


Dear Readers

The word “digital” is by no means new to you.
“Digital” has been used to describe many things,
from clocks to computers. It’s as though the mere
mention of the word created a spell-binding effect.
No wonder sales promotion ad agencies make fre-
guent use of the word!

In fact, today, digital technology has made its
presence felt among audio products such as tape
decks, turntables, tuners, etc. As a result, the
products’ features and functions as well as their
quality and reliability have been greatly improved
over conventional versions.

For instance, many relays and switches have
been replaced by digital IC’s which use the simple
logic of 0 and 1, or ON and OFF in a pair. In
control circuits, digital IC’s have been employed
for auto music selection, auto lead-in, return and

repeat functions, etc. In Pioneer’s high-end digital
tuner, for example, digital technology has also
been employed for automatic scanning, program-
mable preset tuning, electronic switching, LED
and LCD display circuits and stable frequency
performance.

There is no doubt that many new products to be
released in the near future will make greater use
of digital IC technology. With this in mind, Pioneer
has prepared this book to help you understand the
fundamental digital principles and to supplement
the explanations in service manuals for Pioneer
products featuring digital technology.

There are many things to be learned before
acquiring a complete understanding of ‘‘digital,”
and it is our hope that this book will be helpful
in your study.
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sic Course “Digital”

1. Digital and analog

The quantity of countable things, like trees or cars,
can be determined by counting them digitally, On
the other hand, uncountable things, such as water or
time, must be measured analogically to determine
their volume. Digital data is comprised of discrete
units which have no intermediate value. If medium
guantity is undesirable or inconvenient, digital
processing is very effective,

The ordinary household light switch and thermostat
whose positions or values are changeable in discrete
steps, are digital circuits.

Diodes and transistors also work as digital switches.

2. Logic circuit

In a logic circuif, the numbers 1 and O are used.
These numbers in themselves do not indicate values
but opposite states, such as “yes” and “no,” “on”
and “off,” or “high” and “low.” By using ! and 0,
the shifting process of all logic circuits can be under-
stood and expressed in a logical algebraic form. {See

appendix on Boolean Algebra.)

2-1. Types of circuits
a) NOT circuit {Inverter)
NOT circuits are shown in Fig. | (a) and (b).
When the input of the circuit becomes 1, the output
becomes O, and when the input becomes 0, the out-
put becomes 1 as shown on the truth table in Fig.
1 (c).
The circles in the symbols indicate negation, which
will be explained later.
The function of a NOT circuit can be expressed
algebraically by F = A, A standing for negative A.
The lamp circuit shown in Fig. 1 (d) illustrates a
simple example of a NOT circuit.
Supposing that:

Switch A isclosed:A=1

Switch Aisopen: A=0

Lamp is on: F=1

Lamp is off: F=0
Then, as the circuit clearly shows, the switch is open
when the lamp is on. This proves that A and F are
reversed as in the truth table in Fig. 1 (¢).

{a) Symbol 1

{b) Symbol 2

{c} Truth table

-
©

{d} Light switching circuit

0//0
o I

Fig. 1 NOT circuit

Tt



b} AND circuit {Logicsl multiphcatior)

A vpical AND crroult is spown in Fig, 2.

With two inputs, there are four combinations, Since
the ouiput become: | only when the inp
tne funclion can be cxpiessea by F = AR
Mow iet’s apply this to rhe lamp cicust.

The lamp will go on oy when both A and B are 1.
This can be defermined by mulfiplying A and B as
shown in the Fig, 2 {(b) truth table.

Such a relationship between A and B is called logical
multiplication, or AND, and such a circuit is known
as an AND circuit.

Lo

{a} Symbol

A
e Fe AR
8

{b} Truth table

A1 B F=A.8
0 c 0
0 1 0
1 ] 0
1 1 1

{c} Light switching circuit

A9

e

@

g 0
Js/q!

Fig. 2 AND circuit

o} OR circwst {Logical agoiion}

Tnis type of circuit is diustrated m Fug. 5.

With this oreuit the ouvput becomes i when at
teast one fnputis 1,

This cunctbon s expressed as © = A~ 3,
Apphyirg *ais I¢ the lamp arcwet o Pig 3 (o). ine
lamp wii e on when A or B iz 1. 'n other woras.

this 1 getermined by adding A and B as shown i
the wuth table m Fig. 3 (b).

{a} Symbol

F=A+B

{b} Truth table

A B | F=A+B
ol 0 0
0| 1 1
1] 0 1
1] 1 1

{c) Light switching circuit

\’\>

£

o]

A\

%

Fig. 3 OR circuit



L84
A N, ‘\e?i QLCL& B hC‘Jm in Fig. 4
e 3 combination of #n AND circul and a NOT

put 48, i1 5 represented ‘%ﬂ ff; 3, “;%ifz 3};3{%@92 for
which 12 shown in Fig 4 (b}
The truth table in Fig. 4 (¢) indicates that output

is the reverse of AND.

{a} Function
AND NOT

{b} Symbol

{c) Truth table

Al B | F=AB
ol o 1
0| 1 1
170 1
17 1 0

Fig. 4 NAND circuit

g} NOR circuit
Fig, ¢ ‘f?: wg a NOR circuit, which is a combination
of an OR and a MOT circuit,

As output F is the reverse of the OR clromt’s A+ B
output. it is represented by A + B, the symbol for
which is shown in Fig. 5 (b).

The truth table in Fig. § (¢} indicates that output F
is the reverse of OR,

{a} Function
OR NOT

F=A+B

{b} Symbol

F=A+B

{c} Truth table

A | B | F=A+B
ol o0 1
0| 1 0
110 0
1] 1 0

Fig. 5 NOR circuit



2-2. Positive and negative logic

A logic circuit sounds very complicated. But Pioneer
products already have circuits such as the one
shown in Fig. 6. Since years ago, when the words
“digital circuit” were not popular, we have been
reading conventional circuits in the logical way.

A,

Y

Fig. 8 Typical protection circuit

When the voltage level at the base of a NPN (PNP)
transistor becomes high, the level at the collector
becomes low (high). Fig. 7 shows part of the pro-
tection circuit in Fig. 6, while Fig. 7 (b) shows its
function table.

When both input levels become high {(VCC : supplied
voltage}, the output level becomes high. When these
high and low {0V) levels correspond to 1 and O re-
spectively, this i 21 becomes an AND circuit,
Fig. 7 (c). When these high and low levels corre-
spond to 0 and 1 respectively, the function becomes
that of an OR circuit, Fig. 7 (d). The logical func-
tion of a circuit changes completely when the level
correspondents are shifted. The former (H = 1 and
L = 0) is called “positive logic” and the latter (H=0
and L = 1), “negative logic.”

The circles at the terminal of Fig. 7 (d) indicate
negative logic. Circuit (d) is an Invert NOR type,
having negation circles at both input and output.

{a} Part of protection

+Veeo
R
AD - OF
BO 4
{b} Function table
A B F
L L L
H=Vee
‘L H L
L=0v
H L L
i H H l H

{c} For positive logic

A 2] F=A-B
0 (4]
0 1
i 0

wonkt

{d} For negative logic

A
B
A | B | F=E:B
111
110
0 {1
0|0

Fig. 7 Logic circuit



When positive logic 1 is applied to the input of the
NOT circuit in Fig. 1 (a), the output becomes nega-
tive logic 1. The NAND circuit in Fig. 8 (a) can be
considered an AND circuit with positive input logic
and negative output logic. The circuit is the same as
that shown in Fig. 4 (b).

Then positive logic 1 is applied to inputs A and B,
the output becomes negative logic 1. When the out-
put of the above is expressed in negative logic, the
truth table will be the same as that of an AND cir-
cuit. Why should the same level be regarded dif-
ferently? The answer is that it is easy to understand
a whole circuit when the state of “lighting lamp” or
“rotating motor” is expressed as 1 in Fig. 9 where
the positive logic AND circuit shows that the lamp
lights when the output is 0, which is hard to under-
stand..

In Fig. 10, it is expressed with the negative logic
Invert NOR circuit. With this circuit, it is easier to
understand the function (refer to Fig. 11) that
causes the lamp to light when one of the inputsis 1
(negative logic). The fact that a circuit can be con-
sidered to function as either an AND circuit or an
OR circuit by positive or negative logic respectively
is called ‘““logical relativity.”

{a) NAND positive logic input
negative logic output

A positive 1 ——s
i
B positive 1 \ negative 1

Symbo! of negative
logic

{b) Truth table

Positive Negative
logic logic
A | B F
|0 0
0 1 0
1 1] 0
1 1 1

Fig. 8 NAND circuit

{a} For positive AND circuit application

A —

B e

(b} Truth table

A | B Qutput
01410 0 ON
011 0 ON
1 o G ON
1 1 1 OFF

Fig. 9 AND circuit

{a) For negative +Vee
Invert NOR circuit

{b} Truth table

A B Output

1 1 1 ON
1 0 1 ON
0 1 1 ON
o]0 0 OFF

Fig. 10 Invert NOR circuit



These examples explain why there is both positive
and negative logic for the same function.

Then, what about actual repair of a product or
checking its operation? In this case, H (high) and L
(low} levels are used, rather than the truth fable, for
checking voltage and wave forms.

The numbers 1 and O are useful when considering
digital circuits logically, but a function {able is more
convenient for repairing.

Now let’s see how the functions of each logic circuil
can be easily understood from a circuit diagram that
contains negative logic symbols.

In Table 1, the positive logic can be represented by
H and the negative logic {marked with ¢) by L. So
let’s use a NAND circuit (positive logic input) and
an Invert OR circuit (negative logic input) and see

{2} inveri OR circuit

As the input is negative logic, it is represented by L,
and the output, positive logic, by H. As the symbol
is NOT + OR, F = H when A or B = L. This is rep-
resented by

in the function table.

Thus, a part of the function is represented by a
symbol. As these logic circuits are generally termed
gates, we will refer to them as such from here on
{a NAND circuit = a2 NAND gate).

Table 2 shows yarious gates most frequently used.
Please refer to 4-3i for the Exclusive OR circuit

what happens. explanation.
{1} NAND circuit
As the input is positive logic, it is represented by H;
and the output, negative logic, by L. As the symbol
is NOT + AND(AND+NOT),F=Lwhen Aand B =
H. This is represented by

A ! B f F

HIH|L
in the function table.

Positive logic mput HNegative logic mput Function table
A=H F=H A=L

F=1 !

inverter

AandB=H F=H AorB=1{ F=t

w@
-

w »
i

I T~ rip

e o e B

T ™M

;

AND Invert NOR
AorB=H F=H AandB=L F=1 Al B | F
A A ——C T
£ £ L ' H H
B g —CO H L H
H H H
OR Invert NAND I '
1
AandB=H F=l AorB=L F=H A | 8 | F
A A L L H
E E L j H H
B 8 H L H
H ol H L
NAND Invert OR !
AorB=H F=L AandB=L F=H A_| B [ F
A N L L H
F £ L H L
B R & H L L
H H L

invert AND

Table 1 Conversion table

e



Positive logic input

Negative logic input

Function table

Buffer

inverter

Inverter

A
F
B

AND F=AB invert NOR F=AtB
A
F
B
OR FeA+B invert NAND F=AB

w p-d
-

invert OR F=A+B

NAND -AB
A A e
F F
B B
NOR  F=A+B Invert AND F=AB
A A
F F
B o B
F=AB+AB e
F=AB+AB

Exclusive OR =A®B

nclusive NAND

A

B

B :

Inclusive AND F=AB+AB

I X r- rmiPT T F FiPTT T F |l T -~ P T | PTTFC P

I~ X oW e~ ¥Xrcrjeoe @ofelsoF I CKRl@®lT o~ X @ E DR

X -~ rr xT|M X X F{7T ~ F~~ | M/~ T T T\ MI X I C~|MI - &M

Table 2 Gate variations




3. DigitalIC's

3-1. Types of digital IC’s

Digital IC’s can be classified by structure as follows:
bipolar type using transistors and unipolar type
using MOS FET’s.

These two types can be further broken down into:

{a) Bipolar type
*RTL (Resistor-Transistor Logic)
0Old type not in use now.
*DTL (Diode-Transistor Logic)
Scarcely used now.
*TTL (Transistor-Transistor Logic)
The current mainstay type.
*ECL (Emitter-Coupled Logic) or CML (Current
Mode Logic) an expensive, high-speed type.
*121L.  (Integrated-Injection Logic) or MTL
(Merged-Transistor Logic)
A super-high-speed, high-density type.
Expected to be the future mainstream type.

{b) Unipolar type

*PMOS (P-channel MOS FET)
This was used in early-type LSI (large scale
integration). It is still used in custom-made
LSI’s.

*NMOS (N-channel MOS FET)
Widely used in present-day LSIL

*CMOS (Complementary MOS FET)
Most widely used at present in various com-
ponents from ordinary gates to custom-
made LSI

The bipolar type generally responds quickly, though
it consumes a considerable amount of power, while
the unipolar type has a relatively slower response
time and consumes less power. Since audio equip-
ment does not require high speed, the less power
consuming unipolar type is widely used.

As bipolar IC’s are mostly TTL type and unipolar
mostly CMOS type, these two will be explained in
detail here; the others we will leave for another
occasion.

3-2. Density of integration and packages

As the number of elements (the number of gates)
contained in a single package differs widely, IC’s are
classified by the density of integration of their ele-
ments. However, this classification is not rigid, dif-
fering from maker to maker.

a) SSI (Small Scale Integration)
Number of elements: Less than 100
Number of gates: Less than 12

b} MSI (Medium Scale Integration)
Number of elements: 100 or more and less
than 1,000
12 or more and less
than 100
¢} LS! (Large Scale integration)
Number of elements: 1,000 or more
Number of gates: 100 or more

Number of gates:

As for the package, digital 1C’s used in audio prod-
ucts are mostly plasticmolded DIP (dual-inline
package) type. The photo (a) shows a NAND gate
TTL IC with 14 terminals (14P), while (b) illustrates
a 28P custom-made CMOS IC.

{a) M53200p

{b) PDA40Q7

There is also a flat type, which is widely used in
watches and clocks, as well as for industrial and
military applications.

A gate IC contains several gates within a single
package.

Vee 4B 4A
14 |1

4y 3B 3A 3Y
1 10 9 8

1
O

1 2 3 4 5 6 7
A 1B 1Y 2A 2B  2Y GND

Fig. 11 SN7400N pin assignment (top view)



TTL IC Primary Course — Threshold level

A circuit with two diodes and a resistor has logic
functions. The circuit depicted in Fig. A (a), which
is similar to that in Fig. 7 (a), functions as an OR
gate by positive logic and as an INVERT NAND gate
by negative logic. Threshold voltage level for shifting
from 1 to O or 0 to 1 is determined by the forward
rising voltage characteristics of a diode. But, actually,
the level varies gradually [Fig. B} and no threshold
can be found even if the input impedance is 0 and
output load impedance is infinite, There would be no
problem if a discrete level of OV or VcC were ap-
plied to the input. But, when gates are connected in
series [Fig. C], the combined circuit does not func-
tion.

Even when the input of the gate 1 is OV, the output
of Gate 3 becomes 2.1V (0.7V + 0.7V + 0.7V), The
minimum voltage required to make a current run
through a diode is about 0.7V. The more stages, the
harder it is to function as shown in Fig. C. With the
circuit of Fig. D (a), a high input level of 5V de-
creases down to 2.9V at output. When threshold
level is not discrete, logical judgement of 1 or § be-
comes difficult if the number of stages increases.
The ideal input-output characteristics of an AND or
OR gate are shown in Fig. E. The output voltage
should change when the input becomes Vcc¢/2 and
the difference between high and low levels should
be large at input.

{a} Circuit

A O————Ppb——y

BO B OF

1

(b} Symbol

Positive fogic

A
E
B

Negative logic
A—0O
F
B—0C

Fig. A Logic circuit with diodes and a resistor

Qutput
H
{0.7V) L+#--
L H input
e
Input O b O Qutput

Fig. B Input-cutput characteristics of a gate made of a
diode and a resistor

{a} Circuit
+Vee +Vee +ee
Gate 1 Gate 2 Gate 3
0.7V 0.7V 0.7v
Lo A ‘i@ o OUT
. 2.1V
B
C o—idg—-
D

s—-—j_j p}

Fig. C Gate connection in series

{a) Circuit
5V

Bo—Pi— -O—Ppf——4—02 .9V

111

{b} Symbol
A

B
Cc
D

Fig. D Gate connection in paralle}



vee
Cutput

|
!
{
1
]
|
]

e Input
/ 1/2Vee
The narrower, the better

Fig. E OQOutput-input characteristics

As you see, there are problems with gates which are
made of diodes and resistors, To overcome the ambi-
guous threshold and outputlevel differences between
Hand L, RTL, DTL, TTL, etc. have been developed
utilizing transistors for switching functions. How-
ever, a gate has other characteristics such as delay
time or response time and FAN OUT or the number
of gates which can be connected fo a single output.
Today, TTL’s are more popular for these applica-
tions. Fig. F is the circuit of a TTL NAND gate. In
the figure vou see an unfamiliar transistor Q,. This is
called a “multiemitter transistor”; one of the multi-
transistors shown in Fig. G, it is often used in digital
and analog IC’s. Its equivalent circuit is shown in
Fig. H.

Input/output voltages of TTL IC’s should be re-
membered when checking circuits which employ
TTL IC’s, or checking IC circuits will be impossible.
Refer to Fig. 15.

Fig. F Basic circuit of TTL NAND gate

a

B Multicoliector transistor

c
{bj
g‘_<_, Multiemitter transistor

5
E E
C

| I
E

{c)

Multibase transistor

Fig. G Multi-transistor

Eor—rIg- B o C

E O

Fig. H Equivalent circuit of multiemitier transistor



3-3. TTLIC

The original source of a TITL IC is the SN74 series
circuit of Texas Instruments (TD. Currently, semi-
conductor makers are producing IC’s with similar
standards as second sources.

This chapter will deal with the standard type. For
your reference, the foilowing table shows their
power consumption per gate and propagation delay
time.

Type Comeomption | deiey ame.
74 {Standard) 10mW 10nS
741 (Low power) imwW 40nS
74H (High speed) 22mW 6.5nS
748 (Schottky) 19mwW 3nS
giﬁi&\f}w’p"wer 2mW 10nS

Table 3 Power consumption per gate/propagation delay time

Now let’s go into the electric characteristics of TTL
IC’s,

al Absolute maximurm ratings

These are the maximum values permissible. Any
change in condition which increases the stipulated
value, even if it is instantanecus, will cause break-
down or deterioration of the TTL IC.

Supply voltage: A"
Input voltage: —0.5~+5.5V
Storage temperature range: —55 ~ +150°C

b} Recommended operating condition
This is the necessary condition for obtaining the
following performance.

Min. NOR  Max.

Operating supply

voltage (V): 475 5 5.25
Fan-out®: 10
Operating

temperature (°C): 0 25 70

*Fan-out: The number of parallel-connected gates
that can be driven by a single gate.

¢} Electrical characteristics

(1) Input voltages

This is the voltage limit which can maintain output
logical states (H or L).

H level input voltage Vi: 2V (min.). This is the
minimum input voltage level which can maintain
positive logic output of L. ‘
L level input voltage Viw: 0.8V (max.). Maximum
input level which can maintain positive logic output
of H.

{2} input current
This is the input current at the time Voo max. is
applied to the input.
The current varies in proportion to that of the sup-
ply voltage.
H level input current lig: 40pA (max.)
Condition: Vcc = (max.) Vin = 2.4V
L level input current IiL : —1.6mA (max.)
This (—) symbol means that the current is
flowing out. .
Condition: Vcc = (max.), Ve = 0.4V
Fig. 12 shows the input current measuring condi-
tions. Under these conditions, the input current is at
ifs max.

o Voo
L {5.25V)
2130 {max.)

oF
L Output

{a) IH (K level input current)

-0V ce
{5.25V)
{max.)

oF
H Qutput

{b) I1L (L level input current}

Fig. 12 Measuring condition of input current



{3} Output voltages

These also vary according to the power supply volt-
age (4.75 ~ 5.25V). It is the value of the time when
the minimum operatable supply voltage is applied,
because when the supply voltage decreases, the tran-
sistor base current decreases and this occurs even
when the output is 1, making it difficult to keep the
state of the transistor saturated.

H level output voltage Vor: 2.4V (min.), 3.3V

(TYP)'
Condition: Vcc = (min.); VIN = 0.8V, Iod =
—400uA
L level output voltage Vor: 0.4V {(max.), 0.22V
(TYP)
Condition: Vcc¢ =(min.}; Vin= 2.4V IoL =
16mA

Fig. 13 shows the measuring condition which makes
the output voltage worst, or minimum, and indicates
the direction of the output current.

iCB

Output voltage
decreases when &
Veo decreases,

AA
A4

%)Vcc {min.)

' {F.0.:10)

It becomes difficult 1KS
(1.6mA x 10 = 16mA)

. £
to keep the transistor ¢
saturated when Vcc
decreases.

I
|
!
{b) VoL !

Fig. 13 Measuring condition of output voltage

{4) Propagation delay time

The propagation delay time of a TTL IC is deter-
mined by the inner circuit being free from external
interference. That of a NAND gate SN7400 is 10ns.
The most influential load capacitance to produce a
time delay of 6ns/100PF is determined by the
following formula.

Propagation delay time: t,q = (10 +0.06CL)ns

CL: load capacitance (pF)

{5} Power consumption

The power consumption of a gate is SmW when the
output level is H, and 15mW when it is L. This
makes the average 10mW.

{6) Input/output characteristic

The input/output voltage characteristic of a TTL IC
is shown in Fig. 14. The threshold voltage at a nor-
mal temperature Ta of 25°C will be around 1.3V.

* TYP stands for typical value.

4 |

Qutput 33 Vee :i 5vV
voltage Y Ta: 25°C
vl 3 S,

0.22}- -~ ——-—-—w—»—a

04 08 121318 20

Input [
voltage

Fig. 14 Characteristic of input voltage vs. output voltage



Fig. 15 shows the input/ocutput voitage range of a

TTLIC.
{Refer to Fig. 13)

}
i
A .
e ——— 3
1B6mA |1 T\z.amA D
H i i
I 1Y
I H
/ i b : BROKEN
1 i i > 55~
4 |
(5 ! 1
i i :
| E :
H 1] fl
1 : : P
. Judged as H
VO H X ;
33ETYP X : i Vin
L L L L L L L Loy
“““““““ 2
NOT OCCURABLE JUDGING i
INCAPABLE 1.3 Threshold level
________ 0.8
(Y} S—
vo. {0'22 ————— 31 L Judged as L ViL
QUTPUT POWER ¢}
—0.6
BROKEN
INPUT POWER

Fig. 15 Voitage range of input and output of TTL IC

3-4. CMOS IC {Complementary Metal Oxide Semi-
conductor 1C)
a) MOS-FET
Transistors currently being used are bipolar and FET
type. The former is simply called ““fransistor,” being
used in popular amplifiers or TTL IC’s. The latter
can be subdivided into JFET (junction type, popu- ¢ M /
larly employed in low-noise amplifiers) and MOS { TR Mw;' >
type. The MOS type consists of aluminum, Si0O, and § P channel {Substrate) Depletion layer
a semiconductor as shown in Fig. 16. Resistance s oD
between drain and source can be controlled in the
range between 10° (ON) and 10'°Q (OFF) by
varying the voltage between the gate and source and
by varying the current channel width.

The differences between the bipolar type transistor
and MOS FET’s are:
Bipolar transistor MOS FET
(1) Base current flows. Base curren? is very small (Subs trate)
because of insulated gate.

G, {Joint type gate)

{a) Type structure & bias method (P channel)

Voltage-controiled type. (P Cha“"e' (P Cha“”e”
(2) Saturation voltage = When ON, drain and source
remains. are in ohmic contact.
No saturation voltage re-
mains. (Substra
{N channel) {N channe!

Depression type Enhancement type
{b) Circuit symbols
Fig. 16 Structure of MOS FET



b} CMOS logic circuit

In MOS FET’s, there are P-channel and N-channel
complementary types fast hike hipolar tranmstors.
An IC which has both P-chunnel and N-channel MOS
FET’s on one substrate iz called 2 CMOS IC, How,
then, can we combine CMOS FETs in composing
a logic circuit?

Fig. 17 shows an inverter whxcn is a fundamental
CMOS logic circuit.

Fig. 18 shows its input/output and power supply
current characteristics.

Note that the threshold is about 1/2Vop, “L” and
“H” levels are OV and Vbp respectively and I flows
only when the input voltage is around the threshold
voltage. You will find that the characteristics of a
CMOS inverter differ a little from those of a TTL IC.

VDD=10V

ViN VOouT

> —
<

@D
g £
° I £
> S
5 ! 5
o I [
2
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e i =}
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> |

s

!

l i

VIN, Input Voltage [V]

Fig. 18 CMOS inverter characteristics

Fig. 19 shows the mnput-cuiput characteristics of
CRMOS inverter under various sunply voltages. The
threshold 1s alviays about 1/2Voo,

Then how can we mage NOR and NAND gares?

16 -
! ' Unusea nputs connected to Vss
} i
14}VDD = 16VDC S SR
— H H - 143
8 | b Ta=-85°C
= 12
(9]
10vVDe
g 10
=
s \
5 8.0 \
2
=3
© 60 55vne ,
5 alib ailb
O 4.0 1
= % ailb i
3.0 ;
H
; ) %@
i I &% g
[ S—. RO P,
g 20 40 8.0 3.2 0 12 14 15

YVIN input Vollage [VDCS

Fig, 18 Iaputfouiput characterstics
of CMOS nvarter ander vanokus
voliage supped

g, 20 shows fug Maﬂamm}i 2-nput NOR und T-input
NAND gales. FETs with EEW ssine polanty can be
pied wo withont resistors because MOS FET leaves
no saturation voltage whide it s OGN, The inpu i‘x can
ke jnoressed wy pibng the FET s up. Taole 4 shows
the funcuon of the NOR gate of Fig. 20 {a). Uy, QJ
{25 and Q. each works as a switch,

-+ 10y +10v
9 o
L Rl e £ ’—’——‘Mﬁ
Tnpu* § { o h
P! 1 i’%ajo Inp?:l? '] ;j\j:jg?
| S— ..__.1___,0
‘npcu} 2 Iﬁ‘gz b Output
s j o
o
Uutput Input 2 ::]
O g
U =S

{a) 2-input NOR Gate {b} 2-Input NAND Gate

Fig. 20 Fundamental circuit of CMOS gate

Table 4 Action of 2-input NOR gate
lILII = OV IJHII - +-EGV

input 1input2{ Q, | G, | Q3 Q4 |Cutput
L ON | ON |OFF|OFF H
ON |OFF |OFF| ON L
OFF| ON | ON |OFF L
OFF|QOFF| ON | ON L

o og i o

L
H
H




¢} CMOSand TTL

CMOS and TTL are the same from the viewpoint of
their logic circuits, but differ in the following points.
Fig 21 shows that the power consumption of
CMOS gate is verv low {about 1/100 that of a TTL
gate; af low frequency. Its Ip is about 107%A when
its output remains unchanged. The power increases
inn propertion to frequency because the crossing fre-
quency of fluctuating voltage through the threshold

in a certain period of thme increases. Power consump-
tion is important for battery-operated systems. By
minimizing heat generation, the integration of large-
scale circuits and further increasing of reliability are
possible. CMOS gates can be operated in the wide
power supply range of 3 ~ 18V, while TTL gates
function only within the range of 5V £0.25V.

EG oy ; %
— %A:+é5°(i
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E C.=6.0pF !
= |
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g
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- CMOS
& 0.0
g ¥
ﬁaﬁ Unused inputs connected to Vss
0.001 i A i b R 3iid i i1
1.0 100 1000 5000

f, Frequency (K Hz)

Fig. 21 Power consumption of CMOS gate



CMOS gates have a large noise margin because their
threshold is always about 1/2 of the power supply
voltage and their logic levels are almost the same as the
power supply voltage or the ground level. The noise
margin of a CMOS gate is about 45% of the power
supply voltage while that of a TTL gate is about 1V.
CMOS gates have more than 50 terminals for Fan-
oufs because input current is negligible, while TTL
gates of the same family have about 10. However,
the number of Fan-outs that can be provided is
fimited due to wave deformation.

CMOS IC’s usually don’t employ resistors because
transistors can be substituted and are easily inte-
grated into IC’s. One slight disadvantage of CMOS
gates is their slow response time. The propagation
delay time of the MC14001B is 100nS (Vbp = 5V)
while that of the Texas Instrument’s TTL SN7400 is
10nS. So, CMOS gates are operated with a compara-
tively low clock frequency of about 100kHz.

O Vee

TTL taverter

P-Channel

Il

]
ot
i

CMOS Inverter = Vss

g

N-Channel

L

Fig. 22 TTL and CMOS inverters

d) CMOS switch

A MOS-FET is ideal except for the fact that this
has a relatively low maximum input voltage. Fig. 23
shows a bi-directional CMOS swiich. When H level
voltage is fed to Vc, the contact between IN and
QOUT becomes ON, having a resistance of about 102 82
in both directions. When V¢ is at L level, it becomes
OFF permitting some current leakage. With this
switch, many circuits can be simplified.

{a) Eaquivalent circuit

Ve 0——-——*——-——7

Vss VDD
OouT
{b} Circuit symbol
Ve -
IN
ouT

Fig. 23 CMOS switch



e} Cautions in CMOS IC use

The CMOS IC is sjectrostatically weak, When it was
introduced into the market, it was easily damaged
by even rubbing il with a prece of cloth or by operat-
ing a piezoelectric cigaretie lighter nearby. Because
its gate ig electronically isciated, being insulated by
2 thin 1,000A fof', a leaking AC line voliage gen-
erated by a soldering iron may destroy the IC. For
proteciion, the [C should be kept on a piece of con-
ductive sponge or wiapped properly in a piece of
aluminum foil.

These conditions apply to NMOS and PMOS IC’s.
Special care should be taken when handling LSD’s, as
these are expensive components.

Dual NAND gate

Vee
130
4k 1.6k
Output
Input
Attty 1K
B G
GND
SN7400
Consum,
power: 10mW/gate
Delay
time: 10nS

4. Gate combinations

4.1, Ldvaniages of invert-gate circuits

There are many 1C’s such a5 NAND and NOR which
use inverted logic. Such invert gates are useful when
combined with other gates, although they are a little
difficult to understand. The main advantage of invert
gates is their simplicity. Fig. 24 shows NAND and
AND gate circuits. You will see how few elements a
NAND gate requires, how little power it consumes
and how short its propagation delay time is.

Dual AND gate

SN7408
19mW/gate

15nS

Fig. 24 Circuit of NAND and AND gates



4-2. PMultistage gate connections

When gates are o be connected with many steps, it
is better to connect them so that power consump-
tion at each step is as low as possible and the total
power consumption is kept to o minimum. In addi-
tion, from the standpoint of propagation delay, it is
better to compose a circuit with.invart gates.

{a)

(b}

{c)

Fig. 25 NAND gate combinations

It is easier to understand the logic structure of a cir-
cuit if the NAND gates at the output are expressed
as Invert OR so that the logic between the steps
are made consistent with negative logic.

If the logic throughout a circuit is consistent, wheth-
er it is positive or negative, the resulis will be the
same. However, it is also possible for a circuit to use
combined logic as in an AND and OR circuit.

{a}

a)

(b) i

c) H

A
B
D
c
D

Fig. 26 NOR gate combinations

{c) | 1 [

Fig. 27 MNAND-NOR connections

Fig. 28 NOR-NAND connections



4-3. Circuit employing gates

a}l MNAND and NOR gates as inverters

Fig. 29 shows one method for making an inverter
using NAND and NOR gates. The NAND and NOR
truth tables on page 3 explain why they can become
an mverier.

This method makes full use of an IC. If a circuit re-
quires three NAND gates and one inverter, it can be
made with a NAND IC, which usually consists of
four NAND gates, by making a NAND gate into an
inverter.

Equivalent

%-—{>o—-—

Fig. 28 Using NAND-NOR gate as inverter

b) Delay circuit

This circuit uses the charging and discharging time
of capacitors for delaying outputsignal-to-input-
signal response. The delay time is determined by the
time constant of C {capacitor) and R (resistor).

In Fig. 30 (a), the time from H to L and from L to
H will be delayed in both cases. In (b), the time
from H to L will be delaved, however, there will be
no time delay from L to H since C is discharging
through a diode and not R.

{a)

IN R ) ouT

Fig. 30 Delay circuit



¢) Trigger pulse generator

In Fig. 31, the inputs of the NAND gate do not
coincide. However, this circuil outputs a negative
trigger pulse for a2 short time while the NAND’s
inputs coincide with the help of the discharging
current of C of the delay circuit.

{a}

@

ouT

ouT

Narrow-width pulse

m DOLUT

ouT

Narrow-width pulse

Fig. 31 Trigger pulse generator circuit

The circuir in Fig. 32 generates a positive pulse at
the rising point of the square wave with two invert-
ers.

Veo
|
2

i
B ouT
i §

Fig. 32 Trigger pulse generator eircuit



d} One-shot (monostable} multivibrator

A monostable multivibrator can be made using two
NAND gates or two NOR gates along with capacitors
and resistors. This circuit can be easily understood
by expressing the first stage gate in OR logic. When
the first stage is an Invert OR (NAND) gate, a nega-
tive output pulse can be obtained, and when itisa
NOR gate, the output pulse is positive. The width of
the output pulses will be determined by the time
constant of C and R.

See Fig. 33.
{a)
C
e} —“‘ a
IN
R
Q
IN u
“i}“‘l‘i::.‘
b
Q (ouT) '
(b) Vee
R
IN
{ —Q
®
Q
IN N
R
aouT) ] l

Fig. 33 Monostable multivibrator

e} Schmitt trigger circuit

The Schmitt trigger has a hysteresis input-output
characteristic and is used for reshaping the input
waveform into a square wave for use in the digital
circuit. Hysteresis voltage width can be varied by
adjusting Rs and Rf.

iy
Rs
N AR At b QU T
OutpUt P
voltage

| J

LTP uTe

UTP: Upper Trip Point
LTP: Lower Trip Point

Input voltage

uTP !

VHYS

LTP / f

VHys= VHo-B—i VHO = VF)H — VoL
High-level

Rf VOH:
output voltage

VoL: Low-level
output voltage

Fig. 34 Schmitt trigger circuit



fi Linear circuit
The input-output characteristic of an invert gate is
nonlinear as shown in Fig. 35 (a). But, by adding a
negative feedback resistor as in Fig. 35 (b), more
linear characteristics can be achieved. In this way, if
can be used as an analog amplifier circuit as well.
The gain is expressed: )
R,
R,
This circuit is used in an oscillator circuit which will
be explained later.

{a)

Output 34
vl
2.04
1.0+
1.0 2.0
input [V]
{b} R,
PRRNEREE.Y ¥ (R —
Ry
i a2 QuUT
Output
vi 3.0+

i
I
!
!
1
!
|
L

1.0 2.0
input [V]

Fig. 358 Linear circuit

g} Astable muitivibrator (Blocking oscillator)

Fig. 36 (a) shows a basic astable multivibrator
circuit. A circuit which consists of two stages of
linear circuits connected in series as illustrated in
Fig. 36 (b). Since a capacitor appears in the feed-
back loop, the output frequency will be determined
by the capacitance. This circuit is widely used in the
design of a basic oscillator. Since the signal level ex-
ceeds the saturation point, rectangular waves appear
at the output.

{a}

1.2K 1.2K
a
o)
{b)
560 560
A mene WA
220 ‘b& 220 3
A 1 AN 2 OUT
®
§4
(1
c
ouT
{c} Calculating table
© 100mS
10mS 7
/
] )
tw 100uS //
10uS //
s /
100nS 7
10pF 100pF 0.001uF 0.01uF O1uF  1uF  1QuF

C

Fig. 36 Astable multivibrator



h} Quartz oscillator

The capacitor in the feedback stage of the astable
multivibrator circuit in Fig. 36 (b) is replaced by a
quartz osciflator. The wave form appearing at the
output is close to a sine wave, as the oscillating level
of the quartz is low—output does not reach satura-
tion level. If a rectangular wave is required, connect
a Schmitt trigger circuit shown in Fig. 34 to the out-
put.

b &y
b
o
S ¢

220 220
AP Vv ouT

{0
X-tal

{1 MHz ~ 20MHz)

Fig. 37 Quartz Oscillator

i} Exclusive OR circuit

In this circuit, H (1) will appear at the output only
when disagreeing signals are fed to the input termi-
nals (A and B). This circuit can be made with invert
gates. Fig. 38 (a) shows a circuit employing five
NOR gates, while (b) illustrates a four NAND gate
circuit (refer to Table 2). The symbol is shown in
Fig. 38 (d).

F = AeB stands for AB+AB. Therefore, A®B =
AB+AB.

{a)

A
D=
B
F= (,K+§)1A+B)
=AB + AB

(b}

A

v s]

F = (A+B)-A + (A+B)-B
=AB + AB

{c} Truth table

A B F=A®B
0 ] 0
0 1 1
1 0 1
1 i o}
{d) Symbol
) >
F
B
F=A®@B

Fig. 38 Exclusive OR circuit

5. Fip-flop

5-1. Sequential logic circuit

For the digital logic circuits and circuit combina-
tions explained thus far, the only factor which
influences signal transmission time is propagation
time delay, the same as in the case of analog circuits,
otherwise, whenever input is applied, output is
obtained at once. However, this is not true with
sequential logic circuits where output will not ap-
pear unless cerfain conditions are satisfied. Since the
transmission takes time, the output is affected by
signal sequence. Flip-flop circuits are typical of this
type of logic circuit.

Time sharing is used for transmitting much informa-
tion on a single channel as digital circuits have
limited processing ability in a given time and have to
operate signals in order. Their operation also necessi-
tates external circuits. Sequential logic circuits
answer such requirements. There are two types of
sequential circuits: synchronous and asynchronous.
Actually, combination and sequential circuits are
used together, rather than separately.

Tense Past Present Future

Digital Term Tn-1 Tn Tn+1

Table 5 Tense vs. digital term

Thisis very convenient in expressing circuit functions
sequentially controlled by input signals.



5-2. Fundamental principle of flip-flop circuit {a} Logic circuit
A flip-flop circuit is also called a “bistable multivi-

brator.” The output of a combined circuit varies Reset O~
(L-H—-L or H-1 —H) in accordance with the
variation of its input (L —H — L). By the same
input variation, the output of a flip-flop sequential
circuit may be shifted from L to H during the time
from Tn-1 to Tn. But the H level may be kept
unchanged during the time from Tn to Tn+1. This
means that the circuit has a memory function for
holding the output level from Tn to Tnt+l. The
output variation of a sequential circuit depends on
its 'comp'ositif)n and. thef time. factor as there are (b) Symbol
various kinds in the circuits available.

Set input O0—— § Qp—o0
Tn—-1 L L L~ L
y 8 =
Tn H- _gg —H H~ g% [H Reset inputo——_R  GQf—0
gp
¢ 85 &5
Tn+1 L —L L —Holds H
Fig. 39 Combination and seguential circuit )
output variations based on input {c}) Function table
Input Output
Flip-flop circuits are classified into four types by S | R oG
function: L | L | Unchanged
One-bit memory circuit L | H L | H
One-clock pulse delay circuit HilL H | L
Binary counter circuit H Il H * *
1/2 frequency divider *: Q=Q= L: inhibition
5-3. Flip-flops classified by logical function Fig. 40 NOR gate B-S latch

a) R-Slatch

The fundamental sequential logic circuit has two
invert gates which are crosscoupled as shown in
Fig. 40. A latch is a feedback loop used in a sym-
metrical digital circuit (such as a flip-flop circuit) to
retain a state. It has two input terminals of SET and
RESET and has two complementary outputs of Q
and Q. The function table for a NOR gate R-S latch is
shown in Fig. 40 (c¢). It is important not to make
both the R and S input levels High (1) and then Low
(0) simultaneously. As shown in Fig. 40 (c), the
outputs do not complement each other when both
R-S inputs are H (1). When both R and S inputs
shift to L (0), the output levels become indetermi-
nate, although Q and Q are complementary.



Although Fig. 40 consists of NOR gates, an R-S
latch can be made of NAND gates, and expressed by
Invert OR circuit as shown in Fig. 41. The R-8 latch
itself is used as a temporary memory circuit. This is
widely applied to complicated flip-flop circuits in
combination with control gates and other latches.

{a} Logic circuit

Reset 0

{b) Symbol

Set =
input

é

Reset — —
input . O R a ©

{c}) Function table

input Qutput
SR Q| Q
H H Unchanged
H . L H
L H H L
i L * *
» O =0 = H: Inhibition

{d) Timing chart

Set I E
input

)
i
i |
: U )
) |
H 1 I 1
! '
! ! )

LT

Fig. 41

Reset

Cutput

NAND gate R-S latch

b} R-S-T flip-flop {FF)

The Q and Q outputs of an R-S latch vary quickly in
accordance with the variation of R-S inputs. When
synchronous variation is required to clock signals,
a synchronous FF like that shown in Fig. 42 (a),
simple R-S-T FF, is employed. This is a double-
phase circuit consisting of four NAND gates. Two
gates compose an R-S latch. Two other gates, G,
and G, are added to the circuit to synchronize R

and S inputs with T. Fig. 42 (¢) and {d} show the
R-5-T FF’s function table and timing chart. When
no clock signal is present at T, the outputs of G,
and G, become L and the R-S latch retains its state.
When a clock signal appears, R-S inputs are inverted
by G, and G, and then fed to the R-S latch.

With the FF in Fig. 42, Q and Q vary many times
with the quick variation of R-S inputs during the
period when a clock signal is present.

The synchronous type only changes its output state
once with each clock signal. To realize this, it is
necessary to narrow down the width of the clock
signal. This will be explained later.

{a} Logic circuit of 2-phase type R-S-T FF

Reset O——r__

{b) Symbol

Setinput o S Q ~0

Clock input o1 T

(@]
o

Reset input © R

{c} Function table

Tn Tn+1

S | B | Qn+1 | Gn+1 o

— Tn: Bit time before clocked
L]t Qn Qn | Tn+1: Bit time after clocked
L H L H On:  Retains the state before
H L H L clock inﬂjts

* I Qn+1=Qn+1=

HH H: Inhibition

{d) Timing chart

-

] E]jz

o]

o}

[«]]

Fig. 42 R-S-T flip-fiop



¢t JK flip-flop

As shown in Fig. 43, a JK FF is also synchronous
and has JK inputs instead of R-S inpuis like the
B-8-T FF. As shown in Fig. 43 (¢}, the JK flip-flop
accepts any input combination. Feeding H to both
inputs of an R-8-T FF simultaneously is inhibited,
but it is all right with a JK FF because it only
inverts the output siate of the time before the clock
signal is applied.

As shown in Fig. 44, JK FF is basically an R-§-T FF
which has been made stable and changes its output
state only once with each clock signal. In the JK FF,
J input and Q outiput are fed to SET input, and K
input and Q output to RESET input. Thus there is
no R:$ = H:H input combination for an R-5-T FF.
It should be noted that the circuit may oscillate if
the clock signal pulse width is wide.

{a) Logic circuit

.
Jo } 00
T

-0Q
o—>

{b} Symbol

J input O————i J g o0

Ciock oS
input

K input O——-iK 5] o)

{c} Function table

Tn Tn+i
J K Qn+1
L L Gn
L H L
H L H
H | H Qn

Qn: Retains the state before clock inputs
On: Inverts the state before clock inputs

{d¢) Timing chart

j L

Fig. 43 JK flip-flop

To
K ormrmnd

L
Jo—-———}s Q
—
/

["'1

Fig. 44 JK FF consisting of R-8-T FF



d) T flip-flop

With a T FF, the Q and Q outputs change while
a clock pulse is present. Therefore, clock pulse
width should be narrow as wide pulses cause chatter-
ing or frequent switching. The reason and method
wiil be explamed in 54,

{a} Logic circuit

00
T
- oG
{b) Symbeil
af—o
Clock
input T
al——o

{c) Timing chart

T_ﬂ ﬂ }ﬂ 4“! ﬂ

Fig. 45 T flip-flop

e} D {Delay) flip-flop

As shown in Fig. 46, a D FF has a data nput, a
clock input and Q and Q outputs. When both D and
T are H, Q becomes H and Q becomes L, and when
Dis L and T is H, Q becomes L and Q becomes H.
Thus, signals applied to D appear at the output
everv time a clock signal is applied.

{a} Logic circuit

Do———]

To
{b) Symbol
D input o D a o

Clock input o T

gi—o
{c) Function table
Tn | Tn#l
On+1
L L
H

{d) Timing chart

g S | N B

Fig. 46 D flip-fiop



5-4, FF’s classified by trigger system

As mentioned before, the ouiputs of a T FF change
their state many times during the presence of a
clock signal, thus T FF’s are liable to oscillate.

a) Edge trigger system

To overcome the oscillation problem, the edge-
trigger—very narrow width pulse—system has been
developed. This system narrows the clock pulse-
width, reads the input and kills the clock signal im-
mediately after the outputs are changed. In narrow-
ing the clock pulse-width, picking out clock-pulse
edges using the gate’s propagation delay time is pop-
ular, although a different method is used with CR
differential circuits.

@

ouT i i

Pulse width depends on Gd's delay time.

Fig. 47 Edge detection circuit

Gates corresponding 1o the Gd of Fig. 47 are G1 and
G72. The circuii shown in Fig. 48 changes its cutpuis
at the falling, or negative, edge of clock pulses.

Fig. 48 shows an R-S-T FF employing the edge-
trigger system,

{a} Logic circuit

G2

=

RO—

{b} Timing chart

I
'
5
s '
'
i
'
'
'
. '
¢ '
) '
' '
' | y
' ,
..B f
' .
' ' !
: ' 1
' . X 1
' : 4 .
' 1 ' T
] i 1 H !
' ¢ ' i '
1 ! i 1§ [
Y 7
: o ¥
| ty i
! v
| '
| '
. '
‘ s
: ' [
'
1
JE———— r_.ﬂ

Fig. 48 Edge-trigger R-8-T FF



b} Master-siave system

The master-slave system prevents misoperation by
varying outputs when the clock signal disappears,
while the edge-frigger system prevents frequent
outnut variation by narrowing pulse signal width.
This system has two sets of R-5-T FF’s which are
a master FF and slave FF as shown in Fig. 49, An
inverted clock signal is fed to the second FF. When
the clock signal is L, L is applied to the input of Gl
and G2, and g and ¢ remain unchanged. At this
time, an inverted clock signal H is fed to G3 and G4.
The states of q and G are then fed into the slave

{a) Logic circuit

Slave FF

Master FF

FF whose signals appear at Q and Q. When the
clock signal becomes H, the master FF reads the
states of S and R, and oufputs g and q. However, Q
and O remain unchanged because G3 and G4 close.
When the clock signal changes to L again, the slave
FF reads the states of g and g and outputs signals at
Q) and Q. This means that the outputs vary when the
clock signal falls from H o L. Most of the FF 1C’
on the market are either master-slave or edge-trigger
type. The clock input of each can be classified into
two types as shown in Table 6.

{b) Timing chart
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Fig. 48 Master-slave type R-&-T FF

Position of clock
Tvpe Logic symbol input where Function of the FF
output shifts
Positive going — e it reads input signal while clock fevel is L.
trigger —T Output shifts in accordance with function
Master-siave table when clock shifts to H.
system
Negative going - it reads input while clock level is H. Qutput
trigger —QT shifts in accordance with function table
— S when clock shifts to L.
Positive going - 1t reads input when clock level shifts to H.
trigger —T Output shifts in accordance with function
Edge trigger table at the same time.
system 3
Negative going it reads input when clock level shifts to L. 1
trigger —aT ﬂ Cutput shifts in accordance with function
table at the same time.

Table 6 Trigger systems

@



8. Binery system

8-1. Decimal and binary

To transmit and process data digitally, it is necessary
to change it inic a form that can be processed by
electronic circuits as shown in Fig. 50,

Coding {expressed
in digits}

!

Elsctronic
equipment

Fig. 50

The most appropriate way of handling a large
amount of information or data is numerically. Of
course, a fixed coding system is required to change
one form info another. If we Iry 1o introduce
decimalization as used in everyday life, we have {o
divide the limited voltage range intc small parts as
shown in Fig. 51. This requires ten transfer lines.

g 1

Vee
2
Tolerance
7 i which 1 and 0 are
8 i distinguishabig by the
§ |- . binary system.
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Iy whech dunts are
aistingusshable by
= the decimal wystem
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Such voliage range Jdivision decicases ervor allow-
ance, and it is not wise (o inurease the number of
transfer lines. A decimal number with the smallest
digit called LSD (Least Significant Digit) and the
largest, MSD (Most Significant Digit) is weighted by
10, 100, 1,028 and so on.

On the other hand, as digits 0 and 1 are used to ex-
press any number in the binary system, a carry is
made with every odd number. Unlike the everyday
decimal system, numbers are expressed in bits {bina-
ry digit). As shown in Fig. 53, each of the four bits
has a weighting of 2°, 2, 2% and 23, in.that order
from the smallest bit.
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Fig. 32 Weighting of deoimal numbers
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Fig. 53 Weighting of every bit in the binary system

Table 7 shows,the binary equivalents of decimal
numbers. Such equivalents are easily obtained when
the digits are small, but difficult when they are big,
It is useful, therefore, to remember the conversion
system for big-digit numbers.

Decimal Binary
4] 0
1 i
2 10
3 11
4 160
i 5 101
6 110
7 111
g 1000
g 1001
10 1010
11 10173
12 1100
13 1101
14 , 1110
15 1111

[

@

&

Table 7 Binary equivalents of decimal numbers



8-2. Decimal/binary and binary/decimal conversion
To convert a decimal number to a binary number,
ihe former should be divided by two to the nearest
whole digit, as shown in Fig. 54, When the number is
divisible, write 0; when it is indivisible and 1 islefi,
place I to the right of the quotient. Then divide the
quotient by two again and record 2 new quotient and
residual, until the quotient becomes 0. The residuals
obtained represent the binary equivalent of the
original decimal - number. The first residual (0 is also
a residual) is the 1.8B and the last is the MSB.

2)_98
2} 49 LS8

.............................................

Fig. 54 Decimal/binary conversion

As every binary number is weighted as shown in
Fig. 53, it can be converted into a dscimal number
by multiplying each bit’s weighting by its value. This
is shown in Fig. 55.

1160010 2
=1 x 2+t x 2+ 02 +0x 2+ 022+ 112 +0x2°
=98;,

Fig. 55 Binary/decimal conversion

When there are many figures, this methoed may prove
troublesome. In such a case, convert by calculating
in groups of four figures each. It is easy to obtain
equivalents of four-bit binary numbers as shown
in Fig. 56.

Binary

number Weight
[T

MSB ... 1 2P =2%x2%Y
Top 0 210 92308
Four s P1010{=10010)
figures 1 2° =2'x2

0 2% =20x3°

1] 27 =2%x2%)
Middle | 1| 20 =2'x2° 10x2°413%2° 49
i%‘;rres Y 25 =21x2° (110121=1 34010 rez777,,

1 2% =2%x2%

1 »# )
End 0 22
four : r1001(2)= (10}
figures Y 2
LSB ... 1 2° J

/

Fig. 56 Binary/decimal conversion

Divide weighting intc two stages to obtain four-bit
numbers and then convert them into decimal
numbers. In the example shown in Fig. 56, multiply-
ing the top four bits by a weighting of 2%, and the
middle four bits by a weighting of 2% produces the
decimal equivalent.

6-3. Binary coded decimal (BCD)

BCD is a code system frequently used for the binary
expression of decimal numbers by 1 and ¢. Under
the system, numbers from 0 to 9 are expressed in
four-bit binary numbers as shown in Table 8 (same
38 ordinary binary equivalents of decimal numbers),
and every decimal number is expressed by a four-bit
binary number. Binary four-bit numbers can actually
represent up to 15 of the decimal system, but com-
binations for 10 to 15 are not used under the BCD
coding system.

Decimal BCD
emmag@z,i

0 0000

1 00601

2 0010

3 0011

4 100

5 6101

8 0110

7 01 11

g 1000

g 1001

® 101 0NR

e |10 1 1|

® 1 1 0 0| Notused under
® 1 1 6 1]]the BCD system
® 1110

@ 1111

Table 8 Decimal number/BCD code



Every bit of a four-bit binary number representing
a2 decimal number has a weighting of §,4,2 and 1 just
like a binary code. In this context, the BCD code
system is sometimes called the 8421 code system.
Now let’s see how the decimal number 392 is
expressed in BCD code. The appropriate code can be
obtained by writing four-bit binary numbers for
each 3, 9 and 2 as shown in Fig. 57 (a}. The entire
code will thus have 12 bits. For comparison,
Fig. 57 (b) shows the conventional binary represen-
tation of 392. The binary code, having only nine
bits, is quite different from the BCD code.

a) BCD code

3920
)

00111001 0010 (BCD)

b} Conventional binary code

2) 392
20 486 LSB s
2} 73
2y 36
2y 18
2l 8
2 4
22

100100

Fig. 57 Difference between BCD and corventional binary
codes

This may give vou the impression that the conven-
tional binary code is beiter and simpler, having less
bits. But the reverse is the case. In expressing large
decimal numbers by .incry codes, the number of
bits will increase endiessly, making it very difficult
1o design a circuit. Although the number of bits for
the entire BCD code will also increase, since each
decimal digit can be expressed in four bits, a BCD
code can be obtained as bit-paraliel serial data by
using only 10 switches, four transmission lines and
several gates, as shown in Fig. 58.
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Fig. 58 Decimal-BCD encoder {bit-paraliel serial data)

In electric typewriters and electronic calculators,
BCD code conversion and operation is carried out
by pressing a key switch. An increasing number of
measuring instruments, including frequency coun-
ters and wow/flutter meters, now have BCD outputs
for printers. Other binary coding systems include
excess-three code and Gray code systems. Howsver,
since these are not generally used, we worn’t discuss
them here.



7. Counter

7-1. Asynchronous binary counter

Most digital circuiis except AND and OR gates are
used as counters, and the asynchronous binary type
is the simplest. JK FF or 1 FF can be wired as
shown in Fig. 59 and used in the so-calied foggle
mode by inverting ouiputs when the clock pulse
falis.

Let us ook at.the relation between the input clock
pulse (CK) and output (Q). If Q was “0” originally,
it inverts to 1" when the first pulse falls, and to
“0” when the second pulse falls. In the same way it
repeats the inversion every time the CK falls. Fig. 59
shows a negative type edge-trigger flip-flop. The
positive type works the same as the negative type
except that Q inverts when CK rises. These circuits
work as 1/2 frequency dividers. You will see in Fig.
60 that they also work as binary counters shifting
their outputs to “0” whenever an even number pulse
falls and to “1” whenever an odd number pulse falls.

[} 12

i
AN
¢—

J Q peee) O

CK Ot CK

I

K

(a) JK-FF

CK QD> CK

{b) D-FF

Fig. 58 FF binary counter

What happens then when the circuits are connected
in series as in Fig. 617 The whole circuit becomes a
1/8 frequency divider. If outputs Q, ~ Q, were 0
originally and were considered to be a three-figure
binary number, then the whole circuit would
become an octal counter. By connecting units of
flip-flops in series, a 2%-radix (base) counter can be
made.

oK - zs !3! ﬁ ﬁ ﬁ_
o L L. L

Fig. 80 Timing char? of binary counter

Qs Q. )

D> CK

K O——C>CK L-—d>~cr<
SN 74107 etc
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Fig. 61 Asynchronous octal Up counter

7-2. Up/Down counter

The coded number of the Up counter in Table 9,
taken from the @ ouiputs, increases when clock
pulses are fed into the counter {increment). The
timing chart of each FF output is shown in Figs. 62
and 63. Conversly, the number of a Down counter
taken from Q decreases as pulses are fed (decre-
ment). A Down counter is useful for making a circuit
which shifts the function of a device when it has
finished counting specified pulses. The octal Up
counter in Fig. 62 can be modified to a Down
counter by taking the output from Q instead of Q in
all cases.

Qutput of ocial counter

T Q, Q, (O decimal
To 0 0 0 0
Ty o ] 1 1
T, 0 1 o 2
Ts 0 1 i 3
Ta 1 ] o 4
Ts 1 0 1 5
Te 1 1 Y 6
T, 1 1 1 7
Ts 0 0 0 o
To 0 0 1 1

@

®

[ 2

Table 9 Tabie of octal counter {T: number of pulses)
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Fig. 62 Octal Up counter timing chart

l |

Fig. 83 Octal Down counter timing chart

7-3. N-radix system

What about making decimal and duo-decimal
counters? A simple method is to count up from 1 to
10, sense it, and then clear all flip-flops. Fig, 64
shows a decimal counter. The binary code expres-
sion of decimal 10 is 10107, A four-input NAND
gate senses the number “1010” and clears all flip-
fiops. To make a N-radix counter, N units of flip-

flops which satisfy the following formula are required.

201 o N 2R

Fig. 65 shows a TTL-MSI decimal counter. The
circuit can use a manipulate method as a binary-
guinary or a guinary-binary counter and has termi-
nals for resetting to 0 or 9.

When using this circuit as a binary-quinary counter,
its output becomes BCD.

!
sKo—{!ﬂ:x E Lw—('Tg oK S—(P> 0K L_cbox
!,_ K

=
<
=

Fig. 84 Asynchronous decimal counter



Qa INp Qs Q¢ Qo
T I ? !
J Q J o0 J 0 (——*R Q
CK O——> CK o——COD> CK e—OD> CK (> CK
@) O QO 0
& -
-
RESET 0 RESET 9

Fig. 6% MS! decimal counter SN7480

7-4. Synchronous counter

All the counters explained so far are asynchronous
type (Ripple counter). Time lag between input and
outpul signals are inherent to the flip-flop used.
A TTL’s time lag is 10—30ns. The more stages, the
longer the delay becomes. This presents a problem
when using the counter as a timing device and
connecting more than two outputs except when

Qs Qs Qe
o ‘i
J 0~% i ' 3 of—®
K o> CK cK L K | -
|
K K K J

Fig. 86 Asynchronous counter propagation delay

Propagation delay

Fig. 67 Timing chart of asynchronous counter

using it as a frequency divider. As shown in Fig. 67,
even an octal counter gives undesirable output codes
such as 011 -» 010 ~ 000 - 100 during the time that
CK is fed to the input until the oulput stabilizes.
The incorrect output causes the trigger circuits to
malfunction. To prevent this, it is necessary to make
the CK level of svery flip-flop invert at the same
time.

A synchronous counter solves the problem. These
vary in composition. The principle, however, is the
same as that of asvnchronous counters. The cutput
of the counter is inverted when the outputs of all
preceding flip-flops are 1. Synchronous counters are
more complicated than asynchronous ones. Fig. 68
shows a synchronous type octal counter. You will
notice that all flip-flops are controlied by the same
clock pulse synchronoulsy.

Qa Qs Q¢

J Q J Q J Q J
CK 0—e—C > CK {-—~C> CK {——o cK
K 7 K 1 K

Fig. 88 Synchronous octal counter



7-5. MSH counter

Usually, separate flip-flops are not used for counters
since MSI's (Middle Scale Integration) have become
readily available. Figs. 69 and 70 show an MSI
counter. This is a synchronous type and is capable
of both count-up and count-down functions. This is
a 4-bit {a 4 flip-flop) counter and is capable of
binary-hexadecimal counting by using asynchronous
Clear (which makes all flip-flops “0”) and Load
{which gives flip-flops original values) for carry,
borrow and clear. Further, counting more than 16
is possible by connecting carry (borrow) to count
up (count down). But, it should be noted that each
MSI works asynchronously in this case.

7-86. Decoder circuit

The output codes of counters or signal lines are
mostly binary or similar to binary. Decoding binary
values is necessary as it is hard to read them. De-
coder IC’s are available, although you can design a

CLEAR m

[ 1] ]]

é
i
0a 0B QC On CLEAR

OB COUNT UP CARRY P—=2

BORROWD—90
p LOAD

0> COUNT DOWN

RN

Fig. 69 MSI 4 bits counter SN74193

decoder by vourself by combining a number of
gates. The indicator in Fig. 71 lights an LE:D which
corresponds 1o the input code. The block diagram of
an SN7445 is shown in Fig. 72, while its function
table appears in Table 10.

|

|
LOAD |
|
{

COUNT uUP

COUNT DOWN

IR S N R

[ N

OUTPUT <

I e e S i

Qb __

CARRY

BORROW

(&)

5
|

/

!

-
L

SEQUENCE
ILLUSTRATED

/——"L“\/—A‘\

CLEAR PRESET
NOTES. A. Clear overrides load, date, and count inputs.

14 15
COUNT UP — ~—v

f
1 |
| |
i J
1 a
1 |
| ; |
| |
i l
1 |
! !
| |
| I

0

1 15 14 13
—'—COUNT DOWN

B. When counting up, count-down input must be high; when counting down, count-up input must be high.

Fig. 70 Timing chart of SN74193
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BCD code

low level {ON)
Table 10 Function table of SN7445

H = high level (OFF). L

Output 0

QOutput 1

Output 3

Qutput 4

Cutput §

Output 6

—
P

?__:}‘—@ Output 2

-

input A <i> Dc

Fig. 72 Functional block diagram for SN7445



A T-segment decoder turns LED’s on and off to
form figures as shown in Fig. 73. ICs SN7446 ~ 49
have this function. Some decoders have an ENABLE
input as shown in Fig. 74 which allows all cutputs

second adjustment. O-second setting can be made
by pressing the “O-second Set” switch and clearing
the second counter until the correct second appears.
Fig. 75 shows the block diagram of a digital clock.

| Y oy I

Y i Iy L

I— 1| —hiZhiZl
Y BV U O Y PN N |

0 1 2 3 4

5 6 7 8 9

Fig. 73 7-Segment LED

to be turned off. The decoder is sometimes called a
Data Demultiplexer because of its switching func-
tion which conveys ENABLE input to a specified
output terminal.

7-7. Counter circuit application {clock)

The counter circuit is popularly applied to digital
clocks, which work by counting pulses of a refer-
ence frequency. If the line frequency is 60Hz, one
second can be recognized by counting 60 peaks of
the alternating current, one minute by counting 60
seconds, and so on. Time indication can be done
with 7-segment LED’ and an exclusive decoder.
What about time setting? Most of the digital clocks
on the market go fast-forward when a time setting
switch is pressed. To make the time setting speed
up, it is necessary to make the reference clock
frequency higher than 60Hz. By making the clock
signal bypass the l-second divider, time setting is
speeded up by 60 times. Even so, it would still take 20
minutes to advance the time for 24 hours. To make it
advance still faster, the 10-minute frequency divider
is also bypassed. Thus the I-second frequency divider
bypassing switch is used for “slow” adjustment and
the 10-minute frequency divider bypassing switch
for “fast’” mode.

This way, it only takes a little more than two
minutes to make a full 24-hour adjustment. How-

ever, these fast-forward switches cannot make
ipD—o
Ot A 200
o—0
ADDRESS Tp——o >
oO—-ig T 0——0 O °
O\_____o

| E
ENABLE

ENABLE

Fig. 74 Decoder with-enable terminal (de-multiplexer)

The counter can be asynchronous. An SN7490 can
be used for a quinary-decimal counter and an
SN7492 for a hexal type. Making a 24-radix counter
only is meaningless, since BCD output is necessary
for indicating time. The output can be made with
the remaining binary counter portions of the
SN7490 and SN74972 along with one or two gates.

LED

Counter

X [stow}

ACSOHz (80Hz) [SEY] <} it %

Fig. 7% Block diagram of digital clock



1. Control Circuit’s Functions

1-1. IC's employed
Inverter
MS53204P (T1’s SN7404N)
Vec 6A BY BA 5Y 4A 4Y

I T

T2 s s e
1A 1Y 2A 2Y 3A 3Y GND

G

Vce
130

4k

Output

Fig. 1 Inverter M53204P {SN7404N)

CT-E750

AND :
M53208P (TI's SN7408N)

Vcc 4B 4A 4Y 3B 3A 3Y
14l |13 12} j11] j10] t 9| |8

-

l,1| IZI [3! I4I ISI IGI I7I
1A 1B 1Y 2A 2B 2Y GND

1"2:'3_‘ Output
B Y
a
GND

.

Fig. 2 AND Circuit M53208P (SN7408N)



NAND
M353200P (TI's SN7400N)

Vec 4B 4A 4Y 3B 3A  3Y
_[1a] i3] [12] [11] [0l Jo [8]

e

oS

—

1 2 3 4 5 6 7
1A 1B 1Y 2A 2B 2Y GND

Output
Y
inputs
B
;7;7 GND

Fig. 3 NAND Cireuit MS3200P (SN7400N)

NOR
M53202P (T1’s SN7402N)

Veo 4Y 4B 4A 3Y 3B 3A

mmmmu&ﬂ_

€

]

1 2 3 4 5 6 7
1Y 1A 1B 2Y 2A 2B GND

!——Wv VCC
4k
inputs 51\
A =
i Qutput
A Y
g} 4
B
Y3
GND

i

Fig. 4 NOR Clreuit MB3202P (SN7402N)

1-2. Dne-shot Multivibrator

MBE3321P (ITs SN74121N)

For detailed descriptions of Inverier, AND, NAND
and NOR circuits. please refer 10 the “Basic Course.”



1-3. One-Shot Multivibrator M53321P’s functions
This One-Shot Multivibrator puts out a puise signal
when certain input conditions are satisfied. The pulse
width of the M53321P can be adjusted by varying the
value of the external capacitor and resistor,

Rext/
Voce NC  NC Cext Cext Rint NC

14 113 j12] (11 _J10 9 8

12034 sMierl7
G NC AT Az B Q GND

Fig. 5 Pin alignment and block diagram

inputs Qutputs

Al A2 B Q a

L X H L H

X L H L H

X X L L H

H H X L H
H ¢ H AL LT
b H H J1 L7
{ { H JL P
L X 3 AL L
LoX L 4 AL LT

Fig. 8 Function table

There are two ways of connecting the M53321P as
shown in Fig, 7:
fa}

vee
C &
o sh
N I
: !
{11 110 g
%1 A2 o —
8
5
B
31 _ .
A1 af;

(b}

Vee

>l

>

N
o]

Fig. 7 Connections of M53321P

Fig. 7(a) : Terminals 4 (A2) and 5 (B) are connected
to Ve which is H level. Now, refer to the function
table in Fig. 6. (A2) and B are always H and only
when the level at 3 (A1) falls to L, cutput 6 (Q) in-
verts from L to H and then returns to L after a cer-
tain period of time. A positive pulse can be obtained
at Q; the pulse widih is determined by the product
value of the capacitor and resistor connected to the
IC. The actual time constant value is different from
the product value because the IC has an internal
resistor. The puise width will be explained later. The
level of G is always opposite to that of Q (refer to
*he “Basic Course” Section on flip-flops).

Fig. 7 (b): Terminals 3 (A1) and 4 (A2) remain L
because they are grounded. Refer to the Funchion
Table in Fig. 6. “X” means that the level can be e
ther H or L. Since Al and A2 are always L, a posi-
tive pulse and a negavive pulse appear at 6 (D and |
(@) respectively only when the level at S (B) rises to
H. In almost all cases, the outputs of 6 () and 1
{Q) remain unchanged in respect to L and H, except
in the following instances:

When input at 3 (A1) shifts from H to L in the cir-
cuit :n Fig. 7 (a).

When input at 5 {(B) shifts from L to H in the cir-
cuit in Fig. 7 (b).

in each case, a pulse of a certain width appears at
the output terminals, a positive pulse at 6 and a
negative pulse at 1.



2. Circuit Description
2-1. Auto-Stop Circult (solenoid activation)

+B, (BV) +B, {13V}
? ]
10304 (4/4) § R333 é i <
12, , a ) T = e -
i, & : g,fgé A338% AT
ST “ b = § : gl h
i
: 2] Sraaz TNE
To Accidental §$ﬁ% S 0333 “
Erase Prevention el R337 7 o
Circuit | ! A 0505 ic308
| % IC308 (1/4) Ty | M,M;;;j Q310
. + : ﬁm
WA & 1 e £
KQE@Z R336 (334 T Wf d:;}“ g
s +1C331 g b - o ~
E i H
2 25 S S B S a
o RT i§ N §
! T oz ;
i i :
i 3
777
To Reverse Mode Selector Muting Ciroult
Fig. 8 Auto-Stop Clreuit

Y Funetion tabla

{a} Symbol : iy
A e ~ LA LB L F=AYE
B EOR NS Lok H
M} ,}}‘ Lo H L
B e MO L Lo
H | H L
Fig. @

When in the PLAY mode a
vuts 11 and 12 of IC304 (4 ,;’4}"
output 13 becomes H (ze ”‘“"ef‘ toFi
output at 13 7 H~>(302°s base |
J,m@m flows from +B1 &hmugh R,) 33, R’%
and Q302 = Q304% base - Qé@4
Collector + H ~ €333 tez'mmam almost e@gmi o
+81 —~ No current through R338 - Q305 base  H
= Q305 . OFF - IC306 (1/4)’s input 2 : L - Out-
put 3 : L (refer to Fig. 10} » IC205 (1/6) inverts L

{a} Symbol {b} Function table
A : A B |[F=AB
i L L
L H L.
B H L L
H H H
Fig. 10

, Lﬁﬂ“m" ersing, iw?ﬂ;ﬁ&u}fu d
mput 1 of 0306 (1/4)is H - Bothinputs 1 & 2: H

sxcept when
= QOutput 3 : H - Inverter IC305.(1/6Ys ot *Du‘t L
- (3306°s base : L - Q306 : ON-> Q310'sbase 1 H
~ Q310 : ON - Auto-Stop solencid aciivated, tape
transport stops.



Role of zstable multivibrator current flows th hrou gh R333, R332, R336 and R347
In the normal state é%e Auto-Siop solencid be- - 3304°s base : 1.~ Q304 : ON — Current through
comes activated whﬂn an L %1gﬁa“a from IC204 {4/4) R338, 333, K- 3; and R334 stops ~ Q305°s base :
iz inveried and fed toinput 2 of IC306 (1/4). H - Q305 0FF - 334 i3 r“cnafgea - {3304%s
However, if for some reason the main voliage drops, hase : H - Q304 @?j{f :
the solenoid may not receive enough current to drive Since this cirouit is an astable multivibrator, Q304
it with enough force to irigger the tape transport and Q305 turn ON and OFF reciprocally. The pulse
stop mec h nism. To assure proper prim*éiﬁﬁ of the width is about .25 seconds with 1.75 second inter-
stop mechanism, 2 multivibrator mco&*j@%mie& 74l S :
in the Auto-Stop circuit to Mpea*{ cv@'ﬁmg of the Mo -y gy
solencid until the tapé fransport stop mechanism is 4 S
completely iriggered. The resistor and capacitor in-. X (e \
serted between 1C306 (1/4) and IC305 (1/6) com- k : ; s i
pose a delay circuit. In this way, the muting circuit ¢ - §
for eliminating the “click”™ can @pemto hefore the a o
solencid works. e L«—&?ﬁs.
Solenoid operation is delayved for 10 msec. The cir- ‘ e
cuit operation is the same as described previously
except when Q305 is ON:
When C333 is completely charged - Q305 base : H ig. 11 Waveform of the multivibratos
- 305 : OFF - Collector 1 L - 533-3}5 charge
£-2. Bao-Bton Detection Ciroujt
; ! : +8,
ICODTONB3S i R3A ”%g s ‘ é T18.6V)
]34 !
16001 % A, 0314 SV |
; 387 [ ey 0ats
¥ I R L~

3 7z {327 B SV il . \g/i}

] iC301 18305

g { ‘ §  {3/4) (6/8)

Fig. 12 -Auto-Stop Sensing Circuit

When the tape is running, the magnet mounted on
the countershaft rotates in proportion to the tape
speed - Pulses generated by the magnet’s rotation
tu:n the Hall 1C001 ON and OFF - The ON/OFF
signals to Q314’s base —~ Q314 repeats ON/OFF
cycle - When Q314 is OFF, C327 is charged
through R338 and R387 - When Q314 is ON,
C327 discharges through R318 and Q314. As the
discharging starts before charging is completed, the
base of Q315 becomes L and Q315 turns ON and
Q316 turns OFF. IC301 (3/4)s inputs : L - As

®

NAND IC301 (3/4) is wired to work as an inverter,
IC305 (6/6)’s output.is L.

When the tape stops, the magnet s‘tops rotating ~
1C001 stops changing its ON/OFF cycles. When

JC001 is OFF - Q314 remains OFF. When IC001 is

ON, DC current is blocked by €326 =C327 is
charged through R388 and R387 - €327 is charged
completely > Q315 base : H » Q315 : OFF ~
Q316 : ON ~ IC301 (3/4)’s inputs 9 and 10 :H-~
IC301 (3/4)’s output 8 : L » 1C305 (6/6)’s output
12 : H.



2-3. Auto-Stop Control Cireuit

1C305
Auto-Stop sensor {6/6)

When tape is moving: L 13 12
When tape is stationary: H :z{>

G301 IC304
for P
S e o oN 12808 i AL 6 2 U174, o
13 =+ . H 2
OFF , oa 41C308 410301 c330 $ To Auto-Stop Circuit
01 (2/4) e 3!
{1/4) {2/4) I—Q—l
11110 >
FAST 3 -y 9 Accidental Erase Prevention Circuit
S001 2 L5
5 4 icacs !
on| |D312 $328
u—ﬂ—o.\ON 3 + +ﬁ ) K] 5
OFF = [
+8, } : T x 4% § coog L ©icavs a
(5V) i | o
mr
VAVAV +
OFF
10 N o
OO-NL{;&I(BQS ) D§j'zo To the Muting Circuit
5002
for
PLAY
mode

Fig. 13 Auto-Stop Control Circuit

The Auto-Stop Circuit works when either or both of
the IC304 (4/4)’s inputs (11 and 12) become H (re-
fer to 2-1). IC304 (4/4)s input 11 is L unless the
Accidental-Erase Prevention Circuit feeds a pulse o
it.

a} While tape is running

When in the PLAY mode, 3002 13 ON and 8§
are OFF. - 0201 (4/4Ye input 12 &s %L
because +5V is applied to the terminal
.= Ths output iz H

A K Km?wﬁ“’%.,'
T i“%ﬂ i ‘
) T
i F
B T——— H L i
H H L

1C301 (1/4Ys input § , J6) inweris,
pulse from SO02 - IC301 (U/4Ys input 20 L= Out-
put 3 : H. IC301 (4/4ys output 11 {
(2/4Ys input 4+ H. *

While the tape is running, 10308 {6/8)s cutput 12
L = [C306 (2/4Ye input § ¢ L - Output 61 L
IC301 (1/4Ysoutput 3 1 H - iCBQE 2/4Y’s inpui 4

H- Input 5 : L - Quiput 6
input 2 : H. IC304 (2/4)’s oufput 4.1 -+ 1IC 308 s
input 3 -~ IC308’s output 6 (Q) is fed into IC304
(1/4)’s input 3.

When the MS53321 One-shot Multivibrator is not
working, output 6 (Q) is L — IC304 (1/4)’s input

Lad

1 Loand input 2 : H - Output 1 : L. Refer to Fig.
\
al.

7¢

The Auto-Stop Circuit dossn’t work because IC304
(4/4ys inpuis 11 and 12 are L and output 13 is H.

bl When tape stops
iC305

{6’ ”}’% putput 12 becomes ¥ (vefer to 22

ection Circuit) ~ IC306 (2 /4% s inputs
ﬁl}‘%ipm 6 T’f" - ;C 01 {2/4Ys input
4 H-Ountputs: L L,;s@é {1/4y’s

Lo+ O ﬁz:%mi 1: H - IC304 (4/4)’s
i1 o L - Output : L —» Auto-Stop

s 5&5?’%&“; g PLAY

. CON ~ 4B, s fed to IC301
4/ inputs 12 mdf%.;; h“f@ utput
it 04 (2/4Ys output 6 remains L because
4 is L even when the tape siops and 5 becomes H,

the Aute-Stop will not work when PAUSE is ON.
d) During FF/REW
FE swi tm SG01 - ON, 8002 . OFF, 5003 - @F? -
{4/4Ys inputs 12and 13 : L Output 11 - H.
@i‘? {(8)6¥s input 11 : L -~ Guiput 10 ﬁ -
IC30Y (1/4ys input 2 : H, 1 ¢ L~ Qutput 3¢ H.
Since inpuis of IC306 (2/4) and 1C301 (2/4) are the
same as those during ’?LAV -+ When tape stops and
IC305 {6/6)s outpui 12 becomes H, the Auto-Stop
circuif works and the tape stops.

g} PAUSE ON during FF/REW

IC301 (4/4Ys input 13 : L - IC301 (4/4)’s cutput
11 is H, which is the same state as FF/REW, even
when 5003 is ON and input 12 is H > Auto-Stop
Circuit works.



) When playing a slack tape

When playing a slack tape or if the tape is left
slack for about 3 seconds after FF/REW is shifted to
PLAY skipping STOP, the Auto-Stop Sensor
becomes activated. To prevent this, One-Shot Muli-
vibrator 1C308 keeps the sensor inoperative for 5
seconds. When the tape is in the FORWARD PLAY
mode, the sensor will not be activated by tape slack
because the sensor is linked with the right reel,
which in this case is the take-up reel. However, when
reversing, the right reel becomes the supply reel, so

when the tape becomes slack, the sensorstops rotat- -

int thus activating the Auto-Stop, Circuit.

PLAY :ON'= 8002 : ON > IC304 (2/4) s mput 6
becomes H for a short time until C329 is charged,
output 4 : L (Fig. 13). ‘

g) PLAY depressed during EF/REW

S061::

When PLAY : ON ~ S002: ON —» 1C304 (2/4) input

6 * H for a short time. When either or both inputs 5.

and 6 are H, output 4 shifts from H to L for about
70 msec. IC308 is an IC M53321P which was des-
cribed earlier in Fig. 7 (a). IC308’s input 3 shifts
from H to L, IC308 : ON - A positive pulse with a
width of 5 seconds, as determined by €330 and

R324 appears at output 6 (Q), goes to IC304 (1/4)

input 3. Even when the Auto-Stop Sensor is acti-
vated and IC304 (1/4)’s input 2 shifts to L, the IC’s
output . 1 remains L as long as input 3 is H.-1C304
{4/4Y’s inputs 11 and 12 : L - Output 13 ' H >
Auto-Stop Circuit remains inoperative.

In short, for about 5 seconds when IC308’s output 6
() remains H, the Auto-Stop Circuit is not activa-
ted. Actually, it will take nearly ‘7 seconds because
it takes 2 seconds more for the astable multivibrator
to ‘operate.

OFF - IC304 (2/4)’s input 5 becomes H for;
a short ‘time by current through D312 and-C328.

2-4. Trigger Control Circuit

1C306

+B, (13V
g B4 5 (13V)

8 R355

#B{5V)
10 T
| Trigges
solenoid .

Q311

~ Fig. 15 Trigger Control Circuit

This circuit controls Trigger Solenoid action and
switches FWD and REV. 1C306 (3/4)’s input 9 is
usually H unless the Accidental-Erase Prevennon
Circuit (explained later) works and feeds L pulse to
9. When manual or auto reversing, 1C306 (3/4)’s in-
put 10and output 8 becomes H. When 1C309’s in-
put-S shifts from L to H, the 1C309 works [Refer ‘
to Fig. 7 (b).]

A negative puise w1th a w1dth of 0. 2 sec., as deter-
mined by C339 and R356 appears at output i (Q)
> Q307% base : L ~ > Q307 : ON = QSU ON >
Triggér Solenoid mps = Switches FWD/REV.
(R355 and C338 compose a delay circuit which pro-
vides the necessary time lag for the Muting Circuit
to ehmmate the *“click”” sound produced by &he sole-
noid.



2-5. Direction Selector Circuit

001
fF(;;sT 3004 for Cassette Shell
Detect:
mode on . ctor OFF
= — i 8, (5V)
.
W 033710303 —+8,
Ras50 s30264°° J;chf iG03 - gicaos @)
€335 | 1302 10303 — 11 : To Trigger Controt Circuit
' (474 / " 10 o
1344 }(1,4} 5 (2/4) wis T s
= 3 T e ‘
$801 4 63 T % — T
5 1c307 . P g 1c30
3 5 ! $ |
‘ 1 o
L

To Bias-Osciilator Controt Circuit

Fig. 18 Part of Direction Selsctor Circuit

When direction switch S801 or S601 is pressed:
IC307’s input 3 shifis to L ~ Positive and negative
pulses appe&r at 6 () and 1 () respectively {refer
to Fig. 7 (a)]. The pulse width is 1 sec. as det tor-
mined by C335 and B350, IC307 s output 6 (0 :
- TC302 (4/4Ys imput 12 H. Af the time'¢f P;‘_A?
r 8TCOP, 3001 output . H ~» IC 3@2 "4:&) g input
3:H- QOutput 11 L-~T1C303 ¢ b

¥

MT

’ﬁm
?,

§ he G’EC‘J

During FF, S{E@E G?\F -~ [C302 (4/4Y
This time, even when 8801 or ?’9
IC302 (4/4Ys input 12 becom 3
mains H - Downstreamm ICs ou ipu‘& rerpaln un-
changed —~ FWD/REVY remains unchangsd.

When a tape is not loaded, 8004 : OFF - IC303
(2/4Ys input 5 : L » Output remains H even when
S801 or S901 is depressed and input 4 becomes H ~
Downstream IC’s outputs remain unchanged -
FWD/REYV switch does not trip.

2-6. FWD Priority Circuit (Timer-Start)

When ms T ,mern"isaﬂ “u:@f‘“{é@n izin vse and'a tapeis
S %’émi recording o FWD
tor is in the
m ?F@ 17 Reverse: Mode

Qyj o

¥

et



2-7. Reverse Mode Selsctor Circuit

Te
Auto-Stop Q305
IC304  {C305 Circuit 1306
M_-__; ‘ N g 10 & R385 3
> D321 D323 i"‘”’“‘““'QRhV 2
. e
: - iC305 - = $302-14 R
A S I e
- AR i ) - e D316
on Ll \ oREc i : : o
b GGF;’ZLA:; N ls 5015 issm & 5305-7 o 1C303 !
3 v S . 3 ¥ b G
;\::;de | | jsg%u; 5_%-\: k S HPB. L {174} ™ To-the Muting Gircuit
: o j] : - Yo LD iTECTICN
§ } e R ‘ /"3 Selector
¥ Q
] ‘LOFF OFF F;QFF ’ é gm EZ+C347
i | e
s S o b

‘~'?~a§g“ ‘i? Reverse Mode Selector Circuit

) uaﬁy L becma@ a% is con-
y the A.ﬂciéfe,‘maimﬁmgm %’ revention mr(‘m%
: 1-5 2 OFF 8507~

o
2o
&

K
G
ot
e
S
[
w
(@

: a{ - nimé

En‘ the FWB mo ‘e
input 10 through 8002, 8501-6, 8501-5 and 8302-
14 and D324, When tape ends = Q305 : ON -

H signal goes to 10302 (3/4)s

input 9 : H - Output & : L. IC303 (1/4Ys inpuis
U & 2 are usually H and L respectively — Output 3 :
H - Direction Selector shifts to. REV. Here, IC304
(3/4Ys input 8 : L~ input9: L - cutput 10 : H~-
IC305 (3/6) inverts to. L - IC306 (1/4)s input
-1 ¢ L - Output 3 : L -~ Auto-Stop mechanism de-
activated

(2) _" " Direction

When reversing : H signal goss to 1C304 (3/4)s in-
put 8 via S002, 8501-6, 8501-5, 8302-14 and D323.
- QOutput 10 : L > IC305 (3/6) inverts - 1C306
(1/4y’s input 1 : H. Q305 : ON at tape end - Input
2 : H -» Output 3 : H~ Auto-Stop Circuit operates.
{The same as in the 2= mode). At this time, the
direction shifter does not operate because IC302
(3/4Ys input 10is L.

o} iwg_) Made 958’34 OFF, 25015 OFF,
S5EQ1-8 0 ONY
During PLAY
0 tumugig S%Q
Q30506

oes to Lf;%@ {3/4Ys input
anﬂ, 5305-7. At tape end,

Vg9 H - @f*“ﬁigzi
WoTrks. AL mz

s
%]

i

ot

[ »
B g

P R
o~

Direction - Selecios 7e .iﬁg Vi?

¥
@9
:x::,s}, :
a2
B
=
f2a]

Gs& of DS 2 : :
321 is employed to give Auto-Stop preference over
FE/REW, 8002 is OFF at FF/REW. This time,
IC305 (5/6)s input. 11 : L » Output 10 : H - via
321 : B~ IC304 (3/4)’s input 8 1 H~ Auto-Stop
operates. Here, 8002 : OFF - IC302 (3/4)’s input
10 : L at any position — Direction Selector un-
changed.

e} Role of R385 and €347

When auto-reversing from FWD to REV at tape end,
$302-14 switches from FWD to REV (referto __)
mode) » D323 : H- IC304 (3/4Ys input 8 : H ~
IC306 (1/4)Y’s input 1 : H. The mechanical switching
time, about 0.3 sec., serves as the delay time. Q305
stays ON for (.25 sec. (refer to Auto-Stop Circuit).
S302-14’s sliding time and multivibrator’s delay
time have allowances. If the switch slides. earlier
than the time Q3035 goes off, IC306 (1/4)’s inputs
1 and 2 become H and the Stop solenocid operates
unexpectedly. To prevent this, R385 and C347
delay the shifting time of IC306 (1/4)’s input 2 to H
for about 0.5 sec.

2 g

”’f

j»



2-8. Accidental-Erase Prevention Circuit

FWD  NOHOLE

To Bias Osciliator RL301 5005
Circuit +B
REV
HOLE
NO . P.B.
HOL REC ~
1C304 FWD . 83058 i
(4/4) o
Multivibrator —_:D——
1 3
Zener
v {ﬁiode 7y
To Muting 2%28
Circuit IC304 IC305
! g (3/4) (3/6)
10 §> 6

9

Fig. 18 Accidental-Erase Prevention Circuit

CT-F750°s Accidental-Erase Prevention is electroni-
cally controlled and its REC bution can be de-
pressed even when a cassette has no erase {ab.

When the REC button is depressed after inserting a
cassefte which has no erase tab: S305-8 (REC) : H~
S005, (8006) : H - wvia RL301 - IC305 (2/6)'s
input 3 : H~- IC304 (4/4)s input 11 : H~ Cutput
13 1 L - Astable multivibrator operates. IC304
(3/4y’s input 2 : H - OQutput 10 : L - [C305
(3/6) inverts » IC306 (1/4)’s input 1 : H - Auto-
Stop operates and prevents erasing. IC305 (2/6)
inverts signal -~ IC306 (3/4)’s input 9 : L~ Output
8 : L » Prevents Trigger control from operating.



2-9. Bias Oscillator Controller and Muting Signal Detector

mm—fﬁ?ﬂf\ +B
" Bias output
0312 "
1
o i
[2¢] I:
1© N
‘l
i
i
3 4 ]B:
3 N
it
L 17 13
Q317 3 2
J+ 130612
= {4/4)
b '
—i¢ ON
C340 1C305 (4/6) D327 OFF 007
+. 9 8
1N for
REC
+B,
4\5 &) €341 %ﬁ
-4
T
OFF =
5 18]
+5v s 2 5 {1110 ;
so0z2 1C307 ) 5 1C310
for O ¥ 1 3 Ticaoz |3 4 e
PLAY 9 a (1/4) __I ¥ D318
mode
To Muting
/77‘7,- Crrount

Fig. 19 Bias Oscillator Controller and Muting Signal Sensor

When REC & PLAY are depressed simultaneously,
the deck starts recording: S007 and S002 : ON —
1C306 (4/4Ys input 13 : - 12 : Hwhen IC310 s
not working - [C306 (4/4)s ocutput 11 : H -
Q317’s base : H - Q317 : ON - Bias Oscillator
operates >~ Recording starts.

When STOP & PLAY are depressed simultaneously
while recording, it shifts from REC to PLAY rapidly.
5607 : OFF - IC306 (4/4)’s input 13 : 1, - Qutput
1Y 0 L - GQ317s base : L - Q317 : OFF -~ Bias
Oscillator stops (Recording stops). -~ PLAY starts.
The lower half of the circuit in Fig. 19 is the Muting
Signal Sensor for preventing “‘click” noise generated
by 8007 and REC/PB switches on the signal channel
which shift from ON {o OFF, and from REC to
PLAY, respectively.

S007  OFF - (340 is charged. ~IC305 (4/6)’s
input 9 : H ~ Output 8 : L - IC302 (1/4)’s input
2 L-IC302 (1/4ysinput 1 : H when 1C307 is not
working, output 3 : H - IC310s input 5 : H —
IC310’s [refer to Fig. 7 (b)] output 6 (Q) : H -

Muting Circuit operates. The pulse width is about 1
sec. as determined by C341 and R365. This circuit
also stops bias oscillation for a short time when
shifting direction manually.

When shifting direction manually during recording
1C307 works. » Output 1 (Q) : Negative pulse (1
sec.) ~ IC302 (1/4ys imput 1 : L for 1 sec. » Ouiput
3 : H » 1C310 operates — Qutput 6 (Q) : Positive
pulse { 1 sec.) » Muting Circuit. At the same dme
IC310% output 1 (@) : Negative pulse -~ 1306
(4/4Ys input 12 : L for | sec. » Output 11 : L »
Bias Oscillation stops for about 1 sec.

During Playback, muting operatlion is the same as
above, but IC306 (4/4) does not work.

Now, you will find that there are no +B (power
supply) and Ground symbols in the digital circuit
diagrams. They are generally omitted. Terminals 7
and 14 of all digital IC’s explained here are con-
nected with +B and Ground respectively {refer to
Fig. 1 and Fig. 5).



3. Troubleshooting Digital iC’s

All digital IC’s employed in CT-F750 are TTL type
and pulses are generated by one-shot (mono sta-
ble) and astable multivibrators, with a width of
0.2 ~ 5 sec. is wide enough to swing the multimeter
pointer. Therefore, conditions of the ICs can be
checked by a conventional multimeter (10k& /DCV)
except that the delay circuit and rise-time require an
oscilloscope equipped with a memory circuit. The H
level of TTL IC is +5V (4.75~5.25), the supply vol-
tage should be 5V. With this in mind, the voltage of
the stabilizing IC (TA78005P or uPC14305H) and
zener diode (WD-050) should be checked first
because supply voltage over 5.5V will damage the
IC’s while a voltage lower than 4,57V will not
operate the IC’s.

3-1. TTL 1€ Damage

A defective IC may either be “open circuited™ or
“shorted” because they are composed of transisfors
and diodes as shown in Figs. 1 ~ 4.

a) Open input terminal

When an input termunal inside is open, the IC fun-
ctions as if the imput is H even when it 18 L because
the inner level 1s H.

b) Shorted input (resistance O to 30 ohms)

Input shorting makes the IC’s own input L and
further makes the output of the foregoing stage L.
The word “or™ in the flow charts shown later refers
to shorting.

¢) Open ocutput {incomplete L)

Incomplete L causes malfunction. An open circuit

3-2. Troubleshooting Charts

between outpul and ground or shorting between
Vee and the transistor’s output will keep the IC's
cutput high,

d) Shorted cuptut (incomplete H)

Imcomplete H is also a sign of IC malfunction. In-
complete H can be caused by transistor shorting
between output and ground or an open circuit
between Vcec and ouiput, diodes and resistors.

-

Eowe
[
&

ey 1YY
A,

a} Auto-Stop solenoid works every 2 sec. after power is turned ON.

Defective 1C301{1/4) or IC305(5/6)

Defective 1C301{2/4)

or {when short-circuited)

[N

-
i
A |

Defective 1C304(1/4)

No,
Is IC301{2/4)'s input 4 L?
Yes.
No.
Is 1C304(1/4)’s input 2 H?
Yes.
No,
Is 1C304{4/4)'s input 12 L7

Yes.




i Yes.

Is IC304(4/4}'s output 13 H?

fNo.

Yes.

Defective astable multivibrator circuit
{Open C-E of Q302, etc.)

b} PLAY button doesn't lock. (Auto-Stop keeps engaging)

s 1C306{1/4)'s input 2 L?

No.

Defective 1C304({4/4)

Yes.

is IC3056(1/8Ys nput T L?

Mo,

Defective astable multivibrator
{Shorted E-C of 0305, etc.)

Yes.

Is 1C305(1/6)’s output 2 H?

Na.

Defective 1C306(1/4)

Yes.

Defective solenoid drive circuit
{Shorted C-E of 0306 or Q310 ete.)

Defective IC305(1/6}




c) Direction selection unswitchable {manual)

No. .
is cassette tape loaded properly? i Load it properly {S004 : ON)
Yes.
SW ON
/ When SB01 and 8801 are depressed, No
r——! does 1C307’s input 3 switch _ Defective S801, S901 or R349
f H1 ? !
. rom Hio L ;
y or
Yes. L,,_-_..,.._....,_.t._._ww..,__.m_‘
i
lamm {5, -—-f
Does 1C307's input 6 keep H : Defective 1C307
for 1 sec? !
t :
i ar
Yes. b o e e -1
é
N |
Is 1C302(4/4)'s output 13 H? - Defective 5001 5
H 1
t E 3
b Or ]
Yes. e e R ——ad
LR
Does 1C303(1/4)'s cutput 1 No. .
switch from H to L for 1-sec? 5 Defective 1C302(4/4)
Ll
! 3
Yes, I_OE__ _____________ -
%
o No.
Doss iCBOBﬁM ; e > Defective 1C303(1/4)
ecome H for 1 sec? ;
1 i
ior
Yes. et L R -
3
. No. Defective Erase-Tab detector
2303 ’ ¢ B H? .
Is 1C303(2/4)'s input 8 Hi : {5004, R345, WZ-050, etc.)
§
t !
tor
Yes, b e e H
i
H IE—— Does 10303 {(3/4)'s input 8 i
rg G?ec\;rfe 5 flcr) ‘; s;‘f; m ; Defective 1C303(2/4)
8
L t :
Yes. ‘}-Ei ~~~~~~~~~~~~~~~~~ I
:
H| Does IC306{3/4)'s input 10 No. . i
i become H for 1 sec? : Defective 1C303(3/4)
L T H
for
Yes, L..,q,.c.._.._._,m..,_,.,_._g....o.”.....m._........_m.._,._,,__ds_i
t
!
farr . Mo. . .
Is IC306(3/4)'s input § H? > Defective 1C305(2/6) 5
| |
1 1or ;
Yes. L T =§ s e e - - 4
v ¥



i

________________ o preeemm———
[ |
L v ¥
H e i .
! i Does mgi;’?";i? become e Defective 1C306(3/4)
¢ i
L - é
e L A ;
¥
. —-’l f=—0.2s.
? N .
t :{ j Does 'C3fi§rﬂé‘§’s”;; become ° Defective 1C300
Li g %
~{—50ms.
Yes.
Defective solenoid {(5L002) or
Drive circuit {Q307, 0311, etc.}
d} Auto-Stop malfunctions
Tape end
H \ Defective Hall IC{DN838) or
Do 1C301{3/4}'s inputs 8 and 10 No. ST
t 314, Q31
L . become H for 1 sec. after tape ends? S Schmit %r:;;jg LTS) - Q315,
=] 1s. Lor
Yes. b e e = e -
L ¥
H Does 1C305(6/6}'s input 13 become No. )
I__) L for 1 sec. after 1ape ends? Defective 1C301{3/4)
L %
Yes.
%
H l } Does {C306{2/4)’s input 5 become No. .
H for 1 sec. after tape ends? ' Defective 1C305(6/6)
L I
t ;
Yes ‘-_Oi ______________
” 1
k4
H i No. .
15 IC306(2/4)'s input 4 H? T Defective IC301{4/4)
!
L 1 E
Yes. S U -
3 ki
H Does 1C301(2/4)'s input 5 become No. Defective 1C306(2/4)
H for 1 sec. after tape ends? 5
L T I
Yes. G
H . No. Defective 1C301(1/4) or
’ ?
1s 1C301(2/4}'s input 4 H? : 1C305(5/6)
L t |
i or
Yes. hndindndendiadiesderhadhashdbundie e [ I it
R
H Does 1C304{1/4)'s input 2 become No. Defective 1C301(2/4)
L for 1 sec. after tape ends?
L t

1 ®




X

P

|

Nao. e 1
ts 1C30401/4)'s input 3 L? ° Defective 1C308
1
Vs,
Does IC304{4/4)'s input 12 become No i 10 p
u # for 1 sec. after tape ends? y Defective 1C304(1/4)
t é
Yes. LD-Z ———————————————— 1
i $
] Does 1C304{4/4)'s output 13 become | No. o "
L for 1 sec. after tape ends? Defective iC304(4/4)
i
Yes.
o35, e 7, «!
0.25s. — - - Defective 1C302{23/4)
® - r Doss 1IC308{1/4)s input 2 become Lor % E
ri' i H for 0.25 sec. ~ 3 sec. after tape ends? | No. | Defective asynchronous multivi-
ot lowe . b brator {302, 0304, Q305, etc.)
i
! or
Yes. b e e e e
. No. Defective |C305(3/5} or
. 5 -
Is IC306(1/4)'s input 1 H? 1C304(3/4)
1
Yes. [ e ———
¥
'_1 Does IC305(1/6}'s input 1 become Ne.
i H for 0.25 sec. ~ 3 sec. after tape Defective 1C306{1/4)
o ends?
t
Yes.
1
‘i ['"" e Does 1C308{1/6)'s output 2 become No. .
! 1 i 5(1
{ ;Lj L for 0.25 sec. ~ 3 sec. after tape ends? Defective 1C305(1/6)
1]
=
10imns. Yes.
Defective solenoid {SLO01) or Drive circuit
{Q308, 0310, etc.)
e} Auto-Reverse does not function
is REVERSE mode SW on?
Yes.
5
~ 1 No.

is manual direction switching
possiblie?

é Yes,

@

See 2-3 Direction selection
unswitchable




!

Does Auto-Stop function No. See 204 Auto-Stop malfunctions
properiy?

Yes,

I3 1C302(3/4)'s input 10H7 o T Defective Mode Switch circuit
%
! Lo
Yes. b e e i o e ]
3s. 2.~ A
0.28s.
Gican ool I Does! 1C303(1/4)'s input 2 become No.
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H ends? i
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i
|
]
|
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bo o o Defective 1C303(1/4)




-2000

1. KE-2000

To change the tuning frequency, the capacitance
or the inductance are increased or decreased in
value as tuning frequencies are determined by the
formula: 1

= vic

In the electronic tuner, a varicap {(variable capaci-
tance diode) is used in place of a capacitor. In order
to change the tuning frequency, the capacitance of
the varicap is adjusted by varying the DC (direct
current) applied voltage.

In conventional electronic-type tuners, the poten-
tiometer consists of VR’s or semifixed VR’s (varia-
ble resistor). A desired voltage 1s obtained by di-
viding the power source voltage. Later we will ex-

fﬁ’
%5 %% b B

plain this principle in more detail as it applies to the
tuner section of the KE-2000 (KE-2300).

In the case of the KE-2000, instead of dividing the
power source voltage, pulses are generated both in
the memory stages to get DC voltage. This method
is called the voltage synthesizer system and will be
explained later centering on CPU {(central processor
unit) IC (PD1002).

Conventional preset-memory systems use a continu-
ously varable analog system, whereas the KE-2000
{and KE-2300 with longwave) employs a digital
system which remembers frequencies by counting
tuning pulses one by one; the entire process is per-
formed electronically.

FHORNEER

¢ HLECTROMIE TURER

- % :
¥
Y S

Photo 1

KE-2000



1-1. Tuning Pulse Generation
On FM dial scales, stations appear every 200kHz*.
In other words, there are stations with frequencies
of 98.2MHz, 99.4MHz and so on. On the other
hand, you won’t find stations with frequencies of
88.35MHz or 97.25MHz. So, theoretically, the
following number of FM stations can be contained
within a2 20{MHz] (88[MHz] ~ 108[{MHz]) range:
20,000[kHz] + 200{kHz} = 100 stations
In general, there will be no problem with reception
if there are 100 tuning points. However, to obtain
accurate tuning, the use of a precise frequency divi-
sion must be maintained. If the number of generated
pulses (funing points) is small, there is a greater
chance of tuning error due to miscounting. If the
number of generated pulses is large, frequency error
can be reduced, however, both the counter and
memory unit must offer high performance.
The pulse generating device, the source of digital
pulses, is shown in Fig. 1 and Photo 2.
The gears mounted on the pulse generating device
have a 10 to 1 ratio in respect to the tuning knob.
Therefore, by turning the tuning knob a little more
than eight revolutions, more than 2,000 gear teeth
cross the path of the LED and phototransistor cou-
pler, generating pulses electrooptically.

Phototransistors

Fig. 1 Pulse generating device

vee
!
éac ic
s LED |
LED PHTr !
i
® =K % :
| |lc=1shfe
;
i
|

PHTr: Phototransistor

Fig. 2 The phototransistor switches ON when it receives
light emitted by the LED

LED’s were selected as the light emitting source
because of their low heat generation and long life.
Though the light emitted by the LED is not visible,
the wavelength is perceptible by the phototransistor.

*In some European countries, stations appear every 50kHz
or 100kHz.



1-2. Up/Down Counter

With this device. the pulses generated by the photo
couplers are counted. However, this device is unable
to detect whether the tuning knob is being tured
right (in the direction of higher frequencies) or left
(lower frequencies) in its present state. Therefore. a
pair of photocouplers (T, and T,) are used, each
mounted electricaily 90° out of phase. This enables
the device to determune whether the U/D counter’s
output is high or low with the edge of the clock
pulse.

For detecting the “lead” or “lag” of these two
puises, a phase comparator is used. Pulses generated
at T, and T, are fed separately into the C/K input
and the U/D input, respectively. as clock and up/
down pulses.

input and the U/D input, respectively, as clock and
up/down pulses.

a) Clockwise rotation of tuning knob {Up counter}

L

Q=
Q=

L1 L
ol g

e T e ST

Fig. 2

Fig 3 (a2} shows what occurs when the funing knob
is rotated clockwise to tune to hagher [requencies.
At the rise of the T, wave, T, pulses are at the H
fevel. When T, (C/K; pulses ate adaed one after an-
other while T, pulses are H, we have an Up counter.
When the tuning knob is rotated counterclockwise,
T, will be at the L level at the nise of T, as shown
Fig. 3 (b). With this, the U/D counter commands
can now be used to subtract the accumulated pulses
by the number of pulses generated.

G

The width of each generated pulse is regulated to
coincide with the rotational speed of the tuning
knob and gear spacing. When knob rolation pauses,
the counter stops and 3toies the number of pulses
counied. Moreover, the feel of the tuninge knob rota-
tion is similar to that of conventional dial-pomnter

The U/D counter will be explained in more detail in
2 later chapter

1-3. Generation of Voltage

Puises ccunted by the U/D counter are then trans-
formed into direct current (DC hereafter) corre-
sponding to the reading of the counter (2048 max.)
and it is then fed to the varicap in the front-end
stage. In other words, 2048 levels of voltage can be
generated by the counter.

T
VoD g
{/ 4
T

. VpD

Output | [ 2VOD 2048
voltage

4.4 (mV) x 2048 = g (V)

1024 2047

U O,

/D Counter

Fig. 4 Number of pulses vs. output voltage.
Each step is 4.4mV

Photo 3 Pulse generaior



1-4. Memory Counter

Band Selection
NG N

/ A AY
KE-2000 Series
A=FM
Numbpe f
Gfung o / Memory B =AM
bl :_m / KE-2300 Series
u/m ; ; Recall A=FM
N B = MW {AM}
Rt 4 7 C = LW {AM}
1 2 3 4 B11 2 3 4 b
et % 7
Counter Memory

Buffer

Fig. b

The memory counter employs flip-flops. A memory
buffer is used both for reading and display, however,
direct reading from the memory circuit is not
available.

1-6. LED’s for Station Indication

In accordance with the counter reading, the 32-
element LED station indicator switches on the cor-
responding LED’s to display the selected station.
(Refer to Table 6)

Table 1
LED Counter reading Frequency range
i 0~ 83 88.03 ~ 88.655
2 64 ~ 127 88.656 ~ 89.28
3 128 ~ 191 88.281 ~ 89.608
31 | 1920~ 1983 106.76 ~ 107.374
32 1984 ~ 2047 107 375 ~ 108.00




2. Control Circuit

2-1. Control Circuit

Photo 4 Controf Circuit

13.8V Switched R
55V
Delay CKT
Unswitched
13.8 V ~t— ] Stabilizer

power source

FE-AM

FE

| 31/ I ——

LP
Filter

Muting
voitage

Band Channel
switch switch

VDD
Data
out

Ic

PD 1002

u/D
oK

Constant
current
power source

Driver

e
Tuning
generator

Decoder

Decoder
driver

Fig. 6 Control Circuit Diagram
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2-2. 1C PD1002 \_J
[ est c/Kdq
Table 2 Specifications of PD1002 [z cs2 um
Structure Aluminum gate CMOS [2jcss ‘i‘ &
Max. rating 2} csa EE
Max. power 15.0V [Elcss Tig
Max. power consumption | 40mW [5] Reset Bl
Operation temperature ~35° ~ 485°C -
by 8st Efts
Storage temperature —55° ~ +125°C g o
or [elBs2 ENf7]
General characteristics ol
Operation voltage 7.0~ 12.0V B R
Operation current < 3.0mA fojve coig]
Standby period < 0.1mA i paTaout Re 4]
v
Hysteresis gate [12voo g
threshold Vp=65-75V
Vn=25-3.0V

Qutput saturation
voltage

{nput frequency

Memory hold voliage

Withstanding voltage
against static
breakdown

VOH> 9.9V, 0.1mA;
VDD = 10.0V
VoL < 0.1V, 0.1mA
< BkHz CLK

3.0V

> 200V {200pF)

Dimensions

4.30mm x 4.235mm ~

Elements contained

Approximately 3,100
transistors

Photo 5 PD1002

Fig. 8 IC pins alignment of PD 1002

u/D
23 Schmitt U/ Dt I't:o'u nter
21 trigger contro
C/K
/ ‘ } SYnchror}ous P Data
binary U/D D-t - out
Reset Trigger [" o ype converter g
100 fevel checker flip-fop LPF
Enable
170 L
6 (\_Pr_esi— Tirmung control
Display TTL
out
Band ol
§ select - 7L
2 Band Meamory Sy Inter-
8 select write/read face
7 tarch buffer
Channel Address
5 ). select buffer/
4 Channef decoder Random access
3 select memory (RAM)
10 latch 15 WORDS x
11 BITS
Binary
counter osc
Vop
Vss

Fig. 10 PD1002 Block Diagram
@

11



3. Circuit Functions

3-1. Binary Counter

By now, you have acquired a working knowledge of
the CMOS switch in the “Basic Course.” Here, the
flip-flop of the CMOS will be explained.

Figure 11 shows a CMOS switch. When a low-
level potential pulse and high-level potential pulse
are fed to G, and G,, respectively, internal resis-
tance drops, as they are P-type and N-type FET's.
Electricity can travel from B to A, not only digital
pulse signals, but analog signals as well can be trans-
mifted. Therefore, it is called a bidirectional or
analog switch.

Output
o
B

input ¢
A

Fig. 11 FF’s logic in the PD1002

In this flip-flop circuit, the CMOS switch is merely
an ON/OFF switch in which the T-type flip-flop
changes its ON or OFF state every time it receives
an input pulse.

In aTTL T FF, “chattering” or a successive series of
ON/OFF switching may occur during a single pulse
unless the pulse width is narrow enough. But when a
CMOS switch is used as a T FF, pulses from the
pulse generator, though not narrow in width, can be
used since the output changes state by detecting in-
put pulse levels and not pulse edges. The time during
which the state is maintained is proportional to the
time of H level and level. H and L pulses having
the same duration (symmetric type pulse) such as
those generated by a pulse generator, are con-
venient.

Fig. 12 shows part of the FF’s logic within the
PD1002. In Fig. 12 (b), the four switches are com-
plementing each other. The present input state is L
when there is no pulse at C/K. If a pulse is fed to
C/K, it is then inverted. The gate action variations
depend on pulse polarization which are as follows:

(a) Logic diagram CMQOS T-FF

o,
Q 6— ?

{c} Timing chart

Positive going

™ T

cK | ] Ql

5.5, ON  OFF ON OFF ON f

835 OFF ON OFF ON OFF —p oK
6~__.

5

Fig. 12 Binary counter flip-flop

Table 3 Gates’ Action

G, G, Gs Ga
P input L L H H
N input H H L L
Action ON ON QFF OFF

Therefore, L-level pulses appear at 6, and H-level at
Q. When a pulse is fed, the C/K level becomes H and
the output state reverses. A binary counter com-
posed of 11 FF’s connected in series is inside the IC
and can count up to 2048 pulses. Refer to Fig. 17.



3-2. Binary Up/Down Counter

As explained in the “Basic Course,” an Up counter
is a binary counter whose primary stage FF’s output
Q is connected to the next FF’s C/K input. In this
way, the count increases in proportion to the num-
ber of pulses fed into the input stage. With a Down
counter. the output is Q instead of Q, which is also
connected to the next FF.

3

{a) Logic diagram

3
K]
X

X
Te

O—» CK P
|
b o e - —— g SRS PO Y U SO
Reset 1 Reset 2 Enable
{b) FF operation
Enable .
S|/RS, /RS, JUD|CG|C
-1 0 - =l —=1=10
Set 0 1 1 - |—-1110
1 1 0 - =10 11
Qr— S=RS; =RS, = 1
C
P> cK Function table
5 CK |EN| G, | G, | QnH+1
+ | 1 {OFF|ON | Qn
0 | ON |OFF| @n
O O
RS; RS,

Fig. 13 U/D counter flip-flop

The Up/Down counter judges the direction of the
tuning knob’s rotation from the relationship be-
tween the rise times and levels of two pulses, then
switches the output to Q or Q, which in turn causes
an increase or decrease in the count in order to ob-
{ain a count corresponding to the frequency of the
desired station {(Refer to the “Basid Course” on
Counters).



The C/K pulse and U/D pulse are fed to pins 22 and
23 of the IC (PD1002). The U/D pulse is then fed to
the ENABLE terminal to control G, and G,, and
switches FF’s outputs (Q and Q).

{a) Binary counter

FF, FF, FF, FF3
il Qy (o) Q, Q,
O > > > >
60 "‘j— a1 (_22 _"-’Jm- 53

{b} Output waveform

Clock
PULSE

OUTPUT Q,

FFq Qq r—--«-!
L]

FF,
OUTPUT @,
T | L
OUTPUT qQ,

1 1
FF3 93 l
OUTPUT Q, ]

Fig. 14 Binary counter and its output waveform



3-3. Memory Buffer (Shift Register}

The memory buffer circuit is called the shift register
and is located berween the counter and the memory
cell block. Flip-flops were discussed briefly in the
“Basic Course” and ran be considered as g kind of
memory device which can hold a state from the time a
pulse is fed io the clock input until the next pulse is
fed in. It neither counts pulses nor adds or subtracts.
Then why is it so important? Because it enables
paraliel transfer of data and data output without
sffecting preceding stages.

There are two methods of transmitting data (num-
bers) from one circuit to another, serial and parallel

{a) Serial transfor

transmission [Fig. 15{a) and Fig. 15(b)]. We will de-
scribe their functions with the use of two binary
counters for a clearer understanding.

In serial transfer, two counters are connected in
series so that the output of one counter is fed to the
other counter’s input. In this way, data can be trans-
ferred to each FF in succession through a single
route {(channel). However, in serial transfer, the
transfer of information takes time, according to the
amount or length of the data to be transmitted.

o
Clear o ﬁ%>c,_
Clock (8) DC i
) o) I o) o & &
Serial | A~ Clear Clear Clear Clear Clear_ Clear_ Clear Clear.
mputs | g i2) an Qg Gc &p R Qe R G R 0g Ty
=0 CK ~Ce CK LCp CK -0 CK L—O>‘CK —CP> CK ~C> CK = CK
{{>—s Qn S Qp s O Qp s Qe S Of s Qg s oy
(3} {4) (5) (6} {10} (11) {12) {13)
Output Qutput QOutput QOutput Qutput Qutput Cutiput Qutput
Qp Qp Q¢ Qp Qg Qp Qg Qy
{b) Serial/parailel transfer
Parallet
Inputs
..
A B C D E F G H
{11 (12} (13) (14) (3} 4 (5} (6}
S & e 4
Preset Preset Preset Preset Preset Preset Preset Preset (9}
S Qa Qg Q¢ ap Qg Q¢ Qg Qy Ouéput
H
10 = A = = — — - - Ouy
f:;:f‘t'——l( RN R Oa R Os A G R G R @ R @ R g R Gy
Clear Clear Clear Clear
Shift (1)
load
Clock(z)
lnhtbrt“s)

Fig. 15



In parallel transfer, two counters are connected in
paraliel so that data is transferred, by 2 pulse, io
gach FF simultaneously. In this way, data of g fixed
length (a six-digit number for example} can be trans-
fered into a memory unit guickiy.

Fig. 15 (b) shows an example of a serial/parallel
inpui-type register. A register plays the following

three roles:
1, Writing of memory
2. Reading of memory
3. Providing output to a voltage synthesizer as a
memory buffer

Reset g (L é g é
CK Q> N_L__‘> i“--—'> ~W1i-—--->’ _-11__>
y Q, Q, Q4 Qs
Data Ipad -m_%f(’__ WWW _g;é _____ _..é(.’x MMMMMM %é_., _____ é’
D> > > >
i Py F Py g_mo P3 F—G Py F‘G Ps
b [ e B
CK—t & :
QP OF, OP; O Py OF,
Out
Enable SW

Fig. 16 Principle of parallel data transfer

3-4. Memory Read/Write

The memory tuning portion of the KE-2000 (KE-
2300) consists of a memory cell which contains 15
storage units. Each unit is composed of 11 FF’s (11
bits = 2048). To store and recall data, each memory

unit is assigned with an address code, a total of 15
(See Table 4). To store five stations for each wave-
band (AM, FM and LW), 15 memory units are re-
quired —five for AM, five for FM and five for LW,
Refer to Fig. 10.

Foo 8 !

AT FOO 10 FOO 9 FOO 7 FOO 6 FOO0 5 { ! FOO 0
A2 Fo1 10 FO19 F018 FO17 FO16 FO15 FO10
A3 F02 10 3

A4 F03 10 )

A5 F04 10 ‘

AB F05 10

A7 F06 10 <

A8 FO7 10

A9 FO8 10 1

A10 F09 10

A1 F1110

A12 F12 10 10

A13 F13 10

A4 F14 10

A15 E15 10 ) §

Table 4 Location of 2048 memory cell

@




Siormg a station (writing) in 2 memory umt is
done by pressing the MEMORY (W=te Switch) and
the PRESET (Address Switch) buttons simuita-
neously (Fig. 18). When this occurs, datz {the
tumed station) 18 transferred from the shift register
to the FF’s for storage. Data can be recalled from

the memory buffer by depressing the PRESET
button, which turns the LOAD and ADDRESS
switches on s.mulianeously, This memory can be
referred to as a Random Access Memory (RAM) as
wriiing and reading can be done freely.

QO Oi 02 QB 04 05 06 Q7 08 O’Q QIO
20 21 22 23 24 25 26 27 28 29 210
1 2 4 8 16 32 &4 128 | 256 | 512 | 1024

Table 5 FF storage unit for Preset Memory and binary mount conversion

Digital count Waveform Pattern Binary count

1 H

. 1o 0o 8 o o ¢ 0 ©0 ©0 000 0C0C 0001
6 H

L 01 1o o o 0O O ©0 0 000 0000 0110
15 H

L 1 1 1 1]0 o 0 0 0 0 000 0000 1111
100 H

L00§1i0 o[* 1 ]o o o o 000 0110 0100
133 H

L1|o1 o o o of1]oe o o ooo 1000 0101
370 H

Lol ]o of1|oft]of1|o o oot oi01 0010
1023 H

. 1t lo_o0o o o o o 0o o1 100 oooo o001
1365  H

L 1t loJrpo oo o] 101 001 0101

L 1 00 110 0110 0110
1022 H

Lo 11 1 [0 o1 1111 1110
2000 H

L, 0 o]1 1]o0 o Tt 1t 1 111 1100 1100
2046  H

Lo o1t 1T 111 1111 1110

Fig. 17 Pulse pattern of binary counter
{Pulse patterns in the binary counter's shift register and memory cell}
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%
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s
?
-
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N

F02 10 F02 g Foz 8 F02 7 | e e

Fig. 18 Memory read/write section

Connection of the shift register and memory address {up to
15}. Data is stored in the memory by operating the WRITE
and LOAD switches.



3-5. Pulse Synthesizer

i

§

e CK (24}
om
puise i
genera$0r§ !
LU/D O Pio P, Py P, Py P, e, P, P, P Py Pulse syixthe_slzer
§ r ————————— _3 ll
i i
i F I i
L] e L
Shift register : ; ] :g —{h{) }Decoder
3 jsa]
F;"‘ S I!DATA ouT
! i
Gig ) s 97 Ye Qs Tq [+F} [+ qy do e e e ] Lo
o
Binary counter - -
0OSC Unit
Fig. 19 Pulse Synthesizer Block Diagram
) Dypg = Pg-0p-01-Q5-Q3
- -
) Dysg =Py-00-Qy-0y
Py i }—
3 Dy/a = P2-0g-Qy
P, 2
D12 =P3-Q3
4 Y
Pa 3
1/2 1/4 1/8 1/16
Q QG o O Q 0 Q; @
CK,y CKy CK, CKs Binary counter
A A A A
! _____i ..___._..J Enable
C/K

Fig. 20 Puise Synthesizer Logic Diagram (4-bit)



Fig. 19 is a simplified schematic of the synthesizer.
Fig. 20 is a detailed figure of g four-bit synthesizer.
As explained earlier, pulses generaled by the oscilla-
tion circuit are divided into 2,048 (stations) by 11
stages of FF’s. These pulses are then fed 1o 2,048
counters with a cycling time of approximately ZmsS.
As shown in Figure 20, when all the preceding
gates are H, the AND gates (four) and OR gate
pulses (1MHz) are fed directly into the data out’s
buffer (D FF) (refer to Fig. 10). What is important
here is that CK,, CK,, CK,, and CK, face P,, P,,
P, and P, respectively so that data is stored in the
correct numerical sequence to prevent misreading.
This can be expressed in a logic formula as shown on
the right.

The synthesizer thus determines the period of time
in which the gates must be kept open to put out
pulse data (Fig. 21).

Pulse Synthesizer's logic formula

Y=0,+0,+0, 70+ 04+ 0+ 0, + 0+ 05 + 0o + O,
Py 90°91°92°33° 94" G5 Q6" Q7 Qs o Guo
+P1 G0 G:1°92°05°Ga G5 6 97" Gs" Qs
TPy Qo q1°92° 93 da Gs Q6" Q7" ds
+P3°Go°q:1°92°93 94" G5 e Q7
+Ps-00°q1°92°93° 94" 05" e
+P5 Qo Q7 Q2" G394 Qs
+Ps Qo Q1 927 q3° Qs
+P;-Q0-q1°92° 43
+Ps Qo q:1° Q2
+Ps-qo- a4
+Pio- o

Uino = Gp-Q,-Q,-0;

T ; T ! T T
l § 1 1 !
Y i i 1 E ) i

TPy =1, P =Py =1, Py =0, Y = Uy Uy +Ug

Fig. 21 Pulse Synthesizer Timing Chart



3-8. Uscillator Civeuit

Pulses produced by the pulse generator and those
stored in the shift register {memory buffer) cannot
produce sufficient DC voltage to be supplied to
the varicap in the front-end. To provide the varicap
with the necessary DC voltage for frequency tuning,
a voltage synthesizer is used. The synthesizer com-
pares the high-frequency pulse wave patterns (=

{a) Oscillator circuit {14, 15, 16 PiN})

1MHz) generated in the oscillaior circuit after they
have been counted by the FF’s (binary counters).
Since the output voltage is limited to the supply
voltage, (VDD)} which in this case is 10 volts from
the car battery, the circuit can’t employ a conven-
tional analog amplifier. To provide the needed DC
voltage in the digital circuif, a kind of pulse-width
amplifier is used.

EN

B
D Fc }
o J

c

H
f_‘fD—Yj >

{b) Oscillator waveform

AL
442

Ro

Note: If A=L {without relation to B),
output Y=L.

\ A

en o[
AP T T
AN B U e

A

To « CoRo

Fig. 22 Oscillator
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3-7. TTL interface

Photo 6

Unlike conventional car tuners, the KE-2000 has no
tuning pointer for station indication, but instead, 32
bar LED’s are used. Since the output power of the
CMOS IC PDI002 is too low to drive the LED, a
TTL IC is used to step up the power to illuminate

To drive all 32 LED’s, 32 ouiputs are required { 5
bits). Voliage appears at pins 18 (E), 19 (D), 20 (O),
21 (B) and 22 (A) respectively, in accordance with
the tuning frequency {(Refer to Table 1}. The LED’s
are connected to a matrix circuit, when a signal is
received, cutpuis A, B and C of PD 1002 are fed to
IC; (3 bits) and D and E to IC, (2 bits). With this
combination, the circuit can drive the LED’s from 1
to 372.

the LED’s.
““““““““““ 1
!
A i
|
I
{
i
B a
i
I
|
|
c {
|
{
I
I
|
i
° |
|
!
i
f
i
i
i
i
|
1
!
i
ST
IC,
15 14 13 5 3
|
IC EMPLOY LIST
‘;E'gggg/E e 12 22 2120619 18
KE-2002 PD1002 FD4003 PD1002
IC, IC, HD74145P IC,
KE-2000/U PD1002 iC; uPD4556

Fig. 23 KE-2000/U LED TUNING DISPLAY UNIT
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Fig. 23 shows the LED tuning display matrix. In the
figure, eight pins of 3-bit IC, and four pins of 2-bit
IC, are used. A total of 32 (4x8) combinations of
input pulses form the AND matrix. As IC, is negative
logic input, it operates when L-level pulses are re-
ceived, while H-level pulses are required for IC;,
which is positive logic.

When L-level pulses ave fed from IC2, Q, ~ Q4 be-
come ON and the collector’s level becomes high.
When Y, ~ Y, become low, the cathode of the
LED will become low and electricity will flow fo
light the LED’s.

Recently manufactured KE-2000 series models all
use PD4003. It 15 actually a combination of IC, and
IC, but its theory of operation is the same. Fig. 04
shows the mnternal circuit of PD4003.

Junin

pomied | E D [C | B |A | IC | IC
0 0|0 j0oilolo0 1 a
1 G 10 |00 1 2 a
2 o loc o |1]06! 3 a
3 o l0o (o111 4 a
7 0 [0 |1 |1 8
8 o 111000 b

31 R I T O T O T 8 d

Table & NO & Matrix Operation of LED

T -

on
50 WW P N
oD { —P>o—ov
so——>> | >0
xo W4>—4>OW >0
oo
oo
D oo,
_:) {>c oV,
e

Fig. 24 BLOCK DIAGRAM OF PD4003
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3-8. Generation of Tuning Voltage and Filter Circuit

As output from DATA OUT is in the form of a
pulse, it must be converted from digital to analog.

LOW PASS E-m« To this end, a low-pass filier 13 required {(Fig. 25).
Ry By R, A\ PO10G2 C, is charged through R,. The product of R, x C,
Voe A A e a2 D Data out is 0.022 (sec } ~ 22 (msec.). Even when 2048 pulses
are chrged in C,. good linearity of the AC-DC con-
¢, Gy verter can be achieved. In addition, the pulses are
l l flattened further by R, and C, and can be considered
as DC at the output.
Fig. 25
{a) Voltage waveform at A {T: 1= 2048 : 1) e
Pulse : ? ’
l ; number i
0 o TR I N N P
% 2{ms] ; p 0 1024
- I
VDDI g f
' g 5 !
oo | E
e i i
i | i
i
2 | j
- ] ]
“l u ! !
]
13 X
i
- n - |
|
H |4 i 2047
; : 0 .
e e e e e e - —— Jd !
{b} Voltage waveform at B (at 1024)
VDD""'“‘—"F’"‘“" e ;‘“’.s-”wr'y";;""'i‘““”""ﬁ“’m:;"i
: ’A””T /ya’: \\\ { ,,;""”r
0.63VDD , - >

‘.

|
!
!
}
!
i
3

fwhen t= 1/M = 1 {usec.}]

T=R1 xCl
R, =22k0
C; :?MF

7= 0.022 {sec.) = 22 imsec.}

Fig. 26 Voltage waveformsat A and B



Thus DC voltage corresponding 1o the number of
rulses can be generated to change the tuning fre-
guency by the varicap.

Fig. 27
* Max Min
Cpg 24 28
Terminal C,/Co 185 20
voltage
-3 !
PE v
10
4
¢ 1 ~L
b 4 9 e

Voltage {V)

Fig. 28 ITT 310A (varicap) characteristics for FM

3-9. Troubleshooting

There are two or three IC’s used in the digital cir-
cuitry of the KE-2000. In order fo simplify and
speed up servicing, it is necessary to understand the
functions of each one.

Fig. 29 is a block diagram outlining the circuits sur-
rounding both IC’s and their connections within the
circuits, With the aid of this diagram vou can locate
problems mn the circuit by following the procedures
outlined in this section.

al FM wner does not function,

Check to see if the voltage of the power source in
the FM front-end and FM IF circuit is normal. If
normal, measure the DC voltage from the filter-out
to the front-end (0 ~ 8Y). If you find nothing wrong
with the volitage, then the trouble may be in the
front-end. If not, check to see if PD1002 is alright.
If the voltages at every ierminal are normal, then
check the pulse generator.

b} LED's do not light.

First measure the voltage fed to the LED’s. If
normal, check the voltage of TTL IC’s power source
and then the input and output voltages of that TTL
IC. If you still find nothing wrong, check PD1002
{Refer to TTL Interface).

¢} LED tuning indicators do not move.

Check if the pulse generator is alright and then
check the soldered leads of the photo coupler. If
you find nothing wrong, then check PD1002.

These are some of the troubleshoocting procedures
you can perform with the aid of the diagram. Since
most of KE-2000’s functions are centered around
the CMOS PD 1002, whose susceptibility to heat and
static electricity is far gerater than that of TTL
IC’s, the trouble, in most cases, will involve PD1002.
If replacement of PD1002 becomes necessary, make
sure you use a well heated soldering iron and be sure
to ground it to earth. Replace the damaged CMGS
as quickly as possible to prevent prolonged exposure
to heat. To facilitate the removal of the IC from the
circuit board, we suggest the use of desoldering tools
(featured in photo).

Photo 7
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i. Boolean aigebra

Boolean algebra 13 like fov building blocks. Such
blocks, unlike ordinary woodea blocks. have rules of
connection which enable vou to build or construct
something.

Boolean algebra, too. has ndes By adhering to these
yules, very comphicated counstruction and problem
solving can be done. Don't be {ooled by the sirange
same. just imagme that vou are actuallv boiding
with toy blooks.

Boolean slgebra, alse called logical algebrs or frans-
formaiion aigebra, was osiginated by George Boole
{1815~1864). It was crigmally invented io make
logic mathematical. But now. about 100 vears later,
it 18 frequently used in logic design of digital circuits.

2. Boolean operations

There are only three operations in Boolean algebra—
that is, addition, multiplication and negation, no
subtraction nor division. Let’s start with addition.
Under the Boolean operation, addition is referred to
as logical sum which is quite different from ordinary
addition. See Fig. 1.

o":\”“’fo

=0~
B

- F @)

Fig. 1 OR circuit

Here, assume the following:

Switch Aisclosed: A=1
Switch Aisopen: A=0
Switch B is closed: B=1
Switch Bisopen: B=0
Lamp is on: F=1
Lamp is off: F=0
A B F=A+B
1 1 1
1 v] 1
0 1 1
o 0 4]

Table 1: Truth table of NOR circuit

As the figure shows, the lamp will be on when
switch A is closed or when swiich B is closed. This
or relationship is called logical sum or OR. Logical
sum is represented by the symbols A + B, which is
read “A or B.” It symbolizes the operation of the
OR gate itself {actuaily, the symbol was in existence
when the gate was produced).

Mext, multiplication. 11 is called logical multiplica-
tion. In the lamp circuit shown in Fig. 2. switches A
and B must be closed to switch on the lamp. This
and relationship is called logical multiplication or
AND.

Thus is symbolized by A°B, which is read “A and B.”
Like OR, the AND gale s operation represents the
AND relationship itself.

Finally, negation. This is the easiest of the thiee. It
is a relationship where F is O when A is 1, and 1
when A is 0. This is represented by A, which is read
“not A.”

-0

A

3

O’f;?)

Fig. 2 AND circuit

A B F=A'B
1 1 1
1 0 0
0 1 o
0 0 0

Table 2: Truth table of AND circuit

-
- O

Table 3: Truth table of NOT circuit



3. Basic nature of Boolean algebra

Now that vou have an overview of Boolean opera-
tions, vou are now ready io learn how to combine
these basic operations as in logic designing, but
first, le1’s study the basic namre of doolean algelia.

Nature { Eormula

Nature ¥: Law of Involution E\* A

AA=AAA=A |
A-B=B-A, A+ = BrA

Nature 2: Independent Law

Nature 3: Commutative Law

(A-B)-C=A(BC
{A+BI+C = A1 {BHCY

Nature 4: Associative Law

@ Mature 3: Commutative Law
ﬁs " B = B N AAﬁ
A+B = B+A

{(ABYyCsA(C-3)
{A+ByC = AHBH)

The logic shown in truth table 7 makes the opera
tion of Nafure 4 guite apparent.

A (BHC) = AB+AC
A+B-C = (A+B) - (A+C)

Nature B: Distributive Law

Nature 6: Law of Absorption AATBY = A, AtA-B=A

Nature 7: De Morgan's Theorem | AR = A+8, A48 = A'B

Nature 8. Law of Complamentaiy LA =0, Ark =1

Nature 8. Unit Elernent Law A=A A=A

Narure 10. Ad=0 Ati= ]

Nature 11 T=0,0=1

Table 4: Basic nature of Boolean algebra

Table 4 shows 11 basic laws. First, vou have to
understand them well—some are easy and others are
a little more difficult. -

@ MNature 1: Law of Involution A=A
This means that the negation of A’s negation is A
itself, just as if nothing had been done to it. The
truth table is shown in Table 5.

Al A |A
1] 0 |1
ol 1o

Table 5: Truth table of MNature 1

® Nature 2: Independent Law

A A AcA AL A | ALA
1 1 1 1 1 i
o 0 o o ] g

Table §: Truth table of Nature 2

This means that logical multiplication and logical
sum of A and A is A. The relationship of A is ex-
pressed as follows:

AAA ..., A=A

In other words. logical multiplication and logcal
sum of A itself are the same as if nothing has been
done to it.

Al Bl cJaBl@asCl BC | ABC
1] 00 0 0 0 0 ‘
tlo] 1] e ‘0 0 o |
SR 1 ; 1 1|
(T I O 0 0 o
o1, 0] o 0 o ¢
ol 1] 1 o o 1 o
00 13 0. 0 o o |
clo/ ol o 0 0 0

Table 7: Truth table of Mature 4

® Nature 5: Distributive Law
A(B+C)= A-B+A-C
ATB-C=(A4B)-(A+()

A|B|C|B+C | A-(B+C) | A'-B | A-C | A-BTA-C
1100 0 0 ] 0 0
1101 1 1 6 1 1
1)1 1 1 1 1 1
1110 1 1 1 o 1
6,110 1 0 ] 0 0
oy 111 1 0 0 o 0
G101 1 0 0 0 G
cio010 ) 0 0 o 0

Table 8: Truth table of Nature 5§

The first formula is the same as in the conventional
four rules of arithmetic. But note that the four rules
do not hold true in the second formula.

The truth rable (Table 8) shows that the truth value
of the left side (fifth column) of the above logic is
the same as the right side’s truth value (lasi column),
therebv proving the above formulae.



& Nature 6: Law of Absorption
A(A+B}= A
AHABY = A

cither. This strangs law can be verified by the truth
table in Table 9

A B| AB [ A(A+B) | A'B | A+AB |

t1o) 1 1 0 1

R 1 1 1

o]1] 1 0 0 0

olof o 0 o 0
Table 9: Truth tabie of Nature §

@ Nature 7: De Morgan’s Theorem

AB= @-E
A4+B = A-B

This is the most important and famous of all the
Boolean algebra laws because its operations—addi-
tion, multiplication and negation—are all included in
these formulae.

The first formula means that negation of logical mul-
tiplication equals logical sum (not logical multiplica-
tion) of negated terms. The second shows that
negation of logical sum is equal to logical multiplica-
tion (not logical sum) of negated terms.

Table 10 shows the truth table of Nature 7 to verify
these formulae.

w!

A A+B | A+B

B
Y
1
1
0

[ B JEESREY
- O =im
OO - O
P = I
£ o awd  wd
[ev]
dOQOPl

Table 10: Truth table of Nature 7

® Nature 8: Law of Complementary
AA=0, AtA =1
The truth table is shown in Table 11.

Al A | AA 0 | AtA | 1
1 C ] 0 1 1
o1 0 0 1 i

Table 11: Truth table of Nature 8

@ Nature 9: Unit Element Law
Al=A A0=A
The truth table is given in Table 12.

A1 1o At | aw
i1 lo 1
0o 110l o 0

Table 12: Truth table of Nature @

& Nature 10
AQ=0, A+l=1
The truth table is shown in Table 13,

A |G i A-Q At
1 G 1 g 1
o 0 1 g 1

Table 13: Truth table of Nature 10

® Mature 11

1=0,0=1
This means that negation of the {ruth value “17 is
0" and negation of the truth value “0” is “1.”

4. Identical equation

The basic nature has been explained in 3. Basic
nature of Boolean Algebra. Then let’s solve identity
problems. What is important here is {o remember
the basic nature only and forget all others. An iden-
tity, like the above basic rules, is an equation of two
sides which work identically.

(Example 1)
A+A'B=A4B ...... (1)

Expand the left member to the right:
A+A-B=(A+A)-(A+B) ... @

@ : Distributive Law
@: Law of Complementary
€: Commutative Law, Unit Element Law

Thus the equation (1) was proven to hold good by
using the basic laws.

{(Example 2)
A(AtB)=AB..... )
Expand the left member to the right:
A-(A+B)= A-A+A-B
=+A-B
=AB

The identical equations (1) and (2) are unportant,
called the Second Law of Absorption.



{Example 3}
AB+A-BHA-E=A+B ... ... €}
Expand the left member 10 the nghis
A'B+AR+A B= a(B4BHAB ... 8§
= A+A-B ..
= A+B
@ Distnbutive Law
@: Law of Complementary, Umt Element Law

€: Second Law of Absorption

(Example 4)
A-BHA-CHB-C=A-BrA-C....... (4)
Expand the leff member to ihe nght:
A-B+AC+B.C
= ABHA-CHB-C.(A+AY . .. . ... ... @&
= A-BHACHR-C-A+B-C-A .. ... .. .. @&
={A Bi(AB): CH{ACHAO B ... @
= ABEA e ge

> . Unit Element Law, Law of Complementery
@ : Distributive Law
€ . Commutative Law, Law of Assocation

J . Law of Absorption

(Example 5)
{A+C(B4+D)Y - (B+Cy-(A+D) = A-B+C-D .. ... (5
Expand the left member to the right:
(A+CY-(B+D} - (B+C) - (A+D)
= {(A+O)-(AD) } {B+O-B+DY ). ... @
= (A+C-DYB+C-D) ... &
=ABHC-D .. &
Commutative Law, Law of Association
: Distributive Law
Commutative Law, Distributive Law

©es

§. Principle of duslity

called the duality principle. It s explamed s follows:
A given identical eguabice. wall still pe an equation
when the Toillowing are 2xcherged simultanenusly.

- e

o o

i==0

{1
Act “"Qv, of the basic rules of Boolesn aigebra dis-
cussed thas far, the dusality princple Folds true in
each of a paw of two idervical equaticas in Nature
2~11. The guality principle can also be confirmed
by comparing identical equanions i Examples 1 and

Now lz2t's see an inievesting law of Boclean al
i

(E sample 6)
ABHA-B=(A+8)-
i Pl
(A+B)(A+B)=A-B+A-B ........... (7)
When equation {6) holds frue, (7} too holds true.
Let’s first prove that (6) holds true:

e o

A-B+A-B
=(A-B+A) - (A'B+B) ....... ..., @
={(A+A)-(A+B) |- { (A+B)- (B+B)} .. ... .. @
=(A4B)A+BY ..o ®

€ . Distributive Law

& . Commutative Law, Distributive Law

& : Law of Complementary, Unit Element Law
Then prove that equation (7) holds true:
(A+B)-(A+B)

=(A+B)-A+(A+B)B . ... .. ... ...l (1]
= (A-A+A- B)+(A BABB) ... &
= ABHAB .. &

@. Distributive Law
@ : Commutative Law, Distributive Law
& : Law of Complementary, Unit Element Law

Thus equation (7), a slightly modified version of
(6) using the duality principle, proved also to be an
identical equation.

When the principle is applied to identical equations
verified in Examples 3~5, the following equations
will be obtained:

From (3),

(A+B)-(A+B)-(A+B)=A-'B ........... 8
From (4),

(A+B)-(A+C)-(B+C) = (A+B)-(A+C) .... (9)
From (5),

A-C+B-D4+B-C+A-D=(A+B)-(C+D) . ... (10)
Verify these equations yourself to determine that
they hold true.
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