


























































































































































































































































































































































































































































































































































































PIN 

2 

3 

10~ 

13 .... 1 ______ I 
12 L 

_=DON'T 'CARE CONDITION 

TIMING SEQUENCE 

LOGIC INHIBIT OUTPUTS* OUTPUT INPUTS INPUTS 

1,5 2,6 3,4 10 9,12 8,13 
CONDITION 

.-
lOR 0 lOR 0 0 lOR 0 I I INHIBITED 
lOR 0 lOR 0 lOR 0 0 I I 

0 lOR 0 I I I 0 ACTIVE 
lOR 0 0 I I I 0 DATA 

I I I I 0 I STATE 

* LOW OUTPUT REPRESENTS THE CURRENT ON STATE. 
HIGH OUTPUT REPRESENTS THE CURRENT OFF STATE. 

TRUTH TABLE 

176 
Sheet 2 of 2 

4-78 83323810 A 



is a 4-bit bi­
uring the count 

cransfer. of in­
.e ouputs occurs 
a-going edge of 

;e. The direct 
), when taken low, 

?uts low regardless 
s of the clocks 
6). The 182 is 

ammable: that is, 
l may be preset to 
by placing a low 

the count/load input 
lnd entering the de­

.ta at the inputs. The 
will then change to 

. the data inputs in­
t ..w...Jf the s ta te of the 
~ts. This allows the 

o be used as a 4-bit latch 
Lster application) by in­
~ating the clock inputs and 

~g the count/load input as a 
.a strobe. 

JTES: 

1. Vendor identification: 

182 

1825 

Vendor Number 

74197, 8291 

82S91 

2. Package pin configuration. 

-_ ..... ' ..... ' 03 

_ --3 ..... 02 

10 0' 
__ 4 .... 

00 

CNTR .. 
182 R3 12_ 
ux 

R2 .... 2 __ 

R1 ..... ·--
RO ..... 6 __ _ 

LOGIC SYMBOL 

182 
Sheet 1 of 3 



4-80 

OUTPUT 
COUNT 

R3 R2 RI RO 

0 0 0 0 0 
I 0 0 0 I 
2 0 0 I 0 
3 0 0 1 I 
4 0 I 0 0 
5 0 1 0 1 
6 0 1 I 0 
7 0 I I 1 
8 I 0 0 0 
9 I 0 0 I 
10 I 0 I 0 
II I 0 I I 
12 I I 0 0 
13 1 I 0 I 
14 I I I 0 
15 1 1 1 1 

TRUTH TABLE 
(WITH PINS 5 AND 6 WIRED TOGETHER) 

PIN 

5,6 
I 

9 _---' ~ 
t 2 ___ ~ ~ 

I 12 _______________ r-L 

COUNTER 
APPLICATION 

~u U--
: GATE D INPUTS 

13U I U 
8 H~SET REG TO ZERO 

4---1 
5_~ 

10 --1r----~ ___ _ 
9 ____ 

3 ___ ---' 

2 ____________ ~r---

II --.J I 

12_----' 

REGISTER 
APPLICATION 

TIMING SEQUENCE 

182 
Sheet 2 of 3 

83323810 A 



Connect pins 5 , 6 for 4-bit counting, using data input A. As 
a 3-Bit counter, data input B is used. First stage may then be 
used as an independent data latch if count/load and Clear Func­
tions coincide with those of the counter. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DATA A 

COUNT/LOAD 

r---·---4----aT 
CLEAR 

CLEAR 
CLOCK 0 O"':;'----+-4---J 

DA TA B 0 1_0 ____ +--+-4 

- - - - - - - I PRESET 
I 6 a t--~9.(")OB 

CLOCK 1 o,-;.-----+--+------f---.aT B 

DATA C 

2 Q 
C 

CLEAR 

DATA 0 o_II ____ +_-+-I 

T 

PRESET 12 
0 0 1----';;;;;0 00 

FUNCTION DIAGRAM 

182 
Sheet 3 of 3 
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DESCRIPTION 

The 188 circuit consists of one 
4-input and three 2-input posi­
tive NOR gates. 

NOTES: 

1. Symbol sections may ap­
pear separately. 

2. Vendor identification: 
9015 

3. package pin configuration. 

1 16 +Vcc 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

GND 8 9 

TOP 
VIEW 

4-82 

1 

13 

14 

15 

_---.: ) >100-4 
-

_____ :_~~7-----
_____ :~_~~9-----

1 

13 

14 

2 

3 

5 

6 

10 

11 

OR 

d 
d 
d 

188 
xxx 

)4 
)7 
)9 

LOGIC SYMBOL 

12 

12 

188 
Sheet 1 of 1 
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DESCRIPTION 

Circuit type 191 is a BCD-to­
decimal (1-0£-10) decoder. 
Four active-high BCD inputs 
provide one of ten mutually ex­
clusive active-low outputs. 
When a binary code greater than 
9 is applied, all outputs are 
high. This facilitates BCD to 
decimal conversions and eight­
channel demultiplexing and de­
coding. 

The 191 circuit can serve as a 
one-of-eight decoder with the D 
input acting as the active-low 
enable. Eight-channel demulti­
plexing then results when the 
desired output is addressed by 
inputs A, B, and c. 

NOTES: 

1. Vendor identification: 
9301 

2. package pin configuration. 

"'Vee 
16 9 

~~TOP 
~VIEW 
I 8 

GNO 

2 
0 
0 
0 
0 
0 
0 
0 
() 

I 

I 
I 
1 
I 
I 
I 
I 

CD) 

CC) 

(8) 

CA) 

INPUT PIN 

1 14 

0 0 
0 0 
0 1 
0 1 
I 0 
I 0 
I 1 
I 1 
0 0 
0 0 
0 I 
0 I 
I 0 
I 0 , I 
I I 

DCDR 9~7 
191 :-

xxx 8 1II""It.6 ..., 
7- 6 ...., 

2 8 6 
",,4 -

1 4 ",,3 
5_ 

14 
2 4 

",,9 ...., 

15 1 3 
",10 
~ 

2 "" 11 
~ 

1",,12 -
0 
~13 ..., 

LOGIC SYMBOL 

LO ("0") OUTPUT PIN 
15 OTHER OUTPUTS = "111 

0 13 
I 12 
0 " I 10 
0 9 
I 3 
0 4 
I 5 
0 6 
I 7 
0 * I * 0 * I * 0 * I *' 

* = ALL OUTPUT PINS HIGH 

TRUTH TABLE 

191 
Sheet 1 of 2 
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INPUT 
PIN 

15 INPUT A 

~ INPUT B 

INPUT C 

2 INPUT 0 

4--84 

"'J 

--

....., 

"'" r 
A r-----iC 

--,t~ 

A 
i 

----f>:> A - -c 
~-.. (O 

B 
I"- ~"C" 

~D 

A 
B 

B - ~i 
A 
"B" 

~ B c 
- -'0 

-
~ 
B 

C 
---i .~ 
--!: 

C B 
..... i ---I 

--A 
B 

I 
5 c 

0 

--A 

0 ~ t! 1£ 

--A 
! 

--I I"-C 
---! 0 

FUNCTION DIAGRAM 

(BINARY) 

OUTPUT 0 

OUTPUT 
.flli. 

13 

OUTPUT I 12 

OUTPUT 2 II 

OUTPUT 3 10 

OUTPUT 4 9 

0 UTPIJT 5 

0 UTPUT 6 4 

0 UTPUT 7 5 

OUTPUT 8 6 

OU TPUT 9 7 

191 
Sheet 2 of 2 
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DESCRIPTION 

The 195 circuit is a dual re­
triggerable monos table mUltivi­
brator. Input pins 4 and 12 
trigger on the positive-going 
edge of the input pulse and 
pins 5 and 11 trigger on the 
negative-going edge. The 195 
circuit will retrigger while in 
the pulse timing state (pin 
3/13 high) and the end of the 
last pulse will be timed from 
the last input. A low level to 
the reset input (pin 3/13) re­
sets pin 6/10 to low level and 
inhibits data inputs. 

NOTES: 

1. The full timing network 
would be shown on the 
logic diagram. 

2. Vendor identification: 
9602 

03323810 A 

1 2 

ss 
195 
xxx 

15 14 

LOGIC SYMBOL 

195 

6 

10 

Sheet 1 of 2 

4-85 



3. Package pin configuration: 

4. H = high level (steady 
state), L = low level 
(steady state), 1 = 
transition from low to 
high level, ,= transi­
tion from high to low 
level, Jl... = one high 
level pulse, L.j= one 
low level pulse, x = ir­
relevant (any input, in­
cluding transitions). 

5. Output pulse width (t) is 
defined as follows: 

t = 0.32 RxCx (1 + 0.7) 
Rx 

Rx is in kQ, ex is in pF 
t is in ns 

PIN 

5 U 
I 

4 I 
I 

'3 I 
-1111 * JL S ,.... 

6 I I 
7 I 

n 

+vcc 
16 9 

~TOP 
~VIEW 
I 8 

GND 

INPUT PINS OUTPUT PINS 
5(11) 4(12) 3(13) 6(7) lO(9) 

~ L H JL lS 
H l' H JL LS 

1-----. 

X X L L H 

TRUTH TABLE 
(SEE NOTE 4) 

U U 
I n=RETRIG~ __ 
I 
I I 
I U-
I --1*JLS ~ 

L.I~._J--'L, __ 
n~_~--~-, 

* PULSE DURATION IS A FUNCTION OF THE 
RC TIMING NETWORK. 

TIMING SEQUENCE 

195 
Shee't 2 of 2 

4-86 83323810 A 



DESCRIPTION 

The 200 circuit is a hex in­
verter buffer/driver with an 
open-collector output. 

NOTES: 

1. Symbol sections may be 
shown separately. 

2. Vendor identification: 
7406 

3. package pin configuration. 

83323810 A 

1 

2 

3 

4 

5 

GNO 7 

TOP 
VIEW 

14 +Vcc 

13 

12 

11 

10 

9 

8 

OR 

LOGIC SYMBOL 

200 
Sheet 1 of 1 
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DESCRIPTION 

The 202 circuit is a quad, 
2-input, positive NAND gate 
with open-collector outputs. 

NO:~S: Symbol sections may ap- ~ ~~~ ) 3 0 ~ ~~D 3 0 
pear separ a tely • . - - -

2. Vendor identification: OR 

Element Vendor Number ~ ~ 
202 7403 

202H 74H01 ~ 10 ~~ 
202LS 74LS03 

~ ~ II II 
202S 74S03 13 13 

3. Package pin configuration. 

+VCC 14 8 

t==:J~?:w 
1 7GND 

4-88 

INPUTS OUTPUT 

L L H 

l H H 

H L H 

H H L 

TRUTH TABLE 
(EACH GATE) 

202 
Sheet 1 of 1 
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DESCRIPTION 

Type 208 is a dual, 4-input, 
positive NAND gate. 

NOTES 

1. Symbol sections may ap­
pear separately. 

2. Vendor identification: 

Element 

208 

208H 

208L 

208LS 

208S 

Vendor Number 

7420 

74H20 

74L20 

74LS20 

74S20 

3. package pin configuration. 

(A) 

(8) 

(el 

(D) 

9 

10 

12 

13 

208 
xxx 

OR 

LOGIC SYMBOL 

83323810 A 

INPUTS OUTPUT 

A B C 0 E 

0 0 0 0 
0 0 0 I 
0 0 t 0 
0 0 I I 
0 I 0 0 
0 I 0 I 
0 I I 0 
0 I I I 
t 0 0 0 
I 0 0 I 
I 0 I 0 
I 0 I I 
I I 0 0 
I I 0 I 
I I I 0 
I I I I 0 

TRUTH TABLE 

... Vcc 
14 8 

~TOP 
~VIEW 

1 7 GND 

208 
Sheet 1 of 1 
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DESCRIPTION 

Element 300 is a high-gain op­
erational amplifier mounted on 
a single chip. 

Pin Function 

1 Input Frequency Comp. 

2 Inverting Input 

3 Non-inverting Input 

4 -v (Connected to Case) 

5 Output Frequency Comp. 

6 Output 

7 +v 
8 Input Frequency Camp. 

NOTE: 

1. Vendor Identification: 
709C 

+15V FREQ 
~ 

l I .... 
-15V FREQ 

LOGIC SYMBOL 

PACKAGE PIN CONFIGURATION 

300 
Sheet 1 of 1 
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DESCRIPTION 

Element 301 is a frequency com­
pensated, high gain, opera­
tional amplifier. 

Pin 

1 

2 

3 

4 

5 

6 

7 

8 

NOTE: 

1. 

Function 

Offset Null 

Inverting Input 

Non-inverting Input 

-v 
Offset Null 

Output 

+v 
Not Used (no connec-
tion) 

Vendor Identification: 
741C 

83323810 A 

NULL 
,. +15V 

6 

·15V 

LOGIC SYMBOL 

PACKAGE PIN CONFIGURATION 

301 
Sheet 1 of 1 
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DESCRIPTION 

Element 306 is a pair of fre­
quency compensated, high gain, 
operational amplifiers. 

Pin Function. 

1 Inverting Input A 

2 Non-inverting Input A 

3 Offset Null A 

4 -v 
5 Offset Null B 

6 Non-inverting Input B 

7 Inverting Input B 

8 Offset Null B 

9 +v (B) 

10 Output B 

11 No Connections 

12 Output A 

13 +v (A) 

14 Offset Null A 

NOTES: 

1. separated sections have 
pin 4 (-15 V) shown in 
pa~entheses for second 
section. 

2~ Vendor Identification: 
747C 

4-92 

1 

1 

2 

3 

4 

5 

6 

GND 7 

+15V 

12 

... 4 ____ ~ ..... -15V 

+15V 

TOP 
VIEW 

10 

LOGIC SYMBOL 

14·+Vcc 

13 

12 

11 

10 

9 

8 

PACKAGE PIN CONFIGURATION 

306 
Sheet 1 of 1 
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DESCRIPTION 

Element 307 is a differential 
vol tage comparatc,r. 

pin Function 

1 GND 

2 Non-inverting Input 

3 Inverting Input 

4 -v 

5 No Connection 

6 No Conn1ect ion 

7 Output 

8 +v 

NOTES: 

1. Vendor Identification: 
710 

83323810 A 

+12V 
j 

8 

E COMPTR 
307 
xxx 

4,C 

-6V 

LOGIC SYMBOL 

7 

PACKAGE PIN CONFIGURATION 

307 
Sheet 1 of 1 
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DESCRIPTION 

Element 309 is a wide-band dif­
ferential amplifier with a nom­
inal voltage gain of 9. 

NOTES: 

1. Vendor identification: 
3001 

PACKAGE PIN CONFIGURATION 

1 

8 

BIAS +6V 

BIAS -6V 

LOGIC SYMBOL 

309 
Sheet 1 of 1 

833.23810 A 



DESCRIPTION 

Element 315 is a wide-band am­
plifier for frequencies up to 
200 MHz. 

NOTES: 

1. Vendor identification: 
CA3040 

2. package pin configuration: 

2+V 

-r-----~-----l 
4 

INPUT 

6 

TO 
ALL 

STAGES 

TO 
ALL 

STAGES 

BIAS 
CIRCUITS 

L _________ _ 

83323810 A 

5 II I 3 7 8 9 
'--.;-oJ 

SUBSTRATE 
( -V) 

___ .-J 

BIAS - +6V 

10 
OPAMP 

315 
xxx 

+~--

--- -6V 
BIAS 

LOGIC SYMBOL 

10 

OUTPUT 

12 

FUNCTIONAL DlAGRAM 

315 
Sheet 1 of 1 
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DESCRIPTION 

Element 316 is a wide band, 
unity-gain current amplifier 
capable of providing peak cur­
rents of ±200 rnA into a 50-ohm 
load. The symmetrical class-B 
output provides a constant low 
output impedance for both the 
positive and negative slopes of 
the output pulses. 

Separate connections are pro­
vided for + (Vcc ) and -
(VEE) voltages to both the 
input and output stages (see 
electrical schematic diagram). 
This increases the versatility 
of operation by allowing a de­
creased voltage to be applied 
to the output stage (Q3, Q4), 
thereby minimizing the power 
dissipation. 

Typical applications: differ­
ential input/output op amp, 
booster amplifier, level 
shifter, pulse-transformer 
driver, and transmission-line 
driver. 

NOTES: 

1. Vendor identification: 
LH0002CH I NO---f 

2. package pin configuration: 

4-96 

ELECTRICAL 
SCHEMATIC 

DIAGRAM 

+V1 +V2 

4 

LOGIC SYMBOL 

-V1 -V2 

03 

:3 

4 
OUT 

5 

316 
Sheet 1 of 1 
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DESCRIPTION 

The 320 circuit is a negative 
voltage regulator that can be 
programmed by an external re­
sistor to provide any voltage 
from -40 V to 0 V while operat­
ing from a single unregulated 
supply. Regulation is 1 mV, no 
load to full load. The full 
load current of 25 rnA can be 
increased by adding external 
transistors. 

See page 320 Sheets 2 and 3 for 
typical applications. 

NOTES: 

1. Vendor identification: 
LM304 

2. Package pin configura­
tion: (pin 10 is unused) 

1 

MVR 
320 
xxx 

T D B -v 

T = TERMINATION 
D = DIVIDER COMPONENTS 

8 

7 

B = BIAS CIRCUIT (REFERENCE VOLTAGE) 
-V = UNREGULATED INPUT 

83323810 A 

C = CURRENT MONITOR 
REPLACE m WITH NOMINAL VOLTAGE AS 

DETERMINED BY D 
REPLACE m' WITH NOMINAL CURRENT AS 

DETERMINED BY C 

LOGIC SYMBOL 

320 
Sheet 1 of 3 
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+ 
~ 20 kn 4.7 fL 

B 
VOUT 

320 
6 7 

4 3 2 5,C 
2.4 

~ NC kn 

V1N 

BASIC REGULATOR 

+ 
0.01 IJ-F 4.7 IJ-F 

8 
t-'-~--,--- Vou T 

320 

6 7 

9 4 3 2 5,C 
22 n 2.4 

470 kn 
pF 

VS1AS : 10 V 

'---_-.._----,,,-_. __ .-
SEPARATE BIAS SUPPLY 

320 
Sheet 2 of 3 
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83323810 A 

V1N 
(-12 v) 

V 1N 
(< -8.5 V) 

6 
320 

432 
2.4 

'::.- N C kn 

+ 

I---~,.-----,- VOUT 

~'::.- 4.7 fLF 1. 0.2 n 68 n 

HIGH- CURRENT REGULATOR 

2.5 kn 100 pF .tl 80 /'oF 

10 Mn 

.. 8::~---l-_---r"--'--__ VOUT 

320 

3 

2.4 
kn 

2 

7 

100 n 

47 n 

SWITCHING REGULATOR 

320 
Sheet 3 of 3 
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DESCRIPTION 

Element 322 is a frequency com­
pensated, high-speed operation­
al amplifier. 

Pin Function 

1 Offset 
Null/Compensation 1 

2 Inverting Input 

3 Non-inverting Input 

4 -v 
5 Offset Null/Compensa-

tion 3 

6 Output 

7 +v 
8 Compensation 2 

NOT~S: 

1. Vendor Identification: 
LM318 

4-100 

+1SV 

2 

6 

3 

N{ -1SV 

.. __ -.,... .... _~J 
F 

LOGIC SYMBOL 

PACKAGE PIN CONFIGURATION 

322 
Sheet 1 of 1 
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DESCRIPTION 

Element 326 is a high-gain op­
erational amplifier. 

Pin Function 

1 No Contact 

2 No Contact 

3 Offset Null 

4 Inverting Input 

5 Non-Inverting Input 

6 v-
7 No Contact 

8 No Contact 

9 Offset Null 

10 Output 

11 v+ 
12 No Contact 

13 No Contact 

14 No Contact 

NOTE: 

1. Vendor Identification: 
741C 

83323810 A 

NULL+15V 
", 

10 

-15V 

LOGIC SYMBOL 

Vee 
14 II 8 

~TOP Sr------u-d VIEW 

I 6 7 
VEE 

PACKACE PIN CONFIGURATION 

326 
Sheet 1 of 1 
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DESCRIPTION 

Element 327 is a dual-polarity 
voltage regulator for providing 
balanced positive and negative 
output voltages at currents up 
to 100 mAe Internally, the 
device is set for tlS V out­
puts, but voltage and balance 
pins permit simultaneous ad­
justments from 8 to 20 volts. 
Input voltages up to ±30 V can 
be used, and current monitor 
connections provide for adjus­
table current limiting. 

For typical applications, see 
page 327 Sheets 2 and 3. 

NOTES 

1. Vendor identification: 
MC1468L 

2. package pin configuration. 

GND I 

Vee 7 

4-102 

VOLTAGE FREQ 
ADJUST COMP(-) tV CURRENT 

MONITOR 
,...--.. 

14 7 

1 4 +mVR 
327 + 5 

-mVR 
10 

II 

f 8 
~.J 

CURRENT 

-v MONITOR 

REPLACE m WITH NOMINAL VOLTAGE 
AS DETERMINED BY VOLTAGE AND 
BALANCE ADJUST COMPONENTS. 

LOGIC SYMBOL 

327 
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11500 pF 
.-

NOT '"' 

USED 
+VOUT 

+20 V1N 0 I ~ RSC 
114 12 7 4.7 n 

4 
5 

+ I---

1.0 
fLFt 

10 
II ~ 

F :1_ 
fL~ J 3 12 8 .~ RSC 

4) 4.7 n 
NOT 

1.0 

1500 pF I USED 
.... 
'"' 

-20 V1N 0 

BASIC 50 mA REGULATOR 

327 
Sheet 2 of 3 
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" -

4-104 

39 kn 20 kn 39 kn 
"-

~ 
....... ·t· . ... 

1:1500PF 
~) 

: Rsc 

14 12 7 

4 
5 -
10 

II ~ 

l! :3 2 8 

-- 1500 pF J . ~ 

" RSC 

-" 

on +VOUT 

F 
-t.L 
11.0 p. 

> 
) 100 kn 

~ -VOUT 

~ +.r 1.0 /L F 

VOLTAGE ADJUST/BALANCE CIRCUIT 

327 
Sheet 3 of 3 

83323810 A 



DESCRIPTION 

The 329 circuit is a wide-band 
RF/IF/Audio amplifier with ex­
ternal AGe control. 

NOTES: 

1. Vendor identification: 
1590 

3 

2. Package pin configura- 1 
tion. (TO-99 metal case) -'--....... 

83323810 A 

TOP 
VIEW 

+V 

--

LOGIC SYMBOL 

329 
Sheet 1 of 1 
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DESCRIPTION 

The 330 circuit is a differen­
tial voltage comparator. The 
circuit has differential analog 
inputs and complementary logic 
outputs compatible with EeL. A 
latch function allows the com­
parator to be used in a sample­
hold mode. If the latch enable 
input is high, the comparator 
functions normally. When the 
latch enable goes low, the com­
parator outputs are locked in 
their existing logical states. 

Function 

1 +v 

2 Non-inverting Input 

3 Inverting Input 

4 Latch Enable 

5 -v 
6 No Connection 

7 Q Output 

8 Q Output 

+6V 

:] 
7 

E COMPTR 
330 
xxx 

8 
C 

LOGIC SYMBOL 

PACKAGE PIN CONFIGURATION 

9 GND NON-INVERTING 2 
INPUT 0----1 

~ ______ ~~~7~Q OUTPUT 

10 GND 
INVERTING 3 

INPUT o---a ""'O--_--f--.:.
8 -o Q OU T PU T 

NOTE: 

1. Vendor Identification: 
AM685 

4-106 

LATCH 
ENABLE 

FUNCTION DIAGRAM 

330 
Sheet 1 of 1 
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DESCRIPTION 

Element 331A is a dual-polarity 
tracking voltage regulator that 
provides balanced or unbalanced 
positive and negative output 
voltages at currents up to 200 
rnA. A single external resistor 
adjustment changes both outputs 
between the limits of ±SO mV 
and ±42 V. The 331A comes in a 
9-pin (type H) "top hat" pack­
age that can dissipate up to 3 
w. Both output voltages drop 
to zero if the junction temper­
ature rises above 175°C. 

Element 331 is similar to the 
331 A, except that it comes in 
a l4-pin DIP that can dissipate 
up to 900 mW. 

NOTES: 

1. Vendor identification: 

Element 

331 

331A 

Vendor Number 

RC4194D 

RC4194TK 

2. Package pin configuration. 

14 Vee 

12 GND 

GND 

Vee 

CASE CONNECTED TO VEE 

331 331A 

83323810 A 

4 

~ 

12 

~ 

FREQ , ... , 

1 
7 

9 

1 
L..--J 
FREQ 

FREQ 
r -, 

1 
3 

5 

1 
L--J 

331A 

N 

8 

+mVR 
331A 

-mVR 

3 

1 ~ 

L..--J 
B 

OR 

331 

N 

4 

+mVR 
331 

-mVR 

10 

J 
~ 

J 

+V 

5 

2 C 

'----

-v 

+V 

14 

II 7 
~ 
> 

L...-

FREQ B -v 

G~ 

G~ 

1 
G r----

G~ 

REPLACE m WITH NOMINAL VOLTAGE AS 
DETERMINED BY BIAS (B) AND BALANCE (N) 
COMPONENTS 

LOGIC SYMBOL 

331 
Sheet 1 of 1 
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DESCRIPTION 

The 332 and 353 circuits are 
positive voltage regulators. 
Output voltage is adjustable 
from 4.5 to 40 volts. The 
full-load output current of the 
332 is 45 mA, that of the 353 
is 25 mAe Either of these may 
be increased in excess of 10 A 
by using an external pass tran-
sistor. 

The 332 comes in a a-pin metal 
can and the 353 in an a-pin DIP. 

NOTES: 

1. Vendor identification: 

Element 

332 

353 

2. package pin 

PIN 4 CONNECTED 
TO CASE 

332 

4-108 

Vendor Number 

LM305A 

LM376 

configuration: 

'0 8 

4 5 

353 

+v 

3 
7 +mVR 

353 

5 

-::" FREO 
COMP 

OR 

+v 

-::" FREO 
COMP 

e 

e 

2 

]:1 __ }o 

2 

~1 -} 

332, 353 
Sheet 1 of 1 

83323810 A 



DESCRIPTION 

Element 333 is a dual-polarity 
tracking voltage regulator that 
provides balanced positive and 
negative 15 V outputs at cur­
rents up to 100 rnA. The type-H 
packaging permits heat dissipa­
tion of up to 2.4 W. Both out­
put voltages drop to zero if 
the junction temperature rises 
above 175°C. 

The 333 circuit may also be 
used as a single-output regu­
lator with up to +50 V output, 
where: 

(V out +3 V) Iv in \60 V 

NOTES 

1. Vendor identification 
RC4l95TK 

2. package pin configuration: 

12 5 
3 

3'!3 T'O I 
~-

8 C 
RI 

":IF 15 kn 

VOUT : +15 V (I + =~) R2 
35 kn 

.... 
SINGLE +50 v OUTPUT 

(1 0 S 100 mAl 

+VOUT 

FREQ 
BAL­
ANCE +V 

1~ 
+ 15VR 

333 
XXX 

- 15VR 

8 9 

2 5 

:3 

-v 

LOGIC SYMBOL 

-

8 

"liP' 

: 

5 
3 

333 

I 

C 

BALANCED OUTPuT 
(± 10 :s 100 mAl 

1'0~F 
+VOUT 

1'0~F 
'=" 

TYPICAL APPLICATIONS 

333 
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DESCRIPTION 

Element 338 is a dual high-gain 
operational amplifier. 

NOTES: 

1. Symbol sections may ap­
pear separately. 

2. Vendor identification: 
MC1437 

3. Package pin configuration: 

14 Vee 

5 

8 

9 

FREO 
f----.A.----~ 

12 

~ 
FREO 

LOGIC SYMBOL 

EQUIVALENT CIRCUIT 

4-110 

- V ..... 7 __ ---4 

5 

INPUT 2 
6 

OUTPUT I 

14 +V 

OUTPUT 2 

OUTPUT 
LAG 

2 

338 
Sheet 1 of 1 
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DESCRIPTION 

Element 339 consists of two 
high-speed voltage comparators 
in one package. Each section 
provides an open-collector out­
put capable of driving lamps or 
relays requiring up to 25 mAe 
Inputs and outputs can be iso­
lated from system ground. 

The 339 can operate from a sin­
gle +5 V supply, or from ± sup­
plies with a total potential 
difference of up to 36 V. Max­
imum differential input voltage 
is ±5 V. 

If pin 4 (9) is more positive 
than pin 5 (10), the output is 
open. If pin 4 (9) is equal to 
or less positive than pin 5 
(10), the output is grounded. 

NOTES 

1. If sections appear sepa­
rately, the supply-volt­
age pins are repeated as 
needed and only the ap­
plicable ground pin is 
shown for each section. 

2. Vendor identification: 
LM3l9 

3. Package pin configuration 
and functional diagram. 

83323810 A 

LOGIC SYMBOL 

OUTPUT INPUT 2 GND 
I Vcc~ 2 

GND 
I 

339 

339 

VEE OUTPUT 
2 

Sheet 1 of 1 
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DESCRIPTION 

The 500 circuit is a synchron­
ous 4-bit up/down counter. 
Synchronous operation is pro­
vided by having all flip-flops 
clocked simultaneously so that 
the outputs change coincidently 
with each other when so in- (0) 
structed by the steering log-
ic. The outputs of the four te) 
master-slave flip-flops are 
triggered by a low-to-high-lev- tB) 
el transition of either count 
(clock) input. The direction (A) 
of counting is determined by 
which count input is pulsed 
while the other count input is 
high. 

The counter is fully program­
mable: that is, the counter may 

9 

13 

CRY BRW 

UP/ON CNTR·4 
03 500 R3 

7 
(°0) xxx 

02 R2 (Oe) 

01 R1 (Oe) 

DO RO (OA) 

COUNT 
CLR LO UP ON 

4 

be preset to any state by en- LOGIC SYMBOL 
tering the desired data at the 
data inputs while the load in-
put (pin 11) is low. The out-
put will then change to agree 
with the data inputs indepen-
dently of the count pulses. A 
high level applied to the clear 
input forces all outputs to the 
low level. The clear function 
Is independent of the count and 
load inputs. 

NOTES: 

1. Input/Output identifiers 
are not part of the sym­
bol. 

4-112 
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2. Vendor identification: 

Element 

500 

SOOLS 

Vendor Number 

74193, 9366 

74LS193 

+vcc 
16 9 

~TOP 
~VrEW 

3. package pin configuration. 
I 8

GNO 

Elli 
14 CLEAR 

II LOAD 

15 A 

DATA 
10 

9 

5 COUNT UP 

.~ 
I , 

-.J 
U 
I I , , -----------------­
~------------------I I ,..-----------------------_---II _________________ _ 

I I . ..J~--~L_================_-= I 
1,....-------, ---,---------------~ L _________________ _ 

1 I 

.tl COUNT DOWN 

1 
QA =, 

I 

QS =l II 
OUTPUTS 1 I 

6 Qc -l I I 
I I 

7 QD =-, I I 
1 I 

12 CARRY I I L.J I 
I I I I 

I I I I 

10 1 113 ll4 15 0 ~ 
t t -·COUNT UP 

13 BORROW --~-------~-----------------I----~LJ I 
I I 0 15 14 131 
I.-- COUNT DOWN-...I 

CLEAR PRESET 

NOTE: 
ILLUSTRATED ABOVE IS THE FOLLOWING SEQUENCE: 

I. CLEAR OUTPUTS TO ZERO. 
2. LOAD (PRESET) TO, BCD THIRTEEN. 
3. COUNT UP TO FOURTEEN, FIFTEEN, CARRY, ZERO, ONE AND TWO. 
4. COUNT DOWN TO ONE, ZERO, BORROW, FIFTEEN, FOURTEEN AND THIRTEEN. 

COUNTING SEQUENCE 

500 
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15 

4 

5 

10 

9 

14 

DATA 
INPUT A -

DOWN 
COUNT ~ 
UP 
COUNT ~ 

DATA 
INPUT SO-

DATA 
INPUT C 

OATA 
INPUT D 

CLEAR 

0---

0---

II LOAD 

4-114 

-I-

r------
L-/ 

- r---'-. ,.. 
~ 

-~ 

rL.J ~ 

rV 
IPAES~T 

°A ~T _ 
°A-CLEAR 

wy ~ 

l\.. 
r-L---/ 1 
~~V PRESET 

HT Os 

FU ~E'-
CLEAR 

~ Ur 
J 

rL-'" 1 +-OL PRESET 

r-uV ~T °c 
~.-

CLEAR 

Lr\ ------1, 

I 

~ 1 
~~:[>- PRE~~ g-y ~T_ 

I CLE~~f-
- ~LJT 

FUNCTION DIAGRAM 

.... 

,.., 

-

-.., 

.. 

SORROW 
OUTPUT 

CARRY 
OUTPUT 

OUTPUT 0A 

13 

12 

OUTPUT 0e 2 

OUTPUT 0c 6 

0 UTPUT 00 7 
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Sheet 3 of 3 

83323810 A 



DESCRIPTION 

The 501 circuit is a 5-bit com­
parator that provides compari­
son between two 5-bit words and 
gives three outputs: "less 
than", "greater than", and 
"equal to". A high level on 
the active low enable (pin 1) 
forces all three outputs low. 

NOTES: 

1. Vendor 
tion: 

identifica-
9324 

2. 
+vcc'6 9 a TOP 

VIEW 
Function 

pin names: 

Pin 

1 

9,10,11, 
12,13 

3,4,5, 
6,7 

Enable 
input 

Word A 

Word B 

I 7GNO 
(active low)' 

parallel inputs 

parallel inputs 

2 A Less Than B (A<B) 
output 

I 

H 

A 

X 
14 A Equal to B (A=B) 

output L WORD 

15 A Greater Than B 
(A>B) output 

L WORD 
L WORD 

9 A4 

A3 COMPTR·5 
501 . 

A2 xxx 

A1 

AO A>B 
15 

A-B 

B4 

B3 

B2 

B1 

BO 

LOGIC SYMBOL 

INPUi OUTPUT 

B A<B A>B A=B 

L L L 
A = WORD B L L H 
A > WORD B L H L 
A < WORD B H L L 

3. Package pin configuration 
H = HIGH LEVE L 
L = LOW LEVEL 
X = EITHER HIGH OR LOW LEVEL 

TRUTH TABLE 

501 
Sheet 1 of 2 

83323810 A 4-115 



Q) 

W 
W 
IV 
W 
Q) ...., 
o 

A4 

B4 

A3 A2 

B3 B2 

AI AO 

A=B 

~~---A>B 

BI BO 

FUNCTION DIAGRAM 
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DESCRIPTION 

The 519 circuit is a register 
made up of six D-type flip-­
flops with common clock and 
clear inputs. 

NOTES: 

1. Vendor identification: 

Element 

519 

5195 

Vendor Number 

74174 

74S174 

2. package pin configuration. 

CLEAR 

CLOCK 

DATA 
INPUT 
DATA 
OUTPUT 

IU 
9L 

3,4,6 __ 
11,13,14 

2, 5,7 
10,12,15 

+vcc 
16 9 

~TOP 
~VIEW 

8 I GND 

n 

II = DON'T CARE 

LATCH 
3 519 2 

05 xxx RS 

04 R4 

03 R3 

02 R2 

01 R1 

00 J RO 

CLR 
1 

LOGIC SYMBOL 

u-
n n II 

Jl.SU II 

1 I 

FUNCTION SEQUENCE 

519 
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ATA D 
I NPUTS 

3 

4 

IA -

13 

14 

CLOCK %-[> 
CLEAR 

I 

4-118 

0 
f"'o. I v 

R 
y 

0 
.r-. S '-" 

R 

Y 

D 
-""' S '-J 

R 
Y 

D 
1""'1 

SR v 

? 

0 
.r-. S v 

R 
y 

0 
.r.. 

SR '-" 

Y 
FUNCTION DIAGRAM 

I 

I 

I 

I 

I 

I 

2 

5 

7 

10 

12 
.() 

15 

DATA 
OUTPUTS 
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DESCRIPTION 

Element 520 contains four posi­
tive-edge-triggered D-type 
flip-flops with common clock 
and reset (clear) inputs. Each 
FF has complementary outputs. 
Information at the input is 
transferred to the output on 
the positive-going transition 
of the clock pulse. When the 
clock is either high or low, 
input data has no effect on the 
outputs. 

NOTES: 

1. Vendor identification: 

Element Vendor Number 

520 74175 

520LS 74LS175 

5208 745175 

2. Package pin configuration. 

+VCC 16 9 

~v~~~ 
I 8 GND 

INPUTS OUTPUTS 

CLEAR CLOCK D Q Q 
L X X L H 
H f H H L 
H f L L H 
H L X NC NC 

83323810 A 

LATCH 2 
4 520 

03 xxx 
~3 
r-

7 
5

02 
ifooo. 6 
i"" 

10 
12 

01 
~ 11 
r-' 

15 
13 

DO 

J 
Il00\.14 
r-..r 

CLR 
9 ~~1 

LOGIC SYMBOL 

.,. = TRANSITION FROM LOW TO HIGH 
LEVEL 

X = DON'T CARE 
NC = SAME AS BEFORE INDICATED 

INPUT 
CONDITIONS WERE ESTABLISHED 

TRUTH TABLE 
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10 - 0 a -0 
~4 ) (2 ) 

iO 

--0 "'L ~ .0 

ClR (3 r I~ 
(;) 

- 0 a 0 
(5) ( 7) 

20 20 

--0 "'L Q -
(6 f ClR 

20 

() 

3D 0 a 30 
(12 ) (10) 

L--c L- a 
ClR (II ) 

i 
n c a 
(13) (15 ) 

40 40 

CLOCK o-~ ,.., 
1- Q -(9)/" ClK (14) 

~I 

--CLEAR 
( I ) 

FUNCTION DIAGRAM 
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DESCRIPTION 

The 521 circuit performs the 
addition of two 4-bit binary 
number s. The sum (II) outputs 10 AI 
are provided for each bit and 
the resultant carry (C4) is ob-

!I 9 

tained from the fourth bit. II BI---l-+-t-+-i L...--___ --. 

NOTES: 

1. Vendor identification: 
7483 

2. Package pin configuration. 

GNO 

I 3 CO ---lH-+--I 

8 A2 
:o-----!2 6 

16 12 9 7 B2 

1 A8 

3 A4 

8 A2 

10 AI 

16 
B8 

4 
B4 

7 
B2 

1 
B1 

13 CRY 
IN 

C~~O:W 

ADDER 
521 
xxx 

CRY 14 
OUT 

8 15 

4 
2 

2 
6 

1 
9 

5 8 
Vee 

LOGIC SYMBOL 

83323810 A 

:3 A3--~+1 

4 83 --+-+-++-L.-J 
'-------, 

I A4 
):r----! 4 15 

16 84 

lI:>--6---C4 14 

FUNCTION DIAGRAM 
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L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

NOTE I: 

4-122 

INPUT 

L L 
L L 
H L 
H L 
L H 
L H 
H H 
H H 
L L 
L L 
H L 
H L 
L H 

L H 
H H 
H H 

L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

WHEN 
CO=L 

L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 

L 
L 
H 
H 
L 

OUTPUT 

L L H L L 
L L L H L 

L L L H L 
H L H H L 
H L H H L 
H L L L H 
H L L L H 
L H H L H 
H L H H L 
H L L L H 
H L L L H 
L H H L H 
L H H L H 

L H L H H 
L H L H H 
H H H H H 

INPUT CONDITIONS AT AI, A2, BI, 82, AND CO 
ARE USED TO DETERMINE OUTPUTS LI AND 
I2 AND THE VALUE OF THE INTERNAL 
CARRY C2. THE VALUES AT C2, A3, B3, A4, 
AND B4, ARE THEN USED TO DETERMINE 
OUTPUTS I3, ~4, AND C4. 

TRUTH TABLE 
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DESCRIPTION 

The 527 circuit is an 8-bit 
shift register with gated seri­
al inputs and an asynchronous 
clear. The gated serial inputs 
(pins land 2) permit complete 
control over incoming data as a 
low at either (or both) in­
put(s) inhibits entry of the 
new data and resets the first 
flip-flop to the low level at 
the next clock pulse. A high­
level input enables the other 
input which will then determine 
the state of the first flip­
flop. Data at the serial in­
puts may be changed while the 
clock is high, but only infor­
mation meeting the setup re­
quirements will be entered. 
Clocking occurs on the low-to­
high-level transition of the 
clock input. 

NOTES: 

1. Vendor identification: 
74164, 8570 

2. Package pin configuration. 

+VCC 8 
14 

----l 

----! 

~TOP 
~VIEW 
1 7 

GND 

83323810 A 

"'\ 

./ 

~ SR·8 
527 
xxx 3 

4 

5 

6 

10 

11 

12 

J 
13 

CLR 

8 ~}9 

LOGIC SYMBOL 

527 
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00 
w 
W 
IV 
W 
00 
~ 
o 

®CLEAR-U-- u 
I 

SERIAL {CD A 
INPUTS ®B 

~~--------------------

®CLOCK I 
I 

OUTPUTS 

CVQA~~~'~I ______________ ~ ~~------------------­
~~---------------
~~------------­

f6\ Qo == ~ l ~J ~ ________________________ ~ ~~ ____________ _ 

@ QE =~ ~; LSl'---______ _ 
I 

@QF =~=~ I ~-,-------------

~QG=~=~ ~--~~l __________ __ 
I 

~QH=~=1~ ______________________________________ ~r-l~ __________ __ 

I INHIBIT SHIFT I INHIBIT 

CLEAR CLEAR 

NOTES: I. TYPICAL CLEAR, INHIBIT, SHIFT, CLEAR, AND INHIBIT SEQUENCES. 
2. 0 = PIN ASSIGNMENTS. 

FUNCTION SEQUENCE 
527 
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ex> 
w 
w 
IV 
w 
ex> 
...... 
0 

:J:lI 

~ 

I 
...... 
IV 
U1 

.------IS 

CLOCK 

A 8
J 

w 

SERIAL INPUTS 

0® 

® 
OUTPUT 

QA 

S 

CLOCK 

CLOCK CLEAR 

® ® 

® ® ® @) @ @ @ 
OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 

08 QC QO QE QF QG QH 

S S QO s S S 

CLOCK CLOCK CLOCK 

o = PIN ASSIGNMENTS 

FUNCTION DIAGRAM 
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DESCRIPTION 

Element 538 is a dual 1-of-4 
decoder with low-active outputs. 

NOTES: 

1. Symbol sections may ap­
pear separately. 

2. Vendor identification: 

Element 

538 

538S 

538LS 

Vendor Number 

9321 

74Sl39 

74LS139 

3. Package pin configuration. 

16 Vee 

GND 8 9 

4-126 

ENCOOEOY 
I NPUTSt-.-.-.. 

___ 15.., E 

9 

10 

II 

12 

LOGIC SYMBOL 

INPUTS OUTPUTS 
INH/ I 2 0 I 2 :3 -.fNA 

L L L L H H H 

L H L H L H H 

L L H H H L H 

L H H H H H L 

H X X H H H H 

TRUTH TABLE 
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DESCRIPTION 

The 581 circuit is a phase-fre­
quency detector. This device 
contains two digital phase de­
tectors, an emitter following 
amplifier, and a charge pump 
circuit that converts TTL in­
puts to a dc voltage for use in 
frequency discrimination and 
phase-locked-loop applications. 

The two phase detectors have 
common inputs. Phase-frequency 
detector A is locked in (indi­
cated by both outputs high) 
when the negative transitions 
of the variable input (pin 3) 
and the reference input (pin 1) 
are equal in frequency and 
phase. If the variable input 
is lower in frequency or lags 
in phase, output pin 13 goes 
low; conversely, output pin 2 
goes low when the variable in­
put is higher in frequency or 
leads the reference input in 
phase. The variable and refer­
ence inputs to phase detector A 
are not affected by duty cycles 
because negative transitions 
control operations. 

RE FERENCE -----4III---U 
INPUT 

Of DET 
581 
xxx 

DETECTOR 
A 

VARIIABL E _3 ..... ---t-"'\..t..-...::.. ..... 
INPUT I-------f 

9 

83323810 A 

DETECTOR 
- - B --

CHARGE 
PUMP 

[> 

LOGIC SYMBOL 
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phase detector B is locked in 
when the variable input phase 
lags the reference phase by 90° 
(indicated by output pins 6 and 
12 alternately going low with 
equal pulse widths). If the 
variable input lags by more 
than 90°, pin 12 will remain 
low longer than pin 6. Con­
versely, if the variable input 
phase lags the reference phase 
by less than 90°, pin 6 re­
mains low longer. In phase de­
tector B, the variable input 
and the reference input must 
have 50% duty cycles. 

The charge pump accepts the 
phase detector outputs and con­
verts them to fixed-amplitude 
posititve and negative pulses. 

NOTES: 

1. Vendor identification: 
4044, 4344 

2. Package pin configuration 

Vee 14 8 

c=:J 
1 7 GND 

4-128 

581 
Sheet 2 of 2 

83323810 A 



DESCRIPTION 

The 916 circuit may be used as 
a one-shot, a free-running 
multivibrator, or a compara­
tor-input FF. Descriptions are 
provided for each of these ap­
plications. 

NOTES: 

1. Vendor identification: 
NE555 

2. Package pin configuration 

GND 108 Vee 
TRIGGER 2 7 DISCHARGE 
OUTPUT:3 6 THRESHOLD 
RES E T 4 5 CONTROL VOLTAGE 

F 

s 

4 

B = TO BIAS NETWORK 

FF 
916 
XKX 

MV 
916 
xxx 

F 

f = TO FREQ. COMPONENTS 

Arrows in the line to pin 5 are omitted for 
fixed-frequency or fixed delay applications. 

LOGIC SYMBOL 

916 

I 3 

o 7 

3 

Sheet 1 of 5 
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Vee 

6 ,_~ __ ~ ____________ ~ __ 50CONTROL 
THRESHOLDu---+---I COMPARATOR r- VOLTAGE 

DISCHARGE o--7--t--. 

4-130 

OUTPL;T 
STAG~ 

:3 

OUTPUT 

COMPARATOR 

s 
FLIP FLOP 

GROUND 

BLOCK DIAGRAM 

1----+---0 RESE T 
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MONOSTABLE OPERATION 

In this mode of operation, the 
timer functions as a one-shot. 
Referring to Figure la, the ex- +Vcc(5 TO 15V) 
ternal capacitor is initially O---------------4--------e----~ 
held discharged by a transistor 
inside the timer. 

RESET 
upon application of a negative 
trigger pulse to pin 2, the 
flip-flop is set. This releas­
es the short circuit across the 
external capacitor and drives 
the output high. The voltage OUTPUT 
across the capacitor now in-
creases exponentialJy with the 
time constant I = RAC. When 
the voltage across the capaci-
tor equals 2/3 Vee, the com-
parator resets the flip-flop 
which, in turn, discharges the 
capacitor rapidly and drives 
the output to its low state. 
Figure lb shows the actual 
waveforms generated in this 
mode of operationD 

t = 0.1 MS/CM 
~ 

INPUT = 2V/CM 

.-
OUTPUT VOLTAGE = 5V/CM 

0 
-

/ ~t' JI/ 
I 7 

CAPACITOR VOLTAGE =2V/CM 

4 8 
2 

3 

-

Figure 

--
III f---

"[ 
~ 

-
JI" 

I 

RA=9.IKn. C=.OlfLF, RL=IKn 

Figure lb. 

83323810 A 

7 

6 

5 
CONTROL 
VOLTAGE I O' }LF 

lao 

916 
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The circuit triggers on a nega­
tive going input signal when 
the level reaches 1/3 Vee. 
Once triggered, the circuit 
will remain in this state until 
the set time is elapsed, even 
if it is triggered again during 
this interval. The time that 
the output is in the high state 
is given by T = 1.1 RAe. Be­
cause the charge rate and the 
threshold level of the compara­
tor are both directly propor­
tional to supply voltage, the 
timing interval is independent 
of supply. Applying a negative 
pulse simultaneously to there­
set terminal (pin 4) and the 
trigger terminal (pin 2) during 
the timing cycle discharges the 
external capacitor and causes 
the cycle to start over again. 
The timing cycle will now com­
mence on the positive edge of 
the reset pulse. During the 
time the reset pulse is ap­
plied, the output is driven to 
its low state. 

When the reset function is not 
in use, it is recommended that 
it be connected to Vee to 
avoid any possibility of false 
tr igger ing. t = O.S MS/CM 

OUTPUT VOLTAGE SV/CM 

Figure 2b. 

CAPACITOR VOLTAGE IV/CM 

4-132 
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Astable Operation 

If the circuit is connected as 
shown in figure 2a (pins 2 and 6 
connected) it will trigger itself 
and free run as a multivibrator. 
The external capacitor charges 
through RA and RB only. Thus 
the duty cycle may be precisely 
set by the ratio of these two re­
sistors. 

In this mode of operation, the ca­
pacitor charges and discharges be­
tween 1/3 CCC and 2/3 Vce. As 
in the triggered mode, the charge 
and discharge times, and therefore 
the frequency are independent of 
the supply voltage. 

Figure 2b shows actual waveforms 
generated in this mode of opera- +Vcc (5 TO 15V) 
tion. o---------------__ ------~----~ 
The charge timer (output high) is 
given by: RA 

tl = 0.693 (RA + RB) C OUTPUT 4 
0-------13 

and the discharge time {output 
low} by: 

t2 = 0.693 (RB) c. 

Comparator-Input Flip-Flop 

CONTROL 
VOll'AGE J 
.01 fLF 

5 

8 
7t----.. 

Re 
6r-.....---.. 

2 

This appllcation is depicted by· 
the top two symbol drawings on 
sheet 1. pin 5 determines the 
quiescent voltage levels of the 
trigger (pin 2) and the threshold 
(pin 6). In practice: 

Figure 2a. 

Vpin6 = VpinS7 Vpin2 = VpinS 
2 

When the level at pin 6 exceeds 
that at pin 5, the FF sets. When 
the level at pin 2 exceeds one­
half of that at pin 5, the FF re­
sets. 

83323810 A 
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DESCRIPTION 

Element 926 is a bidirectional 
analog gate that switches on 
and off under the control of a 
binary input. A logic "0" 
turns the gate on and allows it 11 

to pass an analog signal from 
input to output. A logic "1" 
turns the gate off and causes 
it to block the analog signal. 

Pin Function 

3,6,11,14 Analog Inputs 

1,8,9,16 Analog Outputs 

2,7,10,15 Binary Inputs 

4,5,12,13 Ground 

NOTES: 

1. Symbol sections may ap­
pear separately; show ap­
plicable ground pin for 
each section. 

2. Vendor Identification: 
IH5012 

16 9 

~vW~ 
I 8 

PACKAGE PIN CONFIGURATION 

4-134 

n GATE 
926 

BINARY 
INPUT 

I 

0 

OR 

FUNCTION 

BLOCKS 
ANALOG 
SIGNAL 

PASSES 
ANALOG 
SIGNAL 

TRUTH 
TABLE 

n GATE 
926 

926 

3 

14 

Sheet 1 of 1 
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DESCRIPTION 

The 986 circuit is an eight-input 
digital-to-analog converter that 
provides its maximum output cur­
rent (IO) when all digital in­
puts are high (K=255), decreasing 
in discrete steps as the count 
goes from 255 to zero. 

A reference current amplifier pro­
vides a constant current into the 
R-2R ladder, which divides the 
current into binary-related com­
ponents that are fed to the cur­
rent switches. Current from the 
reference amplifier is controlled 
by adjusting the positive/negative 
reference voltages. The output 
voltage (EO) range may be varied 
by the voltage applied to pin 1. 
The compensation input, pin 16, 
maintains correct phase margin 
throughout the range. 

The Typical Application diagram 
shows the 986 connected to provide 
128 discrete output current values 
to an op amp (not part of the 986 
circuit). The op amp feed-back 
resistor is selected to provide an 
EO of 10 volts when input cur­
rent to the op amp is maximum -
that is, ~or a count of 127. 
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NOTES: 

1. On a logic diagram, usually 
only the digital input and 
analog output pins are shown. 

2. Vendor identification: 

Element Vendor Number 

9a6A (6-Bit) MC140aL-6 

986B (7-Bit) MC140aL-7 

986D (a-Bit) MC1408L-8 

986E (8-Bit) MC1408L-7.5 

3. Package pin configuration. 
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DESCRIPTION 

The 4001 circuit is a CMOS 
package consisting of four 
2-input positive NOR gates. 

NOTES: 

1. Symbol sections may ap­
pear separately. 

2. Vendor identification: 
4001 

3. Package pin configuration: 

14 VDD 

Vss '1 • 
(OND) 

83323810 .A 

_____ ~~) \~~3 ____ _ 

----:.oJ:) >.....:.----4 

:, >..:.:-10 _ 

__ I~:&...-) _____ >~II--
OR 

~ 4001)3 
xxx 
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:d )10 

II:d )11 
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DESCRIPTION 

The 4011 Circuit is a CMOS 
package consisting of four 
2-input positive NAND gates. 

NOTES: 

1. Symbol sections may ap­
pear separately 

2. Vendor identification: 
4011 

3. Package pin configuration: 

4-138 

14 Voo 

v 55 7 """L...-_r- • 

(tNO) 

~I \~I~ )3 
:1 )4 
:1 )10 

::1 )11 
OR 
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:~ )4 
:j )10 
::j )" 
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DESCRIPTION 

The 4017 circuit is a CMOS de­
cade counter with an asynchron­
ous, active-high reset and a 
built-in count decoder. 
Changes in the output occur 
either on the positive-going 
edge of pin 14 provided that 
pin 13 is low or on the nega­
tive-going edge of pin 13 pro­
vided that ,pin 14 is high. 

Outputs are normally low, going 
high only at the appropriate 
decimal count time. 

A Carry output is provided that 
is high for all counts less 
than 5, and low for counts 5 
through 9. 

NOTES: 

1. Vendor identification: 
4017 

2. Package pin configuration: 

GNO • ---
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DESCRIPTION 

The 4023 circuit is a CMOS 
package consisting of three 
3-input positive NAND gates. 

NOTES: 

1. Symbol sections may ap­
pear separately. 

2. Vendor identification: 
4023 

3. Package pin configuration: 

14 Yoo 

Ys
s 

1 ______ .r- • 

(GHD) 
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______ ~~1\~~3~~9~-----
-----!~51 ~~6 __ __ 
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DESCRIPTION 7 
S 

The 4027 circuit is a CMOS 
package consisting of two posi­
tive-edge-triggered J-K flip­
flops with asynchronous set and 
clear inputs. 

FF 11-l1~ __ -

The functional (logic) diagram 
for the 4027 circuit appears as 
figure 4-15 in section 4A of 
this manual. 

NOTES: 

1. Symbol sections may ap­
pear separately. 

2. Vendor identification: 
4027 

3. Package pin configuration: 
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DESCRIPTION 

The 4049 circuit is a CMOS 
package consisting of six in­
verting buffers, each capable 
of driving up to two TTL loads 
when used as a CMOS-to-TTL con­
verter. For that application, 
the high-level input voltage 
may exceed the TTL supply volt­
age (VCC). 

Pin 16 (normal VOO) is not 
connected internally in this 
circuit, nor is pin 13. 

NOTES: 

1. Symbol sections may ap­
pear separately. 

2. Vendor identification: 
4049 

3. Package pin configuration: 

'tc 
I 16 NC 

13 NC 

Vss 8 9 

(GNO) 

4-144 

OR 

9 

4049 
Sheet 1 of 1 

83323810 A 



DESCRIPTION 

The 10102 is an EeL quad 2-in­
put NOR gate. The last section 
provides complementary (OR/NOR) 
outputs. 

NOTES: 

1. Vendor identification: 
MC10102L 

2. Package pin configuration 
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DESCRIPTION 

The 10104 is an ECL quad 2-in­
put AND gate. The last section 
provides complementary (AND/­
NAND) outputs. 

NOTES: 

1. Vendor identification: 
MC10I04L 

2. package pin configuration 
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DESCRIPTION 

The 10105 is an ECL triple 
OR/NOR gate with a 3-2-2 input 
configuration. All sections 
provide complementary outputs. 

NOTES: 

1. Vendor identification: 
MClOl05L 

2. package pin configuration. 
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DESCRIPTION 

The 10106 is an ECL, triple, 
4-3-3-input NOR gate. 

NOTES: 

1. Vendor identification: 
MC10I06L 

2. package pin configuration: 

LOGIC SYMBOL 
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DESCRIPTION 

The 10116 is an EeL, triple 
differential line receiver. 
The line receivers are essen­
tially very high speed linear 
differential amplifiers with 
standard ECL outputs. 

If any amplifier is unused, one 
input of that amplifier must be 
tiad to VBB (pin 11) to pre­
vent upsetting the current 
source bias network. 

NOTES: 

1. When sections are shown 
separately, the VR func­
tion (pin 11) is shown 
only with the last sec­
tion. 

2. Vendor identification: 
MCIOl16L 

3. Package pin configuration: 
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DESCRIPTION 

The 10125 is a quad ECL to TTL 
level translator. 

NOTES: 

1. When sections are shown 
separately, the VR func­
tion (pin 1) is shown 
only with the last sec­
tion. The ground (pin 
16) is shown for each 
section, with the pin 
number in parentheses for 
the second, third, and 
fourth sections. 

2. Vendor identification: 
MCl0125L 

3. package pin configuration. 
+6V 

t9 
2.J-11 ECL-+TTL -- 10125 4 
3 xxx 
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DESCRIPTION 

The 10131 is an EeL circuit 
containing two master-slave, 
type-D FFs. The FFs are con­
trolled either by the set and 
reset inputs or by the clock 
input used in conjunction with 
the D (data) input. 

When both the set and reset in­
puts are low, the FFs are in 
the clocked mode and their out­
put states change on the posi­
tive transition of the clock. 
The resulting change depends on 
the intormation present at the 
data (0) input. 

The FFs have both common and 
exclusive clock inputs. The 
FFs change separately, under 
control of their exclusive 
clock inputs, whenever the com­
mon clock input is held low. -
They change states simultane­
ously, under control of the 
common clock, whenever the ex­
clusive clock inputs are held 
low. In either case, the final 
state of each FF depends on the 
information present at its data 
input at the time of the clock. 

NOTES: 

1. Vendor identification: 
role lO 131 

2. Package pin configuration: 

83323810 A 
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DESCRIPTION 

The 12040 is a logic network 
designed for use as a phase 
comparator for EeL-compatible 
input signals. It determines 
the "lead" or "lag" phase rel.­
tionship and the time differ­
ence between the leading edges 
of the waveforms. 

Operation of the 12040 is best 
described by assuming that two 
waveforms of the same frequen­
cy, but differing in phase, are 
applied to input pins 6 and 9 
(see timing diagram). If the 
logic had established by past 
history that the waveform at 
pin 6 was leading the waveform 
at pin 9, the output of the 
comparator at pin 4 would be a 
positive pulse whose width is 
equal to the phase difference; 
and the output at pin 11 would 
remain low. 

If the logic had established by 
past history that the waveform 
at pin 9 was leading the wave­
form at pin 6, the output of 
the comparator at pin 11 would 
be a positive pulse width equal 
to the phase difference; and 
the output at pin 4 would re­
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Both outputs for the sample 
condition are valid, since the 
determination of lead or lag is 
dependent on past edge cros­
sings and initial conditions at 
start-up. A stable phase-­
locked loop will result from 
either condition. Phase error 
information is contained in the 
output duty cycle - that is, 
the ratio of the output pulse 
width to total period. By in­
tegrating or low-pass filtering 
the outputs of the comparator, 
and by shifting the level to 
accommodate EeL swings, usable 
analog information for a volt~ 
age-controlled oscillator can 
be developed. 

NOTES: 

1. Ven'dor identi f ication: 
MC1204'O 

2. Package pin identifica­
tion. 
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