Current ................ i —5 max amperes
Base Current ..........ccc00cuiss —1 max ampere
Transistor Dissipation:

At mounting flange temperatures up to 81°C

-At mounti flange temperatures above 81°C
'I'emperature ange:

...... 125 max watls
............. Derate 0.66 watt/°C

geratmg (junction) and Storage ... v RS —65 to 100 °c
Lead Temperature (for 10 seconds maximum) ... 255 max “C
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = -—5 .

and emitter-current = 0) ....... .. - —40 min volts
Collector-to-Emitter Breakdown Voitage {with collector ma

= —§00 and base-to-emitter resistance = 68 ohms) .. ....... —40 min volts
Emitter-to-Base Breakdown Voliage [w;th emitter ma = —2 .

and collector current = 0) e —5 min volts
Base-to-Emitter Voltage (w1th collector-to-base volts = —10

and collector ma = —50) ...... ... P T 017 volt
Collector-Cutoff Current (with collector-to-base volts = -\30

and emitter current = 0) .. ... ........ ..... s —500 max ua
Collector-Cutoff Saturation Current (with collector-to-base
volts = —0.5 and emitter current = 0)

—100 ma
‘Thermal Resistance (junction-to»case)

1.5 max °“C/watt

In Common-Emitter Circuit

Gain-Bandwidth Product (with collector-to-emitter volts = —5 ’

‘and collector ampere = —0.5) ...... - 500 kilocycles
DC Forward Current-Transfer Ratio (w;th co]]ector-to«emnter .

volts — —2"and collector amperes = 1) ...:i....iieainiand £y 50 min
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TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT

DC Collecto‘r Su p Vollage . ..o.viiiadeiiavainssus sy —18 volts
Zero-Signal D ector CUTTEOE oonrnrenvnssrsmisssiesihomees —50 ma
Zero-Signal Base-Bias Voltage ......cciviivavannssassvensinadan —0.17 volt
P ollector Current . ..............cciiiieriiiiaiiirraarrnn —28 amperes
Maximum-Signal DC Collector Current .................. et —0.8 ampere
Input Impedance of Stage (per base; e 32 )
Load Impedance (speaker voice coil 4 ohms
Bower Galn, . ooy .. 28 db
Maximum-Signal Power Qutput .........ciiiiiiiieeniinaiinnnas 15 watts
Total Harmonle Distoxtion . ...... . oviviiisemsresysesassssdsss 5 per cent
Maximum Collector Dism?atlon (per transistor) ................ 7.5 watts
EIA Music-Power Output Rating .............cceiiiinivinnnns 25 watts
TYPICAL OPERATION IN CLASS A AF-AMPLIFIER CIRCUIT
DC Collector SUPPLY T —— —16 volts
DC Collector-Emi Voltage ... —13.2 volts
DC Collector Current ........... —0.9 ampere
Paak Collector Current ............. —138 ampere
ut Impedance ..........cc0cnnvnenns 10 ohms
Coilector Load Impedance .......... : 15 ohms
Maximum-Signal Power Output ... i 5 watts
Total Harmonic Distortion ...... 5 per cent
Power Galn: ., .....cccciniiiininns db
Maximum Collector Dissipation ... 12 watts
POWER TRANSISTOR
Germanium p-n-p type used in
e high-fidelity audio-frequency ampli-
fier applications. This type is in-
tended primarily for use in push- 4005]

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. JEDEC No. TO-3 package; outline 5, Outlines Section. This
type is similar to type 40050 except for the following items:

E B

CHARACTERISTICS
Collector-to-Base Breakdown Voltage ..........civivevvevvnnnnnsas —50 min volts
Collector-to-Emitter Breakdown Voltage ...................... —50 min volts
TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT
DC Collector Supply Voltage ..... 3 R T —22 volts
Zero-Signal DC 01 ector Current . . —50 ma
Zero-Signal Base-Bias Voltage .. . - —0.17 volt
Peak Collector Current ...............c¢ce00ev0auss0sssscanssans —3.5 amperes
Maximum-Signal DC Collector Current ........... —11 amperes
Input Impedance of Stage (per stage) ............. 31 ohms
Load Impedance (speaker voice coil) ......... F 4 ohms
Power Gain ....................... g 28 db
Maximum-Signal Power outpat . aianiun 24 25 watts
Total Harmomc Distortion . ................ - 5 per cent
Maximum Collector Dlssq?atnon (per transistor) . e 12.5 watts
EIA Music Power Output Rating .............ciiiicivnccannans 45 watts

See RCA TUNNEL DIODE CHART starting on page 40054

324 for complete data on these tunnel diodes and to

rectifiers.

40070
40076
See RCA TUNNEL DIODE CHART starting on ;I',o

page 324 for complete data on these tunnel diodes.

40079
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TRANSISTOR

Silicon n-p-n type designed spe-
cifically for use as an oscillator in
40080 27-Mec 5-watt citizens band applica-
tions. JEDEC No. TO-39 package; & ry
outline 32, Outlines Section.

MAXIMUM RATINGS

Collector-to-Emitter Voltage (with base open) .........ceee.. i 30max  volis
CONEotor CUIPENL. . .\ covvviviuirs s bmwn s snos o wnswi g sies sis s . 250 max ma
Transistor Dissipation:

At ambient temperatures up to 25°C ........iiveniiiiiaiinanas 0.5 max watt

At ambient temperatures above 25°C ,.......cciiiiiiainaiene. See curve page 80
Temperature Range:

Operating (junct:on) And SLOrAEe ......ovevrsenssenssnsnnsans —65 to 175 °C
CHARACTERISTICS
Collector-to-Emitter Voltage (with collector ma = 10 and

base CULTeNE = 0) .. . . ..vsseonam ot metoeessssin o ssons 30 min volts
Collector-Cutoff Current (with collector-to-base volts = 15 and

emitter current = 0) . ........iiiiiiiiiiiiie i 10 max na

TYPICAL OPERATION IN 27-MC RF OSCILLATOR CIRCUIT

Power Qutput (with collector supply volts = 12 and maximum
COLMBCEOY TR = B2 i vnninnsas sonsnonesasssenssaissssnnessies 100 min mw

TRANSISTOR

Silicon n-p-n type designed spe-
cifically for use as a driver in 27-Me
4008] S-watt citizens band applications.
JEDEC No. TO-39 package; outline g =
32, Outlines Section.

MAXIMUM RATINGS

Collector to-Ernitter Voltage (with reverse bias between base
BAEEETY e e e i e b a 60 max volts
Em1tt.er-to Base Voltage (with collector open) .

2 max volts
Collector Current ........cciviivivainnsnanians 250 max ma
Transistor Dissipation:
At case temperatures up t0 25°C .......c00v0nniinenen T 2max  watts
At case temperatures above L - e g See curve page 80
Temperature ge
Operating (]u.mnon) and StOrage .......ceevvvieeiionnnncarnas —65 to 175 °C
CHARACTERISTICS
Collector-to-Emitter Voltage (with base-to- emitter volts = —0.5
and collector pa = 100) .. .......vuerrrunrrssneresrnaaaereann 60 min volts
Emitter-to-Base Voltage (with emitter ga = 500 and collector
CUITENt = 0) . ...oiuuturann it s 2 min volts
Collector-Cutoff Current (with collector-to-base wolts = 15 and
emitter cwrrent = 0) .....ccrcrruiniserrrrsnirssrrrrsssrnrres 10 max pa
TYPICAL OPERATION IN 27-MC RF DRIVER CIRCUIT
Power Output (with collector supply volts = 12, maximum -
collector ma = B85, and rf power input = 75 mw) .......... .e 400 min mw
TRANSISTOR .

Silicon n-p-n type designed spe-

cifically for use as a power ampli-

40082 fier in 27-Mc 5-watt citizens band
applications. JEDEC No. TO-39 £ ¢

package; outline 32, Outlines Section.
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MAXIMUM RATINGS
Collector-to-Emitter Voltage (with reverse bias between base

and emnBHer) ol e e a s e e b b S e iy % 60 max volts
Emitter-to-Base Voltage (with collector open) ................ o . 2.5 max volts
Collector Current .............. R R T Ol P PR 2 i 1.5 max amperes
Transistor Dissipation:
At case temperatu:es up to 25°C ... civas i e PR e ' S5max watts
TAtcastgtem atures above 25°C .........eiieenns See curve page 80
‘emperature ge
Dpperatmg (junction) and Storage ....... o shme e e s meme 08 10 1T °c
CHARACTERISTICS
Col.lector to-Emitter Voltage (with base-to-emitter volis i
= —0.5 and collector pa = 500) ......cciiiiuiernniniiinsnns i 60 min volts
Em1tter-to-Base Voltage (wlth emitter ga = 500 and collector
CUXTENE = ) .iaiiniivimmunas s ss e anians hhs s s b e s 2.5 min volts
Collector Cutoﬂ’ Current (with collector-to-base wvolts
= 15 and emitter current = 0) .......cciviniviencnnsrnsnaien ¥ 10 max na

TYPICAL OPERATION IN 27-MC RF POWER-AMPLIFIER CIRCUIT

Power Output (wn.h collector supply volts = 12, maximum

collector ma = 415, and rf power input = 350 MW) ......0ee0 3min  watts
TRANSISTOR
8 Silicon n-p-n type used in a wide

variety of small-signal and medium—1
ower applications in industria
gquipmenf. This type features low 40084
E ¢ noise and leakage characteristics,
high pulse beta, high switching
speeds, and a very low output capacitance. JEDEC No. TO-18 package; outline
12, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage .......veevvavnvanes R e = S 60 max volts
Collector-to-Emitter Vo iitage.
With base open ...........c.c.ccevveirnnnecnnns A TE R S 40 max volts
With base-to-emitter resistance — 10 ohms ...... B R N . 50 max volts
Emitter-to-Base Voltage ........... IS R T —_—" 5max  volts
Collector Current ........ A e e e e B By e R e T 1max ampere
Transistor Dissipation:
At ambient temperatures up to 25°C ........ R R 0.5 max watt
At casr temperatures up to 25°C ... ... . ....ie0e.n 1.8 max watts
At ambient or case temperatures above 25°C ............... . See curve page 80
Temperature Range:
rating (j unctum) and Storage ................. vasssanass —65 10200 0
Lea Tempera ure (for 10 seconds maximuwm) .............. 225 max "
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ma = 0.1) 60 min volts
Emitter-to-Base Breakdown Voltage (with emitter ma = 0.1) .. 5 min volts
Collector-to-Emitter Sustaining Voltage:
With base open and pulsed collector ma = 100* ... . ...... 40 min volts
With external base-to-emitter resistance = 10 ohms and
pulsed collector ma = 100% ..........ccoovvevrrornnnsoanns " 50 min volts
Collector-to-Emitter Saturation Voltage (with pulsed collector
ma = 150" and base ma = 15) ...cciviviiivniivisiaiiaiiies % 1.4 max volts
Base-to-Emitter Saturation Voltage (with pulsed collector ma
= 150% and base M = 18) . il i N e e e e 1.7max volts
Collector-Cutoff Current (with collector-to- base volts =
and emitter cwrrent = 0) .. ... ...oieicisnanrnisisnaigriiias . 0.25 max pa
Emitter-Cutoff Current (w:th emitter-to-base volts = 4 and
collector eurrent = 0) ...iicorvivrecirniavarsres RSP 0.25 max na
Thermal Resistance:
Junction-to-case ............ SR R T S 97 max °C/watt
Junction-to-ambient ........ A N R B T A T e 350 max °C/watt

In Common-Base Circuit

Emitter-to-Base Capacxtance (with emitter-to-base volt = 0.5
and collector current = 0) ...........iiiinriniieniiriainsa . 80 max pft
Co]lector-to-Base Capacitance with collector-to-base wvolts
= 10 and emitter current = 0) ............... BT Maca e o 15 max pf
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In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = 10 and pulsed collector ma = 150%) .. 50 to 250
Small- S:gna] Forward-Current-Transfer Ratio (with ‘collector-

o-emi ter volts = 10, collector ma = 50, and frequency

.................................................. 5 min
Noise F1gure (with collector-to-emitter volts = 10, collector
ma = 0.3, generator resistance = 500 ohms, cireuit bandwidth
= 15 kilocycles, and input frequency — 1 kilocycle) ...... 8 max db
* Pulse duration = 300 usec; duty factor = 0.018.
SILICON RECTIFIER
A

Hermetically sealed 10-ampere
type for use at peak reverse voltages
40] 08 up to 50 volts. This type is used in
generator-type power supplies in
mobile equipment; de-to-de con- K
verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf genera-
tors, and de-motor power supplies; machine-tool controls; welding and electro-
plating equipment; de-blocking service; magnetic amplifiers; and a wide variety
of other industrial power-control applications, JEDEC No, DO-4 package; out-
line 2, Outlines Section.

MAXIMUM RATINGS

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

Peak Reverse Voltafe ........icosivisecarsrivsnsiisansansavanns 50 max volts
DE- BloekIng VOHAZe: ... v s aviemewssos ssinissiienss e 50 max volts
Average Forward Current (at case temperature of 150“0) P 10 max amperes
Peak Recurrent Current ... s 40 max amperes
Peak Surge Current (at case temperature ‘of lSD"C) . 140 max amperes

um Operating Temperature 175 max °C

CHARACTERISTICS

Maximum Reverse Current:

Static (at case temperature = 25°C) 0.075 ma
Dynamic (at case temperature = 150°C) 2.0 ma
Maximum Forward Voltage Drop (average value) 0.60 volt

SILICON RECTIFIER

This type is a reverse-polarity
40]08R version of type 40108. JEDEC No.
DO-4 package; outline 2, Outlines

Section.

SILICON RECTIFIER

Hermetically sealed 10-ampere A

type for use at peak reverse voltages

40] 09 up to 100 volts. This type is used in

generator-type power supplies in

mobile equipment; de-to-de convert-

ers and battery chargers; power sup-

plies for aireraft, marine, and missile equipment; transmitters, rf generators,

and dc-motor power supplies; machine-tool controls; welding and electroplat-

ing equipment; de-blocking service; magnetic amplifiers; and a wide variety

of other industrial power-control applications. JEDEC 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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MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, wi{;; resistive or inductive Friv

Peak Reverse Voltage .........cocvvvimmiinnsniiisnisrnnnnsss
DC ‘Blocking “Voltage .........ccciiiiiiiiiioiiisiniiiiiisirians

Ok SILICON RECTIFIER

This type is a reverse-polarity
version of type 40109. JEDEC No.
DO-4 package; outline 2, Outlines
A Section.

SILICON RECTIFIER

A Hermetically sealed 1l0-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; de-to-de

K converters and battery chargers;

307

100 max volts
100 max volts:

40109R

40110

power supplies for aireraft, marine, and missile equipment; transmitters, rf
generators, and dc-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other industrial power-control applications. JEDEC No. DO-4 pack-
age; outline 2, Outlines Section. This type is identical with type 40108 except

for the following items:

MAXIMUM RATINGS
For wer-supply frequency of 60 cps, single-
phusgo opemuo?r? !{mth Eesistwe or inductive lgoud

Peak Reverse Voltage .............c.iiiiiiiiniinranrianiasnnsnn
DC Blocking Voltage ................. e e e e

CHARACTERISTICS

Maximum Reverse Current:
...Dynamic (at case temperature = 150°C) .......ccvvviiivnnan

[k SILICON RECTIFIER

This type is a reverse-polarity
version of type 40110. JEDEC No.
DO-4 package; outline 2, Outlines

Sla Section.

SILICON RECTIFIER

A 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; de-to-de

K converters and battery chargers;

200 max volts
200 max volts

1.5 ma

40110R

40111

power supplies for aircraft, marine, and missile equipment; transmitters, rf
generators, and de-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other industrial power-control applications. JEDEC No. DO-4 pack-
age; outline 2, Outlines Section. This type is identical with type 40108 except

“for the followmg items:
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MAXIMUM RATINGS

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

Peak Reverse Voltage ..........ccccivnenmnrnernnsonmnrssnsnsanasss
DC Blocking Voltage ........cecossvsssssrrrsnsncssessnes RRGE

CHARACTERISTICS
Maximum Reverse Current:
Dynamic (at case temperature = 150°C)

SILICON RECTIFIER

This type is a reverse-polarity
40"1'IR version of type 40111. JEDEC No.
DO-4 package; outline 2, Outlines

Section.

SILICON RECTIFIER

Hermetically sealed 10-ampere

type for use at peak reverse volt-

40] ]2 ages up to 400 volts. This type is
used in generator-type power sup-

plies in mobile equipment; de-to-de

converters and battery chargers;

300 max volts
300 max  volts

power supplies for aireraft, marine, and missile equipment; transmitters, rf
generators, and dc-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other industrial power-control applications. JEDEC No. DO-4 pack-
age; outline 2, Outlines Section. This type is identical with type 40108 except

for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive ﬁ:\a,d

Peak Reverse Vollafe ......cviviesveovssninssonsssnanssesisssne
DC Blocking Voltage

E{HARACTERISTICS

aximum Reverse Current:
Dynamic (at case temperature = 150°C)

SILICON RECTIFIER

This type is a reverse-polarity
401 ]2R version of type 40112, JEDEC No.
DO-4 package; outline 2, Outlines

Section.

SILICON RECTIFIER

Hermetically sealed 10-ampere

type for use at peak reverse volt-

40] ]3 ages up to 500 volts. This type is
used in generator-type power sup-

plies in mobile equipment; de-to-de

converters and battery chargers;

400 max  volts
400 max  volis

i0 ma

al )

51K

power supplies for aircraft, marine, and missile equipment; transmitters, rf
generators, and de-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
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variety of other industrial power-control applications. JEDEC No. DO-4 pack-
age; outline 2, Outlines Section. This type is identical with type 40108 except
for the following items:

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

[Pepl Reverse WoHaEe it ves visda s s e e vy i i 500 max  wvolts
G DlodEINGE WOIMHEE: oo ciisinsosomins ued osesoa sn e s 500 max volts

CHARACTERISTICS

Maximum Reverse Current:

Dynamic (at case temperature = 150°C) ,.........c.c0vvnunes 0.85 ma

K SILICON RECTIFIER

This type is a reverse-polarity
version of type 40113, JEDEC No.
DO-4 package; outline 2, Outlines 40] ]3R
Section.

SILICON RECTIFIER

A Hermetically sealed 10-ampere

type for use at peak reverse volt-

ages up to 600 wvolts. This type is

used in generator-type power sup- 40] ]4
plies in mobile equipment; dc-to-de

converters and battery chargers;

power supplies for aircraft, marine, and missile equipment; transmitters, rf
generators, and de-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other industrial power-control applications. JEDEC No. DO-4 pack-
age; outline 2, Outlines Section. This type is identical with type 40108 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
DC Blocking Voltage

CHARACTERISTICS

Maximum Reverse Current:
Dynamic (at case temperature = 150°C)

K

......................................... 600 max  volts
.......................................... 600 max volts

.............. seisie 0.75 ma
Tk SILICON RECTIFIER

gk ok g
0114, E 3
et of Sl T e AOTTAR

A Section.
SILICON RECTIFIER
A Hermetically sealed 10-ampere

type for use at peak reverse volt-

ages up to 800 volts. This type is 40] -Is
used in generator-type power sup-

plies in mobile equipment; de-to-de

converters and battery chargers;

power supplies for aircraft, marine, and missile equipment; transmitters, rf
generators, and dec-motor power supplies; machine-tool controls; welding and

K
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electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other industrial power-control applications. JEDEC No. DO-4 pack-
age; outline 2, Qutlines Section. This type is identical with type 40108 except
for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-

phase operation, with resistive or induective load

Peak Reverse Voltage ............cciviiiiimiiiiiiiiiiiiinaisnans 800 max volts
DC Blocking Voltage ..........cccveviioensasanesessassnsasanne 800 max volts

CHARACTERISTICS

Maximum Reverse Current:
Dynamic (at case temperature = 150°C) .....ccievvvrvnnnns . 0.65 ma

SILICON RECTIFIER K

This type is a reverse-polarity

i f t 40115. JEDEC No.
401]5R ]‘39(53_1: np:cka;ge outline 2, Outlin:s

Section. A
SILICON RECTIFIER
Hermetically sealed 10-ampere A

type for use at peak reverse volt-
401 ]6 ages up to 1000 volts. This type is

used in generator-type power sup-

plies in mobile equipment; dc-to-de

converters and battery chargers; A
power supplies for aircraft, marine, and missile equipment; transmitters, rf
generators, and de-motor power supplies; machine-tool controls; welding and
electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other industrial power-control applications. JEDEC No. DO-4 pack-
age; outline 2, Outlines Section. This type is identical with type 40108 except
for the following items:
MAXIMUM RATINGS

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

Peak Reverse VOItAEE .....c.vvvevereunsarsisaissssasanasivanssns 1000 max volts
DC Blocking WOIHEE ... .c.viuvevscannrsnssssnesssssnsineresn 1000 max volts
CHARACTERISTICS

Maximum Reverse Current:
Dynamic (at case temperature = 150°C)

SILICON RECTIFIER K

This type is a reverse-polarity
40" ]6R version of type 40116. JEDEC No.
DO-4 package; outline 2, Qutlines

Section. A

SILICON RECTIFIER

Hermetically sealed 18-ampere
type for use at peak reverse volis
40208 up to 50 volts. This type is used in
generator-type power supplies in
mobile equipment; dc-to-de con-
verters and battery chargers; power Bk
supplies for aireraft, marine, and missile equipment; transmitters, rf genera=-
tors, and dc-motor power supplies; machine-tool controls; welding and elec-
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troplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other industrial power-control applications. JEDEC No. DO-5 pack-
age; outline 3, Outlines Section.

MAXIMUM RATINGS

Poak Reverae WOILaER ...iuvceiaiosnsisvasasnsvsiassnsasssssoios 50 max volts
DAL Blocling VOIAEE . .ciiviriveiaiioesinssisonassnssssasssuse 50 max  volts
Averﬂi{:eli‘orward Current (at case temperature — 150°C) o 18 max amperes
Peak current Current 72 max amperes
Peak Surge Current (at case temperature = 150°C) .... 250 max amperes
Maximum Operating Temperature 175 max h(ss

CHARACTERISTICS
Maximum Reverse Current:
Static (at case temperature = 25"(3;0 ....................... 0.10 ma
D ¢ (at case temperature = 150°C) ...........cc00cvunns 3.0 ma
um Forward Voltage Drop (average value) ............ 0.65 volt
[Tl SILICON RECTIFIER

This type is a reverse-polarity
version of type 40208. JEDEC No.
DO-5 package; outline 3, Outlines 40208R
LA 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- 40209
bile equipment; de-to-de converters
and battery chargers; power supplies
for aireraft, marine, and missile equipment; transmitters, rf generators, and
dc-motor power supplies; machine-tool controls; welding and electroplating
equipment; de-blocking service; magnetic amplifiers; and a wide variety of
other industrial power-control applications. JEDEC No. DO-5 package; outline
3, Outlines Section. This type is identical with type 40208 except for the fol-
lowing items:
MAXIMUM RATINGS

Peak Reverse Voltage
DC Blocking Voltage

......................................... 100 max volts
.......................................... 100 max volts

i SILICON RECTIFIER

This type is a reverse-polarity
version of type 40209, JEDEC No.
DO-5 package; outline 3, OQutlines 40209R

A Section.
SILICON RECTIFIER
A 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 402]0
B mobile equipment; de-to-de 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. JEDEC 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:

MAXIMUM RATINGS

Peak Reverse Voltage .......... R R S R R R R 200 max volts
DC Blocking WOIARE. ... i cavmssniitsssmns vilomssonsosaisesnsees 200 max volts
CHARACTERISTICS

Maximum HReverse Current:
Dynamic (at case temperature = I50°C) ,......cvcvvenarnnnee 2.5 ma

SILICON RECTIFIER K

This type is a reverse-polarity
402" OR version of type 40210. JEDEC No.
DO-5 package; outline 3, Outlines

Section. A

SILICON RECTIFIER

Hermetically sealed 18-ampere

type for use at peak reverse volts

402] -I up to 300 volts. This type is used in

generator-type power supplies in

mobile equipment; de-to-de con-

verters and battery chargers; power

supplies for aireraft, marine, and missile equipment; transmitters, rf genera-

tors, and de-motor power supplies; machine-tool controls; welding and elec-

troplating equipment; dec-blocking service; magnetic amplifiers; and a wide

variety of other industrial power-control applications. JEDEC No. DO-5 pack-

age; outline 3, Outlines Section. This type is identical with type 40208 except
for the following items:

MAXIMUM RATINGS

Peak Reverse Voltage ..........coiviivrniiininnnnnononscsnssnns 300 max volts
DC Blocking Voltage .......ccvvvvvvinnnns e e A o 300 max volts

CHARACTERISTICS

Maximum Reverse Current:
Dynamic (at case temperature = 150°C) .....0ovrivenrrrvnnns 25 ma

SILICON RECTIFIER s

This type is a reverse-polarity
4021 'I R version of type 40211. JEDEC No.
DO-5 package; outline 3, Outlines

Section. =IA

SILICON RECTIFIER

Hermetically sealed 18-ampere A

type for use at peak reverse volts up

402]2 to 400 volts. This type is used in
generator-type power supplies in

mobile equipment; de-to-de con-

verters and battery chargers; power

supplies for aircraft, marine, and missile equipment; transmitters, rf genera-
tors, and de-motor power supplies; machine-tool controls; welding and elec-
troplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other power-control applications. JEDEC No. DO-5 package; outline

K
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3, Outlines Section. This type is identical with type 40208 except for the fol-
lowing items:

MAXIMUM RATINGS
Peak Reverse Voltage
DC Blocking Voltage
CHARACTERISTICS

Maximum Reverse Current:
Dynamic (at case temperature = 150°C) ........ccvvnenreres 2.0 ma

400 max volts
400 max volts

K SILICON RECTIFIER

This type is a reverse-polarity
version of type 40212. JEDEC No.
DO-5 package; outline 3 Qutlines 40212R
A Section.

SILICON RECTIFIER

A Hermetically sealed 18-ampere

type for use at peak reverse volts

up to 500 volts. This type is used in

generator-type power supplies in 402]3
mobile equipment; dec-to-de con-

verters and battery chargers; power

supplies for aircraft, marine, and missile equipment; transmitters, rf genera-
tors, and de-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. JEDEC No. DO-5 pack-
age; outline 3, Outlines Section. This type is identical with type 40208 except
for the following items:

MAXIMUM RATINGS

Peak Reverse Voltage
DC Blocking Voltage

CHARACTERISTICS

Maximum Reverse Current:
Dynamic (at case temperature = 150°C)

K

....... 500 max volts
......................................... 500 max volts

.................... 1.75 ma

Tk SILICON RECTIFIER

This type is a reverse-polarity
version of type 40213. JEDEC No.
DO-5 package; outline 3, Outlines 402] 3R
Section.

A

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 40214
mobile equipment; dc-to-de convert-
ers and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf genera-
tors, and de-motor power supplies; machine-tool controls; welding and elec-
troplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other industrial power-control applications. JEDEC 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:
MAXIMUM RATINGS

Peale Rowerse VOIbAEE: oummsevms v s s s S s i
DC Blocking Vcltagge v SOMEE ol

........................................ 600 max volts
CHARACTERISTICS
Maximum Reverse Current:
Dynamic (at case temperature = 150°C) .......cevvvrnnnnnns 15 ma
SILICON RECTIFIER K

This type is a reverse-polarity
402] 4R version of type 40214. JEDEC No.
DO-5 package; outline 3, Outlines

Section. I5A

K
SILICON CONTROLLED RECTIFIER &, e
Diffused-junction n-p-n-p type
used in a wide variety of high-
402] 6 current pulse applications. This type
is designed to meet stringent military
environmental and mechanical speci- A
fications. The special high-strength kaTun)
copper alloy stud can withstand an installing torque up to 50 inch-pounds,
JEDEC No. TO-48 package; outline 19, Outlines Section.

MAXIMUM RATINGS

Peak Reverse Voltage:
Repetitive
Non-repetltive ........ooiivvivmsiorirsniins

Peak Forward Blocking Voltage (repetitive)

Peak Forward Gate Current ................

Peak Gate Voltage:

600 max  voltg
720 max volts
600 max volts

2 max amperes

FOPWEEE o ol i s imin o & 4 s o m o o 88 W W0 8 S A 10 max volts
BBVEIER . L. i canres e s shim s smisins bm e de s peysenk s s essed e S max volts
Peall GHIE POWED . ..ivivvosivcrssnssemnnysessnseasiseesssssees Smax  watts
Average Gate POWET ...c.eveisassssesasncsassonssassasnrsasssas 0.5 max watt
Temperature Range: I
OPETEHNY  (CHSBY ...cnvirsarovesivesssnrsisnnssisaiosssnsspess —65 to 125 5
BIOTABE iiv.iiiiviursasissenasssnannsinninsnie v s rareassseanns —65 to 150 °Cc
CHARACTERISTICS
Forward Breakover Voltage (at case temperature of 125°C) .. 600 min volis
DC Gate-Trigger Voltage:
At case temperature of —40°C ... . iiiiiiiiiiiei e 3.5 max volts
At case temperature of —65°C ... i iiiiiiiiiiiaaa s 3.7 max volts
At case temperature of 100°C ............ccciiiiiiinaiiiainn 0.3 min volt
At case temperafure of 125°C .......eaversseereesassansronss 0.25 min volt
Instantaneous Blocking Current (at case temperature of 125°C):
FOIwWard ©iivaeessenasnsars TR A M A W e 10 max ma
BEBVRIBE 0 v ot bainaia A md s Ao e a8 400 AT a0 0 0 w0 10 max ma

DC Gate-Trigger Current:

At case temperature of —65°C .. 150 max ma
At case temperature of 25°C .. .. 80 max ma
. At _case temperature of 125°C 45 max ma

Holding Current (at case temperature of 125°C) 3 .., ma
Thermal Resistance (junction-to-case) ...........ccivveirvnns 5 2 max *C/watt
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SILICON RECTIFIERS

Hermetically sealed types used
CR'I 0" in power-supply applications at
peak reverse voltages up to 10,000

SERIES volts. These types consist of series-
connected silicon rectifier cells

shunted by a voltage-equalizing

-

o=

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 mechanieal

specifications. Outline 29, Outlines Section.

Common Parameters
Peak Recurrent Current .................. 5 amperes
Surge Current* ...... Sy S «vo.. 15 amperes
Maximum Reverse Current:
Dynamic (for complete eycle and for
operation at maximum ratings) ........ 0.3 ma
Static (at maximum rated de blocking
voltage and any temperature within
the operating temperature range) ...... 0.6 ma
Ambient Temperature Range (operating
and storage) .....coivriencsiiseansa .. —65t0125°C
CHARACTER-
MAXIMUM RATINGS (Half-wave Rectifier Service) ISTICS
For power-supply frequency of 60 cps, single-phase
operation, with resistive or inductive foad Max
Peak Transient RMS ©be Average Forward Shunt
Reverse Reverse Supply  Blocking Forward Voltage Capaci-
RCA Voltage Voltage** Voltage  Voltage Current} Dropt tance
Type (volts) (volts) (volts)  (volts) (ma) (volts) (pf)
CRID1 1200 1440 840 1200 850 1.2 350-600
CR102 2000 2400 1400 2000 825 24 175-320
CR103 3000 3600 2100 3000 125 3.0 140-250
CR104 4000 4300 2800 4000 625 42 100-175
CR105 5000 6000 3500 5000 625 4.8 85-160
CR106 6000 7200 4200 6000 575 6.0 70-125
CR107 7000 8400 4900 7000 550 1.2 60-105
CR108 8000 9600 5600 8000 550 1.8 55-100
CR103 9000 10800 6300 9000 550 9.0 45-90
CR110 10000 12000 7000 10000 550 9.6 40-80

* For one-half cycle, sine-wave; for one or more cycles, see Rating Chart I. Super-
imposed on device operating within maximum wvoltage, current, and temperature
ratings; may be repeated after sufficient time has elapsed for the device to return to

the presurge therrnal-equilibrium conditions.

*+ Non-repetitive, for duration of 5 milliseconds maximum. The value given is for am-
bient temperatures from 60 to 125°C; for ambient temperatures up to 60°C, see

Rating Chart II.

¥ For a.tﬁli:ient temperatures up to 60°C;, for temperatures above 60°C, see Rating
I .

Chart

f For complete cycle and for operation at maximum ratings. For instantaneous forward-
voltage drop, see Instantaneous Forward Characteristics Curve.
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MAXIMUM SURGE AMPERES PER CYCLE
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SILICON RECTIFIERS

Hermetically sealed types used
cmo'l in power-supply applications at
peak reverse voltages up to 12,000 A X
SE RIES 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

Average Forward Current* ......... caeas 300 ma
Peak Recurrent Current ................ ve 3 amperes
Surge Current** ... ... ... cciiiviiinnnnins 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:

o e e e e N e L e S PR 0.01 ma
100°C .. iiiniiieenns e 0.2 ma
Ambient Temperature Range (operating
and storage) ...seesienssssiossee vesss —65t0 125°C
) CHARAC-
MAXIMUM RATINGS (Half-wave Rectifier Service) TERISTICS
For power-supply frequency of 60 cps, single-phase
operation, with resistive or inductive load O Max
Peak Transient RMS nc Forward
RCA Reverse Reverse Supply Blocking Voltage
Type Voitage Voltaged Voltage Voltage Drop
(vaolts) (volts) (volts) {volts) (volts)
CR201 1500 1800 1060 1500 18
CR203 3000 3600 2120 3000 3
CR204 4500 5400 3180 4500 36
CR206 6000 7200 4240 6000 6
CR208 8000 9500 5650 8000 6
CR210 10000 12000 7070 10000 1.2
CR212 12000 14400 8480 12000 9

* For ambient temperatures up to 60°C; for temperatures above 60°C, see Rating Chart

** For one-half cycle, sine wave; for one or more cycles, see Rating Chart IL. Su
imposed on device operating within maximum voltage, current, and tempera
ratings; may be repeated after sufficient time has elapsed for the device to return i
the presurge thermal-equilibrium conditions.

+ Non-repetitive, for duration of 5 milliseconds maximum. The value given is for
ambient temperature from 60 to 125°C; for ambient temperatures up to 60°C,
Rating Chart III.

t For complete cycle and for operation at maximum ratings. For instantaneous forw
voltage drop, see Instantaneous Forward Characteristics Curve.
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RATING. CHART T
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SILICON RECTIFIERS

Hermetically sealed fin-mounted

CRSO] types used in power-supply appli-

cations at peak reverse voltages up

SERIES 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

gpes, see Instantaneous Forward Characteristics Curve. Outline 47, Outlines
ection.

=
E3

Common Parameters

Maximum Reverse Current:
Dynamic (for complete cycle and for
operation at maximum ratings) ..... . 15 ma
Static (at maximum rated dec block-
ing voltage and any temperature
within the operating temperature

CRNEE). e R e S 2.0 ma
Shunt Capacitance ...........c..e0vuvnnns 0.01 uf
Ambient Temperature Range (operat-
ing and storage) ...........cvivnennn . —55t0125°C
MAXIMUM RATINGS (Half-wave Rectifier Service)
For power-supply frequency of 60 cps, single-phase operation, with resistive ar inductive load
Peak Transient be Average RMS
No. Reverse Reverse RMS Blocking Forward Forward  Surge
RCA of Voltage Voltage* Voltage Voltage Current**  Current Current}
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 1.8 250
CR303 8 4800 5760 3395 4800 5 1.8 250
CR304 10 6000 7200 4240 6000 5 18 250
CR305 12 7200 8640 5090 7200 5 18 250
CR306 14 8400 10080 5935 8400 5 1.8 250
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
CR3G 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 & 2400 2880 1695 2400 17 26.5 400
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Peak Transient oc Average RMS

RCA No. Reverse Reverse RMS Blocking Forward Forward  Surge
Type of Voltage Voltage* Voltage Voltage Current** Current Currentt

Cells (valts) (volts) (volts) (vaolts) {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 4300 23 36 850
CR343 8- 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 85 850

‘Non-re;t)etitive. for duration of 5 milliseconds maximum. The wvalue given is for
ambient temperatures from 50 to 125°C; for ambient temperatures up to 50°C, see

Rating Chart 1 on page 322.

** For ambient temperatures up to 50°C; for temperatures above 50°C, see Rating
Chart II on Fage 322.

t For one-half cycle, sine-wave; for one or more cycles, see Rating Chart IIT. Super-
imposed on device operating within maximum Vvoltage, current, and temperature
ratings; may be repeated after sufficient time has elapsed for the device to return to
the presurge thermal-equilibrium econditions.
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RATING CHART T RATING CHART I
0 CR30I SERIES !
™
ol [|[GRIIVIERIES ‘ ‘ # | FOR DC AND POLYPHASE OPERATION,
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LIST OF DISCONTINUED TRANSISTORS

(Shown for reference only; see page 81 for symbol identification.)

323

|cnnmrsn- )
MAXIMUM RATINGS ISTICS Maximum
- Dperating
Terminal- Tempera-
RCA  Correction Out- | v, Ven 1 Pp | Min.  los| ture |Can be replaced
Type Diagram*  line | (ypits) (volts) (amperes) (watts)| hpp  (na) (C9) by RCA type
IN105 1 — =B — —0015 003 5 -5 5 2NA0B
2N206 1 4. =30 — —0.050 0075 33 -0 85 2N408
2N247 2 7 =3 — —0.010 0080 60 -10 71 2N412
2N269 1 4 25 -2 —0.100 0120 24 —5 8 2N404
2030 3 5 —40 —10 —3 11 70 =100 91 2N2869/2N301
2N301A 3 5 —60 —I0 -3 11 70 —100 91 2N2870/ 2N301A
N3N 1 9 30 =12 —0200 0200 5 -1 71 2N1638
2N356 4 - 20 20 0.5 0.100 30 5 85 2NG47
2N357 4 — 20 20 0.5 0.100 30 5 8 ZN64T7
2N358 4 — 20 20 0.5 0.100 30 5 8 2N647
2N373 2 7 =25 05 0010 008 60 -8 71 2N1638
2N374 s 7 -5 05 —0010 0080 60 -8 71 2N1631
2N456 3 % —40 =20 —5 50 5 - 95 2N2869
2N457 3 % —60 -2 —5 50 5 - 95 2N2869
2N497 5 6 60 g .- 4 12 10 200 —
aNs4s 2 7 —18 —1  —0010 0080 60 —4 71  2N1638
N6l 3 26 —80 —60 —I10 50 75 — 100  2N2869
2N5T78 1 g -0 12 —0400 0120 10 -5 7 2N412
2N579 1 9 20 12 —0400 0120 20 -5 71 2Na12
2N580 1 9 20 12 —0400 0120 30 -5 71  2ZN412
2N583 1 4 18 =0 —0.100 0120 20 -—10 85 2N412
2N584 1 4 25 12 —0.100 0120 40 -5 & 2N408
20640 2 ] =4 -1 —0.010 0080 5 -5 71 2N1637
2N641 2 7 =3 -l —0.010 0080 5 -7 71 2N1638
2N642 2 1 =# -l —0010 0080 5 -7 1N 2N1639
643 1§ 30 —2 0100 0120 20 —10 71 2Ni05
2N644 1 9 30 =2 —0.100 0100 20 -10 71 2N705
2N645 1 9 30 =2 —0.100 0120 20 —-10 71 2N705
2NB56 5 6 60 8 - 4 30 10 200 —
2N696 5 ] 60 5 —0500 2 20 1 175 —
N9 6 12 13 —1  —0100 0150 30 -3 8  2NI300
IN95 6 12 —13 —4 0100 015 30 -3 85  2NI30l
N 6 12 —13 —  —0100 0I5 50 -3 85  2NI683
INOI4 3 2% —100 —60 —10 50 75— 100 2N2869
N1213 6 b =2 =] —0.100 0075 — -3 & i
2N1214 9 6 =25 -l —0.100 0079 — -3 85 —
N215 9 § =25 =l —0100 0075 — -3 85 —
2N1216 9 6 -5 -l —0100 0075 — -3 8 —
425 2 7 —24 —05 0010 0080 5 —12 71  2Ni638
4% 2 7 -2 —05 0010 0080 130 —12 71  2N1638
NS0 1 9 30 —1  —0100 0120 20 —10 8  2N217
633 7 15 34 —05 —0010 0080 75 —16 85  2NI638
NG 1 4 34 05 0010 0080 75 —16 85  2NI638
2N1635 7 15 —34 05 0010 0080 75 —16 85 2N1638
2N1636 1 4 -3 05 0010 0080 75 -6 85 2N1638
2N2873 10 34 —35 —03 —0010 0115 40 12 10 —
3746 8 16 -—34 05 —020 0080 — —16 8 —

* See page 322.
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Electrical Characteristics
(at 25°C Ambient Temperature)
Min Max
Peak  Max  Peak-to- Min Mai  Series
Forward Valley Valley- Peak Valley Forward  Capaci- Resis- Rise Time
RCA Current Current Current Voltage  Valtage Voltage tamce* tance (psec,
Type | (ma) (ma) Ratio  (m)  (mv) (my) (#f) _(chms)  max.
1N3128 475525 06 8:1 40-80 280 445-530 15 3 5000 1000
1N3129 1921 24 8:1 50-100 300 474-575 20 2.5 2000 300
1M3130 475525 6 8:1 70-120 350 520-620 25 15 500 160
1N3B47 4555 075 61 — B 430-590 25 3 — 900
1N3848 91 15 61 — — 440600 25 25 - 1800
1N3849 18-22 3 6:1 — — 460-620 30 2 —_ 600
1N3858 4555 715 6:1 — — 530-640 40 15 — 350
1N3851 90-110 15 &l — —_ 540-650 40 1 — 125
1N3852 475525 06 8:1 5090 330 490-560 15 3 — 1200
1N3853 95105 12 8:1 5585 350 510-580 15 2.5 — 600
1N3854 1921 24 8:1 65-105 365 530-600 20 2 —_ 400
1N3855 475525 6 8.1 80-130 380 550-620 25 15 — 200
TN3856 95.105 12 81 90-140 390 560-630 25 1 — 75
1N3857 4.75-:5.26 06 8:1 50-90 330 490-560 8 3 — 600
1N3858  9.5-105 12 8:1 5595 350 510-580 8 25 —_ 300
1N3853 19-21 24 8:1 65-105 365 530-600 — 150
1N3868 475525 6  8:1 80-130 380 550-620 —_ 200
40058 475525 — 121 —200 500 1050 — 20 3 500 33
40059 45-55 — 10:1 —200 450 1080 — 40" 25 1000 667
40060 19-21 — 1kl —180 500 1000 — 15" 8 1000 600
40061 18-22 — 81 —180 450 900 — 30%* 5 2000 1250
40062 95105 — 101 —180 © 500 1000 — 10 9 1250 1009
40063 9.11 — %1 —180 450 900 — 25 5 3000 2000
40064 475525 — 10:1 —170 506 950 — g 18 2000 1250
40065 4555 — 81 —170 420 900 — 20 12 6000 3000
40076 180220 — 151 240 typ 600 typ — 25 098 —_ —_
40077 0911 015 61 60typ 335 typ —550 il 4 —_ -
40878 0811 018 51 60 typ 330 typ 400550 10** 6 — -

* Includes case capacitance of 0.8 pf.

** fctual 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:

OC Current Ternnerature (°c) Lead

(ma) Dissipation £ Range Temperature (°C) Out- RCA
Forward Reverse' tmw] Operating Storage (3 seconds maximum) Material line Type

40 70 20 —65 to 150 —65 to 175 175 Ge 36 TN:I28

55 85 30 —65 to 150 —65 to 175 175 Ge 36 1N3129

70 100 , 40 —65to 150 —65 to 175 175 Ge 36 1N3130

10 15 5 —35 10 100 175 Ge 36 1N3B4T

18 25 15 —35 to 100 175 Ge 36 1N3848

35 50 20 —3510 100 175 Ge 36 1N3849

85 125 50 —3510 100 175 Ge 36 1N3850

170 250 100 —35 to 100 175 Ge 36 1TN3851

10 15 5 —35 to 100 175 Ge 36 1N3852

18 25 10 —35 to 100 175 Ge 36 1M3B53

35 50 20 —35 to 100 175 Ge 36 1N3854

85 125 50 —3510 100 175 Ge 36 1M3855

170 250 100 —35 to 100 175 Ge 36 1M3856

10 15 5 —35 to 100 175 Ge 36 1M3857

18 25 10 ~—35 o 100 175 Ge 36 1N3B58

35 50 20 —35 to 100 179 Ge 36 1N3859

85 125 50 =35 to 100 175 Ge 36 TN38GD
0.5ma/pft 250 — =30to 85 — GaAs 38 40058
0.5ma/pft 250 — —30t085 —_ GaAs 38 40059
0.5ma/pft 100 — —30 10 85 — Gahs 38 40060
0.5ma/pft 100 — —30to 85 —_ GaAs 38 40061
0.5ma / pft 50 - —30t0 85 — GaAs 38 40062
0.5ma/pft 50 - —301085 = GaAs 38 40063
0.5ma /pft 25 — ~30 10 85 — GaAs 38 40064
0.5ma/pft 25 —_ —30to 85 — GaAs 38 40065
0.5ma /pft 400 — —3010 85 — GaAs 39 40076
1.61 25 — =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.
1 Above 25°C, derate linearly to 0 mw at 100°C.
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Electrical Characteristics
(at 25°C Ambient Temperature)

pea Mt e VRN
'Iftjlr:lfé Material 'I!}l:lté l:l(l;r:]nt “{r;\rra . {::“ma “(:11;“; ﬁml)w
1N3861 Ge 3 0.1-1 400 170 — 6"
1N3862 Ge 37 0.1-1 420 150 300 4
1N3863 Ge 37 0.1-05 435 150 300 4
40054 Gahs 38 1 950 300 - 6™
40055 GaAs 38 0.5 950 350 — 6**
40056 Gahs 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

Electrical Characteristics (at 25°C Ambient Temperature)

Min
Peak-to  Max

Min Min Typ Typ Typ Typ
Peak  Valley- Peak Valley Forward Capaci- _ Series  Rise  Junction
RCA Out- Current Current Voltage Voltage Voltage tance Resistance Time Resistance
Type Material line (ma) Ratio  (mv) (mv)  (mv) (ufd) (ohms)  (nsec)  (ohms)
40066 Ge 2 0911 81 125 300 490 0.002 0055 1 0.12
40067 Ge 2 4555 81 130 300 4% 0016 0.014 1.5 0.024
40068 Ge 3 90110 81 130 300 4%0 0.045  0.007 2 0.012
40069 Ge 3 1822 81 130 300 4%  0.090 0.0035 2 0.006
40070 Ge 40 90110 81 130 300 430 0.5 0.0006 2 0.0012
40079 Gahs 40 180220 10:1 180 550 = 1.25 4 0.001

0.0002
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TUNNEL RECTIFIERS

Maximum Ratings (at 25°C Ambient Temperature)

DC Current Ambient-Temperature (°C) Temlﬁe?gture

(ma) Dissipation % Range (3 seconds RCA

Forward - Reverse (mw) Cperating and Storage maximum) 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

1 Above 25°C, derate linearly to 0 mw at 100°C.

HIGH-CURRENT TUNNEL DIODES

Maximum Ratings (at 25°C Ambient Temperature)
Ambient-Temperature (°C)

Dissipation + Range ' RCA
(watts) Operating and Storage Type
0.45 —55 ta 85 40066
17 —55 to 85 40067
35 =55 to 85 40068
7.0 =55 to 85 40069
300 —55 to 85 40070
50:0 =55 to 85 40079

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, rf limiters, parametric
amplifiers, rf switches, and rf modulators. These
types offer cutoff frequencies to 300 gigacycles and
breakdown voltages to 200 volts.

6-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
Case Inductance (typical) .....cocvuiiiinniininnnn : 0.35 nh
Case Capacitance (typical) ..... AR AR RS o 0.35 pf

Pill Package (outline 41)

Cutoff lunction Capacitancet—pf
Frequency**
(Ge) 0.15-0.3 0.150.25 0.2-0.4 8.3-0.6  0.15-0.2 0.2-0.3 0.3-0.4 0.4-0.6
125 viooo = vion V1002 V1003 V1004 V1005 V1006
150 vioio = vio11 Vioi2 vima3 V1014 V1015 V1016
175 V1020 = V1021 V022 vi023 V1024 V1025 V1026
200 V1030 = vioa - V1033 V1034 V1035 —

225 V1040 — — — V1043 V1044

230 V1050 — - — V1053 V1054 — -
300 = V1060 = - - - = -
Prong Package (outline 42)

F’EE:;:E," [ Iunciinn.c:nacit:n:et—pf
(Ge) 01503 015025 0204 0306 01502 0203 0304 0406
125 V2000 = V2001 V2002 V2003 V2004 V2005 V2006
150 V2010 — V2011 V2012 V2013 V2014 V2015 V2016
175 V2020 = V2o V2022 V2023 V2024 V2025 V2026
200 Y2030 = V2031 — V2033 V2034 V2035 ==
225 V2040 = = - V2043 V2044 = e
250 V2050 o= - = V2053 V2054 = -
300 - V2060 = - = = = =

* Derate linearly to zero at maximum rated temperature.
*# Calculated from Q measured at reverse volts = —6 at 10 gigacycles. Cutoff frequency =
S R, G = Qf where R« is the series resistance, Cj is the junction capacitance, and
Q is the quality factor at frequency f. )
+ Measured at reverse volts — —6, frequency = 1 Me. Junction capacitance = Ceo
(1 -—L - where Co is the capacitance at zero bias, V is the bias voltage, ¢ is ap-

proximately 1.1 volts, and n is typically 0.4.
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30-VOLT GALLIUM ARSENIDE POWER VARACTORS
(Outline 42)

Minimum Breakdown Voltage at reverse current

o || QT SRR e e S e e . 30 volts
Maximum Dissipation*® at case temperature — 25° C

For types having C; = 0.2 to 0.4 pf ............ 300 mw

For types having C; = 04 to 0.8 pf ..........tn 400 mw

For types having C; = 0.8 to 1.2 pf ......... T 500 mw
Storage and Operating Temperature Range ........ —196 to 150 'C
Case Inductance (typical) ...........ovune e 0.35 nh
Case Capacitance (typical) .....covviiiiiniinnnns 4 0.3 pf

Cutoff
Frequency*®. Junction Capacitancet—pf
. (Ge)
(V= g-a_m (Ve ;“_.3“] 0.2-0.8 0.4-1.2 0411 0.20.4 0408  0.8-1.2 0811

0 35 V3000 V3001 s V3002 V3003 V3004 =

40 65 V3010 vaon = vaniz - vaois  v3oi4 =

60 100 V3020 Va2 = V3022 V3023 V3024 e

50 135 V3030 = V3031 V3032 V3033 — V3034

100 170 V3040 - o Vina2 V3043 e =

120 200 Y3050 . S V3052 V3053 = —

45-VOLT GALLIUM ARSENIDE POWER VARACTORS
(Outline 42)

Minimum Breakdown Voltage at reverse current

=) B S AR R R e R R AR R R 45 volts
Maximum Dissipation* at case temperature — 25°C:

For types having C; = 0.2 to 0.4 pf ...ovvvvnnnn 300 mw

For types having C; = 04 to 0.8 pf ............ 400 mw

For types having C; = 08 to 1.2 pf .......... o4 600 mw
Storage and Operating Temperature Range ......—196 to 150 °C
Case Inductance (typical) .........cccuvuus R & 0.35 nh
Case Capacitance (typical). ....... R TRTET s 0.35 pf

Cutoff
Frequency** lunction Capacitancet—pf
- (Be) {
Ve o n sy | 0208 0412 0411 0244 0408 0812 0811

2 40 V3100 V3101 = V3102 V3103 V3104 —

a0 75 vt V3111 - Va2 - V313 vatig =

60 115 V3120 v == V322 - V3123 V4

60 155 V3130 - V31 V3132 V3133 - V3134
100 190 Y3140 - - V3itdz  v343 - -

* Derate linearly to zero at maximum rated temperature.

. CalllcuIated from Q measured at reverse volts = —6 at 10 gigacycles. Cutoff frequency =
m = Qf where R, is the series resistance, Cy is the junction capacitance, and Q is
the quality factor at frequency f.

t Measured at reverse volts = —6, frequency = 1 Mec. Junction capacitance = Cs
( i —%—) -2 where C, is the capacitance at zero bias, V is the bias voltage, ¢ is ap-
proximately 1 volt, and n is typically 0.35.
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60-VOLT SILICON MICROWAVE POWER VARACTORS
(Outline 44)
Minimum Breakdown Voltage at reverse pa — 10 .. 60 volts
Maximum Dissipation at case temperature = 25°C .. 2.5%  watts
Storage and Operating Temperature Range ....... . —65to 175 °C
Case Capacitance (typical) ........... L — . 0.6 pf
Cutoff Junction Capacitanced—pf
Frequency**
(Gec) 8.6-1.2 1.2-1.8 1.8-2.5
48 V1000 Vi1 V7102
&0 vio1e vient vimz

75-VOLT SILICON MICROWAVE POWER VARACTORS
(Outline 44)

Minimum Breakdown Voltage at reverse pa — 10 .. 75 volts
Maximum Dissipation at case temperature = 25°C .. 2.56* watts
Storage and Operating Temperature Range ........ —65to 175 °C
Case Capacitance (typical) ......vvveennanncenns - 0.6 pf
Cutoff Junction Capacitanced—pf
Freguency**
(Gc) 0.51.2 12138 1.8-2.5
35 V1100 Vii01 V1102
58 Ve Vi Viiz

90-VOLT SILICON MICROWAVE POWER VARACTORS

(Outline 44)
Minimum Breakdown Voltage at reverse pwa — 10 .. 90 volts
Maximum Dissipation at case temperature = 25°C .. 2.6% watts
Storage and Operating Temperature Range ........ —65to 175 °C
Case Capacitance (typical) ...... R 0.6 pf
i Cutoff Junction Capacitancet—pf
Freguency**
(&c) 8.6-1.2 1.2-1.8 1.8-2.5
30 V7200 V201 V1202

* Derate linearly to zero at maximum rated temperature.

** Cutoff frequency = %—ILCI— where Rs is the series resistance at reverse volis =

—6 at 2 gigaeycles and C;j is the junction capacitance at the same voltage.

+ Measured at reverse volts — —6, frequency = 1 Mec. Junction capacitance = Co
1 —~% e where C, is the capacitance at zero bias, V is the bias voltage, ¢ is ap-

proximately 0.6 volt, and n is typically 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) .............. s e 0.6 pf

125-VOLT TYPES**

]
Cutoff . Junction Capacitancet—pf
e 13 2.5 2-4 12 23 35 34
30 V6000 V6001 = V6002 V6003 V6004 —
50 V6010 V6011 = V6012 V6013 V6014 -
70 V6020 V6021 = V6022 V6023 V6024 - |
150-VOLT TYPES**
30 V6100 = V6101 V6102 V6103 = V6104
50 V6110 . V6111 V6112 V6113 = V6114
70 V6120 = V6121 V6122 V6123 = V6124
175-VOLT TYPES**
30 V6200 = V6201 V6202 V6203 = V6204
50 V5210 - V6211 V6212 V6213 - V6214
L] V6220 - V6221 V6222 V6223 = V6224
200-VOLT TYPES**
30 V6300 - V6301 V6302 V6303 - V6304
50 V6310 - V6311 V6312 V6313 - V6314
™ V6320 - V6321 V6322 V6323 - ‘Jﬁiﬂu
125- TO 200-VOLT SILICON VHF POWER VARACTORS
(Outline 43)
Maximum Dissipation at case temperature = 25°C .. 12*  watts
Storage and Operating Temperature Range ........ —65to 175 °‘C
Case Capacitance (typical) ..........ccoiveuunnnn, 1 pf
Cutoff Breakdown Junction Capacitancet—pf
Frequency$ Voltage**
(Ge) (volts) 48 4-9 4-10
20 125 - - V5000
20 1568 - V5100 o
» 175 V5200 - -
2 200 V5300 - -
* Derate linearly to zero at maximum rated temperature.
** Minimum breakdown voltage measured at reverse current = 10 pa.
+ Cutoff frequency = m where Rs is the series resistance at the specified

minimum breakdown voltage (measured at 2 gigacycles) and Cj is the junction capaci-
tance measured at 1 Mc at the same voltage.

1 Measured at minimum breakdown voltage, frequency = 1 Mec. Junction capacitance
=0Co |1 —-%-) - where Cq is the capacitance at zero bias, V is the bias voltage, ¢ is
approximately 0.6 volt, and n is typically 0.4,
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TERMINAL
TERMINhL
THREAD:
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DIMENSIONS—INCHES
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 33/8  9/16
CR331 through CR335 3 1-7/8 2-3/4 1-3/4 1-3/8 33/8  9/16
CR341 through CR344 51/2 4 3 1-29/32 1-17/32  5-3/8 5/8
CR351 through CR354 51/2 4 3 1-29/32 1-17/32  53/8 5/8

“H” DIMENSION FOR EACH TYPE IN CR301 FAMILY

(inches)
CR301 51/4 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 3/4 GR314 10-1/2 CR325 16-5/8 C 12-13/16
CR304 10-1/2 R315 12-1/4 CR331 7-1/8 CR344
CR305 12-1/4 CR316 CR332  g-1/2 CR351  7-11/16
CR306 CR317 15-3/4 CR333 11-7/8 CR352
CR307 15-3/4 CR321 7-1/8 CR334 14-1/4 53 12-13/16




Circuits

HE CIRCUITS in this section illus-

trate some of the more important
applications of RCA 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 in-
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 (1Ist 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 wvoltage ratings specified for
capacitors are the minimum dec 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 wvoltage 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 ........ininnsseeeessnnenes 344
11-2  6-Volt Portable Radio Receiver ... 345
11-3  6-Volt Automobile Radio Receiver ... 346
11-4 12-Volt Automobile Radio Receiver ........ccovovericcrieencecnee 347
11-5 AM/FM Automobile Radio Recewer ; .. 348
11-6 Three-Band Radio Receiver ... 350
11-7 “Front End” for Radio Recelver 351
11-8 Preamplifier for Phono/FM chkup 352
11-9 Earphone Amplifier ...
11-10 Phonograph Amplifier
11-11 25-Watt, High-Quality Audio Power Amplifier
11-12 FM Stereo Multiplex Adapter ... i
11-13 Stereo Amplifier (3-watt output per channel)
11-14 Stereo Amplifier (15-watt output per channel)
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11-15
11-16
11-17
11-18
11-19
11-20
11-21
11-22
11-23
11-24
11-25
11-26
11-27
11-28
11-29
11-30
11-31
11-32
11-33
11-34
11-35
11-36
11-37
11-38
11-39
11-40
11-41
11-42
11-43
11-44
11-45
11-46

Power Supply for Amateur Transmitter ...,

27-Mc Citizens-Band Transceiver ...
27-Me, 5-Watt Citizens-Band Transmitter

Video Amplifier

70-Mc Power Amplifier . ...

“Front End” for 450-Mc Superheterodyne Receiver ..........

30-Mec IF Amplifier

Servo Amplifier

100-Ke Power: Oaelllator i i i

27-Me Crystal Oscillator ...

70-Me Power Oscillator

250-Mec Oscillator .....

DC-to-DC Converter .............
Voltage Regulator, Shunt Type (Regulation 1.5%)
Voltage Regulator, Series Type (Regulation 2%) .......
Voltage Regulator, Shunt Type (Regulation 0.5%) .

Voltage Regulator, Series Type (with adjustable output) .....

Astable Multivibrator

Monostable Multivibrator
Bistable Multivibrator

6-Volt Ignition System
12-Volt Ignition System

Voltage-Sensitive Switch (used with normally open relay)
Voltage-Sensitive Switch (used with normally closed relay)

Shift Register

Electronic Thermastat
Electronic Keyer

Grid-Dip Meter

Light Flasher .

Light-Dimmer Control Using lexcon Controlled Rect:.ﬁer

Code-Practice Oscillator
Photo-Relay

343

358
359
360
361
361
362
363
364
364
365
365
366
366
367
367
368
368
369
369
370
371
371
372
372
3713
374
375
376
376
317
377
377

MANUFACTURERS OF COILS AND ASSOCIATED MATERIALS
REFERRED TO IN PARTS LISTS

Arnold Magnetics
6060 West Jefferson Blvd.
Los Angeles, Calif.

Better Coil and Transformer Inc.

Goodland,

Ind.

Columbus Process Ce.
Columbus, Ind.

General Ceramic Corp.
Crows Mill Road
Keasby, N.J.

General Instrument Co.
Automatic Winding Division
66 Governeur Street
Newark, N.J.

P. R. Mallory and Co., Inc.
3029 East Washington Street
Indianapolis, Ind.

Microtran Co., Inc.
146 East Mineola Avenue
Valley Stream, N.Y.

Mid-West Coil and Transformer Co,
1642 N. Halstead
Chicago, Il

J. W. Miller Co.
5917 South Main Street
Los Angeles, Calif,

Radio Condenser Corp.
Davis and Copewood Street
Camden, N.J.

Stancor Electronics, Inc.
3601 West Addison Street
Chicago, IIL

Thompson-Ramo-Wooldridge, Inc.

Electronic Components Division
666 Garland Place
Des Plaines, IIL

Thordarson

Tth and Bellmont
Mt. Carmel, IIL
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11-1 3-VOLT PORTABLE RADIO RECEIVER
LA TYPE TYPE
T2 2NI524 T3 2NI524 T3
£ Y
“y
/ Riz
// R g
A +T;r..
[ (Ll [ [Fen (]
I—[ Riz e
Re <
Cx CR
it -
[ Ris

C;o_

—

Ci = tnmmer. 3 to 15 pf

C:, Cs %anged tuning
capamwr 2 = 9.5 to 141
pf, Cs = 7.2 to 109 pf

Ca, C4 = 0.02 pf, ceramic

Cs = 0.005 uf, ceramic

C7 = trimmer, 3 to 20 pf

Cs, Ciz, C17, Cia = 0.05 pf,
ceramic

Cs = 128 pf (part of Ta)

Cw = 2 uf, electrolytic, 3 v.

Cu = 10 uf, electrolytic,

V.

Ciz, Co = 100 uf, electro-
lytie, 3 V.

Cis = 125 Df (part of Tu)

gm = 125 £, l‘:l‘.‘:‘ar}llli:‘ y
19 = part o 4

CR: = 1N895

Li = oscillator coil; wound
from No. 3/44 Litz wire
on_coil form suitable for
a No. 10-32 slug; Lia, 19
turns; ILae, 155 turns,
tapped at B turns from
%round end, tunes with
00 pf at 990 kilocycles
1(']59 = 10000 ohms,

Ra= 3900 ohms, 0.5 watt

|

Rz, Ris = 1500 ohms,
0.5 watt
Ri = volume-control po=
tentiometer, 5000 ohms,
audio taper (part of as-
sembly with ON-QOFF
switch 51)
Rs = 470 ohms, 0.5 watt
Ra 6800 ohms, 0.5 watt
Rq = 39000 ohms, 0.5 watt
Rs = 330 ohms, 0.5 watt
Rio = 2700 ohms, 0.5 watt

|

Ba = 270 ohms, 0.5 watt
Ris = 10000 chms, 0.5 watt
Ris = 2200 ohms, 0.5 watt

1 = 240 ohms, 0.5 watt
Ris = 100 ohms, 0.5 watt

Raz 47 ohms, 0.5 watt

S1 = ON-OFF switeh (part
of assembly with poten-
tiometer Ra)

Sp = speaker; voice-coil
1mpedance 12 to 15 ohms

T: = antenna transformer;
primary, 110 turns of No.
10/41 Litz wire wound on
a 347-by-1g”-by-4» fer-
rite rod (pitech, 50 turns
per inch); secondary, 6
turns of No. 10/41 Litz

T =

Ty =

wire wound at the start

of the rimary; @ =
100 wit transformer
mounted on chassis;

transformer should tune
with 135 pf at 535 kilo-
cycles

1st if transformer;
Thompson - Ramo -Woold-
ridge EOQ-13550, or equiv.

Ts = 2nd if transformer;

secondary Thompson-
Ramo-Wooldridge EO-
13551, or equiv.
3rd if transformer;
secondary Thompson-
Ramo-Wooldridge EO-
13552, or equiv.
s = driver transformer;
primary impedance, 10000
ohms; secondary  im-
edance, 2000 ohms, cen=
er-tapped

Ts = output transformer;

primary impedance, 100
ohms, center-ta edpped sec-
ondary Impedance,
ohms (to match vmce-
coil impedance of 12 to
15 ohms)
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6-VOLT PORTABLE RADIO RECEIVER

e |

Ci75

Ci, Cs = ganged tuning ca-
Eacltor {with tr1mmers)
= 18 to_ 169 Cs =
17 to 88 pf; Ra io Con-
denser No. 903-817 (ver-
nier drive), or equiv.
Cs, C3, Cis = 0.02 upf, ceramic
Cy = 1400 pf (part of Ts]
Cs, Cq, Cs Cum, Cu = 0.
uf, ceramic
Ce = 220 pf (part of Ty)
Ciz = 220 pf (part of Ts)
Cui, Civ = 10 uf, electro-
lytic, 3 v
Cu, Cis, C:s = 100 pf, elec=
trolytic, 6 v.
Cie = 0.005 pf, ceramic
Ca = 0.1 uf, ceramic
CR:1 = detector diode, 1N295
Ri, Ris = 3900 ohms,
0.5 watt
Rz = 15000 ohms, 0.5 watt
Rs, R+ = 1800 ohms,
0.5 watt
R4 = 82000 ohms, 0.5 watt
Rs, Ris = 470 ohms,

0.5 watt
Rs = 560 ohms, 0.5 watt
Rs = 33000 ohms, 0.5 watt

Re = 390 ohms, 0.5 watt

Rio = 10000 ohms, 0.5 watt
Ru, Riz = 100 ohms,

0.5 watt
Riz = wolume-control po-
tentiometer. 5000 ohms,

audio

R = 270&?3 ohms, 0.5 watt

Ru = 5600 ohms, 0.5 watt

Ruis, Rn = 3.3 ohms, 0.5 watt

Sp speaker; wvoice-coil
lmpedance. 3.2 ohms

Ti1 = antenna transformer;
wound on_6-inch-long,
0.330-inch-diameter rod
made of General Ceramic
“Q'" material, or equiv;
primary, 125 turns of No.
2/38 Litz wire (5. Nysol),
28 turns per inch; sec-
ondary, 8 turns of No.
2/38 Litz wire, bifilar
wound from start (a
end) of primary.

T2 = oscillator coil; con-
secutively wound in fol-
lowing order: ai-az = 5
turns, bi-bz = 9 turns,
ci-cz = 130 turns of No.
2/38 Litz wire (S. Nysol)

on Y-inch-diameter coil
form havm 3g-inch-
]on%‘ inc; diameter,

PI slug made of Gen-
eral Ceramic Q" ma-
terial, or equiv.

Tas = 1st if transformer;
General Instrument No.
E-2749343-AX, or equiv.

Ts = 2nd if, transformer;
General Instrument No.
E-2749293-BZ, or equiv.

Ts = 3rd if transiormer,
General Instrument No.
E-2749293-CY, or equiv.

Ts = driver transformer;
primary impedance, 5000
ohms; secondary imped-
ance, 2200 ohms, center-
tapped; Mid-West Coil
and Coil and Transformer
No. 20AT90, or eqguiv.

T: = output transformer;
primary impedance, 320
ohms, center-tapped; sec-
ondary impedance, 3.2
ohms; Mid-West Coil and
Transformer No. 20ATS9,
or equiv.
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6-VOLT AUTOMORILE RADIO RECEIVER

TYPE / TYPE
2NI639 Vid 2NI638 Co T2
l Cis l C:5
Ci4 :
T T Dz
2
— b

2NIS24

SPEAKER
o

C1 = 5-80 pi, variable
trimmer

Cz = 820 pf, mica, 100 v.

Cs = 2 pf, mica, 100 v.

Cy Cezs = 25 pf, electrolytic,

6v

Cs Co C1s Cis C17 Cas = 0.05 uf,
ceramic disc

Cs Cu = 100-580 pf, varlable

trimmer
Cr = 270 pf, mica y
Cs = 0.005 uf, ceramic disc
Cio Caz = 50 uf, electrolytie,
6 v.
Ciz = 0.0047 pf, ceramic disc
Cu Cis = supplied with Ty
Cup = 500 uf, electrolytic, 3 v.
Cz0 = 180 pf, mica, 100 v.
Cz1 Czs = supplied with T:
Cau Ces = 1 uf, ceramic disc,

3 v
Czr = 0.04 uf, ceramic disc,
2

5 V.

Cz; = 0.5 pf, ceramic dise,
V.

D: D: = 1N295

L1 = 5 uf, rf choke

L2 Ls Ly = tuner assembly;
manufactured by F. 7
Sickles Co. i
Condenser Corp.

L: = antenna coil; variable
inductor tuned with 110
pf; grlequency range 535

to 1610 ke:
1610 ke

Lz = rf coil; variable induc-
tor tuned with 600 pf; fre-
quency range 535 to 1610
ke; Q = 65 at 1610 ke.

L4 = oscillator transformer;
primary, variable inductor
tuned with 470 pf; fre-
quency range 797 to 1872
ke; Q@ = 65 at 1872 ke;
secondary, 30 turns

Ls = output choke; 20 mh;
1 ampere, 0.5 ohm max.

Ri = 82000 ohms, 0.5 watt

Ra: = 2200 ohms, 0.5 watt

Rs = 33-ohms, 0.5 watt

R4 B = 330 ohms, 0.5 watt

Rs Rio = 5600 ohms, 0.5 watt

Ry = 0.33 ohm, 1 watt

5 at

Rs = 180 ohms, 0.5 watt

Hs = 10000 chms, 0.5 watt

Ra = 1500 ohms, 0.5 watt

R Rea = 1000 ohms, 0.5 watt
12 Riz Ris = 68 ohms, 0.5

watt

Ris = 820 ohms, 0.5 watt

Ris = 47000 otuns, 0.5 watt

Rir = 1800 ohms, 0.5 watt

Ris = 8200 ohms, 0.5 watt

Rig Res = 1200 ohms, 0.5 watt

Reo Rer = 3300 ohms, 0.5 watt

Rza =120 ohms, 0.5 watt

= 100000 ohms, 0.5 watt

Rzr. — volume control, po-
tentiometer, 100000 ohms
2 = tone control, poten-
tiormeter, 10000 ohms

T: = if transformer, Thomp=
son-Ramo-Wooldridge
No. E010173, General In-
strument No. E2740097
AX, or equivalent

T: = if transformer, Thomp=
son-Ramo-Wooldridge
No. E010174, General In-
strument No. E2740087
BX, or equivalent
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12-VOLT AUTOMOBILE RADIO RECEIVER

Cs = 270 pf, mica, 100 v.
Cr= 0 005 pf, ceramic dise,

25 v.
Cu2§ 0.0075 pf, ceramic dise,

V.

Ciw = 180 ppf, ceramic,
N-750, negative tempera-
ture coefficient

Ciz Ci5 = sugphed with Ta

Ciz = 500 uf, electrolytic,

3v
Cus = 120 pf, miea, 100 v.
Cu Cu1 = supplied ‘with Ty
Ca20 = 50 pf, electroli/t:c 6 v.
Coz = 0.02 pf, ceramic dise,

25 v
Cz{ = 100 rf, electrolytic,

Coy = 100 uf, electrolytlc, 3v.

CRi, CRz = 1N295

Li = 5 ph, rf choke

Lz Ls Li = tuner assembl
manufactured by F. §
Sickles Co., and Radio
Condenser Corp.

La = rf coil; variable induc-
tor tuned with 600 pf;
fre uency range 535 to
11561 ke; @ = 65 at 1610

c
L. = oscillator transformer;
rimary, variable induc-
r tuned with 470 pf;
freguency range 797 to
187. = 65 at 1872
ke; secondary. 30 turns.
R1 = 82000 ohmis, 0.5 watt
Rs = 560 ohuins, 0.5 watt
Rs = 15000 ohms, 0.5 watt
R4 = 180 ohms, 0.5 watt
Rs = 56000 ch.ms. 0.5 watt
Ro Reo = 4700 ohms
Rr = 3.3 ohms, 1 watt
Rs = 1500 ochms, 0.5 watt
Ro = 8200 o , 0.5 watt
Ric = 220 ohms, 0.5 watt
Ru = 82 ohms, 0.5 watt
Rn = 120 ohms, 0.5 watt
3 = 68 ohms, 0.5 watt
Ru = 5600 ohms, 0.5 watt

Ci = 5-80 pf, trimmer L: = antenna transformer;  Ris = 100000 ohms, 0.5 watt
Cz = 2.2 uf, 3v. . primary, wvariable induc-  Ris = 680 ohms, 0.5 watt
Cs = 25 uf, electrolytic, 3 v. tor tuned with 110 pf; Riz = 470 ohms, 0.5 watt
Cy Cg Ciz Cig Ci7 Czs = 0.5 pf, fre uency range 535 to  Ris = 100 ohms, 0.5 watt
ceramic dise, 25 v. 161 5 at 1610  Rie — 1200 ohms, 0.5 watt
Cs Cu_= 100-580 pf, trimmer ke; secondaryt 10 turns Rz: = wolume control, po-

tentiometer, 2500 ohms
Rz = tone control, poten-
tiometer, 1000 ohms
Rsa Ras = 3300 ohmns, 0.5

att

Rea = 33000 ohms, 0.5 watt

Ti1 = output transformer;
1:«1"1111231':,1r impedance, 20
ohms at 500 ma dc; sec-
ondary impedance, 4 ohms
to match impedance of
voice coil; Columbus
Process Co. No. 5383, or
equivalent

Tz = if transformer, Thomp-
son-Ramo-Wooldridge
No. E014127, General In-
strument Co. No.
E2742208AX, or equivalent

Ts = if transformer, Thomp-
son-Ramo-Wooldridge
No. E014128, General In-
strument Co. No.
E2742208BX, or equivalent
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AM/FM AUTOMOBILE RADIO RECEIVER
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RATIO
DETECTOR

CRg
»l

(GRS

e—
Ci1 = 18 pf, ceramic dise,
50 v

C: = 5 -80 pf, mica, trimmer
18 Cw = 5 pf, ceramic

dise, 50 v,

Ci Cir Gz = 6-21 pf, tuning
capacitor
Cis Cm = 1-6 pf, mica,
trimmer

015.0_ 1.5 pf, ceramic dise,

V.

Cs Cip Cos Cio Cos Cow Cra =
0.05, uf, ceramlc dise, 50 V.

Cs Cu C: 24 Cos =

feedthrough 50 v.

Cu = 55-300 pf, mica,
trimmer

Ciz = 390 pf, ceramic dise,

Cig = 0.005 uf, ceramic disc,
V.
Ctg Coz = 4 pf, ceramic dise,

V.
Cago: 330 pf, ceramic dise, °

V.
Cx = 2.2 pf, ceramic dise,
50 v

Cos Cs Cu Cor Car Coo Cen
Cu = 001 pf, ceramic
dise, 50 v.

C20 Cao = part of Ty

Cx = 15 pf, ceramic dise,

50 v.
33 pf, ceramic

Cis = 180 nf N750 ceramic
Cse = 80-550 pf, mica,
un.m

Cas Ca = part of Ts

Can Cuo Ca2 = part of Ts

Cua Cos = 0.001 uf, ceramic
dise, 50 v

Cu = 10 uf. electrolytie,
25 v.

Cis Caz = part of Ty

Cs = 1800 pf == 10%,
ceramic

Cso Csa — part of Ts

Cago: 2 pf, ceramic disc,

Cor Co2 = part of Ts

Css = 200 pi, ceramic dise,

50 v
Cq;ﬁ— 20 uf, electrolytic,

Co = 1500 pf = 10%,
ceramic dise

Cogo: 0.02 uf, ceramic disc,
V.
Ces = part of Tr

Cor =10 uf, electrolytic, 3 v.
ng = 2.2 uf, ceramic disc,
V.

349

AM/FM AUTOMOBILE RADIO RECEIVER (cont'd)

Cvn5-: 200 uf, electrolytic,

V.

Cr2 = 100 uf, electrolytic,
25 v.

C'.réﬁ__ 500 uf, electrolytic,

Crs Crs = spark late
CR1 CRs CR« CR7 = diode,
1N295

9

CR: = AFC diode, 1N3182
or equiv.

CRs CRs — diode, 1N542

CRs = diode, 1N1763

Li = 6.2 ph, radio-frequency
choke

Lz = antenna coil for FM
tuner; 4 turns No. 16 HF
on 0.220-inch form, spaced
@%e-inch (approx.) ; tapped
at 1 turn; core “J” ma-
terial Arnold Al1-336 or
equiv.

Ls = antenna coil for AM
tuner; variable inductor;
tunes with 120 pf over
the frequency range from
535 to 1610 kec; Qo = 60
at 1610 ke; secondary 8
turns

Li = rf coil for AM tuner;
variable inductor; tunes
with 560 pf over the fre-
quency range from 535 to
1610 ke; Qo = 60 at 1610
ke; no secondary

Ls = rf coil for FM tuner;
same as Lz except has no

tap

Ls = miniature radio-fre-
quency choke, 1 ph (ap-
prox.)

L: = oscillator coil for FM
tuner: 3 turns No. 16 HF
on 0.220-inch form, spaced
i-inch (approx.); core
*J" material Arnold Al-
336 or equiv.

Ls = oscillator coil for AM
tuner; variable inductor;
tunes with 470 pf over the
frequency range from 797
to 1872 ke; Qo = 45 at
1872 ke; secondary 30

turns

Ly = filter choke, 125 ph
(approx.)

Ri R Rzu = 100000 ohms,
0.5 watt

Rz Ry = 560 ohms, 0.5 watt

Ra = 390 ohms, 0.5 watt

Rs Ru Ris = 33000 ohms,
0.5 watt

era’ ;[: I"’pﬂ?& :I

Ra Rmth = 180 ohms, 0.5
wat

Rs = 68 ohms, 0.5 watt

Rs = 220 ohms, 0.5 watt

Rs 680 ohms, 0.5 watt
R = 4300 ohms, 0.5 watt

Ris = 1 megohm, 0.5 watt

Ry Ris = 10000 ohms,

0.5 watt

Rir Ree = 1500 ohms, 0.5 watt

Rus Res = 2200 ohms, 0.5 watt

Rus Rzs — 5600 ohms, 0.5 watt

Rz Rey = 18000 ohms,

0.5 watt

Rz Res Rae = 470 ohms,
0.5 watt

Rezs = 3900 ohms, 0.5 watt

Ran = 1000 ohms, 0.5 watt

Ra Rar Rar = 6800 ohms,

0.5 watt

Rs = potentiometer, 100000
ohms, 0.5 watt, audio taper

Ras = 62000 ohms, 0.5 watt

Ras = 4700 ohms, 0.5 watt

Rss = 3300 ohms, 0.5 watt

R = potentiometer, 250000
ohms, 0.5 watt, audio taper

Rus = 270 ohms, 1 watt

Ris = 0.47 ohm, 0.5 watt

T = FM if transformer;
Thompson - Ramo - Wool-
dridge No. 12224 or Gen-
eral Instrument No.
E2741353AX or equiv.

T2 Ty = FM if transformer;
Thompson - Ramo - Wool-
dridge No. 12080R1 _or
General Instrument No.
E2741166BX or uiv.

Ts = AM if transformer;
Thompson - Ramo - Wool-
dridge No. 12414 or equiv.

Ts = AM if transformer;
Thompson - Ramo - Wool-
dridge No. 12415 or equiv.

Ts — radio-detector trans-
former; Thompson-Ramo-
Wooldridge NoA 12007R1
or General Instrument
No. E2741166AB or equiv.

T: = AM if transformer;
Thompson - Ramo - Wool-
dridge No. 12416 or equiv.

Ts = driver transformer;
primary 8000 ohms at 3 ma
de; secondary 60 ohms;
Columbus Process Co. No.
X5357 or equiv.

Te = output transformer;
primary 20 ohms at 700
ma dc; secondary 4 ohms;
Columbus Process Co. No.
5383 or equiv.
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for
Long-wave (150-400 Kc)
Broadcast (535-1620 Kc)
Shortwave (1.7-5 Mc)

THREE-BAND RADIO RECEIVER

RCA Transistor Manual
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Circuits

11-6

B = 9 volts
C1 C{ Cu = variable, 26.1 to

2
Cz C3 %4 Csza Cz C2s = trim-
mer, 3-35 pf, Arco 403, or
equivalent
0. 25 nf, ceramic dise
01 Cwo Cis Ces = 0.05 uf, ce-
ramic dise
Cs Cu Cia = trimmer, 1.5-20
pf, Arco 402, or equivalent
Ciz Cs = 0.01 pf, ceramic
dise .
Cis = 0.0005 puf, ceramic dise
Cyz Cis Car = 0.02 puf, ceramic

ise

Cip C20 = 350 pf, part of T1

Cao = 900 pf, silver mica

Cn = 300 pf, silver mica

Coz = 91 pf, silver mica

Cz = 10 pf, ceramic dise

Cz;} ﬁ 10 uf, 3 volts, electro-
yiic

Cax = 220 pf, ceramic disc,
supplied with Ts

C‘.a? t:1 2 uf, 3 volts, electro-
ytic

Cas = 10 pf, 3 volts, electro-

lytie
Ca = 100 pf, 3 volts, electro-
lytie

Cas = 0.04 puf, ceramie dise

Cas Cwr = 100 pf, 10 volts,
electrolytic

L; = 42 ph at 3100 ke, short-
wave antenna coil, Qv =
75; turns ratio Ni/Ne,
1.67:1; N2/Ns, 18:1

h at 1000 ke,

antenna coil,
turns ratio

=380 u
broadcast,
= 184
Ni/Nz, 78:1
Ls = 4600 uh at 270 ke, long-
wave antenna coil Qo =
69; turns ratio Ni/Na, 91: a1
Ly = 5 ph, part of if trap
Ls = 34 uh at 3100 ke, short-

11-7

wave RF coil, Qv = 81;
turns ratio, Ni/Ns, 87:1
Ls = 370 ph at 1000 kc,
broadcast RF coil, Qo = 80;
turns ratio, Ni/Nz, 2.5:1;

Nu/Ns, 25:1

Ls = 4200 gh at 270 ke, long-
wave RF coil, Qo = 10;
turns ratio Ni/Ns, 91 i1
(measured with 100000~
ohm shunt)

Ls = 29 gh at 3550 ke, short-
wave oscillator coil, Qo =
20; turns ratio Ni/Ns, 25:1,
Ni/Na, 4:1

Lo = 200 ph at 1455 ke,
broadcast oscillator coil,
Qo = 39; turns ratio N1/Nag,
29:1, N1/Ns, 13:1

Lao = 1100 zh at 725 ke, long-
wave oscillator coil, Qo =
17; turns ratio Ni/Ns, 21:1,
Ni/Na, 12:1 (measured
with 200000-ohm shunt)

Ri1 = 270 ohms, 0.5 watt

Rz = 150000 ohms, 0.5 watt

Rs = 22000 ohms, 0.5 watt

R4 = 100000 ohms, 0.5 watt

Rs = 560 ohms, 0.5 watt

Re = 1800 ohms, 0.5 watt

Rt = 18000 ohms, 0.5 watt

Rs = 1200 ohms, 0.5 watt

Re = 3300 ohms, 0.5 watt

Rio = 200000 ohms, 0.5 watt

Ru = 47000 ohms, 0.5 watt

Riz = 270 ohms, 0.5 watt

Ris = 10000 ohms, 0.5 watt

Ris = 1000 ohms, 0.5 watt

Ris = volume eontrol, 1
megohm, reverse log.
taper

Ris = 4000 ohms, 0.5 watt

Rir = 27000 ohms, 0.5 watt

Ris = 4700 ohms, 0.5 watt

Rw = tone control, 1
megohm, audio taper

351

THREE-BAND RADIO RECEIVER (cont'd)

Rz = 560 ohms, 0.5 watt

Ra = 330 ohms, 0.5 watt

Rz = 100 ohms, 0.5 watt

Ras = 4.7 ohms, 0.5 watt

Rz = 3.9 ohms, 0.5 watt

Res = 3.9 ohms, 0.5 watt

S1u—Ss = three-section
wafer switch

Sp = speaker, 3.2 ohms

Ta = first if transformer (455
ke) : double- tuned critical
couphrﬁ General Instru-
ment No. E-2,749,067EX,
or equivalent

T: = second if transformer
(455 kec): single-tuned,
General Instrument No. E-
2,749,067CX, or equivalent

Ts = driver transformer:
primary 10000 ohms, sec-
ondary, 2000 ohms, center
tapped; Mid-West Coil
a Transformer Co. No.
20ATS88, or equivalent

Ts = output transformer:

rimary, 250 ohms center
pped; secondary, 3.2

ohms; Mid-West Coil and
Transformer Co. No. 20-
ATS86, or equivalent

NOTE 1: Components C9,
L4, and R3 e up an

if trap in the long-wave
band and are used to im-
prove if rejection and
signal-to-noise ratio.

NOTE 2: For the antenna
and rf coils, N1 refers to
the turns of the primary
winding, Nz to the tapped
portion of the pri.mary.
and Ns to the seconda
For the oscillator coils,
refers to the tank wind-
ing, N: to the emitter
winding, and N: to the
collector winding.

“FRONT-END” FOR RADIO RECEIVER

With Double-Tuned Antenna and Single-Tuned RF Stage

TYPE 2N640
OR 2NI637

CB:: gﬂ-.; Rg Rg

Rz
[
I Cg
il
L r [
———— [F AGC
RF AGC
Rg
C1 = 3-50 pf, variable Co = 680 pf, mica
Cz = 0.01 pf, ceramic dise, Li Lz = antenna coils, vari-
25 v able inductors tuned with
g = 1110 -200 fl:vf va.riahle 110 pf; frequency range
= 10 535 to 1610 ke; Q = 65 at
o =6 05 iuf, ceramic L1610 X 60 to 65 at 535 ke
Cr = izo_450 £, variable s = rf eoil; variable induc-
Cs = 0.004 ;.cf.,p ceramic disc, tor tuned with 1000 pf;
25 v. frequency range 535 to

O+6V.

1610 ke; Q = 65 at 1610 ke.
R Rat Rs = 330 ohms, 0.5
wat

Rz = 82000 ohms, 0.5 watt
Ra = 2200 ohms, 0.5 watt
Rs = 6800 ohms, 0.5 watt
Rz = 10000 ohms, 0.5 watt
Rs = 1500 ohms, 0.5 watt
Re = 1000 ohms, 0.5 watt
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PREAMPLIFIER FOR PHONO/FM PICKUP

/... _-—--._..__.——_-—._..____—7

2n2613

/ . o {/
R R e
3 7
—
TYPE Tee | 53, S
2N408 i 3 Iﬂ
@ ]
Cq Cs -
—AN—e = | T § g“‘ll
d Rs
3
%R“‘ Re “TiC2 ==Cg Ri2 C7==
[ B- TO 2ND-CHANNEL
PREAMPLIFIER (IF USED)®

—Q -lg¥

QUTPUT

Il ?

77

Ci = 25 uf, miniature elec-
trolytie, 3 v.

C: = 50 pf, miniature elec-
trolytic, 3 v.

Cs = 50 pf, miniature elec-
trolytic, 15 v.

Cy = 270 pf, ceramie, 600 v.

Cs, Cis = 0.05 pf, ceramic,

50 v.

Ca = 0.2 uf, ceramie, 25 v.

C: = 0.06 uf, ceramie, 50 v.

Cs = 4 uf, miniature electro=
lytie, 3 v.

Ce, Cia = 2 puf, miniature
electrolytic, 12 v.

Cio = 0.15 pf, ceramic, 50 v.

Cu = 0.12 pf, ceramic, 50 v.

Ci2 = 10 pf, miniature elec-
trolytie, 12 v.

Ci1q = 0.003 pf, mica, 500 v.

Ri = 1 megohm = 10%, -
0.5 watt

Rz = 15000 ohms = 10%,
0.5 watt

Rs = 47000 ohms = 10%,
0.5 watt

R: = 100 ohms = 10%,
0.5 watt

Rs = 0.18 megohms = 10%,
0.5 watt

Ras = 330 ohms = 10%,
0.5 watt

R: = 1800 ohms = 10%,
0.5 watt

Rs, Raa = 27000 ochms =+ 10%,
0.5 watt

Re = 1000 ohms = 10%,
0.5 watt

R = 1500 ohms == 10%,
0.5 watt

Ru = 820 ohms = 10%,
0.5 watt

Riz, Rao = 0.1 megohm ==
10%, 0.5 watt

Ris = volume control poten-
tiometer (audio taper),
10000 ohms, 0.5 watt

Ru = 56000 ohms = 10%,
0.5 watt

Ris = 6800 ohms == 10%,
0.5 watt

Ris = 2700 ohms = 10%,
0.5 watt

Rir = 180 ohms = 10%,
0.5 watt

Ris = base control poten=
tiometer (linear taper),
50000 ohms, 0.5 watt

R = 2700 ohms = 10%,
0.5 watt

Run = 3300 ohms = 10%,
0.5 watt

Raz = treble control poten=
tiometer (audio taper),
0.1 megohm, 0.5 watt

S1 = 2-pole, 3-position
rotary switch

*If a two-channel sys-
tern is used, Ruis, 18,
and Rex should be dual
controls, one control sec-
tion for eachdnreampliﬁer.
and S: should be a 4-pole
switch (Centralab No. PA
1012, or equiv.), two poles
per channel. All other
components are dupli-
cated in the second pre-
amplifier.




Circuits 353
11-9 EARPHONE AMPLIFIER
{B~ TO PREAMP) Ri2
-iav p— B- TO 2ND-GHANNEL AMPLIFIER (IF USED}
+ €3
O -20V
RIO
INPUT
FROM
PREAMP
Ro , QUTPUT
O
<
TYFES
q IN2326
R | ryp gﬁll ==c
Y INZeEs 2

b iy

C1 = 250 pf, miniature elec-
trolyhc, 157°%
500 pf, mica, 50 v.
C? = 500 uf, miniature elec-
trolytic, 50 v.
= (.18 megohms = 10%,
0.5 watt
Rz, Rip, Ru = 3300 ohms
=+ 10%, 0.5 watt

11-10

CRYSTAL OR CERAMIC
PHONOGRAPH
) { INPUT
G

Ra = 47000 ochms == 10%,
0.5 watt

R4 = 68 ohms = 10%,
0.5 watt

Rs — 180 ohms = 10%,
0.5 watt

Rs = 10000 ohms == 10%,

0.5 watt

PHONOGRAPH AMPLIFIER

Output 200 mw

TYPE

Rs = 47 ohms = 10%,
0.5 watt

Rs = 18 ohms = 10%,
0.5 watt

Ry = 10 ohms =*= 10%,
0.5 watt

Riz = 100 ohms = 10%,
0.5 watt

E 5

TO SPEAKER
VOICE COIL

9V

Ci = 0.01 uf, ceramic disc
Cz = 1 uf, ceramic dise
Cs Cs = 50 uf, electrolytic,

v,
C: = 0.002 uf, ceramic disc
Ca = 0.04 uf, ceramic disc
Ri = 1 megohm, 0.5 watt
Ra = 220000 ohms, 0.5 watt
Ras = 4700 ohms, 0.5 watt

Ri = 1500 ohms, 0.5 watt

Rs = volume-control poten-
tiometer, 5000 ohms, loga-
rithmie audio taper

Rs = tone-control potenti-
ometer, 100000 ohms,
linear taper

R+ = 680 ohms, 0.5 watt

Rs = 27 ohms, 0.5 watt

Re = 33 ohms, 0.5 watt
1 = driver transformer;

+ -
) |
+-ET'<:5 Io_—l h—-]-

primary impedance 3000
ohms; secondary imped-
ance (base-to-base) 5000
ohms.
T: = output transformer;
}Jl‘lm&l’}" impedance (col-
ctor - to - collector) 550
ohms; secondary imped-
ance to match speaker
voice coil



354 RCA Transistor Manual

11-11 25-WATT, HIGH-QUALITY AUDIO POWER AMPLIFIER

O
=Vee %
=38 VOLTS
50 MA Rs TYPE
2N2ia7
Rq
R TYPE 0 voLTs
1 2N2148
sp
O
TYPE
IN2326 +Vec®
> Q
Csz (
\
R
3 Rs
=

Performance Specifications:
Sensitivity = 0.35 volt rms for 25 watts output
Frequency response — 20 to 20,000 cps = 1 db
Input resistance — 180 ohms

C1 = 200 pf, electrolytic, 6 v.
C: = 250 uf, electrolytic,

15 v.
Cs = 0.015 pf, paper, 200 v..
C4, Cs = 100 pf, electrolytic,
50 volts
Ri = 2700 ohms, 0.5 watt

Rz = 180 ohms, 0.5 watt
Rz = 4.7 ohms, 0.5 watt
* + Vceo

R« = 560 ohms, 2 watts
Rs 150 ohms, 5 watts
Re, R7 = 120 ohuns, 1 watt
Rs, Ro = 180 ohms, 2 watts
Rio, Ru = 0.27 ohm, 0.5 watt
Sp dynanuc 'speaker;
vmce-coll Jimpedance = 4
ohms; wvoice-coil de re-
sistance = 3.2 ohms

~ Vee: Zero-signal value — 22 volts;

driver transformer;
turns ratio, primary to
each secondary 4:1;
primary impedance = 1600
ohms; primary dc = 0 ma;
Better Coil and Trans-
former type 99A7, or
equivalent

Ti

= 150 ma,

Maximum-signal value = 20 volts, | = 1 amp.
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Ci Cx Con = 10 pf, electro=-
Iytic, 3 v.
Cz = 100 pf, electrolytic, 3 v.
Cs = 390 pf, mica
Cu Cs = 1000 pf, ceramic dise
CodC14 Cie = 0.05 uf, ceramic
ise

Cr = 1 pf, ceramic dise, 3 v.
Cs Co = 1500 pf, mica

Cio C13 = 390 pf, ceramic dise
Cn = 0.75 pf, mica

Ciz = 5 pf, mica

Cus = 047 pf, mica

Cir = 2200 pf, ceramic disc

Cis Cu = 820 pf, mica

ng Caa = 50 uf, electrolytic,

3w

Cz Cas = 0.01 pf, mica

Czizcas = 10 uf, electrolytic,
v

2N408
+ —
c23
Rzz Ris

Cxr = 100 pf, electrolytic,
12 v

CR: CR: CRs — 1N295

L1 Ls Le = 38-ke trap, vari-
able inductor, General In-
strument No. E2741173BX,
or equivalent

L2 Ls = 19-kc trap, vari-
able inductor, General In-
strument No. E2741173AX,
or equivalent

L+ = 100 mh

Ls = 10 mh

Le Ls = 25 mh

Ri = 24000 ohms, 0.5 watt

Ra Ris = 3900 ohms, 0.5 watt

RsR?: Ris Ris Rzt Rze Raz Ras

= 1500 ohms, 0.5 watt
R1 = 10000 ohms, 0.5 watt

Circuits
11-12 FM STEREO MULTIPLEX ADAPTER
Ry
,—’\/\/\,—-
TYPE
2NIS24 in
+C|_
INPUT Ri5
Rg
2
Al
Ra% Ra Re
Ls r
G7 | Ce
Rzg ETNEPOB | 'E;}zl g_ RIGHT
CR2 Ra2 Czo
oy + =
) R55§c27"]_—‘~].=
Ra7R2, 4:[ T~
> - _ § ~12v
Raz
Ces
CR3 R,y +CQ[_
——" VWV {¢ %

casI
Rs Rw Ra = 5600 ohms,
0.5 watt
Rs = 68000 ochms, 0.5 watt
Rio Ras Ras = 1000 ohms,
0.5 watt
Ru = 1200 ohms, 0.5 watt
Riz R Ree = 47000 ohms,
0.5 watt
Ris = potentiometer, 10000
ohms, separation control
Rus = 1800 ohms, 0.5 watt
Ris = 43000 ohms, 0.5 watt
Rair = 560 ohms, 0.5 watt
Rz = potentiometer, 500
s, sideband-level con-

Q
Rz Ras = 75000 ohms,
0.5 watt

Ra Ras = 47 ohms, 0.5 watt
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STEREO AMPLIFIER

RCA Transistor Manual

Output 3 Waits per Channel

ur v
AC

TO
SPEAKER
ZVOICE
3 COoiL
R
TYPE
2N2BE9/
2N30I
CERAMIC
PHONCGRAPH
INPUT
CERAMIC
PHONOGRAPH
INPUT
? YPE
2nz8s9f
R N30
2
OICE
colL

Ci1 Ca Cs Cy = 0.02 pf, mini-
ature, 100 v.
Cs Cs Cir Czo = 0.1 uf, mini-

ature, 100 v.
Cs CE = 0.5 pf, miniature,
v.

CBBCII} = 6 pf, electrolytic,

C;é Ciz = 10 pf, electrolytic

Cus Cu = 0.001 uf, miniature,
100 v.

Cis Cis Cis Cw = 1 uf, mi
ature, 100 v.
02.310: 1000 pf, electrolytie,

V.
Cz Ci = 2.2 puf, ceramic
dise, 3 v.
Caz Cay = 100 uf, electrolytice,
V.

mini-

Cas Czr = 12 pf, ceramie disc,
1000 v.

Ces = 1000 pf, electrolytie,
15 wv.

Cs§5= 1000 uf, electrolytie,

V.
CR:1 CR: = 1N2859
F = Fuse, 35 ampere,
blo™
Ri R: = 3300 ohms, 0.5 watt
R Ro = 220000 ohms,
0.5 watt
R+ Rs = 10000 ohms, 0.5 watt
R Ra = 1200 ohms, 0.5 watt
Re R = treble-control dual
potentiometer, 3000 ol
1 R = 2200 ohms, 0.5 watt
Riz Ria = 56000 ohms,

0.5 watt
Ris ;ﬂ'.m = 1500 ohms,
R = balance potentiometer,
2500 ohms
Ruw Rz = 180 ohms, 0.5 watt
1 Rz = loudness-control

dual potentiometer. 10000
ohms  tapped down 3000

o
Rz Ry Ros Rer = 330 ohms,
0.5 watt

“slo=-

Ras R = bass-control dual
potentiometer, 5000 ohms
R Rue = 2200 ohms, 0.5 watt
Rz Rs1 = 1800 ohms, 0.5 watt
Ras Ry = 6800 ohms, 0.5 watt
Ras Ras = 470 ohms, 0.5 watt
Rz Re = 820000 ohms,
0.5 watt
Rx Rw = 51 ohms, 0.5 watt
Ra = 390 ohms, 0.5 watt
Raz Res = 220 ohms, 1 watt
1 Res = 68 ohms, 0.5 watt
Ras Ryz = 0.27 ohm, 0.5 watt
R = 7 ohms, 10 watts
T1 T! = out ut transformer,
o 4 ohms at 400
Mid West Coil and
ransformer 20A124 or
equiv.
= power transformer,
to 48 v., center-
tap| ed (24 v. per wind-
ing); Mid-West Coil and
Transformer 20P21 or
equivalent.
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HIGH-QUALITY STEREO AMPLIFIER

Output 15 Watts per Channel

=F

TYPE
2nNZsl3

-6 v -22 V

I+

AL
[z}
@

Ci, C: = 180 pf, ceramic

Cs, Cy, Cs, Cs = i,
ceramic

C'riOCs = 2 uf, electrolytic,

V.
Cs, Ci, Cn, Cuz, Cis, Coo =
5 uf, electrolytic, 3 v.

Cl;. Cw = 5 uf, electrolytic,
V.

Cis, Cis = 0.5 pf, ceramic
Cis, Cir = 4 pf, mylar

Caz, Cas
Czs,
3

47 pf, ceramic
Czs = 50 uf, electrolytic,

V.
¥, Fa = fuse, 3 amperes
Ri, Rz, Ry, Rw = 1 megohm,

0.5 watt

Rs, R« = treble control, dual
potentiometers, 3 meg-
ohms, 0.5 watt, audio
taper

Rs, Re = 0.1 megohm,
0.5 watt

I
|
|
| i
c3:== :
I 1 ==t
i 1
1
Cswn‘aus 1 1
! | =02
i 1
c-ﬂ::l I
| 1
| 1
i Cio
TYPE <
Jt 2n26i3 [Riag” |

Ris

-5V

Rs, Re = 0.22 megohm,
0.5 _wa

Ru, Riz = 4700 ohms,
0.5 _watt

Ris, Rus = loudness control,
dual potentiometers, 25000
ohms, 0.5 watt, linear
taper

Ris, Rae = 27000 ohms,
0.5 watt

Ris = 33000 ohms,
0.5 watt

Rw, R = 1000 ohms,
0.5 tt

Rz, Rz =
0.5 watt
Rz, R = 270 ohms,
0.5 watt
Rz, Rer = bass control, dual
potentiometers, 5000 ohms,
0.5 watt, audio taper
Res, Ree = 39 ohms, 0.5 watt

=6V -22 V¥

Rx» = balance control, po-
tentiometer, 5000 ohms,
0.5 watt, S taper

Rwx, Ra = 0.12 megohm,
0.5 _watt
s, Rae = 1500 ohms,

0.5 watt
RSB.SRM = 12000 ohms,

.3_watt
Ru, Rwr = 15000 ohms,
0.5_watt

R, Ru = 3.9 ohms, 0.5 watt

Rue, Rz, Ras, Ree = 0.27 ohm,
.5 watt

81 = selector switch,
double-pole, double-
throw

Ti, T: = driver transform-

ers, Columbus Process
No. X7602, Better Coil
and Transformer No.

99A4, or equivalent
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POWER SUPPLY FOR AMATEUR TRANSMITTER

600 Volts; 300 Volts; Total Current 330 Milliamperes (Intermittent Duty)

Ci CzCs CiCs5Ce Cr Cs =
0.001 pf, ceramic disc,
1000 v.

Cos Cio Cu Ciz = 40 pf, elec-
trolytic, 450 v.

CR: CRz CRs CR4 CRs CRs
CRr CRs = RCA-1N2864

F = Fuse, 5 amperes

1= indicator lamp

J:iREENl xg.]

g 5V NOT USED
CRy -
T |G
CR -
- Rz | C2
F
Sk
033 83 53
s CRg Ry TC4
r QN\r L2
9
REMOTE o+
SWITCH
63V ——0 0— = iy
nrv ) - Riz
60w Sz

777

Potter and
Brumfield KAILIAY or

K: = relay;

equiv.

Li = 2.8 henries, 300 ma;
Stancor C-2334 or equiv.

Lz = 4 henries, 175 ma;
Stancor C-1410 or equiv.

Ri R: Rs R« Rs Re Ry =
470 k, 0.5 watt

Res = 47 ohms, 1 watt

Ry Rux = 15000 ohms, 10
watts

Ras = 47000 ohms, 2 watts

S1 Sz = toggle switch, single-
pole single-throw

T = power transformer;
Stancor P-8166 or equiv.
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27-Mc CITIZENS-BAND TRANSCEIVER

C1dCu Cas = 0.001 uf, ceramic
sc

Ca Ca = 27 pf, mica

Cy = 0.02 pf, ceramic dise

Cs = 3-35 pf, trimmer

Cr = 10 pf, electrolytic, 3 v.

083C = 30 uf, electrolytic,
v.

Cu = 0.2 uf, ceramic disc

Ciz = 200 pf, electrolytic,
10 v.

CR = crystal, 27.12 Mec
(series resonant mode)

La = 25 ph, radio-frequency
choke

Lz = 9 turns No. 24 enam.
close-wound on l4-inch
form, ferrite slug

Ri = 22000 ohms, 0.5 watt

Rz = 2200 ohms, 0.5 watt

Rz = 240 ohms, 0.5 watt

R:s = regeneration-control
potentiometer, 1000 ohms

Rs = volume-control poten-
tiometer, 5000 ohms

Res = 6800 ohms, 0.5 watt

Re = 56000 ohms, 0.5 watt

Rs = 1000 ohms, 0.5 watt

Re = 10000 ohms, 0.5 watt

R = 560 ohms, 0.5 watt

Ru = 15 ohms, 0.5 watt

"Rz = 27 ohms, 0.5 watt

S = receive-transmit switch,
six-pole two osition

Sp = speaker, 14-ohm voice
coil _

T: = transformer; primary
10000 ohms; secondar,
1000 ohms, center-tapp
(one-half secondary used)

T2 = transformer; primary
20000 ohms; secondary
800 ohms, center-tapped
(one-half secondary used)

Ts = transformer; primar
650 ohms, center-tapp
secondary 16 ohms
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27-Mc, 5-WATT CITIZENS-BAND TRANSMITTER

i}

cil
Cgo= L3
Lzé
Lg
Clo/-é'
Cl2== OUTPUT.
L (50 OHMS)
"4 o
Cg==
+|TO ISV
TYPE
2R
TYPE
IN2326 fig T4

I+

i}

C1 = 75 pi, ceramic

Cz = 30 pf, ceramic

Cs, Cy, Cr = 0.01 uf,

Cs = 47 pf, ceramic

Cs = 51 pf, mica

Cs = 24 pf, mica

Co = 0.01 pf, ceramic

Ci = variable capacitor, 90
to 400 pf (ARCO 429, or
equiv.)

Cu = 100 pf, ceramic

Cie2 = 220 pf, ceramiec

Ciz = 5 uf, ceramic

Cié‘5 Cir = 50 pf, electrolytic,

ceramic

Cls = 10 uf, electrolytic,
V.

Cu. Cis = 10 pf, ceramic

Cuw, C20 = 0.2 uf, ceramic

Ca = 0.1 pf, ceramic

Cg; = 500 pf, electrolytic,

5 v.
L: = rf choke, 15 uf

La,
(M;ller 4624, or equiv.)

+
S

+[1TO ISV

L3 = variable inductor (0.75
to 1.2 ph); 11 turns No. 22
wire wound on 4-inch
CTC coil form having a
“green dot” core; @ = 120

Li = variable inductor (0.5
to 0.9 gh); 7 turns No. 22
wire wound on !-inch
CTC coil form having a
“green dot” core; @ = 140

Ri = 510 ohms, 0.5 watt

Rz, Riz = 5100 ohms,

0.5 watt

Rs = 51 ohms, 0.5 watt

Ri = 120 ohms, 0.5 watt

Rs = 47 ohms, 0.5 watt

Rs = 0.1 megohm, 0.5 watt

Rz = 10000 ohms, 0.5 watt

Rs = 2000 ohms, 0.5 watt

Re = potentiometer, 10000
ohms

Rio = 3600 ohms, 0.5 watt

Ru == 15000 ohms, 0.5 watt

Ris = 1000 ohms, 0.5 watt

Rus = 1200 ohms, 0.5 watt

Ris = 240 ohms, 0.5 watt

+
C22 3

1

)

Raig, Riz = 2700 ohms,
0.5 watt

Ris, R = 1.5 ohms, 0.5 watt
T: = rf transformer; pri-
mary 14 turns, secondary
3 turns of No. 22 wire
wound on 4 ~mch CTC

coil form havm reen
dot”  core; uned
(0.75 to 1.2 :Lh). 5 = 100
T: = rf transformer; pri-

mary 14 turns, secondary
2-34 turns of No. 22 wire
wound on Y¥-inch CTC
coil form having a “green
dot" core; slug-tuned
(0.75 to 1.2 yh); Q = 100

T3 = transformer; primary:
2500 ohms; secondary 200
ohms center-tapped; Mi-
erotran SMT 17-SB, or
equiv.

T = transformer; primary:
100 ohms center-tapped;
secondary: 30 ohms
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Circuits
11-18 VIDEO AMPLIFIER
High Input impedance, Bandwidth 7.5 Mc, Gain 75
—088V
Ry Ry
Rg C2 OUTPUT
AN i O (LOAD=
Rz TYPE 15ppf)
ngUT C) 2N274
SOURCE= o 1 -
5000 o 2N1493
©HMS)

R3 %ﬂs
| ~—.£—.- -|a.evé)

between collector of

2N1493 and ground)
Rz = 50000 ohms, 1 watt
Rs Ra = 10000 ohms,

0.5 watt

Ci1 = 10 uf, electrolytie,
15 v.

Cz2 = 0.1 pf, paper, 100 v.
R: = potentiometer, 25000
ohms (adjust for 40 wv.

Ri = 100 ohms, 0.5 watt
Rs = 510 ohms, 0.5 watt
Rr = 2000 ohms, 1 watt
Rs = 20 ohms, 0.5 watt

70-Mc POWER AMPLIFIER

11-19
Output 0.5 Watt
Ce ouTPUT
TYPE —H~—O0 (LoAD=
2NI493 50 OHMS)
T2
INPUT T;! Cyq
[SOURCE= O L__uw
50 OHMS) -1l
§£C| -7403
=Ca RI
Cs
I
= -15\;(5 50VO

Ti = 8B turns No. 24 enam.
on General Ceramic Cnni'
F-303 toroid of Q material,
tapped at 7 turns from
ground

C1 Cs Cy Cs = 3-20 pf,
ceramic trimmer

C2 Cs = 0.01 puf, 100 v.

Ri = 1000 ohms, 2 watts

T2 = 8 turns of No. 24 enam.
wound on CTC 33-inch
ceramie coil form (no
slug used), tapped at 2.5
turns
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11-20 “FRONT END” FOR 450-Mc SUPERHETERODYNE RECEIVER

FIRST RF SECOND RF MIXER I
— Xt il Cz20_ TO
4 30 Mec
Ca IF
TYPE AMPL
2N285T
LY
A"
A"
Ls%
Coi==
Clo
- +
© Bv
480 Mc—»|

C3)

4
L
Ca9ly RI3
2L L
T & A4
1 Fmg
Ca3—= C3s

Ci, Cs Cis, Cia = 50 pf,
ceramic disc

i}

Ca = 470 pf, ceramic disc
Cs: = trimmer, 3 to 12 pf,

b——d

equiv. .
Csz = 0.001 uf, ceramic disc

2. Ca, Ci5, Cau = trimmer; tubular ceramic Ly, Ln = sdver- lated bar
0.8 to 8 pf; JFD type Cas = 0.001 uf, ceramic stock: m% .8 inches;
VC20G, or equiv. feedthrough diameter, 14 inch

Cy, Cs Cu = trimmer; 0.3
to 5 pf; tubular ceramic
Cs, Ca, Cip, Cu, C1r = 500 pi,
ceramic feedthrough
Cz, Ciz, Cis = 1000 pf,
ceramic feedthrou%h
ise

28, C28, Cso = trimmer; 1
to 12 pf; JFD type 571G,
or equiv.
Czr = 24 pf, ceramic dise
Cz = trimmer; 2 to 25 pf;
JFD type VC24GY, or

Ls — one-half turn of No.
16 solid copper wire, lo=
cated ','Iq. lnch from and
parallel to

Ly, Le = silver plated bar

C stock; length. 3 inches;
Cis = 75 pf, ceramic equiv. dlameter. 2 mch
Cm, Cas, Cos, Css = 0.005 uf, Cn = trimmer; 1 to 4 pf; Ls, Ls, Lo =

ceramic disc JFD type VC21G, or choke; J rjller Type

9320-02, g equiv.

Parts Llist Continved on Page 363



30-Mc IF AMPLIFIER

ks R P
C4 % 4 otrSs

Circuits
11-21
2 gu
27 2
TYPE
2N2708
L
C| C3
TO
MIXER
Ry

363

Ci, Cs, Cs, Cr, Co = 0.05 pf,
ceramic dise

Cz = trimmer, 0.8 to 8 pf,
JFD type VC20G, or
equiv.

Cs, Cs = 2000 pf, ceramic
feedth:ough

trimmer, 6 to 8 pf,

tubular ceramic

Cwo = trimmer, 2
JFD type VC24GY, or
equiv

Ian=3 .uh: tapped rf coil;
ratio of number of
in over-all coil to the
number in section be-
tween tap and ground,
15 to 1

Cio
TO
DETECTOR
Lg
L
Rs
Cg -8y
T O
to 25 pf;  Le, Lu = 2 uh, rf coil
Ls = 10 gh, rf choke
Ra, sﬂ t18()00 ohms,
turns SRG = 7500 ohms,
Ra, 51?. = 1000 ohms,

Ri= 110 ohms, 0.5 watt

11-20

Lw, Lu = 5 turns of No.
22 wire, 0.25-inch inner
diameter, coupled on
same coil form

Lz = 1 ph, rf choke

Lis = 1.1 uh, rf coil

Ly = 6 turns of No. 22
wire; length, 34 inch; in-
ner diameter, %e inch

Lis = 5 turns of No. 22
wire; length, 33 inch; in-
ner diameter, 1% inch

Lis = 1 ph, rf choke

(cont’d)

Liw = s;lver-pialed bar

stock‘ len%th 2 inches;
diameter inch

18 = s:lver plate brass
strip; len,gt inch;
width, 14 inch; located
ga I:nch from and parallel

Rl{.] Ru, R{ = 6800 ohms,

Rs, Rs. Rs = 2700 ohms,
0.5 watt

Rs, Re, Ro = 1000 ohms,
0.5 watt

“FRONT END” FOR 450-Mc SUPERHETERODYNE RECEIVER

Rw = 4.7 chms, 0.5 watt
1 = 51000 ohms, 0.5 watt
Riz = 510 ohms, 0.5 watt
Ria = 15000 ohms, 0.5 watt
R = 39000 ohms, 0.5 watt
T = rf transformer (30
Mc); 9 wgh; primary-to-
secondary turns ratio, 30
to 1; primary, 26 turns of
No 22 wire wound on J.
y W. Miller type 4500 coil

orm
XTAL = 120-Mc oscillator
erystal
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11-22 SERVO AMPLIFIER
~ Qutput 6 Watts
Rs
tJ_C*JvN

T 056V

= 2N1485

T
R
Cq
TYPE f o
2N148] T
Cy Rg
o +“-
21485
L ]
400 P gf*a OUTPUT TO
CONTROL PHASE
o—i OF MOTOR
Rg :::Cz
€1 = 10 pf, electrolytic, Ri1 = 68000 ochms, 0.5 watt T= driver transformer: core

15 v. .
Cz = 47 pf, electrolytie,
15 v.
Cas = 20 nf, electrolytie,
v.
€4 = 500 pf, electrolytic,
50 .

11-23

Rz = 5600 ohms, 0.5 watt

R: = 56 ohms, 0.5 watt

R« = 560 ohms, 0.5 watt

Rs = 3300 ohms, 0.5 watt
Ro Re = 18000 ohms, 0.5 watt
Rt Rs = 400 ohms, 0.5 watt
Rio Ru = 4 ohms, 1 watt

Ovutput 10 Waits

T
g Oo— 0
I 28V
L OuTPUT
[—)f*—] Cz 20V
AN = o]
Ry
TYPE

2NI490

material 0.014- mch Mag—
netic Metals Corp. 13’5'
talligned” or equiv.;
primary 1500 turns; sec=
ondary 450 turns, bifilar
wound (each section 225
turns)

100-Kc POWER OSCILLATOR

C1 = 0.1 pf, paper, 50 v.

C: = 0.33 pf, paper, 100 v.

Ri = 510 ohms, 0.5 watt

T = rf transformer; air core;
collector winding, 19 turns
No. 10 enam; base wind=-
ing, 5 turns No. 22 enam.; B
inside diameter of wind-
ings, 0.88 inch; close-
wound
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11-24 27-Mc CRYSTAL OSCILLATOR
Output 4 mw

TYPE

)

X CRCD 2N149) O
C1 = 20 pf, ceramic dise, ‘[‘ QUTPUT
2. i L (LOAD=
Cz Ci = 0.01 pf, ceramic Cz== LI L% easion
disc, 25 v. Kh:
Csz-s_: 22 pf, ceramic disc, OHMS)
v.
CR = crystal, 27 Mc 1
Li = 15 turns No. 22 enam.,
close-wound on CTC LS5 C== R gﬁz
f?rn'i (powdered-iron Rz ()
slu |
La :gz turns No. 18 enam.,
I-\.\.u:-um:l over cold end of 4
B = B0 st 03 s -
g ohms, 0.5 wa
Rs = 200 ohms, 0.5 watt [ oGy ik
+20V
O?MA

11-25 70-Mc POWER OSCILLATOR
Ovutput 0.5 Watt

TYPE =
2N1493 o
Ce
T e
, \_. #C L3F————0
= ol
7 2
g
Al
L
Cq OUTPUT
(LOAD=
%La 50 OHMS)
C
H - Ca‘ F
- [ 2%
- -
o
CONSTART ~CURRENT
SUPPLY
C1 Ca = 1500 pf, feed- dise, 25 v. Ls = 315 turns No.
through, ceramic Cs = 5-50 pf, 14 enam., close-
Cz Cp = 7-100 pf, trimmer, ceramic wound on 34-inch
trimmer, ceramic La Lz = 10 ph, radio= diameter, tapped at
Cs = 0.01 uf, ceramic frequency choke 2 turns
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11-26 250-Mc OSCILLATOR
Output 150 mw
C2
e
A
Lo ffs
1 ot o]
TYPE
L2 2Ni493 Ly
OuTPUT
?éc3 c4?£ (LoAD =
R| cg 50 OHMS)
(< }
C 1 (E 9
- +50V
20MA.

+20-MA
CONSTANT=CURRENT
SUPPLY

RCA Transistor Manual

C: Cs = 1000 pf, feed-
through, ceramiec

C: = 0.6-5.5 pf, trimmer,
ceramic

Cs = 3-15 pf, trimmer,
ceramic

Ci = 4-50 pf, trimmer,
ceramic

Cs = 0.002 uf, paper, 100 v.

Ly Lz = 0.82 gh, radio-
freciuem‘.y choke

L2z = 1 turn No. 14 enam.,
1-inch diameter

Ri = 400 ohms, 0.5 watt

1i-27 DC-TO-DC CONVERTER
e T
L O+
TYPE r
2N442 ;
OUTPUT
450V
100MA
Rl DG
AN % CR CR3
Ro Cc
AATAY | o Ng +Jl O-
INPUT
12vDC
CRp CRg
TYPE
2N442
-

Ci_= 10 pf, electrolylic

500 v.

CR: CRz: CRs CR« = 1N3256
(or 1N3196)

Ri = 330 ohms, 2 watts

Rz = 5 ohms, 5 watts

T: = transformer; core: one
hundred 0.014-inch-thick

E-1 laminations of Mag-
netic Metals Corp. "Crys-
talligned 33," or equiv.;
primary: 34 turns, bifilar
wound, of AWG No. 16
enameled wire, center
tatgi):d (each section 17
bifilar turns); feedback

windings: 5 turns each of
AWG No. 26 enameled
wire; secondary: 640 turns
of AWG No. 26 enameled
wire; winding order; pri-
mary, feedback windings,
secondary.



Circuits

11-28

CR = reference diode, 27 v.

R: = 28 ohms, 10 watts (in-
cludes source resistance
oEc t;‘ansformers. rectifiers,
ete.

Rz = 50 ohms, 0.5 watt

11-29

TYPE

gn

TYPE
2N20I5
2N1485

2

INPUT i
3I-39v
bc

o \2!\"435

| 4

AN
i}
&

367
VOLTAGE REGULATOR, SHUNT TYPE
Regulation 1.5%
Ry
O—AMN- o
TYPE
2N1485 CR
INPUT QUTPUT
4570 55V 28V, 0 TO 0,54
DeC DC
R2
o— a o)
VOLTAGE REGULATOR, SERIES TYPE
Regulation 2%
TYPE
2N2015
—0
TYPE Re
_/ [ OUTPUT
26V, I5A
o¢

CR = reference diode, 7.5 v.,
100 mw.

Ri = 225 ohms, 5 watts

Rz = 10000 ohms, 0.5 watt

Rs Rs = 0.075 ohm, 5 watts
(cut to measure from re-
sistance wire)

IH

Ri = 60 ohms, 4 watts
Rs = 75 ohms, 5 watts

Rr = 2200 ohmns, 0.5 watt
Rs Rio = 500 ohms, 2 watts
Re = 120 ohms, 2 watts
Ru = 820 ohms, 1 watt
Riz = potentiometer, 150

ohms, 0.5 watt

Riz = 300 ohms, 1 watt

NOTE: 2N1485 and 2N2015
transistors must be mounted
on heat sink of sufficient
size to keep the case tem-
peratures below 100°C.
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11-30 VOLTAGE REGULATOR, SHUNT TYPE
Regulation 0.5%
O—"AN— ’ o)
R ‘ TYPE i
[ 2n1481 CR
TYPE CR = reference diode, 27 v.
qgl,NTgi 575\, 2NI1485 2av?g;{oug,5,g Rlcﬁ ::235"2’0’5;33 ‘::stit:pa(r]\g;
otfctl)‘ansformers. rectifiers,
gﬂz R: = 1000 ohms, 0.5 watt
O __I__ QO
11-31 VOLTAGE REGULATOR, SERIES TYPE
With Adjustable Qutput
Line Regulation within 1.0% Load Regulation within 0.5%

TYPE TYPE TYPE
2NZ20I6 2N2016 2NZ20I6
TYPE
2N1489 Rg
R Rg
Ré 2
O
TYPE
2N1479
+0 A+
INP%TV T.Ca
40 —50 OUTPUT
DG Rg 22-30V
- C-10A
[v]e]
R
3§ Rio
Q
C: = 1 uf, paper, 25 v. Ri = 1200 ohms 0 5 watt Rt = 270 ohms, 0.5 watt
Cz = 100 .uP electrolytic, Rz R« Ra = 0.1 ohm, 0.5 watt  Rs Rio = 1000 ohms, 0.5 watt
Qv Ra = 2000 ohms, 0.5 watt Rs = potentiometer, 1000
CR = reference diode, 12 v.  Rs = 570 ohms, 0.5 watt ohms, 0.5 watt



Circuits

369
11-32 ASTABLE MULTIVIBRATOR
(Repetition Rate = 7000 pps)
i2vo
R| Ra R3 Rg
?F' i? OUTPUT A
K i —0 Rep. Rate = S ore,)
Ci1 Cz = 0.01 uf, paper, 25 v.
Ri1 R« = 60 ohms, 5 watts
/P Rz Rs = 1000 ohms, 0.5 watt
TYPE Tvpe \_MA
2N148 2N148]
11-33 MONOSTABLE MULTIVIBRATOR

(On-Time Pulse = 70 Milliseconds)
12vQ0—

G
Rl Rs

QUTPUT
O
TYPE TYPE
2N|a8I 21481
Tcz
(E‘!- g'ﬁ\-" "
TRIGGER
PULSE
On-time Pulse = 0.7RaCs Ca = 0.01 uf, paper, 25 v. Ra = 1000 ohms, 0.5 watt
Ci1 = 0.005 uf, paper, 25 v. Ri1 Rs = 60 ohms, 5 watts
Cz = 0.05 uf, paper, 23 v.

Ry = 5000 ohms, 0.5 watt
Rz = 820 ohms, 0.5 watt
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11-34
1-Mc “Flip-Flop”

BISTABLE MULTIVIBRATOR

RCA Transistor Manual

+8V —18v +6vV
0 7 7
Rzg R3 Rg Ry
Da Ds
. I
-6vVO—W — > §—o-sv
2N404
D) | S i
o} n +—o
"I" ouTPUT _/ | . "0" OUTPUT
Cy Cz
Diw R, D3 D4 4 Ra% Dg
f
} it
= C2 <L Cq

INPUT

Ci1 Cz = 180 pf, mica, 24 v.

Dy D: D3 Dy Ds Ds = diode,
Cz C: = 430 pf, mica, 24 v. 126

1N
R: Rs = 5100 ohms, 0.5 watt

Rz Ry = 1200 ohms, 0.5 watt
Rs Rs = 11000 ohms, 0.5 watt
R« Rs = 2700 ohms, 0.5 watt



Circuits

11-35

6-VOLT IGNITION SYSTEM

n

T)  TO SPARK PLUGS

> +6V DG

2

L
DISTRIBUTOR
POINTS pd

CR: = 1N1202A Rz = 0.2 ohms, 25 watts
CR: = zener diode, 90 volts, Ri =1 )] 1

50 watts T: = ignition coil; Mallory
Ri = 50 ohms, 5 watts Type F-12T, or equiv.
R: = 2 ohms, 25 watts * The capacitor (conden-

ser) normally connected
across  the  distributor
points in the automobile
may be retained in the
circuit.

T) O SPARK PLUGS
H,

——= 412V DC

11-36 12-VOLT IGNITION SYSTEM
DISTRIBUTOR
POINTS
CR: = 1N1202A Ra = 1.0 ohm, 100 watts
CR2 = zener diode, 90 volts, = 200 ohms, 1 watt

50 watts T1_= ignition coil; Mallory
K1 = 100 ohms, 5 watts Tgpe F-12T, or equiv.
Rz = 7.5 ohms, 25 watls * The capacitor (conden-

ser) mnormally connected
across the  distributor
points in the automobile
may be retained in the
circuit. -
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1137 VOLTAGE-SENSITIVE SWITCH
(USED WITH NORMALLY OPEN RELAY)

Relay energizes when voltage level exceeds a predetermined value

ey TO RELAY
Ef:ﬁ:" * CONTACTS*
CH2v O !

R

TYPE
2N406

TYPE,
2N3053

Ra VOLTAGE LEVEL
BEING DE TECTTD

- ) . >
Kl = dec relay; 12-volt, 71- Rz = 470 ohms == 10%; *Relay-contact connections
coil; Potter-Brum- 0.5 watt . may be arranged to provide
ﬁeld Type PRIIDY, or Rs— desired detection-volt- the type of control funec-
equivalent. age level x 800 ohms tions desired.

Ri = 150 ohms = 10%;
0.5 watt

11-38 VOLTAGE-SENSITIVE SWITCH
(USED WITH NORMALLY CLOSED RELAY)

Relay de-energizes when voltage level exceeds a predetermined value

+24v o——fv‘\qA, *
i

Rz

TYPE
% 2N3053

1

i

]
TO RELAY
CONTACTS**

-0 ? 8 &

R  VOLTAGE LEVEL
BEING DETECTED
(350 v MAX,)
o

K = dc relay; 12-volt, 71- Rz = 150 ohms %= 10%, 0.5 'Rela{-contact connections

ohm coil; Potter-Brum- watt may be arranged to provide
fleld Type PR11DY, or Ra = 470 ohms =* 10%, 0.5 the t)&pe of control funce
equivalent watt esi

Ri = 75 ohms = 10%, 10 R4 = desired detection-volt=
watts age level x 800 ohms
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11-39 SHIFT REGISTER
O— & o
El
Rq
E2
C 03 il
TYPE TYPE TYPE
R R 2N404 NG04 2N404
1 3S Rg (2N2869/ (2N2869/ (2N2863/
2N301) 2N301) 2N301)
TRIG c2 ﬁ
© ! N
ad J TYPE TYPE
2NI302 2NI1302
4
TG - CR|
TY
Rz 2NI302 Rg CN gﬁn"
>— Y & e
I Iz Iy
A '%
A A
OUTPUT AQ OUTPUT BO . QUTRUT KO

C1 = 100 uf, electrolytic, 6 v.
Cs

No. 49; 2-volt, 60-ma (or

330 ohms, 0.5 watt)
Ry = 2200 ohms,
watt (or 680 ohms,

2 Ca Cnv = 0.00 pf (or No. 1488; 14-volt, 150-ma) 5, Rs, Ruo,
0.1 uf), ceramie, 50 v. Ri = 1000 ohms, 0.5 watt 0.5
Cs = 1 uf (or 25 uf), elec- (or 680 ohms, 1 watt) 0.5 watt)
trolytie, 25 v. R: = 27 ohms, 0.5 watt (or Rs, Rs, R¥' = 560 ohms, 0.5
Ry = crystal 12 ohms, 1 watt)

diode 1N34
Is, In = indicator lamp

(or 1N3754)

Notes:

The shift register may use as many stages as desired and may

Ra = 1000
R4 = 1000 ohms, 0.5 watt (or

ohms, 0.5 watt

Rz, Rn" = 150 ohm:

watt (or 180 ohms, 1 watt)
s, 1 watt
(or 82 ohms, 2 watts)

be

made regenerative by connecting points A and A’. In addition, the
basic eircuit can be adapted for operation at many different output-

current levels.

The circuit as shown is des'ilgn i
ransistor types and component values
he changes necessar,

40ma (E1 =12 v; E: = 9 v).

shown in parenthesis indicate t
an output-current level of 3 amperes (E: = 27 v;

ed for an output-current level of

y for operation at
Ez = ;-)4

v).
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11-40 ELECTRONIC THERMOSTAT
60 hs . gféﬁiﬁ%

I
s 0
ne
e 5
T TYPE ol Re |-
* T+

" IN536 1=
] TYPE
IN536
L 14
3y
T2 Rz Rq TYPE
2N406 Rj3
|| : Rz
2N2869/
—? *i 2
R Ria

TO
THERMISTOR

ELEMENT
(l000 OHMS AT 25°C)

u‘.‘::lé SCg = 1000 uf, electrolytic,

Ca = 2 uf, paper, 200 v
Ci, = 100 uf, electrolyhc.

15
Cszs-— 100 uf, electrolytic,

F = fuse, 3 a:n})

I = indicator lamp; 117 v.,
6 watts

K = dec relay; single-pole,
51n le throw, double-

» 12-volt de coil, 80

ohms minimum  resist-
ance; Potter-Brumfield
PR3DY or equiv.

Ri, Rs = 3000 ohms *+ 10%;
0.5 wa

R: = variable resistor, 500
ohms, linear taper, 0.5
watt

Ri = 330 ohms = 10%, 0.5
watt

Rs, R, Ru = 47 ohms
+ 10%, 0.5 watt

Ro = 1000 ohms = 10%,
2 watts

R+, Ro = 1000 ohms %= 10%,
0.5 watt

Rs = 12000 ohms * 10%,
0.5 watt

Rio = 39 ohms =+ 10%,
0.5 watt

Ru = 10000 ohms = 10%,
0.5 watt

Rz = 680 ohms = 10%,

0.5 watt

S = toggle switch; single=
pole, single-t throw

transformer; 117-v.
primary; 25.6 v, 0.6-amp.
secondary; Thordarson
T-21F27, or equiv.

T: = transformer, 117-v.
primary; 6.3 v, 0.6-amp.
secondary; Stancor
P-6465, or equiv.



Circuits

11-41

ELECTRONIC KEYER

315

CoFo .~ RECEVER MUTE

Roa I__SF‘O‘_‘_". TO TRANSMITTER

TYPE
¥|NZB5B rE

Cy, C3 = 1 uf, paper (or
Mylar), 200 v

Cz = 0.47 pf, r:ers.mlc. 25 v.

Cq, a’:s = 560 pf, ceramic,

V.
Caé Co = 330 pf, ceramic,
v.
Cs, C7 = 0.01 uf, ceramic,
V.
Cl%' Cu = 0.02 uf, ceramic,

Ciz = 0.1 pf, ceramie, 50 v.

Cis, Cu = 2000 uf, electro=
lytie, 15 v

Cis = 16 ,uf eIectrcIytic.
150 v

I= indicator lamp No. 47

K = dc relay; coil resistance
= 2500 ohms; operating
current = 4 ma; Potter-
Brumneld ML11D,
or e

Ri=3 DDD‘ ohms, 0.5 watt

Rz, Ro, Riz, Reo = 3900 ohms,
« Wa
Ra, Rie = 18000 ohms,

0.5 watt
R4, Re = 51000 ohms,
0.5 watt

Rs, R2e = potentiometer,

10000 ohms
Rz, Rin = 22000 ohms,
0.5 watt
, Ras, Ras = 68 ohms,

0.5 w
Ru, Rn = 15000 ohms,

waftt
Ru. Rm = 33000 ohms,
0.5 watt
Ris, Ris, Rao, Ras = 27000
ohms, 0.5 watt
Ris, Res = 270 ohms, 0.5 watt
Rar = 68000 ohms, 0.5 watt
2« = 100000 ohms, 0.5 watt
= 560 ohms, 0.5 watt
Rer = 1200 ohms, 0.5 watt

I

Rzs = volume-control

potentiometer, 50000 ohms
= 10000 chms,

0.5 watt

Ru = 6800 ohms, 0.5 watt

Ras = 8200 ohms, 0.5 watt

Ra, Raw, Rew = 15000 ochms,
0.5 watt

Ra = 10000 ohms, 1 watt

1= Vibroplex keyer,
or eq

Sa = toﬁgle switch, double-
pole, double-throw

S: = toggle switch; single-
pole. smgle-thr

ull out

fnrmer 14000 o

ut trans-

Te = power transformer,
Stancor PS8415, PS8421,
or equiv.
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11-42 GRID-DIP METER

For Measuring Resonant Frequencies from 3.5 to 100 Mc
B = 13.5 volts, RCA VS304
Ci = 33 ppf, mica, 50 v.
Ca = 0.01 uf, paper, 50 v. TYPE
Ca = 5 puf, mica, 50 v. 2NIIT8
Cy = 0.01 pf, paper, 50 v.

variable capacitor, 50
pf (Hammarlund type
HF-50 or equivalent)

J = phone jack, normally
closed

L = plug-in coil

M = microammeter, 0 to 50
pa (Simpson model 1227
or equivalent)

Ri = variable resistor, 0-0.25
megohm, 0.5 watt

Rz = 220 ohms, 0.5 watt

Ra = 3,000 ohms, 0.5 watt

Ri = 3,900 ohms, 0.5 watt

Rs — 39,000 ohms, 0.5 watt

17, '-%

il

NOTE: Wind coils according
to the following directions:

X = jumper, omit for meas- Coil Freq. Range Wire Size No. of Turns
urements below 45 Mc i 3.4-»6 #28, enamel 4814, close wound
2 E,'I~13.5 Mc #24, enamel 22, close wound
3 13-27 Me #24, enamel 914, close wound
4 25-47 Mc #24, enamel 415 close wound
5 46-78 Me #24, enamel 1%, close wound
6 74-97 Mc #16, tinned  hairpin formed, 174 inches

lonﬁ mcludmg pins, and 14
inc

Coil forms are Amphenol
type 24-5H or equivalent.

11-43 LIGHT FLASHER
60 Flashes per Minute
o
LAMP
Rg
TYPE
2N44l

g
[
<

if

=

TYPE
2N270

C1 = 25 uf, electrolytic, 12 v.
Cz = 100 uf, electrolytic,

2 V.
LAMP = bulb, 12 v,

1 ampere
Ri: Ra = 2000 ohms, 0.5 watt
H: Rs = 100000 ohms,

0.5 watt

Rs = 120 ohms, 0.5 watt
S = switch

NOTE: C: and C: may be
varied to change flashing

rate. Bulbs and other resist-
ive loads handling currents
up to one ampere may be
used, but inductive loads
should not be used.
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11-44 LIGHT DIMMER CONTROL USING SILICON
CONTROLLED RECTIFIER
(Half wave)
C = 047 pf, paper, 200 v. e
L= incana‘escent lamp, 300 o 4 -:
watts maximum I
R = 25000 ohms, 2 watts Ry é
Rz = 1000 ohms, 1 watt i
-_wnhmthe 1ima_3c4 r(ecti_:tieg A IN3I93 TYPE
in e circul Switc,
closed), light control is N0 VOLTS — <gy, O X |
extended from 0 to 30 per 60 CPS TYPE INIBI4
cent of full brightness to IN3I93 Yy
0 to 100 per cent of full . H
brightness. o N '
=] h f
o - o

11-45

TYPE

2N408

11-46

PHOTO-RELAY

CAN BE ADDED FOR 2
FULL RANGE CONTROL

CODE-PRACTICE OSCILLATOR

B = 1.5-4.5 v. (One to three
series-connected RCA
V5036 dry cells may be
used, depending upon the
volume level desired.)

Ci C2 = 0.01 uf, paper, 150 v.

H = Headphone, 2000-ohm,
magnetic
1 = 2200 ohms, 0.5 watt

Rz = 27000 ohms, 0.5 watt

3000 ohms, 0.5 watt

= volume control poten-

tiometer, 50000 ohms, 0.5

watt

Operates with Light Increase

B = 6 volts, RCA V5317

Ri = 120 ohms, 0.5 watt

R: = potentiometer, 5000
ohms; Mallory U-14 or
equivalent

Relay = 1000 ohms, 2.3-mil-
liampere operating cur-
rent; Sigma type 5F or
equivalent

NOTE: The relay mounting
frame is at armature poten-
tial and should be insulated
from a common chassis for
safety reasons.

Rz

2

PHOTOCELL
TYPE 4425

TYPE
2NI09

(v
e

'I‘III[I

REEAY Ei:'

TO CONTROLLED
CIRCUIT




RCA Technical Publications

on Electron Tubes, Semiconductor Products,
and Batteries

Copies of the publications listed below
may be obtained from your RCA 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 73%” L x 5%” W x 2%” D.
Contains over 1000 pages of loose-
leaf data and curves on RCA 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
RCA Electron Tube Handbook HB-3
at special combination price of $25.00.*

® RCA TUNNEL DIODE MANUAL—TD-
30 (83" x 538")—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 RCA
germanium and gallium arsenide tun-
nel diodes and tunnel rectifiers. Price
$1.50.%7

@ RCA SEMICONDUCTOR PRODUCTS
GUIDE—3L1010/1L1147 (107" x 83&")—
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—ICE-215 (107"

x 834"”)—28 pages. Describes outstand-
ing features of RCA 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.*}

® TRANSISTORIZED VOLTAGE REGU-
LATORS APPLICATION GUIDE—1CE-254
(107" x 83%"”)—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. An Appendix contains the
derivation of design equations. Price
25 cents. *t

® RCA TRANSISTOR  REPLACEMENT
GUIDE—1L1115 (107%” x 83%")—36
pages. Contains RCA 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.*}

® RCA SILICON RECTIFIER  INTER-
CHANGEABILITY DIRECTORY—1CE-229A
(107" x 835"”)—16 pages. Contains re-
placement information, ratings, char-
acteristics, and physical dimensions
for more than 400 silicon and selenium
rectifiers. Price 25 cents.*{

@ RCA VARACTORS—VAR-100 (107"
x 83"”)—8 pages. Contains complete
data on RCA’s line of silicon and
gallium arsenide varactors. Quick-
selection guide permits easy selection
of proper RCA varactor for given
frequency-multiplier or parametric-
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amplifier application. Single copy free
on request

® TECHNICAL BULLETINS—Authorized
information on RCA 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 (73" x 5%"). Five 2%-inch-
capacity binders. Contains over 5000
pages of looseleaf data and curves on
RCA 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. Avail-
able on subscription basis. Price
$20.00* including service for first year.
Also available with RCA Semicon-
ductor Products Handbook HB-10 at
special combination price of $25.00.*

® RADIOTRON® DESIGNER'S HAND-
BOOK—4th Edition (834" x 5")—
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 (8Y4"” 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 (814" x 53&")—544 pages. Con-
tains technical data on over 1000
receiving-type tubes for home-enter-
tainment use and picture tubes for

319

black-and-white and color TV. 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
(814" x 5%%”)—320 pages. Gives data
on over 180 power tubes having plate-
input ratings up to 4 kw 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—PGI101F (107"
x 834")—36 pages. Technical informa-
tion on 200 RCA vacuum power tubes,
rectifier tubes, thyratrons, and igni-
trons. Includes terminal connections.
Price 60 cents *}

@® RCA RECEIVING-TYPE TUBES FOR
INDUSTRY AND COMMUNICATIONS—
RIT 104C (1078" x 83")—44 pages.
Technical information on over 190
RCA “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—I275K (107" x 83")—
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.*j

® RCA PHOTO AND IMAGE TUBES—
1CE-269 (10%” x 8%”)—32 pages.
Includes concise data on RCA 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.*t
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® RCA INTERCHANGEABILITY DIREC-
TORY OF INDUSTRIAL-TYPE ELECTRON
TUBES—ID-1020D (107" x 834")—12
pages. Lists more than 1600 basic type
designations for 20 classes of industrial
tube types; shows the RCA Direct Re-
placement Type or the RCA Similar
Type, when available, Price 35 cents.*+

® RCA PHOTOCELLS—1CE-261A (107"
x 838")—32 pages. Contains a selection
of photocell-circuit diagrams; tech-
nical data and characteristic curves of
RCA 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 (107%” x
8%"”)—48 pages. Operating theory for
magnetrons and traveling-wave tubes,
application considerations, and tech-
nigues for measurement of electrical
parameters. Price 60 cents.*}

® RCA PENCIL TUBES—1CE-219 (107"
x 83%"”)—28 pages. Contains operating
theory for pencil tubes, electrical and
mechanical ecircuit-design considera-
tions, environmental considerations,
application considerations, and data
for commercial types. Price 50 cents.*7

® RCA CAMERA TUBES—CAM-600
(107" x 83k”)—16 pages. Contains
classification charts, defining data and
typical characteristics curves for RCA
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
(83" x 107%")—8 pages. Covers ap-
proximately 800 foreign tube types
used principally in AM and FM radios,
TV receivers, and audio amplifiers. In-
dicates U.S.A direct replacement type
or similar type if available. Price 10
cents.*

RCA Transistor Manual

@ RCA STORAGE AND CATHODE-RAY
TUBES—ICE-270 (107" =x 83")—12
pages. Includes concise data on RCA
display-storage tubes, computer-
storage tubes, scan-converters, rade-
chons, oscillograph-type cathode-ray
tubes, and special purpose kinescopes.
Price 20 cents.*}

® RCA NUVISTOR TUBES FOR INDUS-
TRIAL AND MILITARY APPLICATIONS—
1CE-280 (107%” x 37%")—16 pages.
Describes unique features of nuvistors
and includes tabular data, dimensional
outlines, curves, terminal diagrams,
and socket information. Price 25
cents.*§

© TECHNICAL BULLETINS—Authorized
information on RCA 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

@ RCA BATTERY MANUAL—BDG-111
(107%"” x 834”)—64 pages. Contains
information on dry cells and batteries
[carbon zine (Leclanché), 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.*{

® RCA BATTERIES—BAT-134F (107"
x 83%”)—24 pages. Technical data on
113 Leclanché, alkaline, and mer-
cury-type dry batteries for radios,
industrial applications, flashlights,
lanterns, and for photoflash service.
Price 35 cents.*}

° Trade Mark Reg. U.S. Pat. Off.

* Prices shown app{g in U.S.A. and are
subject to change without notice.

t Suggested price.



Reading List

The following list contains a number of references which should prove
helpful to those interested in further information on semiconductor theory
and applications.

Basic Theory and Application of Transistors TM 11-690, U.S. Govt. Print-
ing Office, 1959.

BerTringe, B. R. Transistors and Crystal Diodes, Wehman Bros., 1954,

Bionoy, S. J. Transistor Technology, Vol. III. D, Van Noestrand Co., Inc.,
1958.

CarowerL, W. C. Practical Transistor Servicing, Howard W. Sams Co,,
Inc., 1960.

CarrOLL, J. M. Transistor Circuits and Applications, McGraw-Hill Book
Co., Inc., 1957.

Conrr, T. Metallic Rectifiers and Crystal Diodes, John F. Rider, Inc., 1958.

Dunrap, W. C. Introduction to Semiconductors, John Wiley and Sons, Inc.,
1957.

Evans, J. Fundamental Principles of Transistors, D. Van Nostrand Com-
pany, Inc., 1958.

GrEINER, R. A. Semiconductor Devices and Applications, McGraw-Hill
Book Co., Inc., 1961.

Jovce, M. V. Transistor Circuit Analysis, Addison Wesley Co., Inc., 1961.

HunTter, L. P. Handbook of Semiconductor Electronics, McGraw-Hill
Book Co., Inc., 1958.

LeaurmaN, H. Transistor Techniques, Gernsback Library, Inc., 1957,
Liwviy, J. G. Transistors and Active Circuits, McGraw-Hill, Inc., 1961
Lo, A. W., et al. Transistor Electronics, Prentice-Hall, Inc., 1955.

Lurcy, J. Fundamentals of Electronics, John Wiley and Sons, Inc., 1960.

Mrmrman, J. Vacuum Tube and Semiconductor Electronies, McGraw-Hill
Book Co., Inc., 1958,

MueLLer, H. Introduction to Electrical Engineering, McGraw-Hill Book
Co., Inc., 1957,

Pressman, A. I. Design of Transistorized Circuits for Digital Computers,
John F. Rider, Inc., 1959.

Purren, K. A. Handbook of Transistor Design, Prentice-Hall, Inc., 1961,

RypER, J. Electronic Fundamentals and Applications, Prentice-Hall, Inec.,
1959,

Seery, J. Radio Electronics, McGraw-Hill Book Co., Inc., 1956.

Suea, R. F. Transistor Circuit Engineering, John Wiley and Sons, Inc.,
1957.

SHockLEY, W. Electrons and Holes in Semiconductors, D. Van Nostrand
Co., 1950.

SHURE, A. Semiconductors and Transistors, John F. Rider, Inc., 1961.

TermaN, F. E. Electronics and Radio Engineering, McGraw-Hill Book Co.,
Ine., 1955.

TurNER, R. P. Transistor Circuits, Gernsback Library, Inc., 1957,
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KEY TO TERMINAL DIAGRAMS

RIGID TERMINAL CONNECTION TO CASE

<— CASE

SHORT LEAD

OR PIN
ORIENTATION INDICATOR
(INDEX TAB) FLEXIBLE LONG LEAD

A Anode Mounting Flange
B Base Gate
C Collector Internal Connection

D, Diode Unit No. 1 Interlead Shield

BRI O

D, Diode Unit No. 2 Cathode

D; Diode Unit No. 3 Lug

E  Emitter 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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latest changes in semiconductor-de-
vice technology and data. Features
over 200 additions to RCA’s exten-
sive line of semiconductor products.
The popular Circuits Section has
also been revised to include several
new interesting and practical circuit
applications.

NEW FEATURES

B Complete chapter on silicon con-
trolled rectifiers discussing basic
operation and applications.

B Revised application guide speci-
fying recommended usage for
RCA transistors.

B Additions to the expanded Tech-
nical Data Section include va-
ractor diodes, silicon controlled
rectifiers, high-voltage rectifiers,
tunnel diodes, and many new
types of transistors.

H AND, for the experimenter and
hobbyist, several new circuits
including two portable radio re-
ceivers, a variety of hi-fi and
stereo components, a five-watt
citizens-band transmitter, ignition
systems, electronic control cir-
cuits, and many other popular
applications.
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