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COS/MOS Integrated Circuits 

This DATABOOK contains complete data and 
related application notes on COS/MOS digital 
integrated circuits presently available .from RCA 
Solid State Division as standard products. For ease 
of type selection, functional diagrams are shown 
on pages 8-18. Data sheets are then included in 
type-number sequence, followed by output-drive
current test-circuit connections, terminal
assignment diagrams, and dimensional outlines for 
all types, by application notes in numerical order, 
and finally by a comprehensive subject index. 

To simplify data reference, data sheets are arranged 
as nearly as possible in numerical sequence of 
device type numbers. Because some data sheets 
include more than one type number, however, 
some types may be out of sequence. If you don't 
find the type you're looking for where you expect 
it to be, please consult the Index to Devices on 
page 7. 
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RCA Solid State 
Total Data Service System 

The RCA Solid State DATABOOKS are supplemented throughout 
the year by a comprehensive data service system that keeps you 
aware of all new device announcements and lets you obtain as much 
or as little product information as you need - when you need it. 

New solid·state devices and related publications announced during 
the year are described in a newsletter entitled "What's New in Solid 
State". If you obtained your DATABOOK(s) directly from RCA, 
your name is already on the mailing list for this newsletter. If you 
obtained your book(s) from a source other than RCA and wish to 
receive the newsletter, please fill out the form on page 4; detach it, 
and mail it to RCA. 

Each newsletter issue contains a "bingo"-type fast-response form for 
your use in requesting information on new devices of interest to you. 
If you wish to receive all new product information published 
throughout the year, without having to use the newsletter response 
form, you may subscribe to a mailing service which will bring you all 
new data sheets and application notes in a package every other 
month. You can also obtain a binder for easy filing of all your 
supplementary material. Provisions for obtaining information on the 
update mailing service and the binder are included in the order form 
on page 4. 

Because we are interested in your reaction to this approach to data 
service, we invite you to add your comments to the form when you 
return it, or to send your remarks to one of the addresses listed at 
the top of the form. We solicit your constructive criticism to help us 
improve our service to you. 
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Order Form for "What's New in Solid State" 
and for further information on Update Mailings and Binders 

Please fill out just one copy of this form, and mail ii'to: 

(al from U.S.A. and Canada: 

RCA Solid State Division 
Box 3200 
Somerville, N. J., U.S.A. 08876 

(bl from Latin America and Far East: -

RCA Solid State 
International Sales 
Somerville, N. J., U.S.A. 08876 

Icl from United Kingdom, Europe, Middle East, and Africa: 

RCA Limited RCA s.a. 
Sunbury-an-Thames or 4400 Herstal 
Middlesex TW16 7HW, England Liege, Belgium 

o Please add my name to the mailing list for "What's New in Solid State" 

o Please send me details on obtaining update mailings for my DATABOOKS 
and a binder for filing of supplementary material. 

I I I I I I ·1 I II -I I I I I I I I I 
(last) (Initials) 

Company IL-...L-....II'---Iol ~I--'-I-'-I -,-I -1-1 -,-I ....1.-1 ",--I .1...-1 IL-..II---LI---LI ~I--,-I -,-I -1-1 -1-1 ..l.......J1 I 
Address 
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AD Executive/Administration 
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00 Design Engineer 
E 0 Application/Components 

Engineer 

F 0 Production/Manufacturing 
G 0 Documentation/Library 
H 0 Reliability/OA 
I 0 Education/Trairiing 
J 0 ProgramlProiect Management 
K 0 Marketing 

(Country) 

Activity: (Check 0",,1 

A 0 Broadcast 
B 0 Communication 
COl nstrumentation/Control 
o 0 Computer/Data Processing 
E 0 Computer. Peripheral 
F 0 Automotive . 
G 0 Industrial 
H 0 Medical 
I 0 Research 
J 0 Transportation 
K 0 COnsumer. Electronic 
L 0 COnsumer. Appliance 
M 0 Space 
No Ordnance 
a 0 Avionics 
P 0 Electronic Warfare 

(Zip or PsII. Zone) 

Product Interest: 
(Indicate order of interest if 
more than one is marked) 

AD Linear IC's 

BOOigitallC's, COS/MOS 

COOigitaIIC·s. Bipolar 

oOThvristorsiRectifiers 

EO Liquid Crystals 

FOSemiconductor Diodes 

GO RF. Power Semiconductors 

HOMOSFETS 

I o Power Transistors 

J 0 Power Hybrid Circuits 
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I ndex to COS/MaS Integrated Circuits 
(Circuits marked with an asterisk (*) are also available in chip form. 

A data sheet on COS/MOS Ie chips, File No. 517, is available on request.) 

Type No. Description Page No. Type No. Description Pago No. 

* CD4000A Dual 3·input NOR gate plus inverter 32 * CD4054A 4·line liquid-crystal display driver 267 

* CD4001A Quad 2-input NOR gate 32 * CD4055A BCD-7-segment decoder/driver 267 

* CD4002A Dual 4-input NOR gate 32 * CD4056A BCD-7·segment decoder/driver 267 

* CD4004A Replaced by CD4024A Series * CD4057A LSI 4·bit arithmetic logic unit 273 

• CD4006A 18-stage static shift register 39 CD4059A Programmable divide-by-N counter 285 

* CD4007A Dual complementary pair plus inverter 44 * CD4060A 14-stage ripple-carry binary counter/divider 

* CD4008A 4-bit full adder with parallel carry 50 and oscillator 291 

* CD4009A Hex buffer/converter (inverting) 56 * CD4061A 256-word x 1-bit static RAM 298 

* CD4010A Hex buffer/converter In on-inverting) 56 * CD4062A 200-stage dynamic shift register 305 

* CD4011A Quad 2-input NAND gate 63 * CD4063B 4-bit magnitude comparator 313 

* CD4012A Dual4-input NAND gate 63 • CD4066A Quad bilateral switch 319 

• CD4013A Dual "0" flip-flop with set/reset 70 CD4067B 16-channel multiplexer/demultiplexer 326 

* CD4014A 8-stage static shift register 76 * CD4068B 8-input NAND gate 329 

* CD4015A Dual 4-stage static shift register 81 * CD4069B Hex Inverter 334 

• CD4016A Quad bilateral switch 86 CD4070B Quad exclusive-OR gate 340 

• CD4017A Decade counter/divider 94 * CD4071B Quad 2-input OR gate 342 

* CD4018A Presettable divide-by"N" counter 99 * CD4072B Dual 4-input OR gate 342 

• CD4019A Quad AND-OR select gate 104 * CD40738 Triple 3-input AND gate 348 

* CD4020A 14-stage binary/ripple counter 109 * CD4075B Triple 3-input OR gate 342 

* CD4021A 8-stage static shift register 114 CD4076B 4-bit OoType register with 3 state outputs 354 

• CD4022A Divide-by-8 counter/divider 119 CD4077B Quad exclusive NOR gate 340 

* CD4023A Triple 3-input NAND gate 63 * CD4078B 8·input NOR gate 357 

* CD4024A 7-5tage binary countm- 124 * CD40818 Quad 2-input AN 0 gate 348 

* CD4025A Triple 3-input NOR gate 32 • CD4082B Dual 4-input AND gate 348 

• CD4026A Decade counter/divider 130 * CD40858 Dual 2-wide 2-input AND-DR-INVERT gate 362 

* CD4027A Dual J-K master-slave flip-flop 139 * CD4086B Expandable 4-wide 2-input 

* CD4028A BCD-to-decimal decoder 145 AND-DR-INVERT gate 368 

* CD4029A Presettable up/down counter 150 CD40898 Binary rate multiplier 374 

* CD4030A Quad exclusive-OR gate 157 * CD4093B Quad 2-input NAND Schmitt Triggers 378 

* CD4031A 64-stage static shift register 162 CD40948 8-stage shift-and-store bus register 384 

• CD4032A Triple serial adder (positive logic) 168 CD4095B Gated J-K M-S Flip-Flop 

* C04033A Decade counter/divider 130 (non-inverting J&K inputs) 386 

* CD4034A MSI 8-stage static shift register 173 
CD4096B Gated J-K M-S Flip-Flop 

• CD4035A 4-stage parallel in/out shift register 181 (inverting & non-inverting J & K inputs) 386 

* CD4036A 4-word x a-bit RAM (binary addressing) 188 
CD4097B Differential a-channel multiplexer/ 

* CD4037A Triple AND-OR bi-phase pairs 195 demultiplexer 326 

• CD4038A Triple serial adder (negative logic) 168 
CD4098B Dual monostable multivibrator 388 

* CD4039A 4-word x 8-bit RAM (word-line addressing) 188 
CD4099B S-bit addressable latch 392 

* CD4040A 12-stage binary/ripple counter 200 
CD4502B Strobed hex inverter/buffer 394 

* CD4041A Guad true/complement buffer 205 
CD4511B BCD to 7-segment latch decoder driver 398 

• CD4042A Guad clocked "0" latch 212 * CD4514B 4-bit latch/4-to-16 line decoder 

* CD4043A Quad 3-state NOR R/S latch 216 (high on select) 401 

* CD4044A Quad 3-state NAND R/S latch 216 
* CD4515B 4-bit latch/4-to-16 line decoder 

• CD4045A 21-stage counter 222 
(Jow on selectl 

401 

• CD4046A Micropower phase-locked loop 227 
* CD4518B 

407 
Dual BCD up counter 

* CD4047A Monostable/astable multivibrator -234 
• CD4520B 

407 
Dual binary up counter 

* CD4048A Expandable a-input gate 245 
BCD rate multiplier 

413 
CD4527B 

* CD4049A Hex buffer/converter (invertingl 252 
CD4532B a-input priorty encoder 

417 

* CD4050A Hex buffer/converter (non-inverting) 252 
• CD4555B Dual binary to 1 of 4 decoder/ 

CD4051A Single 8--channel multiplexer 259 
demultiplexer (high on select} 

419 

CD4052A Differential 4-channel multiplexer 259 
* CD4556B Dual binary to 1-of-4 decoder/ 

CD4053A Triple 2--channel multiplexer 259 
demUltiplexer (low on select) 419 
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CLOCKS '2 028 • ,. STAGE 

" RESETS 038 

048 

8 

Vss 
92CS-2S048 

CD4015A 
Dbal 4-Stage with Serial 

Input/ParaUel Output 
File No. 479 

Yoo 

DATA 
OUT 

DATA 
OUT 

DATA -L __ r-..... 
'N. 

CONT. 

CLOCK 'N. 

12 

Vss 
92CS-2S0S0 

CD4031A 
6~~ 

FileNo. 569 

PARALLEL OUTPUTS QI-QS 

CD40948 92CS-24~64 

&stege Shlft-and-8tore 
Bus Register 
Preliminary 

SHIFT REGISTERS 

PAR. 
SER.-!. 
CONT. 

SER. II 
'N· 
CLOCK~ 

Voo 

Vss 
92C$-25049 

CD4006A 
IS-8_ 

File No. 478 

Voo 

12345678 

2 

'2 

3 

" 06 5 
" Q7 ~ ... ... 

Q8~ .. 

CD4014A 

8 92C5-25047 

Vss 

Synchronous 'araller or 
Serial Input/SeriaJ Outpu.t 

CD4021A 
Asynchronous 

Parallel Input/SeriSl Output 
Synchronous 

Seriallnput/SerialOutput 
File No. 479 

RC 

"EO 

SER.P 
IN lK 

SERIAL 
INPUT .,. 

PIS 

AIS 

CLOCK 

CLK 

PIS 

TIC 

RESET 

4-STAGE REGISTER 

\ 0,/0, <>t02 0,10. o./ii. 
TIC' OUl I 

92C5-19966 

CD4035A 
~_ P.ralle~lnlPerall".()ut 

with J.i( Input 
and True/Complement OutPut 

File No. 568 

" 
13 

,. 
'5 

CD4034A 
8-818ge Bidirectional 

92CS-19201RJ 

Parallel or Serial Input/Parallel Output 
File No. 575 

Dynamic 

CD4062A 
200-Staga Dynamic 

File No. S16 

CLIO 

CL2D 



Voo 

I' 

1a 
01 

INPUT 1 Oa INPUT 
PUl.SES PULSES 

0, 

RESET O. RESET 

Os 

06 

07 

NC=8,IO,13 NC'"B 

VSS 

92C5-25051 

CD4024AD, AE, AF, AK· 

7,stage 
FileNo, 503 

Voo 

16 

"0" 
a "I"~ 

CLOCK I' "z" 
CLOCk' " "," ENABLE 
RESET 15 10 "4" 

"5" 

"6" 

6 '"7" 

"a" 
11 "9" ,. 

CARR" 
OUT 

VSS 

CD4017A 
Decade Counter/Divider 

PluI1D Decoded Decimal Outputs 
File No. 479 

1 

Voo 

01 

10 Oa 

0, 

0, 

Os 

0' 

07 

1a 

VSS 

92CS-25052 

CD4024AT 

CLOCK 

CLOC 

'iss -8 

VDO -16 

" 
" ENABLE 

RESET 15 

Voo 

16 

10 

COUNTERS 
Binary/Ripple 

92CS-23762RI 

CD4D60A 
14-Staga Counter/Divider 

and Oscillator 

CD404DA 
12,stago 

FileNo. 624 

File No,B13 

12-STAGE 
RIPPLE COUNTER 

92CS-205Z2 

Synchronous 

IN~t~s VDO 

~ 
"," "3" "5" 

"j 
"," 
"2" ~ 
"3" :;:: 

"4" 8 
"5" ~ 

"6" 

"7" 

CARRY 
OUT 

VSS 

VSS 

10 

INPUT 
PULSES 

" RESET 

Voo 

16 

VSS 

01 1! 
[ 04 

05 ~ 

4 06 5 

~3~: ~::: 
12 09 

14 010 ~ 
15 all 
I QI2 ~ 
2 013 
3 014 

92CS-25053RI 

CD4020A 
14.stage 

File No. 479 

JAM 
INPUTS 
~YDD 
I 2: 34 

CARRY 
OUT 

VSS 

CD4022A 
Divide-by..a Counter/Divider 

with B Decimal Outputs 
FileNo. 479 

CD4018A CD4029A 
Presettabla Divida-by.·'N" Counter Presettalbe Up/Down Counter 

Fixed or Programmable Binary or BCD·Decada 
File No. 479 File No. 5D3 

13 
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CLOCX...JIu.." '-~~ 
ENABLE-,2'-t-":""_-L--' 

R 7 

CLOCK 9 
ENABLE~I04-.::...._-L.J 

R 15 

CD45188 
Dual BCD 

Up-Counter 

• vss 
92CS-22916 

CD4620B 
Dual Binary 
Up-Counter 

File No. 80B 

COUNTERS 
Synchronous (Cont'd) 

PROGRAM JAM INPUTS teem 

CD4059A 

Programmable Divide·by·"N" Counter 
Preliminary 

92CM-22213 

Clock·Timer 

VDO) 
" vss 

4,5,6,9,10.11,12,13-
NO CONNECTION 

92CS-20943 

CD4045A 
21-staga 

File No. 614 



DISPLAY COUNTERS/DECODERS/DRIVERS/ENCODERS 

VDD 

" I 

'1 CLOCK 
12 • ~ 
.. 0 

CLOCte ' : 
(N.lLE t • 8 .. 

" w "£SIT • 0 . ~ 
I , 

CA.", , 
DISPLAY 
ENAILl 
I. 

V .. 

CD4026A 
Decade Counter/Divider with 7-Segment 

Display Outpubl and Display Enable 

.of IN C 

0 

CT 

BI 

CE 

Fila No.50l 

VDO 
16 

7 13 

12 

" . 
10 'LI-
9 ·1~..Ic 
IS 

" 
e 

VS5 
92C5-22913 

CD4511B 
BCD.to.7-8egment Latch 

Decoder Driver 
Preliminary 

• 

CD4056A 

V00-24 
VDD VSS ·12 SO II iieo 

51 9 AieD 

CLOCK 

I ", 
" . CLOCK 

ENABLE 0 

• w 
0 

" 

* 
RESET . 

52 10 ABeD 
53 

• ABfn 54 7 ABCD 
DATA 1 A 55 6 ABCD 

56 5 iBCD 
DATA 2 4 TO!6 57 4 ABeD 

21 LATCH 58 18 ilieD 
DATA 3 DECODER 59 17 ABeD 

" 
DATA 4 

22 510 20 AD CD 
511 19 AB cO 

LAMP 
TEST 5 CARRY 

OUT 

RIPPLE RIPPLE 
BlK. alK. 
IN OUT. 

Vss 

STROBE 512 14 AS CD 
513 13 AB CD 
514 IGieCD 
51' IS ABeD 

INHIBIT ":23~====~====~ 
92CS-2291!S 

CD4514B CD4515B 
CD4033A 

Decode Counter/Divider with 7-Segmant 4-Bit Latch/4-to-16 Line Decodan 

Display OUtpubl and Ripple Blanking 

07 

DO 

File No. S03 

92CS-24595 

CD4532B 
8-lnput Priority Encoder 

Preliminary 

[

2 0 5 

2' 
BCD 

INPUTS 22 

2 3 

STROBE I 

P~~~~fNY - 6 

(High on Solectl (Low on Solectl 
Fila No. 814 

92CS-ZO090 
CD4054A 

4-Lina Liquid-Crystal Display Driver 
FileNo. 634 

®VSS (!flEE @>voo 
r---t--i--t-, 
I I 

I 
I I L _________ ...1 

92CS-Z0091 

CD4056A 

7-
EGMENT 

OUTPUTS 

Liquid Crystal BCD to 7-Segmant Decoder/Driver 
with "Dlsplav-Frequoncy"' Output 

FileNo. 634 

Liquid Crystal BCD to 7-Segment Decoder/Driver 
with Strobed·Latch Function 

Fila No. 634 
15 



MULTIPLEXERS 

SIG A 

OUT/IN 

OUT/IN 

SIG B 

IN/OUT 

CD4016A 

92CS-21627 

CD4066A 

auad BiI_al Switch 

File No. 479 File No. 769 

'~H. , _____ -, '3 I OF 16 DECODER 

I I i _ l.. I I 
o o--a- C I 

,~ I 

IN/OUT 

150r ...... ----
92CS-24924 

CD4067B 
16oChannoi 

Multiplexer/Demultiplexer 
Preliminary 

OUT/IN 

16 

CD4061A 
Single B-Channol 

Preliminary . 

CD4052A 
Diffarential4.channal 

Preliminary 

CD4063A 
Triple 2oChonnei 

Preliminary 

ax OR ay OUT/IN 

bx OR by OUT/IN 
ex OR cy OUTIIN 

92CS··22708 

A 

'N/~UT{' , I " I ;,.,:" 

~~..,._'o_i 11 
Y { 'I 10U,v,'N 

,NIOUT 7 'F"""'" 
-L---------------,,~o~o-J 

CD4555B 

92CS-24980 

CD4097B 
Differential BoChannel 

Multiplexer/Demultiplexer 
Preliminary 

92CS-22919 

CD41i66B 

DU811-o1-4DecodorlDomuldploxan 

Output High File No. 858 Output Low 

TRUTH TABLE 

INPUTS OUTPUTS OUTPUTS 
ENABLE SELECT CD455&B CD455&B 

I" B A 03 02 Q1 00 03 02 01 00 

0 0 0 0 0 0 1 1 1 1 0 

0 0 1 0 0 1 0 1 1 0 1 

0 1 0 0 1 0 0 1 0 1 1 

0 1 1 1 0 0 0 0 1 1 1 

1 X X 0 0 0 0 1 1 1 1 

X = DDN·T CARE 



C' 

.. .. 
"O'--t+t+tt~-c...J 

.310'+1-H++~-.r1 

"iO'-++ttt---L--I 
",,0'++++<'----1,-' 

.,O''f-f6-----r, 
A, ()!+-~---L:.=J 

TERMINAL No. 16 = VOO 
TERMINAL NO.8'" VSS 

CD4008A 
Four-Bit Full 4ddar with 

Parallel Carry Out 
Fil. ND.479 

CASCADING {tA<8)H 2 

'~:~~S (A=Bll_1 3 

PREVIOUS (A>S)l_1 4 
PACKAGE 

AO AI A2 A3 

ARITHMETIC CIRCUITS 

.,--"'-_---"r---, ., 
INVERT I 

vss'"a 
VOO-'6 

CD4032A 
92CS·'1663 

CD4038A 
Triple Serial Adders 

+ Logic - Logic 

(A<BJOUT 

(A=8}OUT 

tA>BJOUT 

FileNo, 503 

FUNCTION I 
SELECT -

CONDITIONAL' 

VDD ,. 
~~~~:;~'D A 

. 13 B 

BCD 
INPUTS 12 C 

II D 

Vss 
'2tS-191]1 

CD4028A 
BCD·ta-Declmal Decoder 

File ND.500 

DATA 
OUT 

CONTROL 

RIGHT SERIAL 
DATA LINE 

92CS-22918 
'NPUTS ''----r----l 

CD4063B 
4-8it Magnitude Comparator 

File ND. 805 

PHASE· LOCKED LOOP 

.3 

r--'~~~r---------1I~ 
C2 FILTER 

CD4048A 
Ph ..... Lockod LDDp 

File ND. 637 

T 
VSS 

92CS-20006 

TO 
REGISTER 

A 

CD4057A 
LSI 4-Bit Arithmetic Logic Unit 

Fila No. 635 

SCHMITT TRIGGER 

92CS-23880 

CD4093B 
Quad 2·lnput NAND Typo 

File ND. 836 

nCS-2025aRI 
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BYPASS \ 1-------8, 
BIT OUtpUTS 

9lC:S-19935 

CD4036A 

MEMORIES 
Word.()rganized 

\ 1-------8, 
BIT OUtpUTS 

92cs-19954 

CD4039A 
4-Word X 8·BIt (Binary Add_lngl 

File No. 613 
4-Word X 8-Bit (Direct Word·Lino Add"';ntl 

FII. No. 613 . 

Vss 0--0 
vOD 0---0 
N.C. 0 

Bit.()rganized 

Di!A OUT 

#;;--~----if-----r>-------<'I' 

256-81T 
(16xI6) STATIC 

STORAGE 
ARRAY 

DATA IN 

L..-____ .J---------\..J+-----(i12 

CD4081A 
266-Word by 1-Bit Stlltic Random Accea 

File No. 768 

RATE MULTIPLIERS 

CAse 12 

EIN II 

RATE INPUT 9 
CLOCKST 10 

{

AI' 

S" 
MULTIPLIER C 2 

o 3 

4 

CLEAR 13 

VOO"'16 
VSS=8 

CD4527B 

1 EOUT 

6 OUT 

5 OuT 

'9' 

BCD Rate Multiplior 
Preliminary 

CAse 
EIN II 

RATE INPUT 9 
CLOCKST 10 

MULTIPLlER~ :~ 
CLEAR 

7 EOUT 

6 OUT 

5 OuT 

"IS" 

92CS-22914 

CD4089B 
Binory Rate Multiplier 

Preliminary 

92CM-2.02.38'U 



NEW PRODUCTS PROGRAM 

The CD Preliminary COS/MaS types listed below are some of the devices scheduled for introduction during 1975. 
Logic diagrams and terminal assignment diagrams are shown following the listing. 

Additional types will also be announced throughout the year. For information· concerning announcement dates and 
product availability', contact your RCA representative or supplier, or watch for announcement in the RCA Solid State 
Announcement Newsletter "What's New In Solid State" referred to on the inside front cover of this DATABOOK. 

Preliminary 
CD Type 

Circuit Description 

Dual 4·Bit Latch 
4·Bit BCD Up/Down Counter 
4·Bit Binary Up/Down Counter 
32·Bit Left/Right Shift Register 
9·Bit Parity Generator & Checker 
Presettable B·Bit BCD Down Counter 
Presettable 8·Bit Binary Down Counter 
Three State 4·Bit Left/Right Shift Register 
4·Word X 4·Bit FIFO Buffer 
Hex Schmitt Trigger Inverter 
Dual 2·lnput NAND Buffer/Driver 
4 X 4 Multiport Register 
4-Bit Arithmetic Logic Unit 
Look·Ahead Carry Block 

Similar 
Industry 

Type 

MC1450B 
MC14510 
MC14516 

CD4508B 
CD4510B 
CD4516B 
CD40100B 
CD40101B 
CD40102B 
CD40103B 
CD40104B 
CD40105B 
CD40106B 
CD40107B 
CD4010BB 
CD401B1B 
CD401B2B 
CD40192B 
CD40193B 
CD40194B 

Synchronous 4·Bit BCD Up/Down Counter (Dual Clock) 
Synchronous 4·Bit Binary Up/Down Counter (Dual Clock) 
4·Bit Left/Right Shift Register 

*Because of the wide interest in COS/MOS parts, RCA reserves the right to limit sample quantities. 

DO 
13 

QO 

SHIFT DI 

• REGISTERS D2 

D. 
7 

12 
QI 

Q2 
SHIFT 10 

Q' IN RIGHT II 

LOAD IN 14 
DATA READY CLOCK 3 

CLEAR OUT " CLEAR IN SHIFT 

RESET VOC=IS 
OUT LEFT 6 

Vss= 8 
WRITE 92CS-24817 
ENABLE 3-5TAT£ B 

CD40105B 

f OO} 
~Word x 4·Bit FIFO Buffer 

19 
01 WORD A PRESET PI 

I. INPUTS P2 Q2 OUTPUT 

•• 17 
Q' 

WRITE 0 

WRITE I 

14 
22 

QO} READ 14 2. 
READ OA 

I. 01 WORD B 
02 OUTPUT 

READ IS 
10 

Q' 
READ OS 

I. 

VOO-24 CLOCK 3-5TAT£ A 
VSS .. 12 

9ZCS-24819 

CD40108B 
4 x 4 Multiport Register 

DO 

01 

D' D. 
CLOCK 11 

SHIFT 
IN RIGHT 2 

MODE {MO 
SELECT MilO 

CD40194B 

15 00 

14 QI 

13 02 

12 Q3 

SHIFT 
7 LEFT IN 

VOD=16 

Vss -8 

92CS-24822 

4-Bit Loft/Right Shift Roeiste, 

SHIFT 
LEFT/RIGHT 

INHIBIT RECIRCULATE SELECT 

1,5,7.10,14,15: NC 

VOO =16-. VSS=8 

CD40100B 
32.Bit Left/Right Shift Ragistar 

3-STATE 

DO 

01 

D. 
D. 

4 

CLOCK II 

SHIFT 
IN RIGHT 

MODE { MO 
SELECT M 10 

SHIFT 
12 RIGHT OUT 

SHIFT 
4 LEFT IN 

92CS-248J3 

" QO 
14 01 

13 Q2 

12 03 
SHIFT 

7 LEFT IN 

YOO-16 

vSS·a 
92CS-248t6 

CD40104B 
3$tato 4·Bit Loft/Right 

Shift Roei .. o, 

19 



COUNTERS LATCHES 

3-STATE 
3 

PRESET PRESET ENABLE DO aD 
ENABLE 

0' a' ,. 3 
P' Q' r 2 ~} 02 a2 

P2 '2 a2 PRESET Pa Os OUTPUTS '0 
'A • D. a3 

P3 '3 '4 Q3 INPUTS Pc Qc • 2 
9 7 STROBE 

P4 Q4 Po QD RESET 

Voo '" 16 3-5TATE " ,S 
'2 ___ 

CLOCK COUNT UP CARRY OUT 
,. 

'7 Vss"'s 4 13 DO aD 
UP/DOWN '0 COUNT DOWN i'OiiiiOWffijT 

0' '8 '9 Q' 

CAiifiYiN 'CiiiiiYQijT VoO-IS 02 
20 2' a2 RESET 

VSS· 8 D. 
22 23 

Q' RESET 92C$-24824 92CS-24821 ,. 
STROBE 

CD4510B CD4516B CD40192B CD40193B '3 VOO-24 

BCD Binary BCD Binary RESET VSS:.12 

4-Bit Up/Down ~ounters Synchronoul4-Bit Up!Down Counten 92CS-24823 

CD4508B 

PRESET 
SYN. ENABLE 2 

PRESET 
ASYM. ENABLE 9 

(ClOCK 
CARRY ENABLE) 3 

'N 

PO PI P2 P3 P4 P5 P6 P7 

CLOCK 
'----",:-s---..I ~~~:~. 

RESET 

CD40102B 
BCD 

CD40103B 
Binary 

Presettable 8-8i1 Down Counten 

ARITHMETIC 
CIRCUITS 

r 3 

_ Gi 
G _ 

G2 

0. 

r • _ Pi 
p P2 

i'3 

CARRY IN '3 
voo=is 

'2 

II 
CI+X 
CI+Y 

Cr+z 

P 

'0 G 

VSs·s 92CS-24826 

20 

CD40182B 
Laok-Ah.ad-Corry Block 

92C$-248115 

MODE 
CONTROL 

Voo'"24 
Vss "12 

BUFFERS AND INVERTERS 

'N2 

1,2,6.8,9,13:NC 

CD40107B 

I-...--t-"--OUT, 

,!--4--f'.:::0- ooT2 

92CS-24820 

Dual 2-lnput NAND Buffer/Driver 

Dual 4-IIit Latch 

VOO-14 
Yss -7 92CS-24818 

CD40106B 
Hex Schmitt

Trigger Inverter 

PARITY GENERATOR 

FUNCTION SELECT 
INPUTS , 

CD4D181B 

G} lOOK 
P AHEAO 

CARRY' 
OUTPUTS 

92CS-24825 

INHIBIT 

P' 

P2 

P3 

P4 

P' 
P6 

P7 

PS 

PO 

2 

4 

o .EVEN'} 
'2 OUT 

13 6 "ODD" 

'0 

" S VOO-14 
Vss ~1 

92CS-24814 

4-Bit Arithme1ic Logic Unit 

CD40101B 
9-8it Parity Generator 

ondC/1eckar 



COS/MaS Design and Operating Considerations 

The information on the following pages serves as a brief 
introduction to COS/MaS specifications, ratings, and perform· 
ance characteristics. This information is included to help the 
user avoid problems in connection with over·all systems 
design. COS/MaS operation, design, and layout fundamentals 
are discussed in detail in the RCA COS/MaS Integrated 
Circuits Manual, CMS·271. 

Maximum Ratings 
The maximum ratings for all the COS/MaS devices included 

in this book are as follows: 

Characteristic 

Supply Voltage 

Symbol "A" Series "B" Series Unit 

VDD- +15to·0.5 +18to·0.5 Vdc 

VSS 

Input Voltage, 
All Inputs VI 

Device Power 
Dissipation per 
package PD 

Operating·Temperature 
Range: T 
Ceramic Packages 
Plastic Package 

Storage·Temperature 
Range: Tstg 

Lead Temperature 
(during soldering) 
at a distance of 
1/16±1/32 inch 
(I.59±0.79 mm) 
from case for 
10 sec. Tlead 

Operating Supply-Voltage Range 

VSS ';;VI';;VDD Vdc 

200 mW 

·55 to+125 DC 

·40 to+85 DC 

·65 to +150 DC 

·+265 DC 

COS/MaS integrated circuits are specified in one of two 
supply·voltage ranges: "A"·series devices operate from 3 to 15 
volts, and "B"·series devices from 3 to 18 volts. Logic systems 
oceasionally experience transient conditions on the power· 
supply line which, when added to the nominal power·bus 
voltage, could exceed the safe limits of circuits connected to 
the power bus. Recommended supply·voltage ranges which 
realistically assess these conditions are 4 to 12 volts for 
"AU-series devices, and 4 to·15 volts for uB"_series devices. 

The recommended maximum power·supply limit is substan· 
tially below the minimum primary breakdown limit for the 
devices to allow for limited power.supply transient and 
regulation limits. The minimum recommended supply voltage 
of 4 volts also takes into account transient and regulation 

limits. In addition, circuits that operate in a linear mode over a 
portion of the voltage range, such as RC or crystal oscillators, 
often require a supply voltage of at least 4 volts. 

Power Dissipation 
Power dissipation in a COS/MaS device is composed of two 

terms, quiescent (de) dissipation and dynamic (ac) diSSipation, 
PQ and Pac respectively. Quiescent diSSipation, generally 
varying from a few nanowatls for small devices to tens of 
microwatts for large devices, is due to a combination of 
leakage effects comprising parasitic junction diodes (normally 
reverse·biased) and surface effects. Dynamic dissipation is 
comprised of two elements: (I) "through"·current that exists 
during the transition from one logic level to the other, when 
both N·MOS and P·MOS devices are momentarily conducting 
simultaneously, and (2) power.supply current required to 
charge the node and output capacitance during switching. 

The first component (internal switching) of dynamic 
dissipation is usually negligible compared to the component 
associated with charging capacitance, particularly for systems 
with fast rise and fall times. As transition times increase, 
however, through·current increases appreciably and the total 
current is a complex function of the transition times and 
capacitance. 

In most circuits, the ac dissipation (Pac) in watts is equal to 
Co VDD2 f, where Co is the effective output capacitance 
(including load capacitance) in farads, VDO is the supply 
voltage in volts, and f is the frequency in Hz. Because the 
output capacitance must be charged from VSS to VOO on~e 
each period, dynamic dissipation increases linearly with 
frequency and load capacitance. and as the square of the 
supply voltage V DD' Each COS/MaS data sheet includes a 
curve showing dynamic power dissipation as a function of 
frequency. Fig. I shows switching current and voltage 
waveforms for different values of load capacitance and input 
rise and fall times. 

System Noise Considerations 
In general, COS/MaS devices are much less sensitive to 

noise on power and ground lines than bipolar logic families 
(such as TTL or OTL). However, this sensitivity varies as a 
function of the power·supply voltage, and more importantly as 
a function of synchronism between noise spikes and input 
transitions. Good power distribution in digital systems 
requires that the power bus have a low dynamic impedance; 
for this purpose, discrete decoupling capacitors should be 
distributed across the power bus. 

Power-Source Rules 
The safe operating procedures listed . below can easily be 

understood by reference to the basic COS/MaS inverter and 
its gate·oxide protection network plus inherent diodes, as 
shown in Fig. 2. 

I. When separate power supplies are used for the COS/MaS 
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Vo 

VOUT 

Vs 

0 

s 
1 

IOD O. 5 

0 

1 

ISS O. 5 

Voo 

Your 

Vss 

2.5 

IOD 1.25 

o 

2.5 

Iss 1.25 

Voo 

Your 

Vss 

5.0 

IOO 2.5 

0 

5.0 

ISS 2.5 

I 
I 

'I 
/\ 

A 

1\ 

1\ 

IA 
r\ 

I 
1\ I 

I 
lalINPUTt.,.tfIllIO",s 

Cl""5pF 

~ 
1\ 

/\ I 

j 

'\ 
(b) INPUT 1,. t.f a400 ns 

Cl-15pF 

1\ 

\ 1\ 

1\ 
Ie) INPUT t r • tf =40 ns 

CL"65pF 

1\ 

92CM-25118 

Fig. I-Switching-current waveforms. 

device and for the device inputs, the device power supply 
should always be turned. on before the independent input 
signal sources, and the inpu t signals should be turned off 
before the power supply is turned off (V SS .. VI. .. VDD as 
a maximum limit). This rule will prevent over-dissipation and 
possible damage of the D2 input-protection diode when the 
device power supply is grounded. When the device power 
supply is an open circuit, violation of this rule can result in 
undesired circuit operation although device damage should not 
result; ac inputs can be rectified by diode D2 to act as a power 
supply. 

2. The power-supply operating voltage should be kept safely 
below the absolute maximum supply rating, as indicated 
previously. 

22 

3. The power-supply polarity for COS/MaS circuits should 
not be reversed. The data sheets state that the positive (VOP) 
terminal should never be more than 0.5 volt negative with 
respect to the negative (VSg) terminal (VOD - VSS > -0.5 V). 

n-SUB 

02 02 p+ 
02 

INPUT OUTPUT 

,+ ,+ 

01 01 D3 
p+ 

92CS·25104 

Fig. 2-COS/MOS inllOfter. 

This absolute maximum rating means that reversal of polarity 
will forward-bias and short the structural and protection diodes 
between VDO and VSS' 

4. VOD should be equal to or greater than V CC for 
COS/MaS buffers which have two power supplies (in 
particular, for C04009A and CD40lOA COS/MOS-to-TTL 
"down"-conversion devices). 

5. Power-source current capability should be limited to as 
Iowa value as reasonable to assure good logic operation. 

6. Large values of resistors in series with VDD or V SS 
should be avoided; transient tum-on of input protection 
diodes can result from drops across such resistors during 
switching. 

Gate-Oxide Protection Networks 
A problem occasionally encountered in handling and testing 

low-power semiconductor devices, including MOS and small
geometry bipolar devices, has been damage to gate oxide 
and/ or p-n junctions. Fig. 3 shows the gate-oxide protection 
circuits flsed to protect COS/MOS circuits from static 
electricity damage. ICAN-621S gives further information on 
protection circuits. Although these circuits are included in all 
COS/MOS devices, the handling precautions discussed in 
ICAN-621S and in ICAN-6000 should be observed. 

Input Signals and Ratings 
1. Input signals should be maintained within the power

supply voltage range, VSS .. VI .. VDO' In applications such 
as astable and monostable multivibrators, input current can 
flow and should be limited to the microampere level by use of 
a resistor in series with the input terminal affected. 

2. All COS/MOS inputs should be terminated. When 
COS/MOS inputs are wired to edge card connectors with 
COS/MOS drive coming from another PC board, a shunt 
resistor should be connected to V DD or V ss in case the inputs 
become unterminated with the power supply on. 
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~2 D2 :::E5 
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If THESE DIODES ARE 
INHERENTLY PART OF 
THE MANUFACTURING 
PROCESS 

92C5-22688 

(bl (c) 92CS-22883 

Fig. 3-Protection circuits used in COS/MOS devices: (a) normal gate 
input protection,' (b) CD4059A and CD4050A gate input 
protection; fe) transmission-gate input-output protection; (d) 
active {inverter} output protection. 

3. When COS/MaS circuits are driven by TTL logic, a 
"pull·up" resistor should be connected from the COS/MaS 
input to 5 volts (further information is given in ICAN6602). 

4. Input signals should be maintained within the recom
mended input-signal-swing range. 

Output Rules 
t The power dissipation in a COS/MaS package should not 

exceed 200 milliwatts. The actual dissipation should be 
calculated when (a) shorting outputs directly to VDD or VSS ' 
(b) driving low-impedance loads, or (c) directly driving the 
base of a p-n-p or n-p-n bipolar transistor. 

2. Output short circuits often result from testing errors or 
improper board assembly. Shorts on buffer outputs or across 
power supplies greater than 5 volts can damage COS/MaS 
devices. 

3. COS/MaS, like active pull-up TTL, cannot be connected 
in the "wire-OR" configuration because an "on" P-MOS and 
an "on" N-MOS transistor could be directly shorted across the 
power-supply rails. 

4. Paralleling inputs and outputs of gates is recommended 
only when the gates are within the same IC package. 

5. Output loads should retum ·to a voltage within the 
supply-voltage range (V DD to V ssl. 

6. Large capacitive loads (greater than 5000 pF) on 
COS/MaS buffers or high-current drivers act like short circuits 
and may over-dissipate output transistors. 

7. Output transistors may be over-disSipated by operating 
buffers as linear amplifiers or using these types as one-shot or 
astable multivibrators. 

Noise Immunity 
The complementary structure of the inverter, common to 

aU COS/MaS logic devices, results in a near-ideal input-output 
transfer characteristic, with switching point midway (45% to 
55%) between the 0 and I output logic levels. The result is 
high dc noise immunity. 

Fig. 4 illustrates minimum and maximum transfer character
istics useful for defining noise immunity for an inverter and a. 

non-inverter. The noise-immunity voltage (VNL' VNH) is that 
noise voltage at anyone input which will not propagate 
through the system. Minimum noise immunity is 30% of the 
supply voltage (20% for some buffer types). Some noise
immunity definitions are given below: 

VIL max = the maximum input voltage at low-level input 
for which the output logic level does not change state. 

VIH min = the minimum input voltage at high-level input 
for which the output logic level does not change state. 

VNL =VIL 
VNH = VDD-VIH 
VOH min = minimum high-level output voltage (logic I 

level) for rated VNL (for an inverting logic function) or VNH 
(for a non-inverting logic function). 

VOL max = maximum low-level output voltage for rated 
VNH (for an inverting logic function) or VNL (for a 
non-inverting logic function). 

Noise immunity. increases as the input noise pulse width 
becomes less than the propagation delay of the circuit. This 
condition is often described as ac noise immunity. (Further 
information on noise immunity is given in ICAN-6176.) 

INPUT VOLTAGE (Vr)-VOLTS 

(01 

INPUT VOLTAGE (VI1- VOLTS 

IbJ 

nCS-25103 

Fig. 4-Minimum and maximum transfer characteristics for fa) inverting 
logic function~ and (b) non-;nvening logic function. 
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COS/MaS Design and Operating Considerations 

Clock Ri •• and Fall-Time Requirements 
All COS/MOS clocked devices have maximum clock rise

and fall-time ratings (normally 5 to 15 microseconds). With 
longer rise or fall times, a device may not function properly 
because of data ripple-through, faIse triggering problems, etc. 
Long rise and fall times on COS/MOS buffer-type inputs cause 
increased power disSipation which may exceed device capa
bility· for power supplies above 5 volts. 

Parallel Clocking 
Process variations leading to differences in input threshold 

voltage among random device samples can cause loss of data 
between certain synchronously clocked sequential circuits, as 

shown in Fig. 5. This problem can be'avoided if the clock rise 
time (~CL) is made less than the total of the' fIXed 
propagation delay plus the output transition time of the first 
stage, as determined from the device data for the specific 
loading condition in effect. Schmitt Trigger circuits such as the 
CD4093B are an ideal solution to applications requiring 
wave-shaping. 

Thr .. State Logic 
Three-state logic can be easily implemented by use of a 

transmission gate in the output circuit; this techuique provides 
a solution to the wire-OR problem in many cases. 

CASCADING WITH SLOW CLOCK 
CAN CAUSE ERROR 

24 

CL 

~VDD 

CL ~VDDI 
I I 
I 

QI \ 
SWITCHING POINT- 0.3 VDO 

""--t----

Fig. 5-Error effect that rewlts f,om a slow clock in cascaded cin:uits. 



COS/MaS Family Characteristics 

Overview 
CD4000A Series - RCA COS/MOS types designed for 

3-to-I5-volt operation; all package styles 
CD4000B Series - RCA COS/MOS types designed for 

3-to-l8-volt operation; all package styles 
CD4500B Series - RCA COS/MOS types similar to industry 

4500-series types designed for 3-to-18-volt operation; all 
package styles 

Packages 
Dual-in-line Plastic - suffix AE or BE (-40°C to +85°C 

operation) 
Dual-in-line Ceramic - suffIX AF or BF (_55°C to +1 2SoC 

operation) 
Dual-in-line Welded-Seal Ceramic - suffIX AD or BO (-55°C 

to + 125°C operation) 
Flat-Pack Ceramic - suffix AK or BK (_55°C to +125°C 

operation) 
Chip Form - suffix AH or BH (_55°C to + 125°C operation) 

Features 
Ultra-Low Quiescent Power: 

0.005 to 0.05 p.W typical for SSI at VDD = 5 V 
0.1 to 0.5 p.W typical for MSI at VDD = 5 V 

Wide Output-Voltage Swing when Driving COS/MOS: 
High-level output - typically VDD 
Low-level output - typically V SS 

High Noise Immunity: 
45% of V DD typical 
30% of V DD guaranteed on most devices 

High Fan-Qut Driving COS/MOS: greater than 50 
Input Current: ±IO pA typical 
Standard Input-Protection Circuit: double diode clamps 

plus series resistor 
Low Input Capacitance: 5 pF typical 

.tatic Electrical Characteristics 
Quiescent Device Current (IL). The quiescent current is the 

ievice current drawn by an IC in the steady-state condition 
Nith no load on the output. The IC inputs are tied either to 
the positive (V DD) terminal or the negative (V sS> terminal 
when quiescent current is measured. 

Most devices exhibiting typical or "low" leakage currents at 
coom temperature (25°C) are dominated by p-n junction 
leakage. For these devices, IL doubles approximately every 
11°C. Devices exhibiting leakage currents close to the 
maximum rating are dominated by surface leakage and will not 
lenerally follow an exponential characteristic, i.e., surface 
leakage current will usually increase at a conSiderably slower 
rate than junction leakage as the temperature is increased. 

Typical and minimum values for IL are given on individual 
:OS/MOS data sheets. For "B"-series devices, these values are 
;tandardized for SSI types and for MSI types. Quiescent-

device-current test circuits are also shown on the individual 
data sheets. 

Output Voltage Levels (VOL and VOH)· VOL is the 
logic-"O" or low-level output voltage. VOH is the 10gic_"I" or 
high-level output voltage. VOL and VOH are specified under 
no load with inputs set at VDD or VSS (i.e., noise-free input 
conditions). Values for both "A"-series and "B"-seriesdevices 
are as follows: 

Low-Level Output (VO!,.): 
Typical value at +25 C .............. Ground (V SS) 
Maximum value at -40°C!_55°C ... _ .......... 0.0IV 
Maximum value at +85°C/+ 125°C ............ 0.05V 

High-Level Output (V QH): 
Typical value at 25 C ....................... VDD 
Minimum value at -40°C/_55°C ....... (VDD - 0.01 V) 
Minimum value at +85°C/+ 125°C ..... (V DD - 0.05 V) 

Voltage and Current Transfer Characteristics. Curves of 
voltage and current input/ output characteristics are given in 
the individual data sheets for inverter, gate, and buffer devices. 

DC Noise Immunity (VNL and VNH). Noise-immunity 
definitions were covered previously. Values for both "A"-series 
and "B"-series devices are given below: 

VNL 
VDD 

5 
10 
IS" 

10 
15* 

VOH<min.) 

Inverting Inverting 
SSI Devices MSI Devices 

3.6 4.2 
7.2 9.0 

10.8 13.5 

VOL (max.) 

Inverting 
SSI Devices 

"A" Series "8" Series 

0.95 
2.9 

1.4 
2.8 
4.2 

Inverting 
MSIDevices 

0.8 
1.0 
1.5 

'Specified for "B" series onl¥. 

VNL <at 25°q 

. Typ. Max. 

2.25 1.5 
4.5 3.0 
6.75 

VNH <at 2S0q 

Typ. Max. 

2.25 1.5 
4.5 3.0 
6.75 

Noise-immunity test circuits are shown on individual device 
data sheets. 

Output Drive Current (ION and loP)-.· IDN is the output 
sink current (existing in the N-MOS device) when the P-MOS 
device is "off' and the N-MOS device is "on", i.e., logic "0" 
state. loP is the output source current (existing in the P-MOS 
device) when the N-MOS device is "off' and the P-MOS device 
is "on", i.e., logic "1" state. Output·drive-current values are 
given in the individual data sheets. For CD4000B- series 
devices, these values are standardized as follows: 
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COS/MaS Family Characteristics 

CHARAC- Vo VOO -55°C 

TERISTIC 
SYMBOL 

Volts Volts Min. Typ. 

Output Drive 
Current: 

N-Channel 
0.4 5 0.5 -

(Sink) ION 0.5 10 1.1 -
1.5 15 - -
2.5 5 -2 -

P-Channel lOP 4.6 5 0.5 
(Source) 9.5 10 -1.1 -

13.5 15 
Output Drive 

Current: 
0.4 5 0.45 -

N-Channel 0.5 10 1 -
(Sink) ION 1.5 15 - -

2.5 5 -1.8 -
P-Channel lOP 4.6 5 -0.45 -

(Source) 9.5 10 -1 -
13.5 15 - -

These charts show that at +25'C drive-current limits are the 
same for all package styles, i.e., they are standardized for all 
packages. "B" -series drive-current characteristics curves are 
also standardized. CD4500B-series devices have the same IoN 
characteristics, but in some devices the loP capability differs 
from standard CD4000B-series standards, although' it is' 
identical with similar 4500-series industry types. Figs. 6 and 7 
show the normalized variation of output currents (source and 
sink currents) with respect to temperature and voltage for 
typical "B" -series devices_ 

OUTPUT VOLTAGE (Vo) • 0.5 V 

2.e 

SUPPLY VOLTAGE (Voo) ~ 10 V, 15 v 

5V 

10 V, 15V 

a 

_ _ ~ a ~ w ro ~ ~ 

AMBIENT TEMPERATURE (T A ) - ·c 
92CS-25110 

25°C 125°C 

Max. Min_ Typ. Max. Min. Typ. Max_ UIIITS 

- 0.4 0.8 - 0.3 - -
- 0.9 1.8 - 0.65 - - mA 
- 3 6 - - - -
- -1.6 -3.2 - -1.15 - -

0.4 0.8 0.3 mA 
- -0.9 -1.8 - -0.65 - -

3 6 

- 0.4 0.8 - 0.36 - -
- 0.9 1.8 - 0.75 - - mA 
- 3 6 - - - -
- '-1.6 -3.2 - -1.3 - -
- -0.4 -0.8 - -0.36 - - mA 
- -0.9 -1.8 - -0.75 - -
- -3 -6 - - - -

Fig. 8 shows a typical test setup for output drive current. 
The input switches SI, S2, S3. _ SN are set to positions (or, in 
sequential logic, sequenced to positions) which will cause the 
output terminal under test to be at the desired logic level ("0" 
for IDN, "I" for loP). Output switch S4 is positioned to 
connect an ammeter from the output terminal under test to a 
separate power source which is to be set to the . V 0 value 
specified in the applicable data sheet. Drive current is 
measured by means of meter ML Test-circuit connections for 
individual COS/MaS devices are given in the Appendix. 

OUTPUT VOLTAGE CYol-YOD-O.5 V 

I.e 

IOV,I5V 

o 
~ ~ _ 0 ~ 00 ~ ~ ~ 

AMBIENT TEMPERATURE (TA 1 - DC 

92CS-25111 

Fig. 6-Variation of normalized sink current (I DN) and source current 
(t if' vdth temperature. 
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SUPPLY VOLTAGE (VOO) - V 

92CS-2!1l1S 

OUTPUT VOLTAGE (VO).YOO-O.SV 

1.5 

o 
o 10 15 20 

SUPPLY VOLTAGE (YOO)- VOLTS 
92CS-25109 

Fig. 7-Variations of normalized sink current fI DN) and source 
current (loP) with supply voltage. 

~-----------1~--~VDD 

OUT 

OUTPUTS r ~:~ 
INPUTS 1 54 

PS 

92CS-2SI06 

Fig. B-Ourput-dr;ve-current test circuit. 

Input Current (II). Input current II is the current measured 
in an input pin with the input voltage at VDD or VSS; it 
consists only of leakage current existing primarily in 
protection-circuit diodes. 

II (typ.) = ± 10 pA for "A" and "B" series COS/MOS 
II (max.) = ± I p.A for "B" series COS/MOS at T A = 25° C, 

VDD = l5V 
Fig. 9 shows a typical test setup for input current. Switches 
S I, S2, S3. .. SN are set to positions which connect the input 

92CS-25105 

Fig. 9-lnput-cuffent test circuit. 

terminal under test through current meter Ml to either VDD 
or V SS (determined by position of S4). Input terminals not 
under test are connected to VSS. Output terminals are open. 
Input current is indicated by meter MI. 

Threshold Voltage. Threshold voltages of n- and p-channel 
devices generally range from 0.7 to 2.8 volts, centered around 
1.5 volts. Noise-immunity specifications, which are shown on 
all COS/MOS data sheets, provide the necessary controls on 
device thresholds and are generally useful for commercial 
applications purposes. Values of threshold voltage are specified 
for high-reliability COS/MOS devices, and are shown in the 
High-Reliability Devices DATABOOK, SSD-207. Detailed 
circuits and connections for· threshold-voltage tests are also 
shown in SSD-207. 

Dynamic Electrical Characteristics 
For "A"-seriesCOS/MOS devices, dynamic electrical charac

teristics are measured at VDD = 5 V and 10 V, T A = 25°C, CL 
= 15 pF and input tr and tf = 20 ns. Typical temperature 
coefficient for dynamic characteristics is I O.3%/"C I (negative 
for maximum clock frequency, positive for other time 
parameters}."B"-series devices are measured at VDD = 5 V, 10 
V, and IS V, T A = 25°C, CL = 50 pF, and input tr and tf= 20 
ns. Figs. 10-12 show the normalized variation of transition 
time (tTLH and tTHV and propagation delay time (tpHL 
and tpLW with respect to temperature and voltage for 
"8" -series devices. 
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LOAD CAPACITANCE (ct.) • 50 pF LOAD CAPACITANCE (ell· 50 pF 

1.5 

0.5 

o o 
-15 -50 -25 o 25 50 75 100 125 -75 -50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE. (TAJ - ·C AMBIENT TEMPERATURE (TAl - DC 

92CS-2S113 92CS-2~1I2 

lOAO CAPACITANCE (Cll- 50 of LOAD CA~CITANCE (ell· 50 pF 

o o 
-75 -50 -25 0 25. 50 75 100 125 -75 -50 -25 0 25 50 15 100 125 

AMBIENT TEMPERATURE (TAl - OC AMBIENT .TEMPERATURE (TAJ - "C 

92CS-25116 

Fig. 10-Variation" of normalized transition time (trLH and tTHLJ and 
propagilt/on delay time ftPHL and tPLH) with temperaturtl. 

SUPPLY VOLTAGE lVoo) - VOLTS 

92eS-2510a 

Fig. 11-Variation of normalized transition time (tTLH and tTHLJ with supply voltage. 

92CS-25117 

92eS-2!!I07 



COS/MaS Family Characteristics 

• 10 
SUPPLY VOLTAGE (Veol - VOLTS 

92CS-25114 

Fig. 12-Variation of normalized propagation delay time (tpHL.and 
tpLltl with supply voltage. 

Waveforms for measurement of dynamic chamcteristics are 
shown at right. Typical curves of dynamic characteristics are 
given in the individual data sheets. For CD4000B-series 
devices, values for tmnsition time (tTHL and tTLH) are 
standardized, as shown below: 

VDD 

5 
10 
15 

Typ. 

100 
50 
40 

Max. 

200 
100 
80 

Units 

ns 
ns 
ns 

Curves of tmnsition time lis a function of VDD are also 
standardized for these devices, as shown in Fig. 13. 

LOAD CAPACITANCE (CLJ-pF 
t2C5--2432Z 

Fig. 13-Varlation of transition time (tTHL and tnw with load 
cBpacitancn at three levels of supply voltage. 

CLOCK PULSE RISE AND FALL TIMES 

--50% 

VDD 
.L 

=--"-,,,' "'''''--0 

92CS-20070 

Transition Times and Propagation Delay Times for 
Combinational Logic Circuits 

OUTPUT 

,VDD 
----=-90% 
-----50% 
-----10% 0 

tTHl r-VOD 
- ..,...---==--90% 
-------50% 
-------10% 

nCS-20069 

Set·Up Times, Transition Times, and Propagation Delay Times 
for Positive-Edge-Triggered Sequential Logic Circuits 

~~~_90%too 
OUTPUT ----50% 

----10.,.0 

IpHL 

92CS-i!0068 

Set·Up Times, Transition Times, and Propagation Delay Times 
for Negative-Edge-Triggered Sequential Logic Circuits 
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ORDERING 
INFORMATION 
COS/MOS IC's are available in a wide 
variety of package designs. These pack· 
ages are identified by Suffix Letters indio 
cated in the chart shown at right. When 
ordering COS/MOS devices, it is impor· 
tant that the appropriate suffix letter be 
affixed to the type number of the device 
required. 

CD4000A and CD4000B Series 

PACKAGE Suffix Letters 

Welded·SeaI Ceramic Dual-In-Llne D 

Plastic Dual-In-Line 
Ceramic Dual-In-Line 
~an:'l~ Flat Pack K 
Dlip H 
T()'5Style T 

COS/MOS PACKAGES ANO LEAD FORMS 

H·1383Rl 

l4-Lead 
Flat Pack "K" 

l4-Lead Welded-Seal 
Dual·in-Line 
Ceramic "0" 

24·Lead Welded·Seal 
Dual-in-Line 
Ceramic "0" 

H-1703 

l6-Lead 
Flat Pack "K" 

l6-Lead Welded-Seal 
Dual-in-Line 

. Ceramic "0" 

28-Lead Welded·Seal 
Dual-in-Line 
Ceramic "0" 

H·1757 

24·Lead 
Flat Pack "K" 

HI· Lead Welded-Seal 
Dual-in-Line 
Ceramic "0" 

., 
i I H.1806 

l4-Lead 
Dual-in-Line Ceramic "P' 

H-1803 

26-Lead 
Flat Pack "K" 

l6-Lead Welded-5eal 
Dual-in-Line Side
Brazed Ceramic "0" 

~ 
H·1807 

l6-Lead 
Dual-in-Line Ceramic "F" 

.. , H·1622 '""" l4-Lead Dual-in· 
Line Plastic "E" 

l6-Lead Dual-in
Line Plastic "E" 

l2-Lead 
TO-5"T" 
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Ne K-"6"i"'i'+F I. 
VDD 

Ne 

v~s 

CD4000A 

File No~ 479 

Digital Integrated Circuits 
Monolithic Silicon 

CD4000A,CD4001A 
CD4002A,CD4025A 

Types 

COS/MOS NOR Gates 
(Positive Logic) 

Special Features 

• Medium speed operation .... ,. tpHl = tplH = 25 ns (typ.) 
atCl = 15 pF 

• low "high"· and "Iow"olevel output impedance. . . • •. soon 
and 200n (typ). respectively at VDD - Vss = 10 V 

Dual 3 Input 
plus Inverter 

Quad 2 Input 
Dual 4 Input 
Triple 3 Input 

CD4000AD, CD4000AE. CD4000AF. CD4000AK 
CD4001AD. CD4001AE. CD4001AF. CD4001AK 
CD4002AD. CD4002AE. CD4002AF, CD4002AK 
CD4025AD. CD4025AE. CD4025AF. CD4025AK 

The combination of these devices and the RCA NAND 
positive logic gate types CD4011 A. CD4012A. and CD4023A 

can account for appreciable package-count savings in various 
logic function configurations. 

CD4001A 

4 

32 

Nt 

CD4002A 

VDO 
14 

Ne 

Fig. '0 , -Schematic diagram for type C04OOOA. 

I. 
VDO 

CD4025A 

9-74 



File No. 479 

4 

3. 

CD4000A, CD4001A, CD4002A, CD4025A 

7 " Vss 

Fig.1.2-Schematic diagram for 
type CD4001A. 

? 

vss 

13 

12 

92CS-I5050RI 

Fig.1.3-Schematic diagram for type CD4002A. 

9 

10 

12 

92CM-I505JRl 

r---------------------~~--------------------~~~'VDD 
14 

7 
~--~~--~ ________ _4 ____ -+ ____ ~ ________ ~--__ ~----4_~O~S 

Fig. 1A-Schematic diagram for type CD4025A. 92CS-17184 
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CD4000A,CD4001A,CD4002A,CD4025A FileNo. 479 

STATIC ELECTRICAL CHARACTERISTICS (All inputs .••••••••••.....•••••• 
(Recommendeil DC Supply Voltage NOD - VSSI .. 

Vss~ VI~VDDI 
. .... 3to 15VI 

LIMITS CHARAC 

CD4000AD,cD4001AD,cD4002AD.CD402&AD. TERISTIC 

TEST CD4OOOAK,cD4001AK,cD4002AK,cD402&AK. CURVES 
CHARACTERISTIC SYMBOL CONDITIONS CD4OOOAF,cD4001AF,cD4002AF,cD402&AF UNITS S. TEST 

~:It VDD -!iIi"c 25°C 125°C CIRCUIT 

Volts Min. 

p,:,iescent Device 5 -
Current IL 

10 -
Ql:liescent Device 5 -

Dissipation/Package Po 
10 -

Output Voltage: VI~VOD 5 -
VOL Low·Level 10'OA 10 -

VI=VSS 5 4.99 
High·Level VOH 10=OA 10 9.99 

Noise Immunity 3.6 5 1.5 
VNL (Any Input) 7:2 10 3 

For Defin;rion. 10=0 

SHAppendilt. Q95 5 1.4 
VNH 

2.9 10 2.9 

Output Drive Current: 0.4· 5 0.5 
N·Channel ION VI=VOO 

0.5 ,n 1.1 

2.5" 5 -0.62 
P·Channel lOP VI=VSS 

9.5 10 -0.62 

Input Current II -

... 'Maximum noise.free low-level Bipolar output voltage. 

* Minimum noise-free high-level Bipolar output voltage. 

15 

12.5 

-t 
~ 

10 

0 
> 

~ 
7.5 

:> 
0 

2.5 

34 

AMBIENT TEMPERATURE 

SUPPLY VOLTS IVon) "15 
IT A) .. 25·C 

~ 
10 

i= Vo 

3.5 

2.5 7.5 10 12.5 15. 
INPUT VOLTS (VI) 

Fig.1.5-Min. & max- voltage transfer charac
teristics. 

9!CS-17779 

Typ. 

-
-

-
-

-
-
-
-
-
.-

-
-
-
-
-
-

-

MIl •• Min. Typ. MIl •• Min. Typ. MIl •• Fig. No. 

0.05 - 0.001 0.05 - - 3 
pA 

0.1 - 0.001 0.1 - - 6 

0.25 - 0.005 0.25 - - 15 
"W 

1 - 0.01 1 - - 60 

0.01 - 0 0.01 - - 0.05 15 
V 

0.01 - 0 0.01 - - 0.05 1.6 

- 4.99 5 - 4.95 - -
V 1.7 

- 9.99 10 - 9.95 - -
- 1.5 2.25 - 1.4 - -

V -- 3 4.5 - 2.9 - -

- 1.5 2.25 - 1.5 - -
V -- 3 4.5 - 3 - -

- 0.40 1 - 0.28 - - 1.8 rnA 
1.1ot - 0.9 2.5 - 0.65 - -

- .(l.5 ·2 -:; 0.35 - - 1.9 rnA 
- -o.S -1 :... .0.35 - - 1.11. 

- - 10 - - - - pA -

• See Appendix. 

15 

~ 
12.S 

~ 10 

g 

~ 7.' 

!; 
0 

2.5 

SUPPLY VOLTS 
IVOO)-IS 

TA "'12SoC 

-5S-<: 

10 

-SS·C 

125'"<: 

12SCOC 

2.5 7.5 10 12.S 15 
INPUT VOLTS IVI} 

92CS-17780 

Fjg. 7.6-Typ. voltage transfer characteristics 
as 8 function of temp. 



File No. 479 CD4000A,CD4001A,CD4002A,CD4025A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS:O:; VI S; VOO) 
(Recommended OC Supplv Voltage (VOO - VSS) ......... 3to 15V) 

LIMITS CHARAC 
TERISTIC 

TEST CD4000AE. CD4001AE. CD4002AE. CD4025AE CURVES 
CHARACTERISTIC SYMBOL CONDITIONS 

~:It VOD 4o"C 
VoI~ Min. Typ. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
Dissipation/Package PD 

10 

Output Voltage: V,-VDD 5 
VOL Low-level 'O=OA 10 

VI-VSS 5 4.99 
High· Level VOH 10=OA 10 9.99 

Noise Immunity 3.6 1.5 
VNL (Any Inpud 7:2 10 

FOI' D~f;ni';on. 10=0 

$8 AppMdill 0.95 I.' 
VNH 

2.9 10 2.9 

Output Drive Current: 0.4" 5 0.35 
ION V,=VDO N·Channel 0.5 I.n 0.72 

~'=VSS 
2.~ 5 0.35 

P·Channel lOP 
9.5 10 0.3 

Input Current 
" 

.. Maximum noise-free low-level Bipolar output voltage. 

¢Minimum noise-free high·level Bipolar output voltage. 

15 

12.5 
0 ::: 
~ 10 

g 
.... 7.5 g 
" 0 

2.5 

AMBIENT TEMPERATURE (TAl" 2SOC 

10 

UPPLY VOLTS ( ) • I 
'L~ _ 

15 

~
OD 125..1' 14 ..... 

Vr I!l 
. IYo 10 ~ 

I .. 

-~_/ 7.5 j 
7 Vss i 

Vo:to ~ 
IO-- 5 ~ 

10 11 2.5 

2.5 7.S 10 12.5 15 
INPUT VOLTS (VI) 

92C5-17776 

Fig. 1.7-Typ. current & voltage transfer 
~haracter;stjcs. 

Moa. 

0.5 

5 

2.5 

50 

0.01 

0.01 

UNITS & TEST 
zsoc 8SoC CIRCUITS 

Min. Typ. Mine, Min. Typ. Max. Fig. No. 

4.99 

9.99 

1.5 

3 

1.5 

0.3 

0.6 

·0.3 

-0.25 

~ 25 

I!l 
ffi 20 

~ 
-' -' 15 .. 
z 

~ 10 

0.00 0.5 15 

0.00 5 
.,A 

30 

0.025 2.5 75 

0.05 50 300 
"W 

0 O.DI 0.05 1.5 
V I •• 0 om 0.05 

4.95 
V 1.7 

10 9.95 

2.25 1.4 
V 

4.5 2.9 

2.25 1.5 
V 

4.5 

0.24 1.8 
mA 

1.10 2.5 0.48 

·2 ·0.24 1.9 mA 
1.11 -1 0.2 

10 pA 

• See Appendix. 

AMBIENT TEMPERATURE (TA) • 25·C 
TYPICAL TEMPERATURE COEFFICIENT FOR IO"'-0.3%I·C 

GATE - TO - SOURCE VOLTS (VGS) '" 15 

10 

VG~S '. Vos 

OTHER _ } 
GATE "h-:;;'::: 
~t;rotT:OEO Vss~ 

2.5 1.5 10 12.5 15 

DRAIN-lO-SOURCE VOLTS lVos) 
92C5-17777 

Fig. 1.8-TVp. n-channel drain characteristics. 
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CD4000A, CD4001A, CD4002A, CD4025A File No. 479 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25oC, CL =15pF,and input rise and faU times = 20 ns 

Typical Temperature Coefficient lor all values of VDD = 0.3%;oC. (See Appendix for Waveforms) 

LIMITS CHARAC· 

TEST I ~:::::~:~: :~::~ TERISTIC 
CHARACTERISTIC SYMBOL CD4000AE.CD4001AE UNITS CURVES CONDITIONS CD4002AD.AF.AK CD4002AE. CD4025AE 

CD4025AD AF AK· & TEST 
VDD CIRCUITS 
(Voltsl Min. Typ. Max. Min. Typ. Max. Fig. No. 

Pro~Il:'~!f~fo~ate~~'1'e: 5 - 35 50 - 35 80 
tPHL ns 1.13 

10 - 25 40 - 25 55 

5 - 35 95 - 35 120 
Low·to·High Level tPLH ns 1.13 

10 - 25 45 - 25 65 

Transition Time: 5 - 65 125 - 65 200 
High·to·Low Level tTHL ns 1.14 

10 - 35 70 - 35 115 

5 - 65 175 - 65 300 
Low·to·High Level tTLH ns 1.14 

10 - 35 75 - 35 125 

Input Capacitance CI Any Input - 5 - - 5 - pF -

DYNAMIC ELECTRICAL CHARACTERISTICS (Driving TTL.OTLI AT T A =250 C. VOO-VSS = 5V,CL = 5pF 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 

Propagation Delay Time: RL = 2k!l 

High·To·Low Level 'pHL 
R L = 20k!l 

RL = 2k!1 
Low·To·High Level 

'pLH 
RL ~ 20k!1 

'THL 
RL ~ 2k!1 

Transition Time 
'TLH RL = 20k!1 

·DRAIN~TO-SOURCE VOLTS (Vos) 

-15 -12.5 -10 -7.5 -5 -2.5 

14 Voo I 
VGS . I D 

·fi~ ~VDS 
-1..~_) 

OTHER·GATE 
INPUTS GROUNDED 

-5 

10 

GATE "TO SOURCE VOLTS (Vas). -15 

AMBIENT TEMPERATURE tTA) .. 2S·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 10" -0.3% IOe 

Driving 

TTL.OTL 

Med. 
Power 

Low 
Power 

Med. 
Power 

Low 
Power 

Med. 
Power 

Low 
Power 

-2.5 

92CS-I7776 

Fig. 1.9-Tvp. p-channel drain characteristics. 
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LIMITS TYPICAL 
CD4000AD. AF. AK CHARAC· 
CD4001AD. AF. AK CD4000AE.CD4001AE UNITS TERISTICS C04002AD, AF, AK CD4002AE.CD4025AE 
CD4025AD. AF. AK CURVES 
Min. Typ. Max. Min. Typ. Max. Fig. No. 

- 35 - - 35 -
ns 1.15 

- 35 - - 35 -

- 15 - - 15 -
ns 1.16 

- 20 - - 20 -

- 40 - - 40 -

-- ns 
- 40 - - 40 -

AMBIENT TEMPERATURE (TA'"' 25·C 

15 

Q 
t! 12.5 

!3 
~ 10 

" " 3 7.5 .. 
: 
0 

2.5 

0 

TYPICAL TEMPERATURE COEFFICiENT FOR Ie .. -0.3% ,·C 

2.5 

1).5 

ATE - TO - SOURCE VOLTS (Vo~ • I 

10 

10 

7.5 10 

15 

CD4000AD, CD4000AI<} 
CD4001AD, CD400IAK 
CD4002AD, C04002AK 
CD4025AD, C04025AK 

C0400lAE __ _ CD4000AE} 

CD4002AE 
CD4025AE 

12.5 15 
DRAtN - TO - SOURCE VOLTS (Vos) 

92CS-17853 

Fig.t. to-Min. n-channel drain characteristics. 



File No. 479 

DRAIN-TO-SOURCE VOLTS (Vas) 

-10 -. 
-10 

-10 

gg:gg~~ CD400lAK 
CD400ZAD 
CD4002AK 
CD4025AO 
CD4025A -2.5 : 

gg~gg~fE ----. CD4000AE} 

CD4025AE -15 

z 

'" ,-
,-
;; 

-. ~ 

:!! 150 
I 

i 
~ 
~ 100 

'l! ... 

GATE -TO-SOURCE VOLTS- -15 

-7.5 

9ZCS-11844 

Fig. 1. 7 7-Min. p-channel drain characteristics. 

AMBIENT TEMPERATURE (TA) :- 2S·C 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES [ 
OF VOD .. 0.3% '''C ~ 

SUPPLY VOLTS (YOOI • 5 

10 

I. 

10 20 30 40 50 60 70 80 

LOAD CAPACITANCE (CL)-pF 
9ZCS-I778I 

Fig. 1. 13-Typ. propagation delay time vs. CL-

SUPPLY VOLTS IVDOI-S 
AMBIENT TEMPERATURE ITAI- 25·C 

:!! 150 TIPICAL TEMPERATURE COEFFICIENT FOR I ALL VALUES OF VOO-O.3 %''"C 

i 
~ 

~ 100 

li 
~ 
z 
o 

1'0 

10 20 30 40 50 60 70 eo 90 
LOAD CAPACITANCE ICLI- pF 

92CS-17783 

Fig. 1. 15-Typ.low-Jevel propagation delay 
time vs. CL - driving TTL & DTt.. 

CD4000A, CD4001A, CD4002A, CD4025A 

... 
z 
o 

AMBIENT TEMPERATURE (TA) ·2e·C 

lOAD CAPACITANCE (Cl)· 15 pF 60 

10 

10 15 20 
SUPPLY VOLTS (Veol 

92CS-19866 

Fig. 1. 12-Typ. propagation delay time vs. VDD-

AMBIENT TEMPERATURE ITAI=2SoC 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 

300 OF VOD"0.3"4'oC 

SUPPLYVOlTS(V I"S 

I- 100 
~ 

10 

~ 

10 20 30 40 50 60 70 80 

LOAD CAPACITANCE (CLI-pF 
92CS-I7782 

Fig. 1. 14-Typ. transition time vs. CL. 

SUPPLY VOLTS (Vee) .. 5 

AMBIENT TEMPERATURE (TA) " 2SoC 
60 TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 

3 IOFI~10·10'31%1/·CIIIIIII!IIIIII ~ 50 

~ Vl~ 
! 40 1:1:\.IQ"t\.:'{\.. \..op..Q ,.. IH!II~" ~~\..Io :3 ~ .. ~ ",~E.~ 
~ 30 ~'i. t/.E.tNJ'" 
z _a.\~\~G ~G o't\E. 
o \I''': ~\\I\ 

~ 20 

~ 
g 10 .. 

o 10 20 30 40 50 60 70 80 

LOAD CAPACITANCE ICL) -pF 
92CS-I7784 

Fig. 1. 16-Typ- high-level propagation dBlay 
time vs. CL - driving TTL & DTL. 

37 



CD4000A, CD4001A, CD4002A, CD4025A 

AMBIENT TEMPERATURE (TA)· 25 -C 

10" 

SUPPLY VOLTS (V )-, 

10 

.. 

EXAMPLE 
IL INPUTS I 

LOAD CAPACITANCE (Cl)-15pF 
CL-50pF--- IL 

MEASUREMENT 
PIN CONNECTIONS 

TO VOO I2-§!!!l. 

102 100 104 106 
INPUT FREQlENCY(f,l-Hr: 

101 

92CS-17865 

INPUTS I 
INPUTS 2 
INPUTS 3 

3,11,8,14 4,5,7,12,13 
4,12.8,14 3,5,7,11,13 
5,13.8.14 3,4,7,11,12 

Fig.t. 17- Typ. dissipation characteristics. Fig.t.t8 - Quiescent device 
current test circuit 

IL 
MEASUREt.ENT 

INPUTS J 
INPUTS 2 
INPUTS 3 
INPUTS 4 

...... iLlI-..... VOO 

10 Voo 
2,9,14 
3.10.14 
4.11,&4 
5,12,14 

TOGND 
3,4.5.7, lo,l~12 
2.4.5.9.11,12 
2,3.5.9,10,12 
2,3.4,9,10,11 

92CS-207'. 

Fig.t.20 - Quiescent device 
current test circuit 

38 

for C04OO2A. 

VOO 
5VORIOV 

3.5 V OR 7 V 

0--01.5 V OR 3V 

92CS -20734RI 

Fig. 1.23- Noise immunity 
te.rt circuit for C04001A. 

IL 
MgASUBEMENT" 
INPUTS I 
INPUTS 2 
INPUTS 3 

for C04000A. 

~ 
INPUTS IlL 

2,4,5,7,8,12,13 
1,3,5,7,8,11.13 
1,2,3,4.7.11,12 

Fig. 1.21 - Oulescent devles 
current tert circuit 

4 

for C04025A. 

VOO 
5V OR IOV 

14 
13 
12 

" 10HF=:::""'''-

3.5VOR7V 

6,.sv OR3V 

92CS- 20735RI 

Fig. 1.24 - NoilS immunity 
test circuit for CD4002A. 

IL 
MEASUREMENT 
INPUTS I 
INPUTS 2 

File No. 479 

Voo 

EXAMPLE 
iL INPUTS I 

PIN CONNECTIONS 
~ rOGNO 
r.5,8,12,14 2.6,7,9,13 
2,6,9.13.14 1.5,7,8.12 

92CS-20730 

Fig. 1. 19 - Quiescentdellice 
current test circuit 
for C04001A. 

Fig. 1.22 - NDi_ ImmUnity 
test circuit for CD4000~. 

S2CS-lOU, 

92CS- 20736Rl 

Fig. 1.25 - Noise Immunity 
test circuit for CD4025A. 



File No. 479 _______________________________ _ 

Digital Integrated Circuits 
Monolithic Silicon 

CD4006AD,CD4006AF 
CD4006AE,CD4006AK 

Voo COS/MOS is-Stage 
Static Shift Register 

0, 

Special Features 
02 4 

CLOCK 3 
• Fully static operation 

·3 • 
• Up to 5 MHz shifting rates 

• Permanent register storage with clock line "high" or "low" - - - no 
information recirculation required 

Applications 

• Serial shift registers 
Vss 

• Time delay circuits 

CD4006A types are comprised of 4 separate "shift register" 
sections; two sections of four stages and two sections of five 
stages with an output tap at the fourth stage. each section 
has an independent "single rail" data path. 

A common clock signal is used for all stages. Data is shifted to 
the next stage on negative-going transitions of the clock. 

CI. ;C>-o 
I 

.+, 

CL 

o~o+' • CL I 

....... _ OUT 
Cl.. 0 IF4thOR 

. 5th STAGE 

TRUTH TABLE FOR SHIFT REGISTER STAGE 

• CI. • 

0 I. , I. 
X f 

.+, 
0 

I 

Ne 

Ne-NO CHANGE 
x- DON'T CARE 
•• LEVEL CHANGE 

92CS-17887 

Fig.3. 7-Logic diagram and truth table (one register stage) 
for type CD4006A. 

lG-73 

• Frequency division 

Through appropriate connections of inputs and outputs, 
multiple register sections of 4, 5, 8, and 9 stages or single 
register sections of 10, 12, 13, 14, 16, 17 and 18 can be 
implemented using one CD4006A package. Longer shift 
register sections can be assembled by using more than one 
CD4006A. 

Cl 

L 
~T 

FROM 
PREVIOUS ! 

STAGE I 
(O~lt~T iCL 

STAGE) 

NOTE; ALl"p"-UNIT SUBSTRATES 
ARE CONNECTED TO Voo 

ALL -N- -UNIT SUBSTRATES 
ARE CONNECTED TO Vss 

Voo 

J 

£2+---1F-4,--I~~ 
I v';;l 5th STAGE) 

I 
I 
I 
I 

92CS-11894 

0+1 

Fig.3.2-Schematic diagram (one register stage) 
for type CD4006A. 

39 



CD4006A File No. 479 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................ VSS:':;:VI :':;:VOO) 
(Recommended DC Supply Voltage (VOO - VSS)' • ....... . 3to15V) 

LIMITS CHARAC· 
TERISTIC 

TEST C04006AD. CD4006AK. CD400SAF CURVES 
CHARACTERISTIC SYMBOL 

CONDITIONS 
UNITS I!o TEST 

Vo Voo -ssoc 25·C 125·C CIRCUITS 

Vol" Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max Fig. No. 

Quiescent Device 0.5 0.01 0.5 30 
Current IL "A 3.11 

10 0.01 60 

Quiescent Device 2.5 0.05 2.5 150 
Dissipation/Package Po 

10 10 0.1 10 600 
"W 

Output Voltage: am a 0.01 0.05 
VOL V 

Low-level 10 0.01 a 0.01 0.05 

4.99 4.99 4.95 
High-Level VOH V 

10 9.99 9.99 10 I - 9.95 

Noise Immunity 0.8 1.5 1.5 2.25 1.4 

(Any Input) VNL V 
10 4.5 2.9 

f---- 3.12 
For Definition, 4.2 1.4 1.5 2.25 1.5 
See Appendix VNH V 

9 10 2.9 4.5 

Output Drive Current: 0.5 5 0.155 0.125 0.25 0.085 3.3 
N-Channel ION rnA 

3.5· ,0.5 10 0.31 0.25 0.5 0.175 

4.5 0.125 -0.1 -0.15 -0.07 3.4 
P·Channel lOP rnA 

3.S· 9.5 10 -0.25 -0.2 -0.3 -0.14 

Input Current II 10 pA 

• See Appendix. 

DRAIN-TO-SOURCE VOLTS (VOSI 
92C5-17841 -92CS-17843 

Fig.3.3-Typ. n-channel drain characteristics. Fig.3.4-Typ. "..channel drain characteristics... 
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File No. 419 CD4006A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS:::;V\ :::;;VOO) 
(Recommended OC Supply Voltage (VOO - VSS) ......... 3to15V) 

TEST 
CHARACTERISTIC SYMBOL CONOI:rIONS 

Vo Voo -40°C 
Volts Volts Min. Typ. Max. 

Quiescent Device 5 
Current 'L 

10 10 

Quiescent Device 2S 
Dissipation/Package Po 

10 100 

Output Voltage: 0.Q1 
VOL Low-Level 10 0.Q1 

4.99 
High·level VOH 

10 9.99 

Noise Immunity 0.8 1.5 
VNL (Any Input) 10 

r----
For Definition, 4.2 1.4 
See Appendix VNH 

9 10 2.9 

Output Drive Current: 0.5 0.072 
N·Channel ION 

.0.5 10 O.IS 

4.5 -0.06 -
P·Channel lOP 

9.5 10 -0.12 -
Input Current 

• See Appendix. 

DRAIN-TeI-SOUl,eE VOLTS (Vos) 
92CS-17840 

Fig.3.5-Min. n-channel drain characteristics. 

LIMITS CHARAC· 
TERISTIC 

C04006AE CURVES 

Min. 

4.99 

9.99 

1.5 

1.5 

0.06 

0.125 

-0.05 

-0.1 

UNITS & TEST 

2SoC 8SoC CIRCUITS 

Typ. Max. Min. TVp· Max. Fig. No. 

0.03 70 
"A 3.11 

0.05 10 140 

0.15 25 350 

0.5 100 1400 
"W 

0.01 0.05 
V 

0.Q1 0.05 

4.95 
V 

10 9.95 

2.25 1.4 
V 

4.S 2.9 
3.12 

2.25 1.5 
V 

4.S 

0.25 0.048 3.3 
mA 

3.S· 0.5 0.10 

-O.IS -0.04 3.4 mA 
-0.3 -0.08 3.6· 

10 pA 

92CS-17842 

Fig.3.6-Min. p-channe/ drain characteristics. 
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CD4006A ______________________________________________ ___ 
FileNo. 479 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, Cl = 15 pF,."d input rise and fall tim .. =20 ns except trCL,ttCL 
Typipl Temperature Coefficient for all values of VDD = 0.3 %f>c (See Appendix for Waveforms) 

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS 

VOD 
(Volts) 

tPHl= 5 
Propagation Oelay Time 

tPLH 10 

tTHL= 5 
Transition Time 

tTlH 10 

Minimum Clock twl= 5 

Pulse Width tWH 10 

Clock trCl= 5 

Rise & Fall Time tfCl" 10 

5 
Set·UpTime 

10 

Maximum Clock fCl 5 
Frequency 10 

Input Capacitance CI 
Data Input 
Clock Input 

• If more than one unit is cascaded tfeL should be made less than or 
equal to the sum of the fixed propagation delav at 15pF and the 
transition time of the output driving stage for the estimated capac
itive load. 

o 

42 

AMBIENT TEMPERATURE ITA)- 25·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Yoo ·0.3 %/-C 

10 

10 

20 30 40 ~ 60 
LOAD CAPACITANCE (CL)-pF 

70 eo 
92CS-I1804 

Fig.3.7-T~p. propagation delay time vs. CL' 

liMITS 

CD4006AD. CD4006AK CD4006AE 

Min. 

-
-

-
-

-
-

-
-

-
-

1 

2.5 

-

CD4006AF 

Typ. Max. Min. Typ. Max. 

250 400 - 250 500 

125 200 - 125 250 

250 400 - 250 500 

125 200 - 125 250 

200 500 - 200 830 

100 200 - 100 250 

- 15 - - 15 

- 5 - - 5 

50 80 - 50 100 

25 40 - .25 50 

2.5 - 0.6 2.5 -
5 - 2 5 -
5 - - .~ -30 30 

AMBIENT TEMPERATURE (T A)" 2S-c 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VOO·O,3"./-c 

10 

15 

o 10 

CHARAC· 
TERISTIC 

UNITS CURVES 
& TEST 
CIRCUITS 
Fig. No. 

ns 3.7 

ns 3.8 

ns -

IlS -

ns -

MHz 3.10 

pF -

70 20 30 40 50 60 
LOAD CAPACITANCE (CLl-pF 

92C$-17805 

Fig.3.8- Typ. transition· time ~. CL. 



File No. 479 __________________________ _ CD4006A 

103 104 105 

INPUT FREQUENCY (f""I-Hz 92CS-11937 

Fig.3.9- TyPo dissipation characteristics. 

10V 

With 51 at ground, clock unit 18 times 
by connecting 82 to pulse generator. 
Return 52 to ground and mea5ure leak
age current. Aepeat with 52 at VOO. 

6 

e: 3 

~ 
z 2 

is 
3 
u I 

o 

AMBIENT TEMPERATURE eTA J • 2S·C 
LOAD CAPACITANCE CeL) • 15 pF 

10 
SUPPLY VOLTS(YOO) 

15 20 

92CS-''Il8&7 

Fig. 3. 10- Typ. input clock frequency vs. VDl). 

1.5 OR 3V 

3.5 OR 7 V 0-0 
10 

• 

5VORIOY 

Fig.3.ft-Quiescent device current test current. 
Fig.3.12-No;ss immunity testeireuit. 

9ZCS-17899 

+JOV 

52 IN PRESET PUTS leUT IN ALl-"S·STATE. 
52 IN TEST WHEN MAKING DISSIPATION MEASUREMENT. 

92L.M-W2IRI 

Fig.3.13-Dellice Oi$$;pation Test Sewp. 43 



________________________________ File No. 479 

Digital Integrated Circuits 
Monolithic Silicon 

CD4007AD,CD4007AF 
CD4007AE,CD4007AK 

COS/MOS Dual Complementary 
Pair Plus Inverter 

Special Features 

• Medium speed operation ... tpHL = tpLH = 20 ns (typ.) at CL = 15 pF 

• Low "high"· and "Iow"..,utput impedance ..... 500n (typ.) 
at VOO - Vss = 10 V 

Applications Terminal No. 14 = VOO 

Terminal No. 7 = VSS • Extremely high·input impedance amplifiers; inverters, shapers, linear 
amplifiers, threshold detector 

CD4007A types are comprised of three N·Channel and three 
P·Channel enhancement·type MOS transistors. The transistor 
elements are accessible through the package terminals to 
provide a convenient means for constructing the various 
typical circuits shown in Fig.4.1. 

0) Triple Invert.,. 

b) 3.lnput NOR Gote 

c) 3.lnput NAND Gote 

"d) Tre. (Relay) Logic 

(14,2,11); (8,13); 
(1,5); (7,4,9) 

(13,2); (1,11); 
(12,5,8); (7,4,9) 

(1,12,13); (2,14,11); 
(4,8); (5,9) 

8VDD (13,12,5); (4,9,8); 

r-----, (14,2); (1,11) .-. . 

J ~ VDO 

~....... D1LTA C 

A • r-+--~:-""111 .' 
OUT 

'"}---~===~-4 A • C(! T T 
~ 

~V5S 
... AU. p. UNIT SUBSTRATES 

"'"E CONN[CTED TO VOD 
ALL N~ UNIT SUISTRAT£S 
ARE CONNECTED TO 'Iss 

92C5-15529 

OUT (VDD).~. ii 
&iT (Yssl.CA+ca 

More complex functions are possible using multiple packages. 
Numbers shown in parentheses indicate terminals that are 
connected together to form the various configurations listed. 
For proper operation VSS S VI S VDD must be satisfied. 

(6,3,10); (8,5,12); 
(11,14); (7,4,9) 

(OPTIONAL "'00 PULL-UP) 

f) High Source.Current Drl.,., 

(6,3,10); (13,1,12) 
(14,2,11); (7,9) , 

\IsS 92C5-15330 

IOPTIONAL "'SSPULL-OOWNI 

'ss 92eS-I!l327 

FigA.l-Sample COS/MOS logic circuit a"anjements using type CD4007 A. 
9-74 
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File No. 479 CD4007A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs .•......••..•••..•...•.•... vSS::; V I::; VOOI 
(Recommended OC SupplV Voltage (VOO - VsSI. . • • • • • . • • 3 to 15 VI 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 

~o VOO 
0115 Volts Min. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 
VOL Low-Level 10 

4.99 
High-Level VOH 

10 9.99 

Noise Immunity 3.6 1.5 
VNL 

(Any Inputl 7.2 10 

FOI" Definition. i---
0.95 1.4 

S-Appendix VNH 
2.9 10 2.9 

Output Drive Current: VI=VO 0.4 0.75 
N·Channel ION 

0.5 10 1.6 

P·Channel lOP 
VI=VSS 2.5 1.75 

9.5 10 1.35 

Input Current 11 

• Maximum noise-free low-level Bipolar output voltage. 

*Minimum noise-free high-level Bipolar output voltage. 

g) High Sink .. and Source-Current Driver 

(6,3,10); (14,2,11); 

(7,4,9); (13,8,1,5,12) 
Voo 

.----...... ---.... 

9ZCS-15328 
V55 

_55°C 

Typ. 

LIMITS CHARAC· 
TERISTIC 

C04001AO. C04001AK. C04001AF CURVES 
UNITS 8< TEST 

2SoC 12SoC CIRCUITS 

Mo •. Min. Typ. Mo •. Min. Typ. Mo •. ,Fig. No. 

0.05 0.001 0.05 
/'A 4.15 

0.1 0.001 0.1 6 

0.25 - 10.005 0.25 I - 15 

60 
~W - I 0.01 , -

0.01 - I 0 0.01 0.05 4.2 
V 

0.01 0 0.01 - i - .0.05 4.3 
4.4 

4.99 4.95 1.5 
V 

~.6 9.99 10 9.95 - i -
1.5 2.25 1.4 

V 
4.5 i - 2.9 

4.16 
1.5 2.25 I 1.5 

V 
I 4.5 

0.6 0.4 4.7. 

1.3 2.5 0.95 
4.9 

mA 
-1.4 -4 -1 

4.8 • 

-1.1 -2.5 ~.75 4.10 

10 pA 

• See Appendix. 

h) Dual Bi-Directional Transmission Gating 

(1,5,12); (2,9); 

(11,4); (8,13,10); (6,3) 

92CS-15347 

Fig.4. 7-Sample COS/MaS logic circuit arrangements using type CD4007 A. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... Vss'::; VI'::;VOO) 
(Recommended OC Supply Voltage (VOO - VSSI. .•.•.•... 

TEST 
CHARACTERISTIC SVMBOL CONDITIONS 

~o VDD -4o"C 
0115 Volts Min. Typ. 

Quiescent Device 
Current IL 

10 

Qutesc:ent Device 
Dissipation/Package Po 

10 

Output Voltage: 5 

Low·Levei VOL 
10 

5 4.99 - I 
High·Level VOH 

10 9.99 

Nolte Immunity 3.6 5 1.5 
VNL 

(Any Inpud 7.2 10 

FM Definition, 
0.95 1.4 s- AppetIdix VNH - i 2.9 10 2.9 

Output Drive Current: VI=VOC 0.4 0.35 
N·Channel ION 

0.5 10 1.2 

VI=VSS 2!' ·1.3 
P·Channel lOP 

9.5 10 0.65 

Input Current II 

·Maximum noise·free low-level Bipolar output voltage. 

=#: Minimum noise·free high-level Bipolar output voltage. 

DIODE BREAKDOWNS 
01-= N""TO P WELL 
02· P+ TO SUBSTRATE 
R=I-SKi! 

LIMITS 

CD4007AE 

2SoC 

Mo.. Min. Typ. Max. Min. 

0.5 0.00 0.5 

0.00 

2.5 0.025 2.5 

10 0.05 10 

0.01 0 0.01 

0.01 0 0,01 

4.99 4.95 

9.99 10 I - 9.95 

1.5 2.25 1.4 

3 4.5 2.9 

1.5 2.25 1.5 

- 3 4.5 

0.3 0.24 

2.5 0.8 

-1.1· -4 ~.9 

-0.55 -2.5 -0.45 

10 

• See Appendix. 

* STANDARD COS/Mas 
RESISTOR-DIODE 
GATE-PROTECTION 
NETWORK 

Detailed schematic diagram showing input, output, and parasitic diodes. 

46 

UNITS 

85°C 
Typ. Mox. 

15 

30 
JJA 

75 

300 
~W 

0.05 
V 

0.05 

V 

- I 
V 

V 

rnA 

pA 

9;;!CM-22244 

3 to 15 V) 

CHARAC· 
TERISTIC 
CURVES 
110 TEST 
CIRCUITS 

Fig. No. 

4.15 

4.2 
4.3 
4.4 
1.5 
U 

4.16 

4.7. 
4.9 

4.8. 
4.10 

01 



File No. 479 CD4007A 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C. CL = 15 pF and input rise and fall times = 20 ns 

Typical Temperature Coefficient for all values of VDD = 0.3 %f'c (See Appendix for Waveforms) 

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS 

VDD 
(Volts) 

Pro~ij!'~!~o~(lo~at~~'1'e: 5 
.tPHL 

10 

5 
Low-to-High Level tPLH 

10 

Transition Time: 5 
High-to-Low Level tTHL 

10 

5 
Low-to-High Level tTLH 

10 

Input Capacitance CI Any Input 

AMBIENT TEMPERATURE 

o 2.5 7.5 10 12.5 15 
INPUT VOLTS (VI) 

92CS-17785 

Fig.4.2-Min. & max, voltage transfer charac
teristics for invener. 

INPUT VOLTS IVI} 
92CS-17786 

Fig.4.4-Typ. voirilije transfer ,;haracrerisrics 
for NAND gate. 

LIMITS CHARAC-
TERISTIC 

CD4007 AD. CD4007 AK CD4007AE UNITS CURVES 
CD4007AF & TEST 

Min. 

-
-

-
-

-
-

-
-

-

! 
~ 
g 
!; 

~ 
0 

Typ. 

35 

20 

35 

20 

50 

30 

50 

30 

5 

12.5 

10 

7.' 

CIRCUITS 
Max. Min_ Typ. Max_ -Fig. No_ 

60 - 35 75 
ns 

40 - 20 50 4.11 
4.13 

60 - 35 75 
ns 

40. - 20 50 

75 - 50 100 
ns 

40 - 30 50 
4.12 

75 - 50 100 
ns 

40_ - 30 50 

- - 5 - pF -

INPUT VOLTS (VI) 
92,CS-17867 

Fig.4.3-Typ. voltage transfer characteristics 
for NOR gate. 

10 

SUPPLY VOLTS 
VOO)- 15 

-5'·C 

125"C 

2.5 
125"C 

2.5 7.5 10 12.5 15 
INPUT VOLTS (VII 

92CS-I7780 

Fig.4.5-Typ. voltage transfer characteristics 
as a function of temp. 47 



CD4007A 

0 
> 

~ .. 
ii! .. 
" 0 

•• 
12.5 

'0 
.0 

7.' 

2.' 

0 2.' 

UPPLY VOLTS ( ) • I 

.5 

.0 

'LA -" 

~
'4 " VOO .2 .• ;;; 

VI ~ 
I Vo 10 ~ 

10 '" 
\ 12 =:! 

. ~/ 7.5:l 
1 9 '" z 

IO Yo !5 i 
_ IO-- 0 

TERM. 3 a 6 TO GND. 
2.' 

7.5 10 12.5 
INPUT VOlTS IYI) 

.5 
92CS-I7781 

Fig. 4. 6-Typ. current and voltage transfer 

characteristics for inverter. 

DRAIN - TO - SOURCE VOLTS (Vos) -.. 12.5 -'0 -7.5 -5 -2.5 0 -J-10 f • -. 2, 
~5iVDS 10 g 

" YGS I J z 

~-
-'0 

-15 ~ 
TERM. ('4 TO GND.· r-
CONN. 7 TO 3 " 

GATE -TO- SOURCE VOLTS (VGSJ • - 15 
-20 ~ 

~ 
25 H 
~ 

LLJ...L. 

AMBIENT TEMPERATURE ITA) • 2Sec 
TYPICAL TEMPERATURE COEFFICIENT FOR 10 • - 0.3% I-c 

92CS-17788 

Fig.4.8-TVp. p~hannel drain characteristics. 

DRAIN - TO - SOURCE VOLTS (Vos ) 
17.5 -15 -12.5 -10 -7.5 -5 -2.5 

CD4007AO,CD4007AK 

'5 

AMBIENT TEMPERATURE (TAJ • 25 "C 

TYPICAL TEMPERATURE COEFFICIENT 

FOR 10--0.3% loe 

ATE -TO- SOURCE VOLTS IV: ). -15, 

2.' 

-5 

7.5 

3l 
" z 
0: 
r
r-

'0 ~ 
-12.5 H 

0_ 

• 5 

17.5 

92CS-17854RI 

Fig.4.10-Min. p-channe/ drain characteristics. 

48 

File No. 479 

AMBIENT TEMPERATURE eTA) ·25·C 

TEMPERATURE COEFFICIENT FOR IO· - 0.3% r'C 
30 

~ 25 GATE _ TO - SOURCE VOLTS (VGS) • 15 

I 20 

:l •• '" 
~ 
I!i '0 

o 

.5 

"0 
~ 12.5 ., 
~ 
~ 10 

~ 
::i 7.5 

'" z a 
i!i 

2.5 

,DO l Io 

.0 5 r 
6-lJSiV

DS 
VGS 4-1 

7-TERM. 7 TO GND. 
CONN. 14 TO 3 

2.' 5 7.5 10 12.5 15 

DRAIN-TO-SOURCE VOLTS tvos) 
92CS-11866 

Fig.4.7-Typ. n-channel drain characteristics. 

AtIEIENT TEMPERATURE ITA) .. 2S·C 
TYPICAL TE,*ERATURE C;OEFFICIENT FOR to • - 0.3% '·C 

:TE - TO - SOURCE VOLTS <VaS) • I 

'0 

.0 

.5 

CD4007AO,C04007AK 
C04007AE - --

o 2.5 15 7.5 10 12.5 IS 
DRAIN - ~O - SOURCE VOLTS (VOS ) 

92CS-11872 

Fig.4.9-Min. n-channel drain characteristics. 

AMBIENT TEMPERATURE ITA 1 ·215·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 

I 150 ALL VALUES OF VDO"0.3%'-C 

PPL: VOLTS Voo • 

.0 

•• 
10 20 30 40 !SO 60 70 80 

CAPACITANCE ICL' - pF 
92CS-11789 

Fig.4.' '-Typ. propagation delay time vs. CL· 



File No. 479 

AMBIENT TEMPERATURE ITA) -2S-C 

~ 150 ~I~~LU~~M~~R::~R.EO.~O~~~IENT FOR 

! 
;! 
';100 .. 

o 

SUPPLY VOLTS (Vao'. 5 

10 

10 20 30 40 50 60 70 80 

CAPACITANCE le L ~ - pF 
92CS-I7790 

Fig.4.12-Typ. transition time vs. CL. 

AMBIENT TEMPERATURE IT4). 25 ·C 

102 

SUPPLY VOlTS(V )e15 

o 

:"-0 

LDAD CAPACITANCE ICL1-15pF 
CL""'oF---

103 104 10" 106 
INPUT FREQUENCY (f,l-Hz 92CS-17865 

Fig.4.14-Typ. distipation characteristic,. 

~ 100 

5VORIOV 

92CS-17902RI 

AMBIENT TEMPERATURE ITAI-25·C 
LOAD CAPACITANCE lel'-IS pF 

C04007AD 
CD4007A1( 

10 15 
SUPPLY VOLTS (Vaal 

CD4007A 

20 

92CS-17846RI 

Fig.4.13-Max. propagation dBlay time vs. 
VD~ 

Fig.4.15-Quiesc8nt device current 
test circuit. 

10V 

Fig.4. 16-Noise immunity test circuit. 
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Digital Integrated Circuits 
Monolithic Silicon 

CD4008AD, CD4008AF 
CD4008AE, CD4008AK 

COS/MOS Four-Bit Full Adder 
Co 

.;-+~HH~~.r--l 
54 

With Parallel Carry Out 

53 

Special Features 

52 •. MSI complexity on a single chip .....• 4 Sum Outputs plus parallel 
Carry·Output 

5, 
• High speed operation ...•.• Carry,ln to Carry.()ut delay, tpHL, 

tPLH =45nsat CL = 15 pF 

Applications 
(CARRY-IN) 

• Binary additionlarithmetic units 

CD4008A types consist of four full-adder stages with fast 
look-ahead carry provision from stage to stage. Circuitry is 
included to provide a fast "parallel-carry-out" bit to permit 
high-speed operation in arithmetic sections using several 
CD4008A's. CD4008A inputs include the four sets of bits to 
be added, A1 to A4 and 81 to 84, in addition to the "Carry 
In" bit from a previous section. CD4008A outputs include 
the four sum bits, 51 and 54, in addition to the high-speed 
"parallel,cary-out" which may be utilized at a succeeding 
CD4008A section. 

TRUTH TABLE 

A; ., c, Co SUM 

0 0 0 0 0 , 0 0 0 , 
0 , 0 0 , , , 0 , 0 

0 0 , 0 , , 0 , , 0 

0 , , , 0 ,. , , , , 

tpd'Sj-Co)+2Ipd(Cj-Co ).160+ 2(501=210 

84 15 

A4cr--+-++-+~~~~~ 

'."z{ 89-12 }S."Z , •• ts,'CoH 'oOte"C.lt, •• tc"s.I"'O 

50 

83~--+-++-+~~~---r--, 

'3 3 

82 4 

42 

8,~~t-t4-----------r--1 

.,O'-f-''-------j 

TERMINAL No.IS-VOD,TERMINAl NO.8-VSS 

92CS-15842 

" 

Fig.5.1-Logic diagram for type CD4008A. 

vss 

NOTES 
ALL "A,- 6 "8- INPUT BITS OCCUR AT ,-0 
ALL SUMS SETTLED AT t· 530ns 
CL-15pF. TA-t2S·C,Voo-VSS.+ IOV 

92CS-I7161 

Fig.5.2-Typical speed characteristics of a 16-bit adder. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS.:o; V ,.:0; VDDI 
(Recommended DC Supply Voltage (VDD - VsSI ......... 3to 15VI 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo VDD -ssoc 

Quiacent Oevice 
Cur,.nt IL 

Outescent Oevlce 
DilsipationlPackage Po 

Output VOlt .. : 

Low-Level VOL 

High-Level VOH 

Noise Immunity. 
(Any Inpud VNL 

For D,finirion. 

SftAppondi. VNH 

Output Drive Carry 

Current Output 

N·Channel ION Sum 
Output 

_carry 
Output 

P·Ch.,nel lOP 
Sum 

Output 

Input Current II 

·See Appendix 

AMBIENT TEMPERATURE (TA) "25-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Voo -0.3 %'OC 

Volb VoIh 

10 

10 

10 

10 

0.95 

2.9 10 

:16 

7.2 10 

0.5 

0.5 10 

10 

4.5 5 

9.5 10 

10 

Min. 

4.99 

9.99 

15 

1.4 

2.9 

0.31 

0.93 

0.012 

0.31 

-0.31 

-0.93 

0.01 

-0.185 -

10 

15 

o 10 20 30 40 SO 60 10 80 
LOAD CAPACITANCE (Cl)-pF 

Fig.5.3-Sum-in to carry out propagation 
delay time lIS. CL. 

92CS-1782.2 

Typ. 

LIMITS 

C~AO.C~K.CD4OD8AF 

2SoC l2SoC 

MI •. Min. Typ. MI •. Min. Typ. MI •. 

0.3 5 300 

10 0.5 10 600 

25 1.5 25 1500 

100 100 6000 

0.01 0 0.01 0.05 

0.01 0 0.01 0.05 

4.99 4.95 

9.99 10 995 

1.5 2.25 14 

3 4.5 29 

1.5 225 15 

4.5 

0.25 0.5 0.175 

0.75 1.5 0.53 

0.01 0.2 0.007 

0.25 0.5 0.175 -

·0.25 -0.5 -0.175 -
-0.75 -1.5 fe·53 

-0.01 -0.2 -0.007 -
-0.15 0.3 fe-lOS -

10 

~ !I AMBIENT TEMPERATURE (T A)" 25 "C 
!;:..,... TYPICAl TEMPERATURE COEFACIENT 
i~ I~OO FO!I VALUES OF VOD"O.3%/OC 
O' 
f"!, 

:iii 
.~ .. ~ 
::J,= 1000 
"'.I' 

CHARAC· 
TERISTIC 
CURVES 

UNITS I/o TEST 
. CIRCUITS 

Ftg. No. 

,.A 5.8 

~W 

V 

V 

V 

5.9· 

V 

mA 

• 
mA 

pA 

10 

IS 

o 10 20 30 40 50 60 70 eo 
LDAD CAPACITANCE (CL)- pF 

92CS-17823 

Fig.5.4-Sum-in or carry·in to sum-out propa
gation delay time vs. CL. 

51 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs .............•............. vss::::; VI::::; VOOI 
(Recommended OC Supply Voltage (VOO - Vssl . • . . . . • .. 3 to 15 V I 

TEST 
CHARACTERISTIC SVMBOL 

CONDITIONS 

Vo VDD 
Volts Vol .. Min. 

Quiescent Device 5 -
Current 'L 

10 

Quiescent Device 5 -
OissiPition/Package Po 

10 -

Output Voltage- 5 
VOL 

Low·l~el 10 

5 499 
Hlgh·Level VOH 

10 9.99 

Noise Immunity 0.95 5 15 
VNL (Any Input) 2.9 10 3 

For D.finirion. 

Sft Appendix :16 5 " VNH 
7.2 10 2.9 

Output Drive Carry 0.5 5 0.155 
Current Output 

0.5 10 0.6 
N·Channel ION 

Sum 3 5 0.009 
Output 

3 10 0.2' 

Carry 4.5 5 -0.155 
Output 

9.5 10 0.6 
P·Channel 'OP 

Sum 2 5 -O.OOB 
Output 

f-lJ12 7 10 

Input Current 
" 

-

• See Appendix 

52 

AMBIENT TEMPERATURE ITAI " 25°C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VOO IC 0.3"'10 IDe 

\0 

\5 

m w ~ W W 00 m 00 
LOAD CAPACITANCE ICL)-pF 

92CS-11624 

Fig.5.5-Carry·in to carrV-Qut propagation 
delay time vs. CL. 

-40"c 
Typ. Max. 

- 50 

- 100 

250 

- 1000 

- 0.01 

0.01 

-

- -

- -

- -

- -

- -

- -

- -
- -

- -

LIMITS CHARAC· 
TERISTIC 

CD4008AE CURVES 
UNITS & TEST 

25°C SSoC 

Min. Typ. Mu. Min. Typ. Max. 

- 0.5 50 - - 700 

- 1 100 - - 1400 

- 2.5 250 - - 3500 

10 1000 - - 14000 

0 0.01 - - 0.05 

0 0.01 - - 005 

499 5 .. 4.95 - -

999 10 - 995 - -

15 2.25 14 -

3 • 5 - 29 - -
1.5 225 15 - -

3 • 5 3 - -
0.13 0.5 - 0.105 - -

0.5 1.5 - 0.4 - -

0.007 0.2 - o_oo~ - -

0.2 u.5 - 0.16 - -

-0.13 -0.5 - -0.105 - -

-0.5 -1.5 - -0.4 - -
-0 007 -0.2 - -0.005 - -
-0.1 -0.3 - 0.08 - -

- 10 - - - -

AMBIENT TEMPERATURE ITA) ·2S·C i 600 LOAO CAPACITANCE (CLl "15 pF 

'" .... 
:-:,a. SOO 
.... 
'" 

400 

~ 300 

l'l 
i!i 200 

C0400BAE 

.... ~ 100 CD400BAO,C0400BAl( 

~ 

"" 
.W 

V 

V 

V 

V 

mA 

mA 

pA 

10 15 
SUPPLY VOLTS (V OO ) 

CIRCUITS 

Fig. No. 

5.8 

-

-

-

5.9· 

• 

-

20 

9ZCS-17864RI 

Fig.5.6-Max. propagation delay time V$. VOD 
for carry·in to carry-out. 



File No. 479 
____________________________________________________ CD4008A 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C. CL = 15 pF and input rise and fall times = 20 ns 
Typical Temperature Coefficient for all values of VDD = 0.3%/oC. (See Appendix for Waveformsl 

LIMITS 

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS CD400BAD,CD4008AK CD4008AE UNITS 

CD4008AF 

VDD 
(Voltsl Min. Typ. Max. Min. Typ. Max. 

Propagation Delay Time: 5 - 900 1300 - 900 2000 
At Sum Outputs; ns 

From Sum Input 10 - 325 500 - 325 650 

5 - 900 1300 - 900 2000 
From Carry Input ns 

10 - 325 500 - 325 650 
tpHL. 

At Carry Output; tPLH 
5 - 320 600 - 320 800 

ns From Sum Input 10 - 120 200 - 120 240 

5 - mo 175 - 100 200 
From Carry Input ns 

10 - 45 75 - 45 90 

Transition Time: 5 - 1250 2200 - 1250 2900 
At Sum 0 utputs ns 

tTHL' 10 - 550 900 - 550 1100 

tTLH 5 - 125 225 - 125 290 
At Carry Output ns 

10 - 45 75 - 45 90 

Input Capacitance CI Any Input - 10 I - - 10 - pF 

LOAD CAPACITANCE (CLI-15pf 
---- CL aSOpF 

10 102 103 104 

INPUT FREQUENCY {f.l-kHz 

92CS-17625RI 

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 
Fig. No. 

5.4 

5.3 

5,5 

-

-

-

lOY 

Fig. 5. 7-Typ. dissipation characteristics. Fig.5.B-Quiescent device current test circuit. 

1.5V OR 3V 

53 
Fig.5.9-Noise immunity test circuit. 



CD4008A ______________________ _ 
File No. 479 

54 

15 

A4 

2 

B3 

4 

B2 

5 

A2 

6 

BI 

.. 

E 

~DD 
F 

::;= 

.... G ............ 

tss 

H 

~:I:-~======:~===j==================±=:=============; 
9 
C~----------------------------------~----------------------~~ ... K 

ALL P UNIT ( ~) SUBSTRATES CONNECTED TO VDD 

ALL N UNIT ( :;:) SUBSTRATES CONNECTED TO VSS 

c:::J DRAIN a SOuRcE REGION WIDTHS-] MILS 

~ DRAIN a SOURCE REGION WIDTHS-IO MILS 

g~~~R aDmRE~E. ~.lG~ WIDTHS ON ALL 

Fig.5.10-Schematic diagram. 
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16 8 

~ ~ 

A------+ 

B 

E 
F 

G 

H----+-----i 

1--+-1 
J--+-t-; 

K 

r 
.... 12 

H 

1. 

r 
- 10 

H 

1. 
92st.-42" 

Fig.5.10 - Schematic diagram. 

CD4008A 
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CD4009A C04010A 

File No. 479 

Digital Integrated Circuits 
Monolithic Silicon 

CD4009A,CD4010A 
Types 

COS/MOS Hex Buffers/Converters 
Inverting Type: CD4009AD, CD4009AE, CD4009AK 
Non-Inverting Type: CD4010AD, CD4010AE, CD4010AK 

Special Features (Each Buffer) 

- High current sinking capability ...... 8 mA (min.) at VOL = 0.5 Vand 
VDD =+ 10V 

Applications 
- COS/MOS to DTLmL hex converter - COSIMOS logic·level converter 

- COSIMOS current "sink" or "source" driver - Multiplexer-l to 6 or 6 to 1 

CAUTION: 
VCC VOLTAGE LEVEL MUST BE EQUAL TO OR LESS THAN 
VDD' FOR 10.5- TO 15-VOLT SUPPLIES, CLOAD MUST BE 
EQUAL TO OR LESS THAN 5000 pF. 

CD4009A types may be used as a hex COS/MOS inverter, a 
COS/MOS to OTL or TTL logic·levelconverter, ora COSIMOS 
current driver. 

C04010A types may be used as a COS/MOS to DTL or TTL 
hex converter or a COS/MOS current driver. 

The CD4049A and CD4050A are preferred Hex Buffer 
replacements for the CD4009A and C04010A, respec· 
tively, in all applications except multiplexers. 

56 

NC o-fl 
Vee o-L 
GNOo-!

VDD~ 

~II ~_ 
E~ ...... K=E 

~14 ~15", 
F~ L=F 92.SS-4140R2 

Fig. 6. 1-Logic diagram for types CD4009A. 

Conversion ranges are from COS/MOS logic operating at +3 
V to +15 V supply levels to OTl or TTL logic operating at 
+3 V to +6 V supply levels. Conversion to logic output levels 
greater than +6 V is permitted providing VCC(DTlITTl) ~ 
VOO(COS/MOS). 

NC 0--!2 
vcco-L 
GNOo---!! 

vDOo--!!i 

~ 
B~H=B 

~7~ 
C~I=C 

~9 ~-"'" 
D~J.D 

~ 
E~K.E 

~. 15 F F~L" 
92SS-414ZRZ 

Fig.6.2-Logic diagram for types CD4010A. 
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... 
=> .. ... 
=> o 

WIRING SCHEDULE: 
CONNECT Vee TO OTL OR 
TTL SUPPLY. 
CONNECT VOO 10 COS Mas 
SUPPLY 

Fig.6.3-Schematic diagram tor tvpes CD4009A. 
1 of 6 identical stages. 

AMBIENT TEMPERATURE ITA)-ZS·C MAX. 
--MIN. 

d--c>-8 
6~~~ITION: vcc= 5 

o 6 8 10 12 14 
INPUT VOLTS (V,) 

92CS-20067 

Fig.6.5-Min. & max. voltage transfer charac
teristics - CD4009A. 

AMBIENT TEMPERATURE (1A }-25C 
COLLECTOR SUPPLY VOLTAGE (vca-sv 
DRAIN SUPPLY VOLTAGE (Vool- 5V 

o 

MIN. MAX. 

3 4 5 
INPUT VOLTS (VI) 

Fig.6.7-Min. & max. voltage rransfercharac
teristics (VDD = 5) - CD4010A. 

CD4009A, CD4010A 

OUTPUT JL-_:~~ 

CONFIGURATION 

HEX COS Mas TO OTL OR TTL 
CONVERTER (NON·INVERTINGI 
WIRING SCHEDULE 
CONNECT Vee TO OTL OR 
TTL SUPPLY 
CONNECT Veo TO cos M05 
SUPPLY. 

Fig.6.4-Schematic diagram for types CD4010A. 
1 of 6 identical stages. 

4 6 • 
INPUT VOLTS (VII 

10 12 

92CS-17837 

Fig. 6.6-Typ. voltage transfer characteristics 
as function of temp. - CD4009A. 

INPUT VOLTS (VI) 

Fig.6.B-M;n. & max. voltage transfer charac
teristics (VD= 10) - CD4010A. 

ms-mSRI 
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STATIC ELECTRICAL CHARACTERISTICS IAII inputs ........................... VSS:::; V1:::; VDDI 
IRecommended DC Supply Voltage IVDD - VSSI ........... 

CHARACTERISTIC SYMBOL 
TEST 

CONOITIONS 

Vo VOO 
Vol .. Volts 

Quiescent Device 5 
Current: IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 
VOL Low-level 10 

High·Level VOH 
10 

Noise Immunitv • 3.6 
(Any Inpud 

CD4009A 7.2 
10 

VNL 
0.96 

CD401DA 2 •• 
10 

0.96 

CD4009A 
2 

10 
VNH 

3.6 

CD4010A 
7.' 10 

Output Drive Current: 0.4 

N·Channel ION 
0.5 10 

2.5 
P-Channel lOP 

9.5 10 

Input Current 

• See Appendix. 
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INPUT VOLTS (VI) 

Fig.6.S-Min. & max. voltage transfer charac-
reri"ics 1VOO = 151 - C040l0A. 

LIMITS 

C04009AO. CD4009AK. C04010AO. CD4010AK 
UNITS 

-55"c 
Min. Typ. Mox. 

0.3 

0.5 

1.5 

0.01 

0.D1 

4.99 -
9.99 -

I.S 

I.' 
... 
I.' 
2 .• 

3.75 

10 

·1.85 -
.0.9 

9ZSS04203RI 

2S"c 12S"C 
Mm. Typ. Mox. Min. Typ. Mox. 

0.01 0.3 20 

0.01 0.5 JO 
~A 

0.05 1.5 100 

0.1 300 
~W 

0 0.01 0.05 r-- ro:os V 
0.01 

4.99 4.95 -
V 

9.99 10 9.95 -

2.25 D •• 

4.S . 
1.S 2.25 - 1 • V 

'.S 2 .• 

I.S 2.2 1.S V 

'.S 

1.S 2.25 1.S 

4.S 3 

2.1 
mA 

10 5.6 

·1.25 ·1.75 - ·0.9 
mA 

·0.6 .0.8 .0.4. 

10 pA 

INPUT VOLTS (VI) 

Fig.6.fO-Typ. voltage transfer characteristics 
as a function of temperature -
C040l0A. 

3to 15VI 

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 

Fig. No. 

6.22 

60S 
through 

6_10 

6.23 

6.,12 • 6.13 

• 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................ 
(Recommended DC Supply Voltage (VDD - VSSI .. 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 

Vo VDD 
Volts Volts Min. 

Quiescent Device 5 
Current: 'l 10 

Ouitlsccnt Dcvic:: 
o issipation/Package Po 

10 

Output Voltage: 
VOL low-Level 10 

4.99 
High·Level VOH 

10 9.99 

Noise Immunity. 

(Any Input) 3.6 
CD4009A 

7 .• 2 10 , 
VNL 

0.95 5 15 
CD4010A 

2.9 10 

0.95 1.4 
CD4009A 

2 10 2.9 
VNH 

3.6 1.4 
CD4010A 

7.2 10 2.9 

Output Drive Current: 0.4 3.6 

N·Channel ION 
0.5 10 9.6 

2.5 -1.5 
P·Channel lOP 

9.5 10 -0.72 

Input Current 

• See Appendix. 

AMBIENT TEMPERATURE (TA) .. 2S-C f 300 LOAD CAPACITANCE (eL)" 15pF 

" i 
i 
\oJ 200 

'" ... 

9 100 

5 
If 
f 

CD4010AD, CD4010AK (tpLH) 

CD4010AE (tpLH l 
rrrn 

CD4010AD.CD4010AK (tpHLJ 

CD4010AE (tpH~ 1 

10 15 

-4o"C 
Typ. 

SUPPLY VOLTS {Vee· Vce} 92.CS-17858 

LIMITS 

CD4009AE. CD4010AE 

2SoC 8SoC 

Max. Min. Typ. Max. Min. Typ. 

0.03 

0.05 

15 0.15 15 

50 0.5 50 

0.01 om 
0.01 0.01 

4.99 4.95 

9.99 10 9.95 

2.25 O.g 

4.5 1.9 

I.S 2.25 1.4 

4.S 2.9 

3 2.25 1.5 

4.S I.S 

3 2.25 1.5 

4.S I.S 

4 2.4 

10 6.4 

-1.2 _175 -I 

-0.6 -0.8 -0.48 

10 

CD4009A. CD4010A 

VSS~ VI ~VDDI 
..... 3 to 15 VI 

CHARAC· 
TERISTIC 
CURVES 

UNITS & TEST 
CIRCUITS 

Max. Fig. No. 

42 

70 
"A 6.22 

210 
"W 

700 

0.05 
V 

0.05 6.5 
through 

6.10 
V 

V 

6023 

V 

6.12 mA • 6.13 

rnA • 
pA 

Fig.6.ft-Max. propagation delay time vs. VDO - CD4010A. Fig.6.12-Typ. n-channel drain characteristics - CD4009A, CD40fOA. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25oC, CL = 15 pF, and input rise and fall times = 20 ns 

Typical Temperature Coefficient for all values of VDD = 0.3%(oC. (See Appendix for Waveforms) 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

VOD 
(Volts) 

Propagation Oelay Time: 5 

High·to· Low Level tPHL' VCC =VOO 
10 

VOO= 10V 
VCC= 5V 

5 
Low·to·High Level tPLH VCC=VOO 

10 

VOO = 10V 
VCC= 5V 

Transition Time: 5 
High·to·Low Level tTHL VCC= VOO 

10 

5 
Low·to:High Level tTLH VCC= VOO 

10 

I nput Capacitance C04009A 

(Any Input) CI 
C04010A 

AMBIENT TEMPERATURE (TA)"2S-C 

60 

~ 40 

" 
~ 30 

10 

z 

~ 20 

10 

10 
" 

20 

DRAIN-TO-SOURCE VOLTS Nos) 
92CS-17876 

Fig.6.13-Min. n-channei drain charactflrist;cs. 

60 

LIMITS CHARAC· 
TERISTIC 

CD4009AD. CD4009AK CD4009AE UNITS CURVES 
CD4010AD.CD4010AK CD4010AE 

& TEST 

Min. Typ. 

- 15 

- 10 

- 10 

- 50 

- 25 

- 15 

- 20 

- 16 

- 80 

- 50 

- 15 

- 5 

CIRCUITS 
Max. Min. Typ. Max. Fig. No. 

55 - 15 70 

30 - 10 40 
ns 6.14 

25 - 10 35 

80 - 50 100 

55 - 25 70 ns 6.15 

30 - 15 40 

45 - 20 60 
ns 6.18 

40 - 16 50 

125 - 80 160 
ns 6.19 

100 - 50 120 

- - 15 -
pF -

- - 5 -

92C5-17870 

Fig.6. 14-TVp. high-to%~~w level propagation 
delay time vs. CL - CD4009A. 
CD40IOA. 
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o 20 40 60 80 100 
LOAD CAPACITANCE ItL)- pF 

92C5-17873 

Fig.6.15-Typ.low-to-high level propagation 

20 

delay time vs. CL - CD4009A. 
C04010A. 

40 

92C5-17875 

Fig.S. t 7-Typ. low-fo-high level propagation 
delay time VI. CL (driving TTL. 
OTLI - C04009A. C04010A. 

Fig.6. 19-Typ. low-fo-high level transition time 
vs. CL - C04009A. C04010A. 

~ 
I 300 

" 1-
.J 

J 
~ 200 

~ 
1; 
g 
z 
o 100 
ii 

I 

CD4009A. CD4010A 

LOAD CAPACITANCE(CL)- pF 
92C5-17874 

Fig.6.16-Typ. high-to-low level propagation 
delay time VI. CL (driving TTL. 
OTLI - CD4009A. C04010A. 

AMBIENT TEMPERATURE CTA) ·25·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Veo. O.3%'DC 

40 60 80 100 
LOAD CAPACITANCE CCL)- pF 

92CS-11877 

Fig.6.18- Typ. high-ro-Iow level transition time 
vs. CL - C04009A. CD4010A. 

AMBIENT TEMPERATURE ITA) • 2SD C 
LOAD CAPACITANCE (Cl) " 15pF 

CD4009AD, CD4009AK (tPLH) 
HT"t1""t1-

C04009AE (tPLH) 
TTrT TTl 

CD4009AD.CD4009AK (tpHL) 
I11111 

C04009AE (tPHL) 

10 15 
SUPPLY VOLTS (VOD '" Vcc) 

92CS-17857 

Fig.6.20-Max. propagation delay time VS'. 

VOO - C04009A. 
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104 8 AMBIENT TEMPERATURE (TA'- 2s-cTT./ -' 6 I.,IV/ ., 4 

I ·'~V " 
.. 

d' .:, . 
~ 103 ..,.o"~" '// I / 
~ 8 ri,j· 

~ 
6 .," , ~ 
4 

", V 7.' > V" ~ • 
'" 17r..- 7 V T , .. 

10' o. 

'" • .. 
6/ ., ./ 

~ 4/", V = ~~~:O ~~PAC 'TANCEICL)il~F 
• 

10 

10 

V'v I 
• • • • 10' • • 6 ela • 4 

INPUT FREQUENCY (I.' kHz 92C5-19807 

Fig.6.2t -Typo dissipation characteri,tlc. -
CD4009A. CD4010A. 

r----.--------~~rL 10V 

6 • 10 

5VOR IOV 

g2CS-19S0S 

Fig.6.22 - Qliiescent dissipation test circuit. 
92CS -1980!5RI 

Fig.6.23 - Noise immunity test circuit for CD4009A. 

3.5V 
OR 
7V 

5VOR IOV 

" • 13 
5 12 

" 10 

9 

92CS-24423 

Fig.6.24 - Noise immunity test circuit for CD4010it 
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C04011A 

Digital Integrated Circuits 
Monolithic Silicon 

CD4011A, CD4012A,CD4023A 

COS/MOS NAND Gates 
(Positive Logic) 

• • CD4011AD, CD4011AE, CD4011AF, CD4011AK 
CD4012AD, CD4012AE, CD4012AF, CD4012AK 

Quad 2 Input • 
Dual 4 Input • 
Triple 3 Input •• • CD4023AD, CD4023AE, CD4023AF, CD4023AK 

Special Features 

• Medium speed operation ...... tPHL = tPLH = 25 ns (typ.) 
atCL=15pF 

.. Low "high"- and "Iow"-Ievel output impedance ... _ .. 400 and BOOn (typ.) 
respectively at VDD - Vss = 10 V 

rhe combination of these devices and the RCA NOR 
)Qsitive logic gate types CD4000A, CD4001 A. CD4002A, 
md CD4025A can account for appreciable package-count 
iSvings in various logic function configurations. 

Voo 14~OO 

NC 

VSS7 J(",~ NC 
Vss 

CD4012A CD4023A 

.o~----------·---------·~----+-

'Or--~----------------~~ 

>..:..._-1-----<: " 

.o-.l-------~----~----~ 

13 

12 

Vss 
7 

92CS-15970 

Fig. 7. 1 - Schematic diagram for type CD4012A. Fig.7.2 - Schematic diagram for type CD4011A. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs .......•.•.•••....•...•. vSS:S: V I :S: Vee) 
(Recommended ec Supply Voltage (Vee - Vss) .......... 3 to 15 V) 

LIMITS CHARAC· 
TERISTIC 

TEST CD4011AD. CD4011AK. CD4011AF. CD4012AD. CD4012AK. CURVES 
CHARACTERISTIC SYMBOL CONDITIDNS CD4012AF. CD4023AD. CD4023AK. CD4023AF UNITS & TEST 

f,Vo VDD -SSoc 25°C 12SoC CIRCUITS 

Volls Volb Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

Quiescent Device 5 - - 0.05 - 0.001 0.05 - - 3 
Current IL JJA -

10 - - 0.1 - 0.001 0.1 - - 6 

Quiescent Device 5 - - 0.25 - 0.005 0.25 - - 15 
Dissipation/Package Po "W -

10 - - 1 - 0.01 1 - - 60 

Output Voltage: 5 - - 0.01 - 0 0.01 - - 0.05 7.4 
VOL V 

Low-Level 10 - - 0.01 - 0 0.01 - - 0.05 7.5 

5 4.99 - - 4.99 5 - 4.95 - - 7.6 
High-Level VOH V 

10 9.99 - - 9.99 10 - 9.95 - - 7.7 

Noise Immunity 3.6 5 1.5 - - 1.5 2.25 - 1.4 - -
VNL V -

(Any Input) 7.2 10 3 - - 3 4.5 - 2.9 , - -
For Ot!finition, - i See Appendix 0.95 5 1.4 - - 1.5 2.25 - 1.5 - -

VNH V -
2.9 10 2.9 - - 3 4.5 - 3 - -

Output Drive Current C04011 A 0.5 5 0.31 - - 0.25 0.5 - 0.175 - -

I ~4023A 0.5 10 0.62 - - 0.5 0.6 - 0.35 - -
N·Channel ION '0$ mA 

C04012A 0.5 5 0.15 - - 0.12 0.25 - 0.OB5 - - • Series 
0.5 10 0.31 - - 0.25 0.6 - 0.175 - -

p-ehannel lOP 
4.5 5 fo.31 - - 1-0.25 ~.5 - 1-0.175 - - mA 
9.5 10 1-0.75 - - 1-0.6 -1.2 - ~.4 - -

l,nput Current II - - - - 10 - - - - pA -

• See Appendix. 

::=1N OUT I s:OUT 
4 SN 12 9 

9N 
13 

I '~~f 
ovss 

92CS- 17'185 

Fig. 7.3 - Schematic diagram for type CD4023A. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ............... ........... . VSS:O;VI ~Vool 
(Recommended OC Supply Voltage (VOO - VSSI ......... 3to 15 VI 

LIMiTS CHARAC· 
TERISTIC 

CHARACTERISTIC 
TEST CD4011AE. C04012AE. CD4023AE CURVES 

SYMBOL UNITS CONDITIONS 

I,Vo VOD _40oC 
Volts Vol Min. Typ. 

Quiescent Device 
Current IL 

10 

Quiescent Oevice 
Dissipation/Package PD 

10 

Output Voltage: 

Low·Level VOL 
10 

5 4.99 
High·Level VOH 

10 9.99' 

Noise Immunity 3.6 1.5 
.(Any Input) VNL 

7.2 10 3 
For Definition. r--
SHAppendix 0.95 1.4 

VNH 
2.9 10 2.9 

Output Drive Current C04011A 0.5 0.145 

ION ~ 0.5 10 0.3 
N·Channel 

C04012A 0.5 0.0~2 
Series 

0.5 10 0.155 

P.Channel lOP 4.5 .0.145 

9.5 10 -0.35 

l.nput Current II 

• See Appendix 

AMBIENT TEMPERATURE 
eTA) -Z5·C 

~o 
15 SUPPLY VOLTS (VDO) • 1,5 

12.5 

~ 10 
.. 10 

~ 
~ 7.5 

2.' 

o 2.' 7.5 10 12.5 15 
INPUT VOLTS (VI) 

92C5-17791 

Fig.7.4-Min. & max. "Oltaflll tran,fer charac
teristics. 

Mox. 

0.5 

2.5 

SO' 

0.01 

0.01 

Min. 

4.99 

9.99 

1.5 

1.5 

0.12 

0.25 

0.06 

0.13 

-0.12 

-0.3 

15 

250 C 
TVp· Max. Min. 

0.00 0.5 

0.00 

0.02 2.5 

0.05 SO 

0 0.01 

·0 0.01 

5 4.95 -=-... .,--
10 9.95 

2.25 

4.5 

2.25 

4.5 

0.5 

0.6 

0.25 

0.6 

-0.5 

-1.2 

10 

10 

1.4 

2.9 

1.5 

0._ 

0.2 

0.05 

0.105 

-0.095 

-0.24 

SUPPLY VOLTS 
VOO)-15 

-55'" 

IZ5"C 

& TEST 
85°C CIRCUITS 

Typ. Mox. Fig. No. 

15 

30 
JJA 

75 

300 
~W 

0.05 7.4 
V 

0.05 7.5 

7.6 
V 

7.7 

V 

V 

rnA 

• 
- rnA 

pA 

2.' 125-': 

o 2.5 7.5 10 12.5 15 
INPUT VOLTS IVI) 

92C5-17780 

Fig.7.5-Typ. voltaflll transfer charactBl'inics 
as a function of temperature. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, CL = 15 pF, and input rise and fall time. = 20 n. 

Typical Temperature Coefficient for all value. of VDD = 0.3 %f'c (See Appendix for Waveforms) 

LIMITS 

TEST CD4011AD,AF,AK CD4011AE 
CHARACTERISTICS SYMBOLS CONDITIONS ,CD4012AD. AF,AK CD4012AE UNITS 

, CD4023AD, AF, AK CD4023AE 

VDD 
(Volts) Min. Typ. Max. Min. Typ. Max. 

Propagation Delay Time: 5 - 50 75 - 50 100 
Low-to-High Level tPLH ns 

10 - 25 40 - 25 50 

High-to-Low Level 5 - 50 75 - 50 100 
CD4011A and ns 
CD4023A Series 10 - 25 40 - 25 50 

tPHL 
5 - 100 150 - 100 200 

CD4012A Series ns 
10 - 50 75 - 50 100 

Transition Time: 5 - 75 100 - 75 125 
Low-to-H igh Level tTLH ns 

10 - 40 60 - 40 75 

High-to-Low Level 5 - 75 125 - 75 150 
CD4011A and ns 
CD4023A Series 10 - 50 

tTHL 
75 - 50 100 

5 - 250 375 - 250 500 
CD4012A Series 

10 - 125 200 
ns 

- 125 250 

Input Capacitance el Any Input - 5 - - 5 - pF 
I--. 

A MBIENT TEMPERATURE (TA 1 " 25°C 

S "'~ ~rn ".'" •• ~~w~ 15 . , 
12.5 

a Vo 

'0 • ~ 0 

10 
10 • , 

~ 
0 
> ... 7.5 a • => voo ~ ... 

5 => 5 0"1 INPUT 0 • b =2 INPUTS 

AMBIENT TEMPERATURE ITAl = 25°C 

15 

0 
12.5 

:: 
~ 10 

10 

~ ... 7.5 

~ 
0 

UPPLY VOLTS IV: 1" I 

15 

a c =3 INPUTS 
2.5 d "'4 INPUTS 2.5 10 

~ c 
• I ALL, ?!HER INPUTS TO VOD 

2.5 7.5 10 12.5 15 2.5 15 

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 
Fig. No. 

7.13 

7.19 

7.14 

7.19 

7.15 

7.19 

7.16 

7.17 

7.18 

-

INPUT VOLTS (VI) 92CS-17868 

7.5 10 12.5 
INPUT VOLTS (VI) 

92CS-17792 

66 

Fig.J.6 - Typ. multiple input switching 
t'!lnder charact. for CD4012A. 

Fig.7.7 - Typ. current & voltage transfer 
characteristics. 
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AMBIENT TEMPERATURE ITA) = 25·C 

TYPICAL TEMPERATURE COEFFICIENT 14 
15 FOR 10:.0.3 ",. I .. c 

VGS I V ~ " M .. .. 
::i 
~IO .. 
~ 
~ 

" z .. 
:Ii 5 

o 

z 
~ 2 

o 

I OS 

I 

= ~j f·~TE ~ TO - SOURCE VOLTS IVG~t~ 
OTHER IC 
GATE 
INPUTS -

15 
GROUNDED 

en 
10 

} CMDIIAD.CD4DIIAE 
CD401lAK, CD4023AO 

10 
CD4023AE, CD4023AK 

__ } CD4012AO.CD4012AE. 
5 CD4012AK 

10 15 

DRAIN - TO - SOURCE VOLTS (Vas) 
92CS-17850 

Fig.7.S-Typ. n-channel drain characteristics. 

AMBIENT TEMPERATURE ITA). 2S"C 

TYPICAL TEMPERATURE COEFFICIENT FOR 10=-0.3"Io/"C 

GATE-TO-SOURCE VOLTS (VGS )-15 

10 
15 

10 
[ CD401lAD,CD40llAK 

CD4023AD,CD4023AK 

___ [CD40IlAE 
C04023A£ 

5 10~' 15 
DRAIN-TO-SOURCE VOLTS (Vas) 

92CS-I7847 

Fig.7.10-Min. n-channel drain characteristics 
- CD4011A & CD4023A. 

DRAIN-TO-SOURCE VOLTS (Ves) 

-15 -10 -5 o 
AMBIENT TEMPERATURE (TAl = 2!i ·C 

TYPICAL TEMPERATURE COEFFICIENT 
FOR Io'"-0.3%'-C 10 

10 

15 

GATE - TO - SOURCE VOLTS (VG ) -I!i 

-5 ~ 

~ 
~ 
~ 

-10 -I 

'" 
} 

CD40IlAD.CD40IlAK :3" 
CD4012AO.CD4012AK -
CD4023AD,CD4023AK 

} 
CD40llAE - 15 

- - - C04012AE 
CD4023AE 

92C5-11849 

Fig. 7. 12-Min. p-channel drain characteristics. 

:~ 
"' 

CD4011A, CD4012A, CD4023A 

DRAIN-TO-SOtR:E VOLTS (Vas) 

-15 -10 

'>{& .. 
OTHER GATE 

INPUTS GROUNDED 

10 

GATE -TO-SOURCE VOLTS (VGs) -IS 

AMBIENT TEMPERATURE (TAJ -ZS·C 

-5 

TYPICAL TEMPERATURE COEFFICIENT FOR to '"-0.3%'·C 

92C5-11193 

Fig. 7.9-Typ. p-channel drain characteristics. 

-so VOLTS IVGS = 15 

15 

10 

-5 

-10 g ,. 
z 

" -15 r-
C 

~ 
-20 ~ 

l:l 

-ZS€ 

-30 

{ CD401ZAD 
CD40lZAK 

10 CD4012AE 

AMBIENT TEMPERATURE (TA) =Z5"C 

TYPICAL TEMPERATURE COEFFICIENT 
FOR 10'" - 0.3% ,·C 

5 10 15 
SOURCE - TO - DRAIN VOLTS (Ves) 

92C5-11851 

Fig. 7.1 7 -Min. n-channel drain characteristics 
- CD4012A. 

AMBIENT TEMPERATURE (TAl'" 2S'"C 
TYPICAL TEMPERATURE COEFFICIENT 

ISO FOR ALL VALUES OF VDO "O.3%,f-C 

~ 100 

SUPPLY VOLTS (Voo l-5 

10 

IS, 

01020304050601080 

LOAD CAPACITANCE fC l ) - pF 92,C5-11194 

Fig.7. 73-Typ. low-to-high level propagation 
delay time vs. CL. 

67 



CD4011A. CD4012A. CD4023A __________________ _ File No. 479 

AMBIENT TEMPERATURE CTA) • 25·C 
TYPICAL TEMPERATURE COEFFICIENT 

~~ .00 FOR ALL VALUES OF VOO .O ..... /·C 

~ 
i= 200 

5 

i 
"3 
0-

o 

'00 

~ 100 
2 
;: 

ii 
;: 
;; 
Z 50 

! 

o 

SUPPLY VOLTS V, 

'0 

10 20 30 40 50 60 70 80 
LOAD CAPACITANCE (CL)- pF 

92CS-I779S 

Fig.7. 14-Typ high-to-Iow level propagation 
delBY time VI. CL - CD401 lA, 
& CD4023A. 

,. 
AMBIENT TEMPERATURE ITAI- 25·C 
TYPICAL TEMPERATURE COEFFICIENT 

:FOR ALL VALUES OF VDD-O.'''-'-C 

10 20 30 40 50 60 70 80 
LOAD CAPACITANCE (ClI -pF 

Fig.7.16-Typ./ow-to-high transition time 
VB. CL. 

9ZCS-17797 

AMelENT TEMPERATURE (TA'· 25·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 

&00 ALL VALUES OF VOD • 0.3% ,-e 
~ 500 

... 
; 400 SUPPLY VOLTS YDD -5 

Z 
0 

i 200 

! 
'00 

0 

68 

,. 
'0 20 30 40 50 60 70 80 

. LOAD CAPACITANCE (el) - pF 
92CS-I7799 

Fig.7.18-Typ. high-to-lowlelllJl tfilnsition 
time VB. CL - CD4072A. 

AMBIENT TEMPERATURE (TAl -25·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 

=~ .00 ALL VALUES OF VDD ' O ..... /·C 

.. ,. 
200 

li 

Z 
o 

!c 100 

~ 
~ 

o 

000 
! 
I 

~ 
~200 

ii 
0-
;; 
! 100 
0-

o 

SUPPLY YOLTS V, ).5 

,. 

'0 20 30 40 00 60 70 eo 
LOAD CAPACITANCE (CL ) -pF 

92CS-17791 

Fig.7. 75-TyPo higlt-to-low level propagation 
delay time ... CL - CD4072A. 

AMBIENT TEMPERATURE etA) ·2S-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VAl..UES OF Yoo ·0.3 "-'·C 

'0 ,. 

10 20 30 40 50 60 70 80 
LOAD CAPACITANCE (tLl - pF 

92CS-17196 

Fig. 7. 77-Typ. high·ro-low level transition 
time IlL CL - CD4077A & 
CD4023A. 

AMBIENT TEMPERATURE (TA)· 2S·C 
~ LOAD CAPACITANCE (CL)· 15 pF 

..!.600 
~ 
.1soo 
! 
~ 400 

S 300 
l!: 
Z 
0200 

~ 

1100 

CD4012AD,AE 
tpLH 

ALL OTHER 
TYPES tPOt, t PHL 

10 IS 

SUPPLY VOLTS (Voo l 

FIg.7. 79-Typ. propagation delay time n. 
VD& 

20 

92CS·11848RI 
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AMBIENT TEMPERATURE ITA)- 25·C 

SUPPLY VOLTSIVDD) "15 

10 

..... 5 .. 
LOAD CAPACITANCE (CLI-15pF 

102 

CL -50pF---

loG 
INPUT FREQUENCYU,)-Hz 92CS-17865 

Fig.7.20-TVp. dissipation characteristics. 

92CS-2073BRI 

IL 
MEASUREMENT 
INPUTS 1 
INPUTS 2 
INPUTS 3 
INPUTS 4 

IL 
MEASUREMENT 

INPUTS I 
INPUTS 2 

VDD 

~ 
IL INPUTS I 

PIN CONNECTIONS 

TOVDP ~ 
1,5,8,12,14 2,6.7.9,13 
2,6,9,13.,14 1.5,7.8,12 

Fig.7.21-Quiescent device current 
test circuit for CA401 1 A. 

VDD 

3,4.5,7,10,11,12 
2,4,5,9,11,12 
2,3,5.9.10,12 
2,3,4,9,[0,11 

92CS-20739 9ZCS·20740RI 

Fig.7.22-Noise-;mmun;ty test 
circuit for CD4011A. 

Fig.7.23-0uiescent device current 
test circuit for CD4012A. 

Fig.7.24-Noise-immunity test 
circuit for CD4012A. 

r-______ o---~r-Voo 

IL 
MEASUREMENT 

INPUTS I 
INPUTS 2 
INPUTS 3 

~ 
INPUTS I IL 

2,4,5,7,8,12,13 
1.3.5.7,8,11,13 
1,2.3.4,7,11,12 

Fig.7.26-Ouiescent device current 
test circuit for CD4023A. 

14 
13 

3 12 

4 " 
10 

5VOR IOV 

92CS - 20742RI 

Fig.7.26-Noise';mmunity test 
circuit for CD4023A. 
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SETI 6 

01 5 

CLOCK I 3 

RESET,4 

SET28 

02 9 
CLOCK2 II 

RESET210 

VDD 

14 

Vss 

File No; 479 

Digital Integrated Circuits 
Monolithic Silicon 

CD4013AD, CD4013AF 
CD4013AE, CD4013AK 

Dual 'D'. Type Flip· Flop 
With Set-Reset Capability 

Special Features 

• Static flip-flop operation •..•.. retains state indefinitely with clock level 
either "high" or "low" 

• Medium speed operation ...•.. 10 MHz (typ.) clock toggle rate at 

VOO - VSS= 10V 
• Low "high"· and "low" output impedance ••.•.. 4000 and 200n. 

respectively at VOO - Vss - 10 V 

Applications 

• Registers, counters, control circuits. 

C04013A types consist of two identical. independent 
data·type flip-flops. Each flip-flop has independent data. set. 
reset. and clock inputs and "a" and "a" outputs. These 
devices can be used for shift register applications. and. by 
connecting "0" output to the data input. for counter and 

toggle applications. The logic level present at the "0" input 
is transferred to the a output during the positive-going 
transition of the clock pulse. Setting or resetting is inde· 
pendent of the clock and is accomplished by a high level on 
the set or reset line. respectively. 

TRUTH TABLE 

"", 0-----.... ----------::--------, CL' 0 R S 

.../ 0 0 0 

.../ I 0 0 

'19 "- x 0 0 

x X I 0 

X X 0 I 

X X I I 

2112 , = LEVEL CHANGE 

a CL BUFFERED OUTPUTS 

Q 
x = DON'T CARE CASE 

Q 

0 

I 

Q 

0 

I 

1 

Q 

I 

0 

Q 
I 

0 

1 

NO 
CHANGE 

VII~ 1/13 ** = FFI/FF2 TERMINAL ASSIGNMENTS 

TERMINAL 14 = ¥CD 

TERMINAL 7 = GND 

70 

Fig.B.I-Logic diagram and truth table (one of two identical flip·flops). 

92S5-438(, 
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* SET 
6;.0-----.... -------------------..., 

MASTER SECTION SLAVE SECTION 

RESET 

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

CLOCK /+ /+ ~jhVDD a. JD 

3;1 r CL 

I"- ~ 

1 1 
Vss Vss 

ALL P·5UBSTRATES (l~ ) CONNECTED TO VOD 

ALL N·SUBSTRATES ( J~ ) CONtlECTED TO Vss 

* FF1!FF2 TERMINAL ASSIGNMENTS 

Fig.8.2-Schematic diagram (1 of two identical flip
flops). 

DRAIN - TO - SOURCE VOLTS (Vos) 

AMBIENT TEMPERATURE (TAl" 25·C 
TYPICAL TEMPERATURE COEFFICIENT 

3D FOR Io·~·3"1o/·C 

~25 
ATE-TO-SOURCE VOLTS (VGS)·15 

w 

15 -10 -5 

-1 

CD4013A 

-5 

r: 
'" z 

GATE - TO - SOURCE VOLTS tvGS) " -15 

~ 10 

AMBIENT TEMPERATURE n A) = 25 '"C 

TYPICAL TEMPERATURE COEFFICIENT FOR I D"-0.3 % I ·C 

o 10 15 

DRAIN-TO-SOURCE VOLTS (VOS) 92CS-11800 
92CS-17eOI 

Fig.8.3- TyPo n~hannel drain characteristics, Fig.8.4-TVp. p.-channe/ drain characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... VSS~VI ::;VOO) 
(Recommended OC Supply Voltage (VOO - VSS) ....... 3to 15V) 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 

t· V o VDD 

Vol .. Vol Min. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
DissipationlPackage PD 

10 

Output Voltage: 
VOL Low-level 10 

4.99 
High-Level VOH 

10 9.99 

Noise Immunity DB 1.5 
VNL (Any Input) 1.0 10 

For Definition, -
42 1.4 S8Appendix VNH 
9.0 10 2.9 

Output Drive Current: 0.5 5 0.&5 

N·Channel ION 
0.5 10 1.25 

4.5 5 -11.31 
P-Channel lOP 

9.5 10 .0.8 

Input Current II 

tSee Appendix 

" 

~12.5 

II! 10 
~ 

~ 7.. 
'" z 

~ 

2.' 

72 

AMBIENT TEMPERATURE (TA) • 2S-C 
TYPICAL TEMPERATURE COEFFICIENT FOR 10--0.3% lac 

2.' 

GATE - TO - SOURCE VOLTS (VGS)· 15 

7.. 

CD4013AD"C04013AK 
C04013AE ---

I.V 

IOV 

10 12.5 15 

DRAIN-TO-SOURCE VOlTS (YOS) 
92CS'17S" 

Fig.8.5-Min. n-channel drain characteristic,. 

-55"c 
Typ. 

LIMITS CHARAC· 
TERISTIC 

C040'3AD. C04O'3AK. C04O'3AF CURVES 
UNITS & TEST 

25°C 125°C CIRCUITS 

Maa. Min. Typ. Maa. Min. Typ. Moa. Fig. No. 

0.005 60 
i'A 8.9 

0.005 '20 

300 
8.7 

0.025 

20 0.05 20 1200 
.W 8.9 

0.01 0 0.01 0.05 
V 

0.01 0 0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
8.10 V 

4.5 2.9 

1.5 2.25 1.5 
V 8.10 

4.5 

0.5 0.35 
mA 

2.5 0.75 • -11.25 -11.5 -11.175 -
mA 

-0.65 ·1.3 -11.45 

10 pA 

DRAIN - TO - SOURCE VOLTS (Yos' 
-15 -12.5 -10 -7.5 -5 -25 

1to'4\t,~,'iA.-.:::.-""; . . ,J 
'-~T T~~~I:~~:-~-:-::~~ :~' ... ~ .. 5 L 

Fig.8.6-Min. p-channel drain characteristics. 

92C5-1765(; 



File No. 479 CD4013A 
STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... Vss~ V,:::; VOOI 

(Recommended OC Supply Voltage !VOO - VSSI . . . . . . . .. 3 to 15 V I 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 

tvo VOO -4o"c 
Volts Volts Min. Typ. 

Quiescent Device 
Current 'l 10 

aui~iCO:nt D;;-"ice 
Dissipation/Package Po 

10 

Output Voltage: ~ VOL low-Level 10 

4.99 
High·Lel/el VOH 

10 9.99 

Noise Immunity OB 1.5 
VNl (Anv Input) 1.0 10 

For Definition, f---

~ ~ 1.4 SHApPMdix VNH 
9.0 10 2.9 

Output Drive Current: 0.5 0.35 

N·Channel ION 
0.5 10 0.72 

4.5 -017 
P·Channel lOP 

9.5 10 .u.4 

Input Current 
" 

+See Appendix 

AMBIENT TEMPERATURE (TA)-25 -c 
INP~T Ir ~ If ·20 ns 

'" LOAD CAPACITANCE (CL) -15 pF ~I04 

f Tn TInT I V 1J ISpF 

T SOpF 

~ 103 SUPPLY VOLTS (Yoo) ·15 ....... 15pF 

;;: I 
15 pF l!l 

~ 0: 

~ 102 
z 
2 

~ 
~ 10 .. 

10' 104 '015 106 

INPUT FREQUENCY (',) - Hz 
92CS-1780ZRI 

Fig.8.7- Typ. dissipatiDn charactIJristics. 

Ma •. 

10 

20 

50 

200 

0.01 

0.01 

... -

~ .. 
I 

~ 

LIMITS 

C04013AE 

25°<: 8SoC 

Min. Typ. Max. Min. Typ. Max. 

0,01 10 140 

0.02 20 280 

0.05 50 700 

0.2 200 2800 

0 0,01 0.05 

0.01 0.05 

4.~9_ 4.95 

9.99 10 9.95 

1.5 2.25 1.4 
-- --.- .. -

3 4.5 2.9 

1.5 2.25 1.5 
-... -

3 4.5 

0.3 0.24 

0.6 2.5 0.5 

.u.t4 .u.S -0.12 

-0.33 -1.3 .u.27 

10 

AlIa T TEMPERATURE TA ·25 C 
LOAD CAPACITANCE (Cll • 15 pF 

~ 10 

o 10 
SUPPLY VOLTS(Yool 

CHARAC-

TERISTIC 
CURVES 

UNITS & TEST 
CIRCUITS 

Fig. No. 

i'A 8.9 

8.7 

jJllJ 8.9 

V 

V 

V 8.10 

V 8.10 

mA 

• 
mA 

pA 

15 20 

Fig.8.8- Typ. clock frequency ... VOo. 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 25°C. CL = 15 pF.and input rise and filII times = 20 ns ex_ trCL. ttCL 
(Sea Appendix for Waveforms) ' .. 

Tvplcal Temperature Coefficient for all values of V DD .. o.3%fOC 

LIMITS CHARAC· 

TEST TERISTIC 

CHARACTERISTICS SYMBOLS CONDITIONS CD4013AD.CD4013AK CD4013AE UNITS CURVES 
& TEST 

VDD CIRCUITS 

1-.----- (Volts) Min. Typ. Max. Min. Typ. Max. Fig. No. 

CLOCKED OPERATION 

tpHL = 5 - 150 300 - 150 350 
Propagation Delay Time: ns -

tPLH 10 - 75 110 - 75 125 

tTHL= 5 - 75 125 - 75 150 -Transition Time ns 
tTLH 10 - 50 70 - 50 75 

Minimum Clock Pulse tWL= 5 - 125 200 - 125 500 
Width I--- - --- ns -

tWH 10 - 50 SO - 50 100 

Clock Rise & *trCL= 5 - - 15 - - 15 
1--- -_.- f-- f--- p.s -

Fall Time ttCl 10 - - 5 - - 5 

5 - 20 40 - 20 50 
Set-Up Time ns -

10 - 10 20 - 10 25 

Maximum Clork tCl ~ 2.5 4 - 1 4 - MHz S.S 
Frequency ---

10 7 i 10 - 5 10 -

Input Capacitance CI Any Input - 5 - - 5 - pF 

SET & RESET OPERATION 

tPHl(R)= 5 175 300 175 350 
Propagation Delay Time: t-- ns -

tplH(R) 10 75 110 75 125 

Minimum Set and Reset tWHISI. 5 125 250 125 500 ns -
Pulse Widths tWH(R) 10 50 100 50 125 

* If more than one unit is cascaded in a parallel clocked operation. trCL should be made less than or equal to the sum of the 
fixed propagation delay time at 15 pF and the transition time of the output driving stage for the estimated capacitive load. 
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_________________________________________________ CD4013A 

10V 

Tast performed with 
the following .equence 
of "1'5" and "0',", 

CL 0 S R 

0 0 
0 0 1 
0 0 0 

0 0 

92CS-I7905 

3.5V 
OR 
7V 

1.5V 
OR 
.V 92.CS-17906 

Fig.fJ.9-0uiescent device current test circuit. Fig.B.fO-Noise immunity test circuit. 

AMBIENT TEMPERATURE (TAI·25"'C 
... TYPICAL TEMPERATURE COEFFICIENT fOR 
"I ALL VALUES OF Voo"'O.3 %/·C . 

iOO 

~ 
~200 
'" 

LOAD CAPACITANCE ICl)-pF 
92CS-19093 

FigS. f t-Typ. propagation delay time VB. eL. 

... 
'" ;: 
Z 
o i 100 

! 
o 

AMBIENT TEMPERATURE (TA)-25"'C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Voo "' 0.3 % laC 

10 

15 

~ W ~ ~ ~ ~ ro ~ ~ ~ 

lOAD CAPACITANCE ICLl-pF 
92CS-19094 

Fig.8.12-Typ. tran,;tion time vs. CL-

75 



~:=:--.! 
CONT. 

SER. II 
IN· 

CLOCK!!. 

8 
Yss 

o. 
12 Q7 

3 08 

File No. 479 

Digital Integrated Circuits 
Monolithic Silicon 

CD4014AD, CD4014AF 
CD4014AE, CD4014AK 

COS/MOS 8-Stage 
Static Shift Register 
SYNCHRONOUS PARALLEL OR SERIAL INPUT/SERIAL OUTPUT 

Special Features 

- Medium speed operation ...... 5 MHz (typ.) clock rate at VDD - Vss = 10 V 

- Fully stetic operation 

- MSI complexity on a single chip •....• 8 master·slave flip·flops plus output 
buffering and control gating 

Applications 

_ Synchronous parallel inputlserial output date queueing 

- Parallel to serial data conversion - General purpose register 

CD4014A types are 8-stage paralle.l·input/serial output regis' 
ters having common Clock and Parallel/Serial Control inputs. 
a single Serial Data input, and individual paraliel "Jam" 
inputs to each register stege. Each register stage is a O·type, 
master .. lave flip·flop. In addition to an output from stege B, 
"a" outputs are also available from steges 6 and 7. 

Parallel/Serial Control input is "low", data is serially shifted 
into the B·stege register synchronously with the positive 

transition of the clock line. When the Parallel/Serial Control 
input is "high", data is jammed into the B·stage register via 
the parallel input lines and synchronous with the positive 
transition of the clock line. Register expansion using multiple 
C04014A packages is permitted. Parallel as well as serial entry is made into the register 

synchrono~s with the positive clock line transition and under 
control of the Parallel/Serial Control input. When the· 

76 

PARALLEL 
SERIAL 
COMTROL 

SERIAL 
INPUT 

CLOCK 

Fig.9.t - Logic block diagram. 
1().73 
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'DD 

PARALLEL IER~ d _ 
coorRDL ~ u~ 

9 

TRUTH TABLE 

QI 

SER. PAR'SER PI-n !lNTER- Qn 
CL~ IN CONTROL PI-I NALl 

J X I a a a a 

J x I I 0 I 0 

./"" x I 0 I a I 

-' X I I I I I 

J 0 0 x x a On-I 

-' I 0 X X I On-I 

"- X X X X QI Qn 

x • DON'T CARE CASE ~ = LEVEL CHANGE 

, NO 
CHANGEI 

F ~D - - --FIRSTiiEGisOOTAGEiOiiE DiEiGiiT mGEs)-- ---I 
,:JIlt , 
- ! LJ~ Sf I 

1_ 1." I 
'" I ,P a 

PARALLEL L TO STAGE 2 

INpur~_+-lr~ I 

'ERI~._ ----.ll H~ B I ~ '1- "L -~ ,I 

INPU~~ ~9 I I I~ I I 

'""1...'" I ~ Cir CLr r § ~F _J 
~'DD 'IS I ~'DD '" rr-- !-~~ 

CLO~' ~ c~LI h.~L II '~t--.... I , ~ I--""""""""" I L... i-J ~O-{6., .. rB) 

10 I Q Q I (2. 12,0.J) 9 I 1 ~\~: '-UNIT IUBsrRA rES ARE CONNEcrED I' 9 
'" AU' N -UNIT 'UB'TRArE' ARE CONNECTED II BUFFERED OUTPUT '" I 

VS5 L __ ~s__ ___ __ L5TAGES6~ __ J 

9.2-5chematic diagram - CD4014A, 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS~VI ~VDD) 
(Recommended DC Supply Voltage (VDD - VSS). .... 3to 15VI 

TEST 
CHARACTERISTIC SYMBOL 

CONDITIONS 
Vo VOO _55°C 

Volts Volts Min. Typ. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 

Low·Level VOL 
10 

4.99 
High·Level VOH 

10 9.99 

Noise Immunity 0.8 1.5 

'Any Input) 
VNL 

1.0 10 

For Definition, 
4.2 1.4 

See Appendix VNH 
9.0 10 2.9 

Output Drive Current: 0.5 0.15 

N·Channel ION 
0.5 10 0.31 

P·Channel 
lOP 4.5 ·0.1 

9.5 10 ·0.25. 

Input Current II 

• See Appendix 

10' AMBIENT TEMPERATURE ITA)=25°C 
ALTERNATING "0· ., 

10' 
AND "I" PATTERN 

~ 

I 
~ 

10' ~o$o\b 
, 

~ \~OQ \0 

~o;? ,-~ /' f 10' _~~ .. o;;\ 

~ F-e-- .,,~ 

~ 
V 

10' V 
l1i a 
'" 
~ 10 

LOAD CAPACITANCE {CL1'"15pF 

,;' 
--CL -SOpF 

10 102 103 104 

INPUT CLOCK FREQUENCY IfCLl- kHz 92CS-17806R2 

9.3 - Typ. dissipation characteristics. 

78 

LIMITS CHARAC· 
TERISTIC 

C04014AO. C04014AK. C04014AF CURVES 
UNITS 

Max. 

10 

25 

100 

0.Q1 

0.Q1 

2SoC 12SoC 

Min. Typ. Max. Min. Typ. 

0.5 

10 

2.5 25 

10 100 

0 0.01 

0.01 

4.99 4.95 

9.99 10 9.95 

1.5 2.25 1.4 

4.5 2.9 

1.5 2.25 1.5 

4.5 

0.12 0.3 0.085 

0.25 0.5 0.175 

·O.OS ·0.16 ·0.055 

·0.20 -0.44 -0.14 

10 

AMBIENT TEMPERATURE (T A) ·2S·C 
LOAD CAPACITANCE tCL)· IS pF 

6 

o 10 

& TEST 
CIRCUITS 

Max. Fig. No. 

300 

600 
JJA 9.7 

1500 

6000 
~W 

0.05 
V 

0.05 

V 

V 

9.S 

V 

mA 

• 
mA 

pA 

15 20 
SUPPLY VOLTSIVool 

92CS-19867 

9.4 - Max. input clock frequency vs. V DD' 



File No. 479 CD4014A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS$Vl ::;Vool 
(Recommended OC Supply Voltage (VOO - Vssl ......... 3 to 15 VI 

TEST 
CHARACTERISTIC SYMBOL CONOITIONS 

Vo 

Volts 

Quiescent Device 
IL Current 

Quiescent Device 
Dissipation/Package Po 

Output Voltage: 
VOL Low-Level 

High-Level VOH 

Noise Immunity 0.8 
VNL 1:il (Any Input) 

For Definition, r---
4.2 

See Appendix VNH 
9.0 

Output Drive Current: 0.5 

N-Channel ION 
0.5 

P·Channel 
IDP 4.5 

9.5 

Input Current II 

• See Appendix 

AMBIENT TEMPERATURE (TA) -25·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF VOD • 0.3 %'-C 

" ~ 30 
l!: 
~ 200 
~ 

VOO 
Volts 

10 

10 

10 

10 

5 

10 

10 

10 

10 

10 

Min. 

4.99 

9.99 

1.5 

1.4 

2.9 

0.072 

0.12 

-0.06 

-0.12 

if I. 
Ii! 100 .. 

o 10 20 30 40 50 60 70 80 
lOAD CAPACITANCE (el) -pF 

-40°C 
Typ. 

92CS-17807 

9.5 - Typ. propagation delay time VB. CL, 

LIMITS 

C04014AE 

25°C 8soe 
Max. Min. Typ. Max. Min. Typ. Max. 

50 0.5 50 700 

100 100 1400 

250 2.5 250 3500 

1000 10 1000 14000 

0.01 0 0.01 0.05 

001 0.01 0.05 

4.99 4.95 

9.99 10 9.95 

1.5 2.25 1.4 

4.5 2.9 

1.5 2.25 1.5 

4.5 

0.06 0.3 0.05 

0.1 0.5 0.08 

-0.05 -0.16 -0.04 

-0.1 -0.44 -0.08 

1~ 

1 .... .:Illt.Nr TEMPERATURE ITA) '" 250(: 
TYPICAL TEMPERATURE COEFFICIENT FOR f 600 All VALUES OF VDD'" 0.3% I .i: 

"3 
!"5DO 

-' x 
5 400 

,0 I. 

CHARAC· 
TERISTIC 
CURVES 

UNITS & TEST 
CIRCUITS 

Fig. No. 

"A 9.7 

~W 

V 

V 

V 

9.8 

V 

mA 

• 
mA 

pA 

10 20 30 40 50 60 70 80 
lOAD CAPACITANCE tCl ' - pF 

92CS-17808 

9.6 - Typ. transition time vs. CL' 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, Cl = 15 pF, and input rise and fall times = 20 ns except trCl, tfCl 
Typical Temperature Coefficient for all values of VDD = 0.3%/oC. (See Appendix for Waveforms) 

CHARACTERISTICS SYMBOLS 

tPHl= 
Propagatioh Delay Time: 

tPlH 

Transition Time 
tTHl= 

tTlH 

Minimum Clock Pulse twl= 
Width twH 

Clock Rise & Fall Time 
trCl *= 

tfCl 

Set-Up Time 

Maximum Clock fCl 
Frequency 

Input Capacitance CI 

I2CS·t7907 

Test performed with the following 
sequence of "1'," and "O's" 

Don't 0 1 1 0 0 Test 
Test 0 1 1 1 0 
Test 1 0 0 0 0 
Test 1 0 1 1 1 
Test 1 0 0 0 1 

TEST 
CONDITIONS 

VDD 
(Volts) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

~ 
10 

ANY INPUT 

10V 

9.7-0uIescent device curtent tm circuit, 
80 

liMITS CHARAC· 
CD4014AD TERISTIC 
CD4014AK 

CD4014AE 
UNITS CURVES 

CD4014AF & TEST 
CIRCUITS 

Min. Typ. Max. Min. Typ. Max. Fig. No. 

- 300 750 - 300 1000 
ns 9.5 

- 100 225 - 100 300 

- 150 300 - 150 400 
ns 9.6 

- 75 125 - 75 150 

- 200 500 - 200 830 
ns -

- 100 175 - 100 200 

- - 15 - - 15-
IJS -- - 15 - - 15 

- 100 350 - 100 500 
ns -- 50 80 - 50 100 

1-_1 2.5 - 0.6 2.5 - MHz -
3_ 5 - 2.5 5 -

- 5 - - 5 - pF -
• If mora than one unit Is cascaded 10 • peral'a' clocked operation, 

t,CL should ba made less ·then or equal to the .um of the fixed 
propagation delay time at '5pF and the tr.n.ltlon· tlma of the 
output driving .tage for the estimated capacitive loed. 

5V OR IOV 

16 
IS 

14 
4 13 

5 12 
6 II 

7 10 

e 9 

-= 1.5V OR 3V 

92CS-1790a 

9.B-Nol •• immunity ten circuit. 
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VDD ,. 
DATAA 

CLOCK A 4 
STAGE 

RESETA 

DATAB 15 

CLOCKa 4 ,. STAGE 
RESETs 

V55 

O'A 

0 .. 

0 .. 

'D 
04A 

" °'8 

'2 028 

038 

°48 

Digital Integrated Circuits 
Monolithic Silicon 

CD4015AD, CD4015AF 
CD4015AE, CD4015AK 

COS/MOS Dual 4· Stage 
Stati~ Shift Register 
With Serial Input/Parallel Output 

Special Features 

• Medium speed operation ....•. 5 MHz !typ.) clock rate at VOO - Vss = 10 V 

• Fully static operation 

• MSI complexity on a single·chip ...... 8 master-slave flip-flops plus output 
buffering 

Applications 
• Serial to parallel data conversion 

• Serial-inputlparallel-output data queueing • General purpose register 

RCA CD4015A types consist of two identical, independent, 
4-stage serial-input!parallel-output registers. Each register has 
independent "Clock" and "Reset" inputs as well as a single 
serial "Data" input. "a" outputs are available from each of 
the four stages on both registers. All register stages are 

. O-type, master- slave flip-flops. The .Iogic level present at the 

data input is transferred into the first register stage and 
shifted over one stage at each positiveiloing clock transition. 
Resetting of all stages is accomplished by a high level on the 
reset line. Register expansion to 8 stages using one CD4015A 
package, or to more than 8 stages using additional 
CD4015A s is possible. 

D. 

R. 

Fig. 10. 1-Logic diagram and truth table. 

9-74 

TRUTH TABLE 

CL' D R 

.r 0 0 

.r I 0 

\.. X 0 

X X I 

'. LEVEL CHANGE 
X. DON'T CARE CASE 

QI 
0 

! 

Q! 

0 

Qn 

Qn·! 

Qn-! 
Qn 
0 

, NO 
HANGEJ c 

81 



CD4015A File No. 479 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... VSS.s;vl :S;VOO) 
{Recommended DC Supply Voltage (VOO - VSS) .. 3to15V) 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Quiescent Device 
Current 'L 

Ouiescent Device 
DissipationlPackage Po 

Output Voltage: 

Low-Level VOL 

High-level VOH 

Noise Immunity 

(Any Inputl VNL 

For Definition, f----
See Appendix VNH 

Output Drive Current: 

ION 

P·Channel 
lOP 

Input Current I, 

• See Appendix. 

AMBIENT TEMPERATURE (T A) ·2S·C 
lOAD CAPACITANCE (el) • 15 pF 

o 10 
SUPPLY VOLTS(VOOl 

Vo Voo 
Volts Volts Min. 

10 

10 

10 

4.99 

10 9.99 

O.B 1.5 

1.0 10 

4.2 1.4 

9.0 10 2.9 

0.5 0.15 

0.5 10 0.31 

4.5 -a.l 
9.5 10 -0.25 

15 20 

92CS-19867 

Fig. 10.2-TVp. clock frequency rs.. VDIJ. 
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LIMITS CHARAC· 
TERISTIC 

CD4015AD. CD4015AK. CD4015AF CURVES 
UNITS 

-55°C 
Typ. Max. 

5 

10 

25 

100 

am 
0.01 

& TEST 

2S"c 125°C CIRCUITS 

Min. Typ. Max. Min. Typ. Max. Fig. No. 

0.5 300 
/'A 10.6 

10 600 

2.5 25 1500 

10 100 6000 
~W 

0.01 0.05 
V 

0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

4.5 2.9 

1.5 2.25 1.5 10.7 
V 

3 4.5 

0.12 0.3 0.OB5 
mA 

0.25 0.5 0.17~ -
-0.08 .{l.lIf -0.055 - • 

mA 
-0.20 -a.44 -11.14 

;:: 

~ 
l'l 
~ 200 

I 
~ 

100 

0 

10 pA 

AMBIENT TEMPERATURE (TAl· 25 ·C 
TYPICAL TEMPERATURE COEFFI crENT FOR 
ALL VALUES OF Voo· 0.3 ,%I·C 

10 

IS 

10 20 30 40 50 60 10 80 
LOAD CAPACITANCE CCL1-pF 

92CS-11807 

Fig.IG.3-Typ. propagation delav time vs. CL. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... VSS:S; VI ::; VOO) 
(Recommended OC Supply Voltage (VOO - VSS) .... .... . 3to15V) 

TEST 
CHARACTERISTIC SYMBOL CONOITIONS 

Vo 
Volts 

Quiescent Device 
Current IL 

Quiescent Device 
Dissipation/Package Po 

Output Voltage: 

low-Level VOL 

High-Level VOH 

Noise Immunity 0.8 
(Any Input) VNL 

1.0 -For Definition. 
4.2 See Appendix VNH 
9.0 

Output Drive Current: 0.5 
ION 

0.5 

P·Channel 
lOP 4.S 

9.5 

Input Current 

• See Appendix. 

AMBIENT TEMPERATURE (TAt" 2S·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF VDD = 0.3% I c\: 

... 
" t 400 

~ 
.... 300 

~ .. 
C/') 200 
z 
~ 
I- 100 

Voo 
Volts 

10 

10 

10 

10 

10 

10 

10 

10 

Min. 

4.99 

9.99 

1.5 

1.4 

2.9 

0.072 

0.12 

-0.06 

-0.12 

o 10 20 30 40 50 60 70 80 
LOAD CAPACITANCE eel) - pF 

Sl2CS-17808 

Fig.10.4-TVp. transition time vs. CL-

-40°C 
Typ. Max. 

50 

100 

250 

1000 

0.01 

0.01 

LIMITS CHARAC· 
TERISTIC 

C04015AE CURVES 
UNITS & TEST 

25°C 8SoC CIRCUITS 

Min. Typ. Max. Min. Typ. Max. Fig. No. 

0.5 50 700 
,.A- 10.6 

100 1400 

2.5 250 3500 

10 1000 14000 "W 

0 0.01 0.05 
V 

0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

4.5 2.9 

1.5 2.2S 1.S 10.7 
V 

4.S 

0.06 0.3 O.OS 
mA 

0.1 0.5 0.08 

-O.OS -0.16 - -0.04 
mA 

-0.1 -0.44 -0.08 

10 pA 

LOAD CAPACITANCE ICL)-15pF 
---- CL "50pF 

10 102 103 104 

INPUT CLOCK FREQUENCY !fCL) - kHz 92CS-17806R2 

Fig. 70.5-Typ. dissipation characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C and CL = 15 pF 
Typical Tempelature Coefficient for all values of VDD = 0.3 %f'C. (See Appendix for Waveforms) 

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS 

VDD 
(Volts) 

CLOCKED OPERATION 

tPHl= 5 
Propagation Delay Time. 

tPlH 10 

tTHl= 5 
Transition Time 

tTlH 10 

Minimum Clock Pulse twl= 5 
Width twH 10 

*trCl = 5 
Clock Rise & Fall Time 

tlCl 10 

5 
Set·Up Time 

10 

Maximum Clock fCl 5 
Frequency 

10 

Input Capacitance CI 

RESET OPERATION 

Propagation Delay Ti me tPHl(R) 
5 

10 

Minimum Set and Reset· 5 
Pulse Widths tWH(R) 

10 

• If mora than on8 unit II cascaded In 8 paralla' clocked operation, 
treL. .hould ba made , ... than or aqua' to the fum of the fixed 
prop .... tlaFf delav tlma at 16pF and the transition tIme of the 

o output drilloling It •• for the estimated capacitive IOld. 

LIMITS 
CD4015AD 

CD4015AK CD4015AE 
CD4015AF 

Min. Typ. Max. Min. Typ. 

- 300 750 - 300 

- 100 22!i - 100 

- 150 300 - 150 

- 75 125. - 75 

- 200 500 - 200 

- 100 175 - 100 

- - 15 - -
- - 15 - -

- 100 350 - 100 

- 50 80 - 50 

1 2.5 - 0.6 2.5 

3 5 - 2.5 5 

- 5 - - 5 

- 300 750 - 300 

- 100 225 - 100 

- 200 500 - 200 

- 100 175 - 100 

UNITS 

Max. 

1000 
ns 

300 

400 
ns 

150 

830 
ns 

200 

15 
IJS 

15 

500 
ns 

100 

-
MHz 

-
- pF 

1000 
ns 

300 

830 ns 
200 

File No. 479 

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 
Fig. No. 

10.3 

10.4 

Test performed with th.e following 
sequence of "1'5" and "O's" 

51 52 53 

Test 0 
IOV 

1 0 
Don't Test 0 0 1 
Don't Test 1 0 1 
Don't Test 0 0 0 
Don't Test 1 0 0 
Don't Test 0 0 

.". 

92CS-'"O' Test 1 0 
Don't Test 0 0 0 

Test 0 0 

Fig. 10.6 - Quiescent devlCtl current test circuit. 
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ALL P SUBSTRATES ARE CONNECTED TO VOO 

ALL N SUBSTRATES ARE CONNECTED TO VSS 

92CS-17910RI 

Fig. to. 7 - Noise immunity test circuit 

CD4015A 

I TO DATA INPUT 
OF STAGE NO.2 

I 
I 

~'~ i 
ifL-:-J I 

_rc;- e __ J 
92SM4443R1 

Fig. to.8 - Schematic diagram. 
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Digital Integrated Circuits. 
Monolithic Silicon 

CD4016AD,CD4016AF 
CD4016AE,CD4016AK 

COSIMOS Quad Bilateral Switch 
For Transmission or Multiplexing of Analog or Digital Signals 

Special Features 

• Wide range of digital and analog signal levels -
Digital or analog signal.to 15 V peak 
Analog signal ±7.5 V peak 

• Low "ON" resistance-
300 n typo over 15 Vp-p signal input range, for VDD - VSS = 15 V 

• Matched switch characteristics-
40n typo difference between RON values at a fixed bias point over 15 Vp-p 
signal input range VDD - Vss = 15 V -

• High "On/Off" output voltage ratio -65 dB typo @fis = 10 kHz, RL = 10 kn 

• High degree of linearity - < 0.5% distortion typ.@ fis = 1kHz, 
Vis = 5 Vp•p, VDD-VSS;::: 10V, RL = 10kn. 

Applications • Extremely loiN "OFF" switch leakage resulting in very low 
offset current and high effective "OFF" resistance -• Analog signal switching/multiplexing 

Signal gating Modulator 
Squelch control Demodulator 
Chopper Commutating switch 

• Digital signal switching/Multiplexing 

• COS!MOS logic implementation 

• Analog·to-digital & digital·to-analog conversion 

• Digital control of frequency, impedance, phase, and 
analog·signal gain 

CONTROL 

VD~ __ ~orE IVe
l 

J C3 

vss--

INPUT SIGNALS (Vis) 
TERMINAL Nos. 1,4,8,11 

OUTPUT SIGNALS (Vo,) 
TERNINAL Not. 2,l,9.IO 

SWITCH A 

10 pA tyP.@VDD - Vss = 10 V, TA = 25°C 

• Extremely high control input impedance (control circuit 
isolated from signal circuit) - 1012n typo 

• Low crosstalk between switches -
-50 dB typo @fis = O.g MHz, R L = 1 kn 

• Matched control·input to signal-output capacitances -
Reduces output signal transients 

• Transmits frequencies up to 10 MHz 
VDD 

141 

SWITCH B SWITCH C ... SWITCH D 
125M -3838R2 

NOTE:· All switch P-cherinel sabstrates are internally connected to terminal No. 14. 

86 

All switch N-channel substrates are internally conn~'?ted to terminal No.7. 

NORMAL OPERATION: 
Control-Line Biasing 

Switch "ON": VC"l" = Voo 
Switch "OFF": VC"O" = Vss 

SIGNAL·LEVEL RANGE: 

vss1. Vis k.voo 

Fig.tt.t-Schematic diagram. 

Caution: 
If VIS exceeds Voe, input currents 
must not be allowed to exceed 5 rnA. 

9·74 
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o 

INPUT SIGNAL VOLTS (VIS) 

92CS-17880 

Fig. 11.2-Typ. lION" characteristics for 1 of 
4 switches with VDO= +15V, 
VSS-OV. 

SUPPLY VOLTS: YOO-+5; YSS.O 

AMBIENT TEMPERATURE (TA) ·25·C 

4 • 
INPUT SIGNAL VOLTS (VIS) 

92CS-17834 

Fig.I'.4-Typ. 'YJN"characteristics for t of 
4 switches with VDD= +5V, 
VSS""Ov. 

INPUT SIGNAL VOLTS (V'S) 
92C5-17836 

Fig.tl.6-Typ. ''aN'' characteristics for 1 of 
4 sw;tchll$ with VDO- +5V, 
VSS--5V. 

m 

"22 
m 
!:; 
~ I 

~ 
m 0 

L o 

-2 

SUPPLY VOLTS: VDO-+10j Vss·O 
AMBIENT TEMPERATURE (TA)-25-C 

CD4016A 

92C5-17833 

Fig.11.3-Typ. "ON"characteriltics for 1 of 
4 switches with VDD= +10V, 
VSS""OV. 

INPUT SIGNAL VOLTS (VIS) 
92C5-17835 

Fig. 1 1.5-Typ. UON"characteristics for 1 of 
4 switches with VDD- +7.5V. 
VSS-·7.5V. 

SUPPLY VOLTS: YeO" + 2.5V. VSS" -2.5V 
AMBIENT TEMPERATURE (TA). 25-C 

£ 
V~*I~~ 

';' RL 

-3 -2 -I 0 • I 2 3 
INPUT S1GNAL VOLTS (VIS) 92CS-17839 

Fig. 1 1.7-Typ. HON"characteristics for 1 of 
4 switches with VOOa +2.5V, 
VSS-·2.5V. 
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CD4016A 
___________________________ File No. 479 

ELECTRICAL CHARACTERISTICS (All inputs ........................... vSS~ VI ~ VDDI 
(Recommended DC Supply Voltage (VDD - VSSI . . . . . • . .. 3 to 15 V I 

LIMITS 

S'tMIIOL TEST CONDITIONS 
CD401BAD CD4016AK CD401 F NITS CHAIIACTEIIISTIC -66"C :z&OC 1:z&OC . 
Typ. M ... Typ. -. Typ. MI •. 

Quiescent Dissipation VOLTS 
TERMINALS APPLIED 

per Package 
YDD 14 ~ 

All Switches "OFF" Vss 7 GND - 5 0.1 5 - 300 tIN 
Vc 5.6.12.13 GND 

Vis 1.4.8.11 :s +10 

PT 
VOl 2.3.9.10 So +10' 

VOLTS 
TERMINALS APPLIED 

VDD 14 ~ 
All Switches "ON" VSS 7 GNO - 5 0.1 5 - 300 liN 

Vc 5.6.12.13 +10 

Vis: Vos 1·4.8·tl S. +10 

SIGNAL INPUTS IV;,I ANO OUTPUTS IV 0,1 

Vc' VDO VSS V" 
+7.5V 120 360 200 400 300 600 

7.5V -7.5V 7.5V 120 360 200 400 300 600 .n 
!0.25V 130 775· 280 850 470 1230 

'5V 130 600 250 660 400 960 
5V -5V 5V 130 600 250 660 400 960 .n 

'''ON'' Resistance RON Rl _'0k!l .0.25V 325 1870 580 2000 900 2600 
+.5V 120 360 200 400 300 600 

15V OV +O.25V 120 360 200 400 300 600 .n 
9.3V 150 775 300 850 490 1230 

·'0V 130 600 250 660 400 960 
10V OV +025V 130 600 250 660 400 960 n 

56V 300 1870 560 2000 880 2600 

A"ON" Resistance +7.SV -7.5V ±75V - - 10 - - -
Between Any 2 .lRON '5V -5V 1'5V - - 15 - - - .n 
of 4 Switches 

Sine-Wave Respon .. RL"10k! 
5V -5V 5Vfpp,& - - 0.4 - - - 010 ( Distortion) fls=' lkHI 

Input or Output 
voo vc,vss ~ 

±7.5V - - :!:100 - - - pA 
Leakage-5witch "OFF" ·75V -75V 

(Effective "OFF" . . nA Resistance) '5V -5V ±5V - - " ±'26 - -
Frequency-Respon .. - Vc =voo= -5V. Vss" -5V 

Switch "ON" 
20 Lag,O Vos=. - - 40 - - - MHI 

(Sine Wave Input) -3<1B 
Rl :: lk!! v" 

v" SVlp pi • Voo =·5V. vc' VSS.- 5V 
Feedthrough 

20 Log 10 ~= -500'B - - 1.25 - - - MHI Switch "OFF" 
v" 

Crosstalk Betweeh Any 2 R L .;;. lk!l vel AI VOO~ ·5V. 

of the 4 Switches VlsIAI: VCIB ' = vss= - 5V 
- - 0.9 - - - MHI (Frequency at -50 dB) 5VIo p, 20 Log 10 ~= - 50dB 

V,e.IAI 

Capaci'tal1ce I nout C'S Voo=+SV, VczVss= -SV - - 4 - - -
Output Cos - - 4 - - - pF 

Feedthrough 
c'OS - - 0.2 - - -

Propagation Delay vc· Voo" .IOV, vss· GNO.CL' lSpF. 

Signal I nput to 'pel VIS. tOV (square wavel. - - 10 - - - n. 
Slgnal Output t,.IiI: tf = 20 No hnput ,,~aU 

-±10Xl0-3 

... Symmetrical about 0 volts 
... Limit determined by minimum feasible leakage measurement for automatic testing . 
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__________________________________________________ CD4016A 

ELECTRICAL CHARACTERISTICS (All inputs .......................... . VSS:'> VI ::;VDD) 
. .. 3 to 15 V) (Recommended DC Supplv Voltage (VDD - VSS) . 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
CD4016AE NITS 

-4l)OC 250 C B50 C 
Typ. M ••. Typ. M ••. Typ. Mo •. 

Ouiescent Dissipation ,VOLTS 
TERMINALS APPLIED 

per Package VDD 14 -;;0-

All Switches "OFF" Vss 7 GND - 5 0.1 5 - BO lAW 
Vc 5.6.12.13 GNO 

Vii 1.4.B. tl ~ .10 

VOl 2.3.9.10 .:s. +10 
PT 

VOLTS 
TERMINALS APPLIED 

VOO 14 -;;0-

All Switches "ON" Vss 7 GNO - 5 01 5 - BO .w 

Vc 5.6.12.13 .10 

Vis ~ Vos 1·4.8·11 :So +10 

SIGNAL INPUTS (Vi" AND OUTPUTS (Vo,1 

Vc - Voe VSS .VI~ 

+1.5V 130 370 200 400 260 S20 

7.5V -7.5V -7.5V 130 370 200 400 260 520 n 
!0.2SV 160 790 280 850 400 1080 

'5V 150 610 250 660 340 840 

5V -5V 5V 150 610 250 660 340 840 n 
RON 

:0.2SV 370 1900 580 2000 770 2380 
'''ON'' Resistance Rl= 10k!! .,sv 130 370 200 400 '260 S20 

15V OV to.25V 130 370 200 400 260 520 n 
9.3V 180 790 300 850 400 1080 

tlav 150 610 250 660 340 840 
10V OV t02SV 150 610 2S0 660 340 840 n 

56V 350 1900 S60 2000 750 2380 

A"ON" Resistance +7.5V -l.SV ±15V - - 10 - - -
Between Any 2 ~RON 'sv -sv :tSV - - IS - - n 
of 4 Switches 

Sine-Wave Response RL= 10k!l 
sv -SV 5Vlpp," - - 0.4 - - - 010 (Distortion) t,s;' lkHl 

I nput or Output 
veo vc'vss ~ - - !:100 - - - pA 

Leakage-Switch "OFF" t15V -75V ±7.5V 

(Effective "OFF" . nA Resistance) ,sv -sv ±5V - - • ±125 - -
Frequency-Response- Vc =voo= .. SV, vss'= -5V 

Switch "ON" 
20 Log,O VOl:. - - 40 - - - MH, 

(Sine Wave Input) -3<1B 
RL.: lk~! v" 

Feedthrough 
VIS SVlp pI veo= "v,vc ' vss=-sv 

Switch "OFF" 20 Log 10 ~= - 50018 - - 1.25 - - - MHz 

v" 

Crosstalk Between Any 2 RL .::. lkU Vel AI Veo= 'SV. 

of the 4 Switches V,sIAI= 
VCIBI' v ss' - 5V 

- - 0.9 -(Frequency at -50 dB) ~O log 10 ~I= - SOctB 
- - MH, 

5V(p pI 
V (AI 

Capacitance Input CIS veo"sv.vc=vss= -sv - 4 - - -
Output Cos - - 4 - - - of 

Feedthrough clOS - - 0.2 - - -
Propagation Delay vc· VOO· .IOV. vss' GNe. c L ' 15pF 

Signal I nput to 'pel v's = tOV (square wavel. - - 10 - - - n, 
Signal Output 1, a It .. 20 ns hnpul SI,gn .. !) 

• ± tox 10-3 

... SY,mmetrical about 0 volts 
* Limit determined by minimum feasible leakage measurement for automatic testing . 
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ELECTRICAL CHARACTERISTICS (All inputs ..........................• vss:O; VI :0; VOO) 
(Recommended OC Supply Voltage (VOO - VSSI . . . . . . . .. 3 to 15 V) 

l LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS CD4016AD. CD4016AK. CD4016A F 
-55 C 25C 125 C 

I Min. I Typ. 1M ••. Min.1 Typ. Ma •. Min. Typ. Ma. 

CONTROL IVe ' 

VOO-VSS=15V.l0V. 
Switch Threshold Voltage' VTHN 5V; 'IS=10jlA 0.7 - 2.9 0.5 1.5 2.7 0.2 - 2.4 

V.s~VOD voo- Vss = lOV. 
I nput Current 'C VC~VDD -Vss 

- - - - ±10 - - - -

Average Input Capacitance Cc - - - - 5 - - - -
Crosstalk (Control Input 

VOO- vss= IOV. 

to Signal Output) Vc = IOV Rl =10k1l - - - - 50 - - - -

Turn "ON" 
(square wavel; 

VIS S1OV.C l :;.15pF Propagation Delay 'pdC 1,e= tic:;: 20ns - - - - 20 - - - -

Voo; 10V.VSS=GND.RL - 1kH 

Maximum Allowable CL = 15pF 
Control Input - - - - 10 - - - -
Repetition Rate Vc= 10V- fsquare wavel 

1,= It= 20ns 

TYPICAL "ON" RESISTANCE CHARACTERISTICS 

CHARAC· SUPPLY LOAD TYPICAL 
TERISTIC' CONDITIONS CONDITIONS CHARAC· 

RL -lkO R -10kO R -100k0 TERISTIC 

vDD Vss ALu. vi. VALUE Vis VALUE Vis CURVE 
IV) IV) 1m IV) 1m IV) 1m IV) Fig.No. 

200 +15 200 +15 180 +15 
RON +15 0 

200 0 200 0 200 0 11.2 

RONlma •. ) +15 0 300 +11 300 +9.3 320 +9.2 

290 +10 250 +10 240 +10 
RON +10 0 

290 0 260 0 300 o· 11.3 

RONlma •. ) +10 0 500 +7.4 560 +5.6 610 +5.5 

860 + 5 470 + 5 450 + 5 
RON + 5 0 

600 0 560 0 800 0 11.4 

RONlm ... ) +6 0 1.7k +4.2 7k +2.9 33k +2.7 

200 +7.5 200 +7.5 180 +7.5 
RON +7.5 -75 

200 -7.5 200 -7.5 180 -7;5 11.5 

RONlma •. ) +7.5 7.5 290 ±O.25 260 +25 400 ±O.25 

260 + 5 250 + 5 240 + 5 
RON +5 -5 

310 -5 250 -5 240 -5 11.6 

RONlmax.) + 5 - 5 600 ±O.25 580 ±O.25 760 ±O.2S 

690 +2.5 450 +2.5 490 +2.5 

RON +2.6 -2.5 
720 -2.6 520 -2.5 520 2.5 11.7 

RON(max.) +2.5 -2.5 232k ±0.25 300k ±0.25 870k ±O.25 

• Vanatlon from 8 perfect switch; RON" on. 
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UNITS 

V 

pA 

pF 

mV 

"' 

MHz 
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ELECTRICAL CHARACTERISTICS (All inputs ...........•............... 
(Recommended OC Supply Voltage (VOO - VSS) . 

VSS:S V, :S VOO) 
. 3 to 15 V) 

CHARACTERISTIC SYMBOL 

CONTROL IVel 

Switch Threshold Voltage' VTHN 

I nput Current Ie 

Average I nput Capacitance Cc 

rEST CONDITIONS 

V OO-VSS-15V.l0V. 

5V; 'is-lallA 

voo- VSS = IOV. 

vc'5..voo -Vss 

Crosstalk (Conlrolinpul vOO-v5S= 10V. 

LIMITS 
C04016AE 

-40"C 25°C 85·C UNITS 
rMIn, TVp. Mu,-TMin. Typ. Mu. Min. Typ. MIX. 

0.5 1.5 2.7 v 

-:10 OA 

pF 

50 mV 
10 Signal Output) Vc = 10V RL "IOkll 

1----------1----Ilsquarewavel. I--------I--i--i--+-+-+-+-+-+--+---j 
Tpr~~~~:;onDelaY 'pde lrc=ttc=20m; V ,s s'IOV,CL =-15pF 

Maximum Allowable 
Controllnpul 
Repetition Rate 

Voo= IOV, VSS=GND.R l =. lkU 

Cl ;;: ISpF 

vC= IOV Isqu..,e wavel 

lr= t.= 20"s 

INPUT SIGNAL VOLTS CVI.) 

Fig. 11.8-Typ. "ON" characteristics as a 
function of temp. fOT 1 of 4 
switches with VOD- +5V. 
VsroSv. 

92CS-l&o72 

t 
"' !:i 

3 
d 

'" 
"' ~ 

~ 
in 
.... 
~ 
5 
0 

20 

10 MHz 

SUPPLY VOLTS' VOo·+5. VSS·-5 .1 
CONTROL. VOL. T5 IVc)·-5 
INPUT SIGNAL. VOLTS IVj.)=5 Vp-p SINE WAVE Il77 RMS) 

30 lOAD CAPACITANCE (CLl.CFIXTURE+CMETER~2.3+2~.4;BpF 

~~~~~:~~~~a~;TER NUllEj 1M I 37 
25 r-j'~-l""""m' ~ : .!L: ~'6'b~ro~I~~~1O 

i~P1fr ~ 39 ~ 
20 VlsN .t. 1Ct,. VOl Qt 8.1 

~ i'e T ~~ ~ ~ 

I 'C"" -* 1 ~.!!'i Qf- 41.5~ 
J' i!i 

:: 
10 

~~ .. II 1/ 
4 ... 

II 5 51 

lIlll V 
2 4 o. 2 4 O. 2 • O. 2 4 O. 2 • O. 

10 
INPUT SIGNAL FREQUENCY Ifl,) kHz 

92CS-16079 

Fig. ".9-TyPo feedthru l'I. freq. -switch 
"OFF". 
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.. 
'l .. 
!:; 
~ 
;j 
'" !II 
0: 

oJ .. z 
!il 
I-

~ 

~ 

~:.~y s~;!~ ~~~:~~s:~:p SINE L,Ulu.7~ J,jl 
SUPPLY IIOLTS: VOO-U. VSS·-' CI05"-0.8pF R F. VOLTMETER 
INPUT SIGNAL VOLTS (Vi.J-S Vp-p r--U.--, BOONTON RADIO 

MODEL 91-CA SINE WAVE U.77 RMS) I ..i. I 30 FIXTURE AND METER NULLED OUT 35.5 

I IIII I Illi I I V2D 2. 37 

eV~vT~ I ~ pi 
~ 

20 ~ 

= tKn 6. =IKSl II Z 
0 

•• 41.5~ v, • V. R.F. VOLTMETER 

~S :g~~O:I_~DIO 15 
I-
I-

• 0 @T@ 4' .. P t V.,IB) 
• IKfi IKfi 5. 

;'"OF4 SWITCHEs ri~ 0 

OR EQUIY. 
CONTROL VOLTS (Vc )-+. :: 

vo • • LOAD CAPACrTANCE-CCFIX.+CMETER)· ~ TT ~ 

2.3.2.5-4.8.F .!...J 1" VJ, N 6 I tRMSl 
RL TCL" 

·YC·YDD _ -=F 

.. 2J: 
I I I II' I I 1J II 

'" -·LOAD RESISTANCE CRL'.lun I tJ 0: 

el. 'IOUl ~ z.; 1!5 I ~POINTS 2-
'Olin .. ., .on 

I-~ 
~g III 

-..;~ :> 
0 

4 I 10 102 1032 6'04 .,-' I II O! 
0.' Z 4 • • 

4 .' Z • • • 10 100 
INPUT SIGNAL FREQUENCY ",.1- 11Hz 

Fig. It. to-Typ. crosstalk between switch 
circuits in the same package. 

tr·lf· '"'Ii' 
lOOns 
Ai, ~T$YO' 

ALL UNUSED TERMINALS 
ARE CONNECTED TO YSS 

92CS-16088 

Fig. t 1.12-Test circuit for square wave 
telPOnse. 

92CS-16080 
INPUT SIGNAL FREQUENCY (fl,) MHz 

'Fig. t,.tt-TyPo switclJ frequency responu 
- switch "ON". ' 

J 
i 'o-fTIf ~ 

ALL UNUSED TERMINALS 
ARE CONNECTED TO vss 

Fig."_ '3- u OFF11 switch input or output 
leakage test circuit. 

/" ,~ 

SCALE: X" 0.2 ms/DIV y .. 2.0 V!DIV 
Voo'" Vc '" +7.5V. VSS = -7.SV. RL = 10Kn 
CL-15 pF 
flS" 1 KHz VIS = 5V pop 
DISTORTION = 0.2 % 

I 

/~'\ / /~'-, 1/ 
\~// \~/ 

SCALE: X" 0.2 ms/DIV Y = 2.0 V!DIV 
VOD· Vc= +5 V. VSS· -5 V. RL '" 10Ka 
CL=15pF 
1IS=tKHz VIS""5Vp-p 
DISTORTION = 0.4 % 

SCALE: X = 0.2 ms/DIV V" 2.0 V/DIV 
VDD" Vc" +2.SV, VSS" -2.5V. RL = tOKn 
CL=1SpF . 
1IS'" KHz VIS" 5V pop 
DISTORTION = 3 % 

Fig. 11. 14-Typ. sine wave response of Vocr 
+7.S\I. Vss- -7.S11. ' 

FIg. 11. 15-Typ. sine WBverespoMBof VOir 
+SV. Vss- -SII. 

Fig. 1 1. 16-Typ. sine wave response of VOO
+2.SV. VSS'" -2.SV. 

/ \\ 
/ \ \ 
/ ' \ ----.I, \ "----

/ \ -- ~----
--- --- --- ---

SCALE: X = 100 ns/OIV 
Y=S.QV/DIV 

Fig. 11. 17-Typ. square wave responHst 
VDIr V~+ISV. Vss-Gnd. 

92 

/ 

/ 
/ I \ \ 
/ \'------

--- --- --- ---

SCALE: X· 100 ns/DIV 
V" 5.0V/DIV 

Fig. 11. 18-Typ. square wave responsest 
VDo-VC- +10V. VSS'" Gnd. 

\ 

I~ \\-

- -----
--- --- --- -----

SCALE: X = 100 ns/DIV 
Y= 2 V/DIV 

.Fig., 1. tS-Typ. square wave responsest 
VDcr Vc- +SV. VSS'" Gnd. 
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~'c:J--LV CCf.-.-_-l 

","·20.. ~IfTO Ves WITH TEST UNIT 
I 1 SWITCH OF cn.n"'A __ _ 

i lKn - {'OKn 

ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 

92CS·16087 

PLUGGED IN TEST 
FIXTUREI 

Vc'" lOV PER DIV. 
Vas" O.2V PER DIV. 
t" 100ns PER DIV. 

Fig. 1 1.20-Crosstalk*t;ontrol input to signal 
output. 

ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 

92CS-16085 

Fig.' ,.21-Propagation delay time signal 
input (V,s) to signal output 
(Vas!· 

~i~EI~' 
Vc J "'-...Y "-tr"'tf-20ns . 

ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 92CS-160B9 

Fig. 1 1.23-Max. allowable control-input 
repetition rate. 

13 

PINS 5,6,12 
TO GND 

;'~ 
tr 1l ,f"20ns 

ALL UNUSED TERMINALS 
ARE .CONNECTED TO Vss 

92CS-I60e8 

Fig. 1 1.22-Tum-on propagation delay-control 
input. 

VOO··5V A MEASURED ON BOONTON 
CAPACITANCE BRIDGE 
MODEL 75A (I MC) 

~I£: l 
~ :rE.. TtC,0s Cros 

I _~!-_ I 

Cis:+: .1 :+:Cos 
VSS"'-5V ~ -:l. 

ALL UNUSED TERMINALS 
ARE CONNECTED TO vss 

Fig. 1'.24-Capacirance C,OS and Cos-

9ZCS-17927RZ 

Fig. 11-25-Swit1:h thresholf voltage -N-chsnnel 
test clteult. 

93 



______________________________ File No. 479 

Digital Integrated Circuits 
Monolithic Silicon 

CD4017AD,CD4017AF 
CD4017 AE, CD4017 AK 

VDD 

CL.OCI( 14 

CLOCk " ENABL 

RESET " ID 

"0" 

"," 
"2" 

"3" 

"4" 

"5" 

"6" 

"7" 

COS/MOS Decade 
Counter/Divider 
Plus 10 Decoded Decimal Outputs 

Special Features 

_ Medium speed operation ...... 5 MHz (typ.) at VDD - Vss = 10 V 

- Fully static operation 
"8" 

" 
_ MSI complexity on a single chip •.... , decade counter plus 10 decoded outputs 

"9" ., 
CARRY 

Applications 
DUT 

Vss . _ Decade counter/decimal decode display applications 

• Frequency division 

CD4017 A types consist of a 5·stage Johnson decade counter - Counter control/timers 
and an output decoder which converts the Johnson binary 
code to a decimal number. Inputs include a "Clock", a 
"Reset", and a "Clock Enable" signal. 

The decade counter is advanced one count at the positive 
clock signal transition it' the clock enable signal is "low". 
Counter aqvancement via the clock line is inhibited when the 
clock enable signal is "high". A "high" reset signal clears the 
decade counter to its zero count. Use of the Johnson decade 
counter configuration permits high speed operation, 2·input 
decimal decode gating, and spike·free decoded outputs. 
Anti·lock gating is provided, thus assuring proper counting 
sequence. The 10 decoded outputs are normally "low" and 

-go "high" only at their respective decimal time slot. Each 

TERallIALIiO ,-GMD"n 
TEIIIIIMALNO."'VOO 

- Divide by N counting 
N = 2 -10 with one CD4017A and one CD4001A 
N > 10 with multiple CD4017A's 

- For further application information, see ST4166 
"COS/MaS MSI COunter and Register Design & 
Applications" 

decoded output remains "high" for one full clock cycle. A 
carry-out (CoUT) signal completes one cycle every 10 clock 
input cycles and is used to directly clock the succeeding 
decade in a multi-decade counting chain. 

Fig. 12. 1 - Logic diagram. 
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CLOCK 

RESET 

CLOCKE~N'~.~LE~ __________________________ ~ 

"0" 

"'" 
"2" 

"3" 

"4" 

"5" 

"6" 

"1" 

"8" 

"9" 

______ ~r]1L __________________ ~ 
________ ~~L __________________ _ 

____________ ~r;;~ __________________ _ 
______________ ~f61L ______________ __ 

________________ ~r]1L ____________ __ 
________________ ~f61L __________ _ 

~::::::::::::l:========~r;;~.~~::::=:::; 
CARRY OUT SlSHI46R' 

I 600 

i 
~ 500 

:~ 
... 400 .. 
;:: 

; 300 

i'5 200 

~ 
If 
~ 

100 

300 . 
I 

) 
"...J2oo 

! 
!II 
.... 
z 
S 100 

~ 
o 

Fig. 12.2 - Timing diagram. 

AMBIENT TEMPERATURE (TA) '" 25'"C 
TYPICAL TEMPERATURE FOR All 
VALUES OF Vao '" ·0.3%''"C 

10 

15 

10 20 30 40 50 60 70 80 

LOAa CAPACITANCE (Cll - pF 
92.CS-17827 

Fig. 12.4-Typ. propagation delay time V$. CL 
for carry output. 

AMBIENT TEMPERATURE (T A) '" 2S·C 
CAl TEMPERATURE COEFFICIEN 

15 

10 20 30 40 50 60 70 80 
LOAO CAPACITANCE (CL)- pF 

Fig. 126-Typ. transition time vs. CL for 
carry output. 

AMBIENT TEMPERATURE (TAl'" 2S'"C 
:g TYPICAL TEMPERATURE COEFFICIENT FOR 
I 1500 ALL VALUES OF VOO· 0.3% I·C 

} 
... 
it 
~ 1000 
::E SUPPLY VOLTS (VooI '" 5 

10 

10203040~607080 

LOAO CAPACITANCE (Cll - pF 
92CS-17826 

Fig. 12.3-Typ. propagation delay time vs. 
CL for decoded outputs. 

I AMBIENT TEMPERATURE eTA 1 '" 25 '"C 
TYPICAL TEMPERATURE COEFFICIENT FOR 

;!15Od ALL VALUES OF VOD '"0.3%''"C 

I 

} 
" ... 
~IOOO 

6 

Il: 3 
.... 
~ 
z 2 

~ 
u I 

o 

10 
15 

10 20 30 40 50 60 70 80 

LOAD CAPACITANCE CCL)-pF 
92CS-17828 

Fig. 12.5 - Typ. transition time VSo CL for 
decoded outputs. 

AMBIENT TEMPERATURE (T A ) • 25·C 
LOAD CAPACITANCE (el) '" 15 pF 

10 
SUPPLY VOLTS(VDO) 

15 20 

92CS-19867 

Fig. 12.7 - Typ. clock frequency V$. VDD-
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS~VI~VDD) 
(Recommended DC Supply Voltage (VDD - VSS) .•••••••. 3to 15V) 

LIMITS CHARAC· 
TERISTIC 

TEST CD4017AD. CD4017AK. CD4017AF CURVES 
CHARACTERISTIC SYMBOL CONDITIONS UNITS & TEST 

Vo VDD -ssoc 25°C 12SoC CIRCUITS 
Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig_ No. 

Quiescent Device 0.3 300 
Current 'L 10 . pA 12.9 

10 10 0.5 600 

Quiescent Device 25 1.5 25 1500 
Dissipation/Package Po 

10 100 100 6000 "W 

Output Voltage: 0.01 0.01 0.05 
VOL V 

Low-level 10 0.01 0,01 0.05 

4.99 4.99 4.95 
High·level VOH V 

10 9.99 9.99 10 9.95 

Noise Immunity O.B 1.5 1.5 2.25 1.4 
(Any Inpud VNL V 

1.0 10 4.5 2.9 

For Definition, - 12.10 

SHAppendix 4.2 1.4 1.5 2.25 1.5 
VNH V 

9.0 10 2.9 3 4.5 

Output Drive Current: 
~:~:s 0.5 0.06 0.05 0.1 0.035 

0.5 10 ~.12 0.1 0.4 0.07 
N·Channel ION mA 

~:::ut 0.5 0.185 0.15 0.4 0.105 

0.5 10 0.45 0.35 0.25 

.Q.037! • Decoded 4.5 -0.03 -0.D75 -0.021 

'OP 
putputs 9.5 10 -0.12 -0.1 -0.2 0.07 

P-Channel mA 

~:::ut 4.5 -0.185 -0.15 -0.4 -0.105 

9.5 10 -0.45 -0.35 - 1 -0.25 

Input Current 
" 

10 pA 

• See Appendix. 

10 AUSENl'TEMPERATURE fTA)aZS-C 

':.10' 
INPUT t r ·t,-20ns 

I 
C 

10' 
.,,> 

\'il ~I/I"" \<l .. ~ l! ;td If 10' 
~ 
0 ~ 
~ 10' 

~ ..... 7 .. 
I 10 

LOAD CAPACITANCE (CL)aI5pF 
--CL-50pF 

~ 

92.CS-17829RI 

Fig. '2.8-TyPo diSli,;ation characteristics. 

96 



File No. 479 CD4017A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... VSS~Vl ~VDDI 
{Recommended DC Suoply Voltage (VDD - VSSI .......•. 3to15V) 

LIMITS CHARAC· 
TERISTIC 

TEST 
C04017AE CURVES 

CHARACTERISTIC SYMBOL CONDITIONS UNITS 80 TEST 

Vo Voo 40°C 25°C 8SoC CIRCUITS 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

Quiescent Device 50 0.5 50 700 
Current IL pA 12.9 

10 100 1 100 1400 

Quiescent Device 250 2.5 250 3500 
Dissipation/Package Po 

10 1000 10 1000 4.000 
p,W 

Output Voltage: 001 001 0.05 
VOL V 

Low-Level 10 0.01 0 0.01 0.05 

4.99 4.99 4.95 
High·level VOH V 

10 9.99 9.99 10 9.95 

Noise Immunity 0.8 15 1.5 2.25 1.4 
(Any Input) VNL V 

1.0 10 4.5 2.9 

For Definition, I---- 12.10 

See Appendix 4.2 14 1.5 2.25 1.5 
VNH V 

9.0 10 29 4.5 

Output Orive Current: ~~COded 0.5 0.03 0.025 0.1 0.02 
utputs 0.5 10 0.085 0.07 0.4 0.055 

N-Channel ION rnA 

~::;ut 0.5 0.095 0.08 0.4 0.065 

0.5 10 0.3 0.25 0.2 • Decoded 4.5 ·0.018 ·0.015 -0.075 -0.012 
Ioutputs 9.5 10 -0.085 -0.07 -0.2 -0.055 

P·Channel lOP rnA 
Carry 4.5 -0.095 ·0.08 -0.4 .{l.065 
PUIPut 

9.5 10 -0.3 -0.24 - 1 -0.20 

Input Current 10 pA 

• See Appendix. 

10V 

Test performed with the following. 
sequence of ",'s and "O's" at each stage. 

SI 52 S:l SI S2 S3 
1 1 1 0 1 0 
0 0 0 0 0 0 
0 1 0 0 1 0 

IS 
2 I. f8i 3 

14 
TO 4 13 0-() 

-= Oc:r~~T 5 12 
1.5 V 
OR 

S II 3V 

0 0 0 0 0 0 7 10 

0 1 0 0 1 0 B 
0 0 0 0 0 0 

0 1 0 

92CS-17912RI 

Fig. 72.9-Quiescenr dsvice current test circuit. Fig. 12. 10-Noise immunity test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA • 250 C, CL • 15 pF, and input rise and faU times ~ 20 n •• xcapt t,CL, 'tCL 

Typical Temperature Coefficient for all values of VOO =: O.3%,PC • (Sea Appendix for Waveforms) 

LIMITS CHARAC· 

TEST C04017AD TERISTIC 
CHARACTERISTICS SYMBOLS CONOITIONS CD4017AK CD4017AE UNITS CURVES 

.CD4017AF &TE$T 

VDD CIRCUITS 
IVolts) Min. Typ. Max. Min. Typ. Max. Fig.No. 

CLOCKED OPERATION 

Propagation Delay Time: 5 - 350 1000 - 350 1300 
rIO - ns 12.4 

Carry Out Line tpHL = - 125 250 - 125 300 

tpLH 5 - 500 1200 - 500 1600 
Decode Out Lines - -- ns 12.3 

I 10 - 200 400 - 200 500 

Transition Time: 5 - 100 300 - 100 350 

502iiO 
ns 12,6 

Carry Out line 'THL = 10 - 50 150 -

tTLH 
~ - 300 , 900 - 300 1200 

Decode Out Lines ns 12,5 
10 - 125 : 35Q - 125 450 

Minimum Clock 'WL = 5 - 200 : 500 - 200 830 

Pulse Width 'WH 100 i ns -
10 - 170 - 100 250 

trCL = 5 - - ! 15 - - 15 
Clock Rise & Fall1Jme 

tlCL 
I'S -

10 - - , 15 - - 15 .. 

Clock Enable Set-Up 5 - 175 500 - 175 700 
ns -

Time 10 - 75 200 - 75 300 

Maximum Clock 
ICL-

5 1 2.5 - 0.6 2.5 -
Frequency 

MHz -
10 3. 5 - 2 5 -

Input capar.itance CI Any Input - 5 - - 5 - pF -
RESET OPERATION 

Propagation Delay Time: 5 - 350 1000 - 350 1300 
ns -

To Carry Out Line 10 - 125 250 - 125 300 
tpHLIR) 

5 - 450 1200 - 450 1600 
To Decode Out Lines ns -

10 - 200 400 - 200 500 

5 - 200 500 - 200 830 
Reset Pulse Width tWHIR) ns -

10 - 100 165 - 100 250 

5 - 300 750 - 300 1000 
Reset Removal Time ns -

10 - 100 225 - 100 275 

* Measured with respect to carry output line 

-~~~I-----t--------~g~~ !:6 

RESET 
I=ClOCK;'H 

t-~~~~_~~~~~L-~~~!~~~~;~T 

I 
I I L ___________________ J 

f"CLOCK;'N 

92SS-45l1RI 

When the Nth decoded output is reached (Nth clock pulse) 
the S·R flip flop (constructed from two NOR gates of the 
CD4001A) generates a reset pulse which clears the CD4017A 
to its zero count. At this time, if the Nth decoded output is 
greater than or equal to 6, the COUT line goes "high" to 
clock the next CD4017A counter section. The "0" decoded 
output also goes high at this time. Coincidence of the clock 
"low" and decoded "0" output "low" resets the S·R flip 
flop to enable the CD4017A. If the Nth decoded output is 
less than 6, the COUT line will not go "high" and, there
fore, cannot be used. In this case "0" decoded output may 
be used to perform the clocking function for the next count·. 

Fig. 121'-0illideby NC0'lnter (N $10) with N decodedoutpuu. er. 
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INit~s VOD 

~ 
"'" "3" "5" 

~:iiU 10 

· -I 
0, 

CLOCK 
,. 

0, 

DATA 6 -0, 

RESET " " -o. 

13 05 

vss 

Digital Integrated Cjrcuits 
Monolithic Silicon 

CD4018AD, CD4018AF 
CD4018AE, CD4018AK 

COS/MOS 
PreseUabRe Dh'B~e .. 81''' ~ N' Counter 
Special Features 

_ Medium speed operation ...... 5 MHz (typ.) at VDD - Vss = 10 V 

- Fully static operation - MSI complexity on a single chip 

Applications 

- Fixed and programmable divide.IJy·10, 9, 8, 7, 6, 5, 4, 3, 2 counters 

• Fixed and programmable counters greater than 10 

- Programmable decade counters - Frequency division 

• Divide-by·uN u counters/frequency synthesizers • Counter controlltimers 

CD4018A types consist of 5 Johnson·Counter stages, 
buffered a outputs from each stage, and counter preset 
control gating. "Clock", "Reset", "Data", "Preset Enable", 
and 5 individual "Jam" inputs are provided. Divide by 10,8, 
6, 4, or 2 counter configurations can be implemented by 
feeding the 05, 04, 03, 02, 01 signals, respectively, back to 
the Data input. Divide·by·9, 7, 5, or 3 counter configurations 
can be implemented by the use of a CD4011A gate package 

to properly gate the feedback connection to the Data input. 
Divide-by functions greater than 10 can be achieved by use 
of multiple CD4018A units. The counter is advanced one 
count at the positive clock'signal transition. A "high" Reset 
signal clears the counter to an "all-zero" condition. A nhigh" 
Preset· Enable signal allows information on the Jam inputs to 
preset the counter. Anti·lock gating is provided to assure the 
proper counting sequence. 

9-74 

TERMIMIoLNO.I6.VOD 

TERMlNALND.1 ° GND 

Fig. 13. 1 - Logic diagram. 
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STATIC ELECTRICAL CHARACTERISTics (All inputs ........................... vss < VI :s; Vee) 

CHARACTERISTIC SYMBOL 

Quiescent Device 
Current 'L 

Quiescent Device 
Dissipation/Package Po 

Output Voltage: 
VOL Low-Level 

High·Level VOH 

Noise Immunity 
VNL 

(Any Input) _ 

For Definition, r-
See Appendix 

VNH 

Output Drive Current: 

N-Channel ION 

P·Channel 'OP 

Input Curref)t I, 

• Sea Appendix. 

100 

(Recommended DC Supply Voltage (Veo - Vss) .. . . . . . . . . 3to 15V) 

LIMITS 

TEST C0401BAO. C0401BAK. C04018AF 

CONDITIONS 
Vo VOO -SSoC 25°C 
Volts Volts Min. Typ. Max. Min. Typ. Max. 

.0.3 

10 10 0.5 10 

25 1.5 25 

10 100 100 

0.01 0.01 

10 0.01 0.01 

4.99 4.99 

10 9.99 9.99 10 

0.8 15 1.5 225 

1.0 10 4.5 

4.2 1.4 1.5 225 

9.0 10 2.9 4.5 

0.5 '5 0.18 0.15 0.4 as 
0.5 10 0.45 0.35 

01.0 2. 0.5 0.06 0.05 0.1 

ih.04 0.5 10 0.25 0.2 0.4 

as 4.5 .0.185 - .0.15 .0.4 

9.5 10 .0.45 fo·35 -1 

01.c'i2, 4.5 5 0.075 - ·0.06 -0.15 

03.04 9.5 10 fo·25 .0.2 -0.4 

10 

I"DAU"IMPUT TIED to OS FOR DeCAOE COUNTER CONFIGURATICHI 

CLOCK 

RESET 

PRESET 

tt tltl tlr. t ttrt r.r- r-r-r-
I 

J''''2 I 
DON"T CARE UNTIL -PREseT"" GOES HIGH 

! 

Fig. 13.2 - Timing diagr~m. 

Min. 

4.95 

9.95 

1.4 

2.9 

1.5 

0,105 

0.25 

0.035 

0.14 

0.105 

fo·25 

1-0.04 
0.14 

CHARAC· 
TERISTIC 
CURVES 

UNITS & TEST 

125°C CIRCUITS 

Typ. Max. Fig. No. 

300 

600 
/'A 13.9 

1500 

~ 
"W 

0.05 
V 

0.05 

V 

V 13.10 

V 

mA • 

mA • 

pA 
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STATIC ELECTRICAL CHARACTERISTICS IAII inputs ......................... VSS::; VI ::; VOO) 
!Recommended OC Supply Voltage IVOO - VSS) . ........ . 3to 15V) 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo 
Volts 

Quiescent Device 
Current IL 

QUiescent Device 
Dissipation/Package Po 

Output Voltage: 

Low·Level VOL 

High·Level VOH 

Noise Immunity 0.8 
VNL 

(Any Input) 1.0 
For Definition. I---
See Appendix 4.2 

VNH 
9.0 

Output Drive CUHent: 
0.5 

05 
0.5 

N·Channel ION 

01.0 2. 0.5 

OJ.04 0.5 

05 
4.5 

9.5 
P·Channel 'OP 

01.02. 4.5 

OJ.a4 9.5 

Input Curre'!t 'I 

• See Appendix 

AMBIENT TEMPERATURE (TAJ II 25°C 
~ TYPICAL TEMPERATURE COEFFICIENT FOR 
I 1500 ALL VALUES OF VOO: 0.3% '·C 

~ 
~ 

'" 
:£'1000 
::Ii SUPPLY YOl.TS (VOO)" 5 

10 

'5 

VOO 
Volts 

10 

5 
f--. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Min. 

4.99 

999 

15 

14 

29 

0.095 

OJ 

O.OJ 

0.18 

-0.095 

.{).J 

.{).OJ5 

-0.18 

10 20 30 40 50 60 70 eo 
LOAD CAPACITANCE (eLl - pF 

92CS-17826 

Fig. '3.3-Typ. pro~gation de/ay.time VI. CL 
for decoded outputs. 

40°C 
Typ. 

-

-

LIMITS CHARAC· 
TERISTIC 

C04018AE CURVES 
UNITS & TEST 

2SoC 8SoC 

Max. Min. Typ. Max. Min. Typ. Max. 

50 0.5 50 700 

100 100 1400 

250 2.5 250 3500 

1000 10 1000 14000 

0.01 0 0.01 0.05 

0.01 0 0.01 0.05 

4.99 4.95 

9.99 10 9.95 

15 2.25 1.4 

4.5 2.9 

1.5 2.25 1.5 

4.5 

0.08 0.4 0.065 

0.25 0.2 

0.025 0.1 0.02 

0.15 0.4 0.12 

-0.08 -0.4 -0.065 

-0.25 -1 -0.2 

.{).OJ -0.15 -0.024 

-0.15 -0.4 -0.12 

10 

AMBIENT TEMPERATURE (TA}'" 2S·C 
~I TYPICAL TEMPERATURE FOR ALL 
_ 600 VALUES OF VDD • 0.3 %,·C 

i 
~ 500 :f 
'" 400 

'" 
~ 300 
g 
i'5 200 

~ i 100 .. 

,0 
I~ 

CIRCUITS 

Fig. No. 

iJA 13.9 

~W 

V 

V 

V 13.10 

V 

mA 

mA • 

pA 

10 20 30 40 50 60 70 80 

LOAD CAPACITANCE (Cl) - pF 

Fig. 13.4-Typ. propagation delay time VI, 
eL for 05 output. 

92CS-178~7 
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!1500 

6 

Il: • 

~ 
z • 

g 
d I 

o 

102 

AMBIENT TEMPERATURE (TA)a25I1C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF VOO -O.3%'-C 

10 20 

10 
15 

3040W60 
LOAD CAPACITANCE (Cll-pF 

10 80 

92CS~17828 

Fig. 13.5-TVp. transition time vs. CL for 
r/tJcoded outpU". 

AMBIENT TEMPERATURE (T A) ·2S·C 
LOAD CAPACITANCE (CL) • 15 pF 

10 
SUPPLY VOLTStVODI 

15 20 

92CS-19867 

Fig. 13.7-. Tvpical clock frequency 
: ... VDD. 

10V 

Test performed with 
the following sequence 
of ""$" and "O's" at 
each stage. 

8, 82 S3 84 85 8a 87 
0 1 0 0 0 0 
1 1 0 0 1 
1 0 1 0 1 1 
0 1 0 0 1 0 0 
0 1 0 0 1 0 1 
1 0 0 1 1 1 0 

"::" 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 

92CS-1791! 
1 0 0 0 1 0 0 
0 0 0 0 0 1 0 
0 0 0 0 0 0 0 

Fig. 73.9 - Quiescent device cu~nt test circuit. 

300 

j 
11 ... 200 

! 
~ ... 
z 
0100 

! 
o 

10· 

'" ~ 10' 
I 
C 

10' 

~ 
:l 
f 
~ 

10' 

0 ... 
f 10' 2i 
0 

i 10 

AMBIENT TEMPERATlJRE (TAl c 2e·C 
PlCAL TEMPERATURE CQEFFICIEN 

10 

15 

10. 20 30 40 50 60 
LOAD CAPACITANCE (C L)- pF 

10 80 

Fig. 13.6-Typ. transition time VI. CL for 
05 output. 

AMBIENT TEMPERATURE (TA).25I1 C 
INPUT tr -tfll20ns 

.,~ 

~ \~Q\I ,0 

~ 
~ 9' 

.:R "/ 

.... "/ 

LOAD CAPACITANCE (CL)-15pF 

"/ --CL-SOpF 

/ 
10 102 103 10' 

INPUT CLOCK FREQUENCY (fel) - kHz 
92CS~17829RI 

Fig. 13.8-Typ- dissipation charscttlristics 

5VOR IOV 

0---0 
1.5VOR3V 

3.5VOR7V 

o--QI.5V OR 3V 4 

5 
6 
7 

B 

I. 
I. 

" 10 

9 ~DVM-
, TO 
ANY _ 

~ ____ -' OUTPUT -

92CS-17914R\ 

Fig. 13. 10 - Noise immunity test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, CL = 15 pF, and input rise and fall times = 20 ns except trCL,tfCL 
Typical Temperature Coerficient for all values of VDD = 0.3%/oC (See Appendix for Waveforms) 

LIMITS CHARAC· 

TEST CD4018AD TERISTIC 
CHARACTERISTICS SYMBOLS CONDITIONS CD4018AK CD4018AE UNITS CURVES 

CD4018AF & TEST 

IVDD CIRCUITS 
(Voltsl Min. Typ. Max. Min. Typ. Max. Fig. No. 

CLOCKED OPERATION 

5 - 350 1000 - 350 1300 Propagation Delay Time: 
-I--- ns 13,4 

To 05 Output tpHL = 10 - 125 250 - 125 

tpLH 5 - 500 1200 - 500 
To Other Outputs 

i 10 - 200 40Q - 200 

Transition Time: 5 - 100 ; 300 - 100 
~-- --

To 05 Output tTHL = 10 - 50 150 - 50 

tTLH 5 - 300 900 - 300 
To Other Outputs I-- _.- ---

10 - 125 350 - 125 

Minimum Clock tWL = 5 - 200 500 - 200 

Pulse Width tWH 10 - 100 170 - 100 

Clock trCL = 5 - - 15 - -
Rise & Fall Time tlCL 10 -- - 15 - -

5 - 175 500 - 175 
Data Input Set·Up Time 

10 - 75 200 - 75 

Maximum Clock 5 1 2_5 - 0.6 2.5 

Frequency ICL 
10 3, 5 - 2 5 

Input Capacitance CI Any Input - 5 - - 5 

PRESET' OR RESET OPERATION 

Propagation Delay Time: 

To Os Output tpLH(RI' 

tPHL(PRI = 
To Other Outputs 

tpLH(PRI 

Preset or Reset tWH(RI' 
Pulse Width tWH(PRI 

Preset or Reset 
Removal Time 

• At Preset Enable or Jam Inputs. 

EXTERNAL CONNECTIONS FOR DIVIDE 
BY 1O, 9. 8. 7, 6, 5, 4,:5 OPERATION 

DIVIDE BY 10 a,] J 
DIVIDE BY B Ci. CONNECTED NO EXTERNAl. 

DIVIDE BY 6 III ~~;~iO ~~~~?:i:TS 
DIVIDE BY 4 llz . 

DIVIDE BY 9 
lIZ C040IIA 

~
4 r-----------j 

I I CONNECTED BACK TO -DATA-
I (SKIPS -ALL-I',- STATE) .' , L ____________ J 

5 - 350 1000 - 350 

10 - 125 I 250 - 125 

5 - 500 1200 - 500 

10 - 200 400 - 200 

5 - 200 500 - 200 

10 - 100 16S - 100 

L 5 - 300 750 - 300 

10 - 100 225 - 100 

DIVIDE BY 7 
1/2 CD401lA - r-----------, 
~' , 

I I CONNECTED BACK TO -DATA-
~ (SKIPS -ALL-I's- STATE) 
"'4 I I L ___________ J 

DIVIDE BY!5 
1/2 CD4011A 

- r- ---- ------., 

~' , 
I CONNECTED BACK TO -DATA-

I I (SKIPS -ALL-I's- STATE) 
05 L ___________ J 

Fig. 73. 7 7 - External connections for divide by 70,9.8,7,6.5,4,3 operation. 

300 

1600 
13.3 - ns 

500 

350 
"- ns 13,6 

200 

1200 
ns 

450 
13.5 

830 
ns -

250 

15 
p.s -

15 

700 
ns -

300 

-
MHz -

-

- pF -

1300 
ns 

300 

1600 
ns -

500 

830 
ns -

250 

1000 
ns -

275 

DIVIDE BY :5 
1/2 CD40IIA 

~
MI r----------l . 

, , 
liz' , L. __________ .J 

CONNECTED BACK TO -DATA
(SKIPS -ALL-r.- STATE) 

92CS-I701I1U 
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File No. 479 

Digital Integrated Circuits 
Monolithic Silicon 

CD4019AD,CD4019AF 
CD4019AE, CD4019AK 

COS/MOS Quad 
AND-OR Select Gate 

Special Features 

• Medium .. peed operation •.... , tPHL = tPLH = 50 ns (typ.) at CL = 15 pF 

Applications 

• AND'()R select gating 

• Shift-right/shift·left registers 

• True/complement selection 

• AND/OR/Exclusive'()R selection 

CD4019A types are comprised of four "AND'() R Select" 
gate configurations. each consisting of two 2·input AND 
gates driving a single 2·input OR gate. Sa.lection is ac· 
complished by control bits K a and Kb. In addition to 

selection of either channel A or channel B information, the 
control bits can be applied simultaneously to accomplish the 
logical A + B function. 

Yee 

A 

Fig.14.1-Schematic diagram for 1 of 4 identical stages. 

104 9-74 
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TYPICAL CD4019A APPLICATIONS 

-~-+:j:::j::;:=+:l=t;==t+::j::;:=+:l=hi- (Kb) Cleo) SELECT 
!!::LECT [ "B" REGISTER 
""" REGISTER I , , 

I , , , , 
~!!D 

OUT 
1 

IXIT 
2 

OUT , OUT • 
Fig. 14.2-AND/OR select gating. 

Fig. 14.3-"Shift left/shift right" register. 

'''-' TRU' 
SEL.ECT 

--+-!=!=i;;::::=+t::J:;==1r+=+:;:=t=t::jht- (K"J COMPLEMENT 
SELECT 

OUT , OUT , OUT 
1 

OUT 

Fig. 14.4 - 'True" complement" selector. 

CD4019A 

105 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... Vss::S; VI::S; VOO) 
(Recommended DC Supply Voltage NO~ - VSS) .••••.... 3to15V) 

CHARACTERISTIC 

Quiescent Device 
Current 

Quiescent Device 
Dissipation/Package 

Output Voltage: 

Low·level 

High-level 

Noise Immunity 
(Any Input) 

For Definirion, 

SHA~"d'K 

Output Drive Current: 

N·Channel 

P·Channel 

Input ~urrent 

• See Appendix. 

106 

LIMITS 

CD4019AD. CD4019AK. CD4019AF TEST 
SYMBOL CONDITIONS 

I Vo Voo _55°C 2SoC 12SoC 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. 

0.03 
IL 

10 10 0.05 10 

25 0.15 25 
Po 

10 100 0.5 100 

0.01 0.01 
VOL 

10 0.01 0.01 

4.99 4.99 4.95 
VOH 

10 9.99 9.99 10 9.95 

0.95 1.5 1.5 2.25 1.4 
VNL 

2.9 10 4.5 2.9 

I--
3.6 1.4 1.5 2.25 1.5 

VNH 
7.2 10 2.9 3 4.5 

0.5 0.6 0.45 0.9 0.30 
ION 

0.5 10 0.9 0.75 1.5 0.55 

lOP 
4.5 -0.31 ·0.25 ·0.5 ·0.175 

9.5 10 ·0.95 ·0.7 ·1.5 -0.5 

10 

x[·J • [oJ 

OUT 
1 

OUT 
2 

ooT • OUT . 
Fig. 14.5 - AND/OR Exclusive-OR selector. 

CHARAC· 
TERISTIC 
CURVES 

UNITS 110 TEST 
CIRCUITS 

Max. Fig. No. 

300 

600 
pA 14.10 

1500 

6000 
~W 

0.05 
V 

0.05 

V 

V 

14.11 

V 

mA 

• 
mA 

pA 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... VSS.s VI:O; VOO) 
(Recommended OC Supply Voltage (VOO - VSSI .... 3to 15V) 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS I Vo 

Volts 

Quiescent Device 
Currenl 'L 

Quiescent Device 
o issipation/Package Po 

Output Voltage: 
VOL Low·Level 

High·Level VOH 

Noise Immunity 0.95 
VNL (Any Input) 2.9 

For Definirion, f...-.---
3.6 

See Append,,. VNH 
7.2 

Output Drive Current: 0.5 
N·Channel ION 

0.5 

P·Channel lOP 
4.5 

9.5 

Input Current 
" 

.See Appendix. 

c AMBIENT TEMPERATURE (TAl· 25°C 
I TYPICAL TEMPERATURE COEFFICIENT FOR ALL 

..... :;z: 300 VALUES OF Voo .. 0.3% lac 

J 
oJ 

J 
w 200 

" I-

~ 
~ 100 

I 
10 20 

SUPPLY VOLTS VOO • 5 

10 

15 

30 40 50 60 
LOAD CAPACITANCE (CL)· pF 

VDO 
Volls Min. 

10 

10 

10 

4.99 

10 9.99 

1.5 

10 

I.' 
10 2.9 

0.37 

10 OB 

·0.145 

10 ·0.6 

70 80 

92CS-17e30 

Fig. 14.6-Typ. propagation delay time VB CL' 

40°C 
Typ. Max. 

50 

100 

250 

1000 

0.01 

0.01 

LIMITS 

CD4019AE 
UNITS 

2SoC 85°C 
Min. Typ. Ma •• Min. Typ. Ma •. 

0.1 50 700 

0.2 100 1400 
!'A 

0.5 250 3500 

1000 14000 "W 

am 0.05 
V 

a 0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

4.5 2.9 

1.5 2.25 1.5 
V 

4.5 

0.30 1.0 0.23 
rnA 

0.65 1.5 0.5 

-0.12 -0.5 -0.095 
rnA 

-0.5 -1-.5 -0.4 

10 pA 

AMBIENT TEMPERATURE (TAl" 25-C 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL f 300 VALUES OF Veo • 0.3% I-C 

~ 
!; 

o 

........ v VOLTS lVool. 5 

10 

10 20 30 40 SO 60 
LOAD CAPACITANCE {CLJ-pF 

Fig. 14.7-Typ. transition time vs. CL' 

CHARAC· 
TERISTIC 
CURVES 

'" TEST 
CIRCUITS 

Fig. No. 

14.10 

14.11 

• 

70 80 

92CS-178;'1 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C. CL a 15 pF. and input rise and fall times = 20 ns 
Typical Temperature Coefficient for all values of VDD = 0.3 %{'C (Soe Appendix for Waveforms) 

CHARACTERISTICS SYMBOLS 

tpHL· 
Propagation Delay Time: 

tPLH 

.-

Transition Time 
tTHL· 

tTLH 

Input Capacitance CI 

! ~:~E:P:I~::~~~~:~ ~~:~; 25-c 
I 600 

"3 
-'"sao 

1400 
!il ... 
~ 300 

~ 
~ 200 

~ 
~ 100 

it 
o 

D4019AE 

C04019AD.CD4019AK 

10 15 
SUPPLY VOLTS IVDO) 

TEST 
CONDITIONS 

VDD 
(Volts) 

5 

10 

5 

10 

All A and B Inputs 

KA and KB Inputs 

92CS~17852 

Fig. 14.8-Max. propagation delay time V$ VOl> 

92CS-1711S 

Fig. 14. 10-Quisscent device current tsst circuit. 

108 

LIMITS CHARAC· 
TERISTIC 

CD4019AD.CD4019AK CD4019AE UNITS CURVES 
CD4019AF & TEST 

CIRCUITS 
Min. Typ. Max. Min. Typ. Max. Fig. No. 

- 100 225 - 100 300 
ns 14.6 

- 50 100 - 50 125 

- 100 200 - 100 275 
ns 14.7 

- 40 65 - 40 80 

- 5 - - 5 -
pF -

- 12 - - 12 -

10 102 103 104 

INPUT FREQUENCY (f~J- kHz 
92CS-17832RI 

Fig. 14.9-TVp. dissipation characteristics per output. 

92CS-17916RI 

Fig. 14. It-Noiss immunity ttlst circuit. 
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Digital Integrated Circuits 
Monolithic Silicon 

CD4020AD,CD4020AF 
CD4020AE,CD4020AK 

'0 
INPUT 

PULSES 

" RESET 

Voo 

Vss 

0, 
D. 
05 
D. 
07 

13 Os 
12 09 
14 010 
15 all 

012 
013 
0'4 

~ 
0 

0 w 
~ 
w 
~ 
~ 

" .. 
~ 

COS/MOS 
14-Stage Ripple-Carry 
Binary Counter/Divider 

Special Features 

• Medium speed operation ...... 7 MHz (typ.) at VOO - VSS = 10 V 

• Low "high"· and "Iow"-Ievel output impedance ...... 1000n (typ.) at 
VOO - Vss = 10 V 

" MSI complexity on a single chip •..... 14 fully static, master .. lave stages 

• COSIMOS gate·input loading at both Reset and Input-pulse lines 

C04020A types consist of a pulse input shaping circuit, reset 
line driver circuitry, and 14 ripple-carry binary counter 
stages. Buffered outputs are externally available from stages 
1, and 4 through 14. The counter is reset to its "all zeroes" 
state by a high level on the reset inverter input line. Each 
counter stage is a static master-slave flip-flop. The counter is 
advanced one count on the negative.going transition of each 
input pulse. 

Applications 

• Frequency-dividing circuits 

" Time-delay circuits 

• Counter control 

• Counting functions 

9-74 

• R' HIGH DOMINATES {RESETS ALL. STAGESI 

.. ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT 
PULSE. COUNTER ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE. TRANSITION 116,384 TOTAL BINARY COUNTS!. 

Fig. 15. 1 - Logic diagram for 1 of 14 binary Sl1lges. 
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STATIC ELECTRICAL CHARACTERISTICS (A" inputs ......................... VSS~ VI::; VOOI 

CHARACTERISTIC 

Quiescent Device 
Current 

Quiescent Device 
Dissipation 'Package 

Output Voltage. 

Low Level 

High·level 

Noise Immunity 

(Any Inpud 

For Definition. 
See Appendix 

Output Drive Current: 
N·Channel 

P·Channel 

Input Current 

.588 Appendix, 

110 

(Recommended OC Supply Voltage (VOO - VSSI .. 3to15VI 

LIMITS CHARAC· 
TERISTIC 

TEST CURVES CD4020AD. CD4020AK. CD4020AF 
SYMBOL CONDITIONS UNITS & TEST 

'L 

Po 

VOL 

VOH 

VNL 

VNH 

"ON 

'OP 

" 

Vo VOD -SSoC 

Volts Vol. Min. Typ. Max. Min. 

15 

10 25. 

75 

10 250 

0.01 

10 0.01 

4.99 4.99 

10 9.99 9.99 

0.8 1.5 1.5 

1.0 10 3.0 

4.2 1.4 1.5 

9.0 10 2.9 

D,S 0.09 0.075 

0.5 10 0.185 0.15 

4.5 -0.11 -0.09 

9.5 10 0.25 -0.20 

25°C 
Typ. M ... 

0.5 15 

25 

2.5 75 

10 250 

0.01 

0.01 

10 

2.25 

4.5 

225 

45 

0.2 

0.4 

-0.25 

.(1.5 

10 

Min. 

4,95 

9.95 

1.4 

2,9 

1.5 

3.0 

0.05 

0.105 

,0.065 

0.14 

t250C 
Typ. Max. 

900 

1500 

4500 

15000 

0.05 

0.05 

RESET TO 
ALL STAGES 

NOTE: SUBSTRATES FOR ALL "p" UNITS ARE CONNECTED TO Vao 
SuaSTRATES FOR ALI.. N n M UNITS, UNLESS OTHERWISE SHOWN, ARE CONNECTED TO GROUND . 

.... SuaSTRATES FO~ THESE -n" UNITS ARE CONNECTED TORESn LINE 

Fig. 15,2 - Schematic diagram of pulse shapers and 1 of 14 binary stages. 

CIRCUITS 

Fig. No. 

~A 15.11 

~W 15,10 

V 

V 

V 1~.12 

V 15.13 

mA 

• 
mA 

pA 
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____________________________________________________ CD4020A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ..•.....•.•.•.....•.•.....• Vss 5 VI :0; Vool 
(Recommended DC Supply Voltage (VDO - Vssl ...•.. 3 to 15 VI 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 

Vo Voo 
Volts Volts Min. 

Quiescent Device 5 
IL Current 10 

Quiescent Device 5 
DisSIpatIon 'Pdckage PD 

10 

Output Voltage 5 

Low Level VOL 
10 

5 499 
High·Level VOH 

10 n 99 

Noise Immunity 0.8 5 15 
VNL (Any Input) 1.0 10 30 

For Definition, 4.2 5 14 
See Appendix VNH 

9.0 10 ?n 

Output Drive Current 0.5 5 0.09 
N·(;hannel 'ION 

0.5 10 0.16 

4.5 5 009 
P·Channel IDP 

9.5 10 018 

Input Current II 

• See Appendix. 

AMBIENT TEMPERATURE (TA). 2S·C 
TYPICAL TEMPERATURE COEFFICIENT FOR 10 = - 0,3% rc .. 

~ 
. ~LUH 

GATE-TO- SOURCE VOLTS (Vas' -15 

~ 10 

i .. 
oJ 
;;; 

10 

o 10 15 
DRAIN-TO-SOURCE VOLTS (VDS) 

Fig. 15-3-TyPo n-channel drain characteristics. 

-40°c 
Typ. Max. 

50 

100 

250 

1000 

001 

001 

LIMITS CHARAC· 
TERISTIC 

CD4020AE CURVES 
UNITS & TEST 

2SoC 8SoC CIRCUITS 

Min. Typ. Max. Min. Typ. Max. Fig. No. 

1 50 700 
~A 15.11 

2 100 1400 

5 250 3500 
~W 15.10 

20 1000 - 14000 

0 0.01 0.05 
V -

0 0.01 0.05 

499 5 4.95 -
V -

9.99 10 995 

15 225 14 
15.12 V 

3 45 2.9 

15 225 1.5 
V 15.13 

3 4.5 3.0 

O.OB 0.33 0.065 -
mA 

0.10 0.5 0.10 -

• ·0.06 -0.25 -005 
mA 

-015 -0.5 -0.12 

10 pA -

DRAIN-lO-SOURCE VOLTS (Ves' 
-15 -10 -5 

-0 

-10 

GATE TO- SOURCE VOLTS (VGS). 15 

AMBIENT TEMPERATURE (TA ) -2SoC 
-6 

TYPICAL TEMPERATURE COEFFICIENT FOR 10 • -0,3% 1°C 

Fig. 15.4-Typ. p-channel drain characteristics. 
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112 

OYNAMIC ELECTRICAL CHARACTERISTICS .. TA • 25oC. CL -15 pF. and input rise .ncif~I'im ... 20 nS8x_ •• rCL. 'fCL 

Typical Temperature Coefficient for all values of VOO = 0.3 %,oC. Is.. Appendix for Waveforms) 

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS 

VDD 
(Voitsl 

CLOCKED OPERATION 

tpHl = 5 
Propagation Delay Time: 

'PlH 10 

'THl = 5 
Transition Time 

'TLH 10 

Minimum Clock 'Wl = 5 

Pulse Width 'WH , 10 

Clock trCL = 5 

Rise & Fall Time 'Iel 10 

Maximum Clock lel 
5 

Frequency 10 

Input Capacitance el Any Input 

RESET OPERATION 

5 
Propagation Delav Time: 'PHl(RI 10 

Minimum Reset 5 
Pulse Width 'WH(RI 

10 

·Propagatiot.~ Delay Is from clock Input to 0t output. 

GATE - TO - SOURCE VOLTS CVG ). 15 

AMBIENT TEMPERATURE (TA). 25·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR 10· - 0.3% "c 

10 

10 

.. 

a>OO2OAD,CIl402OAIC 
CD4020AE---

10 15 
DRAIN-YO-SOURCE VOLTS (Yos) 

92.CS-17862 

Fig. , 5.5-Min. n-channel driJin characteristics. 

LIMITS CHARAC· 

CD4020AD TERISTIC 

CD4020AK CD4020AE UNITS CURVES 
CD4O:!OAF & TEST 

CIRCUITS 
Min. Typ. Max. Min. Typ. Max. Fig. No. 

- 450 600 - 450 650 
15.7 ns 

- 150 225 - 150 250 

- 450 600 - 450 650 IS.B ns 
- 200 300 - 200 350 

- 200 335 - 200 500 
ns -

- 70 125 - 70 165 

- - 15 - - .15 
ps -

- - . 15 - - 15 

1.5 2.5 - 1 2.5 --
15.9 MHz 

4 7 - 3 7 -
- 5 - - 5 -- pF -

- 2000 3000 - 2000 3500 15.7 ns 
- 500 775 - 500 900 

- 1 BOO 2500 - lBOO 3000 
ns -

- 300 475 - 300 550 

DRAIN-TO- SOURCE VOLTS (Yos ) 
-US -10 -t5 0 

CD4020AD,CD402OAK 
CD4020AE---

-10 

-10 

JE-TO-S "os ·-15 

AMBIENT TEMPERATURE (TA). 2S·C 
TYPICAL TEMPERATURE COEFFICIENT FOR ~D_~ -D.3%I·C 

_I E z 
"' :: 
~ 

-2 ~ 

;:; 
"-

-3 

92CS-17863 

Fig. 15.6-Min. p-chsnnel drain characteri'tics. 
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I 

} 
':JIDDa 

l .. 800 

'" ~ 
5 600 

i!l 
z 400 

5 
~ 200 

g: 

15 

o 

AMBIENT TEMPERATURE ITAI • 2S-C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Yeo = 0.3% I-e 

10 

I~ 

10 20 30 40 50 60 
LOAD CAPACITANCE (CLI-pF 

70 80 90 

92CS-17815 

Fig. 15.7-Typ. propagation delay rime "$. CL-

AMBIENT TEMPERATURE «TA ) • 2!5-C 

LOAD CAPACITANCE (el)· 1!5 pF 

10 
SUPPlY VOLTSeVoo) 

115 20 

Fig. 15.9-Typ. clock frequency vs. V DO-

lOY 

92C5-17917 

.... 
~IOOO 

.. 
'" 
is 
.... 1500 

~ 
Q\ 
~ 

5Y OR IOV 

92C5-17918 

AMBIENT TEMPERATURE CTA) • 2S-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Veo· 0.3% I·e. 

10 20 30 40 50 60 
LOAD CAPACITANCE ICL)-pF 

10 .. 
70 80 90 

92(5-17816 

Fig.1SS-Typ. transition time vs. CL. 

10' 104 105 106 101 

INPUT FREQUENCY (f.,.)-Hz 

Fig. 15.10-TyPo dissipation characteristics. 

5V OR IOV 

92C5-17919 

Fig. 15. 7 I-Quiescent device dissipation test Fig. 15. 12-Noise immunity tsst circuit. Fig. 15. 13-Reset noise immunity test circuit. 
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Digital Integrated Circuits 
Monolithic Silicon 

CD4021AD, CD4021AF 
CD4021AE,CD4021AK 

COS/MOS 8 -Stage 
Static Shift Register 
Asynchronous Parallel Input/Serial Output, 
Synchronous Serial Input/Serial Output 

Special Features 

• Asynchronous parallel or synchronous serial operation under control of 
parallel/serial control·input 

• Individual "jam" inputs to each register stage 

• Master·slave flip·flop register stages 

• Fully static operation .....• DC to 5 MHz 

CD4021A types are a-stage parallel or serial-input/serial
output shift registers having common Clock and Parallel/ 
Serial Control inputs. a single Serial Data input, and 
individual parallel "Jam" inputs to each register stage. Each 
register stage is a D-type, master-slave flip-flop. "a" outputs 
are available from the sixth, seventh, and eighth stages. 

Applications 
• Asynchronous parallel input/serial output data queueing 

• Parallel to serial data conversion. General purpose register 

When the ParaliellSerial Control input is "high", data is 
jammed into the 8-stage register via the parallel input lines 
asynchronously with the clock line. When the parallel/Serial Control input is "low", data is 

serially shifted into the a-stage register synchronously with 
the positive-going transition of the Clock pulse. 

Register expansion is possible using additional CD4021 A 
packages. 
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PARALLEL I 
SERIAL 

CONTROL 

. CLOCK 

10 

Voo = TERMINAL 16 

Vss· TERMINAL 8 
TRUTH TABLE 

CLA Senal 
Input 

• = LEVEL CHANGE 

PARALLEL 
INPUT-I 

7 

4-STAGES 

PJ-5 

SAME AS STAGE I I 

Parallel I 0, 

I 
~ 

CS:~~~I PI·' PI·n IInternal! an 

PI-6 

01 On NO CHANGE 

)( R DON'T CA E CASE 

PI 

CL 

92CM -17141RI 
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PIS PI 
o 

CL 

1i -, 
I 

~~~f7 ONL~·y 
o 

PI PIS 

TO NEXT 
STAGE 

Fig. 16.2-0ne typical srage and its equivalent 
detailed circuit. CL 92CU-17139R, 

PARALLEL/SERIAL 
CONTROL 

CLOCK 

10 

1------------VDO FIRST REGISTER STAGE (ONE Of EIGHT STAGES)-------I 

L ! I t Voo ALL "P" - UNIT SUBSTRATES ARE CONNECTED TO YDO 

i:J _ ~ t:T ALL "H" - UHI' SUBSTRATES ARE CONNECTED TO Vss I 
:::r---:' PIS ~ PIS . d YOO I 
~ tl-..,vss _ Q 

PARALLEL ~ 
INPUTO~' -l---I .. r +-----, 

92CM-1723BRI 

Fig. 16.3 -Schematic diagram - CD4021A. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... Vss5: V 15: Veel 
(Recommended ec Supply Voltage (Vee - VsSI •••••..•.• 3to 15VI 

TEST 
CHARACTERlmc SYMBOL CONDITIONS 

Quiescent Device 
Current Il 

Quiescent Device 
Oissipltion/Pac:kage Po 

Output Vol_: 
VOL Low·Level 

High·Level VOH 

Noi. Immunity 
(Any Input) VNl 

For Definition. f---
SHAppendix VNH 

Output Drive CUrfWl': 

N·Channel ION 

P-Channel 
lOP 

Input Current II 

.s.e Appendix. 

AMBIENT TEMPERATURE (TA). eec 
LOAD CAPACITANCE tel) • 15 pF 

6 

Vo VDD 
Volts V';' .. 

5 

10 

10 

5 

10 

10 

0.8 

1.0 10 

4.2 

9.0 10 

0.5 5 

0.5 10 

4.5 

9.5 10 

Min. 

4.99 

9.99 

1.5 

1.4 

2.9 

0.15 

G.31 

.(1.1 

.0.25 

o 10 15 20 
SlI'PLY YOLTS1YOO) 

Fig. 16.4-Tvp. clock frequency VS'. VOO' 
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-ss"c 
Typ. 

LIMITS CHARAC· 
TERISTIC 

CD4021AD. CD4021AK. CD4021AF 
UNITS 

CURVES 

Max. 

5 

10 

25 

100 

0.01 

0.01 

;:: 
11 
~' 

~ 
~ 
~ .. 

25°C 125"C 
Min. Typ. Mox. Min. Typ. Mox. 

0.5 300 

10 &IJO 

2.5 25 1500 

10 100 6000 

0 om 0.05 

0 0.01 0.05 

4.99 5 4.95 

9.99 10 9.95 

1.5 2.25 1.4 

4.5 2.9 

1.5 2.25 1.5 

3 4.5 3 

0.12 0.3 0.085 -
0.25 0.5 0.175 -
.(I.OS .(1.16 .(1.055 -
-0.20 

200 

100 

..Q.44 -0.14 

10 

AMBIENT TEMPERATURE ITA I • 25 "C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Yoo· 0.3 .. ,ee 

6 TEST 
CIRCUITS 

Fit·No. 

"" 16.8 

~W 

V 

V 

V 

16.9 

V 

mA 

• 
mA 

pA 

10 

15 

0 10 20 30 40 50 &0 70 80 
LOAD CAPACITANCE (CL'-pF 

'2CS-t7a01 

. Fig. 16.5-= Typ. propagation delay time VI. CL. 
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'>TATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS~ VI ~VDDI 
(Recommended DC Supply Voltage (VDD - Vssl ......... 3to 15VI 

TEST 
CHARACTEIIlSTIC SYMBOL CONDITIONS 

Vo 
Volts 

Quiescent Oevice 
Current IL 

Quiescent Device 
Dissipation/Package Po 

Output Voltage: 
VOL Low-Level 

High·Level VOH 

Noise Immunity 0.8 
VNL (Any Input) 1.0 -For Definition. 

4.2 
See Appendix VNH 

9.0 

Output Drive Current: 0.5 

N·Channel ION 
0.5 

P·Channel IO'P 4.5 

9.5 

Input Current II 

+Sae Appendix. 

AMBIENT TEMPERATURE ITA) .. 2~oC 
TYPICAL TEMPERATURE COEFFICIENT FOR i 600 ALL VALUES OF VOO • 0.3% I '"C 

r 
~ 

!"500 

" .... 300 
z 
o 

~ 200 
z 
'" .. 
I- 100 

,0 ,. 

VDD 
Volu 

10 

10 

10 

10 

10 

10 

10 

.10 

Min. 

4.99 

9.99 

1.5 

1.4 

2.9 

0.072 

0.12 

·0.06 

-0.12 

10 20 30 40 50 60 70 80 
LOAD CAPACITANCE ICL) - pF 

9ZCS-17808 

Fig. 16.6-Typ. transiition time 1'$. Ci. 

-40oC 
Typ. Max. 

50 

100 

250 

1000 

0.D1 

0.01 

LIMITS CHARAC· 
TERISTIC 

CD4021AE CURVES 
UNITS 80 TEST 

25°C osoe CIRCUITS 

Min. Typ. Max. Min. Typ. Max. Fig. No. 

0.5 50 700 

'- 100 1400 
IJA 16.8 

2.5 250 3500 

10 1000 gOOO .W 

0.01 0.05 
V 

0 0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

4.5 2.9 
16.9 

1.5 2.25 1.5 
V 

4.5 

0.06 0.3 0.05 
mA 

0.1 0.5 0.08 

·0.05 -0.16 -0.04 • 
mA 

-0.1 -0.44 -0.08 

10 pA 

10 102 103 104 

INPUT CLOCK FREQUENCY (fCL)- kHz 92CS-1180!)R2 

Fig. 16.7-Typ. dissipation characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, Cl = 15 pF and input rise and fall times = 20 ns except trCl, tfCl 

Typical Temperature Coefficient for all values of VDD = 0.3%/oC. (See Appendix for Waveforms) 

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS 

** tPHl~ 
Propagation Delay Time 

tPlH 

tTHl = 
Transition Time 

tTLH 

Minimum Clock Pulse tWl = 
Width tWH 

Minimum High- Level 
ParaliellSerial Control tWH(P/S) 

Pulse Width 

Clock Rise & 't,Cl = 
Fall Time tlCl 

Set·Up Time 

Maximum Clock 
Frequency ICl 

Input Capacitance CI Any Input 

** From Clock or Parallel/Serial Control Input 

10V 

r----------~~IL 

118 

92CS-179Z0 

Test performed With the following sequence 
of "One's" and "Zero's", 

8 1 528:3 84 85 
00100 
1 0 1 1 1 
1 0 1 0 1 
o 1 1 1 1 
o 1 000 

Fig, 16.8-Quiescent device current test circuit. 

VDD 
(Volts) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

LIMITS CHARAC· 

CD4021AD TERISTIC 
CD4021AK CD4021AE UNITS CURVES 
CD4021AF & TEST 

1 CIRCUITS 
Min. Typ. Max. Min. Typ. Max. Fig. No. 

- 300 750 - 300 1000 
ns 16.5 

- 100 225 - 100 300 

- 150 300 - 150 400 
ns 16.6 

- 75 125 - 75 150 

- 200 500 - 200 830 -
- 100 175 - 100 200 

ns 
- 200 500 - 200 830 

-
- 100 175 - 100 200 

-- - 15 15 - -
I1S -

" 
- - 15 - - 15 

I 
- i 100 350 - 100 500 

I ns -
- 50 80 - 50 100 

1 2.5 - 0.6 2.5 -
MHz -

3 5 - 2.5 5 -

- 5 - - 5 - pF -
• If mure than one unit is cascaded in a parallel clocked operation, 

trCL should be made less than or equal to the sum of the fixed 
propagation delay time at 15pF and the transition time of the 
output driving 5t6ge for the estimated capacitive load. 

sv OR IOV 

I:SV OR 3V 

92CS-17921 

Fig. 16~9-Noise immunity test circuit. 
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VDD 

,6 

CLOCK •• "0" 

CLOCK 13 "," 
ENABLE 
RESET 15 "2" 

"3" 

"~" 

"5" 

"6" 

'0 "7" ,. 
CARRY 
OUT 

Vss 

Digital Integrated Circuits 
Monolithic Silicon 

CD4022AD,CD4022AF 
CD4022AE,CD4022AK 

COS/ MOS Divide· By· 8 
COa.!!~te!f / !)§~8deB" 
with 8 Decoded Outputs 

Special Features 

• Medium speed operation ...... 5 MHz (typ.) at VDD - VSS = 10 V 

• MSI complexity on a single chip 

• Divide by N counting; N = 2 to 8 with one CD4022A plus one CD4001 A. 
package 

Applications 
• Binary frequency division 

• Binary countingldecoding • Binary counter control/timers 

CD4022A types consist of a 4-stage divide·by·8 Johnson 
counter, associated decode output gating and a carry-out bit. 
The counter is cleared to its zero count by a "high" reset 
signai. The counter is advanced on the positive clock'signal 
transition provided the clock enable siAnal is "low". 

spike·free decoder outputs. Anti·lock gating is provided, thus 
assuring proper counting sequence. The 8 decode gating 
outputs are normally "low" and go "high" only at their 
respective decoded ti me slot. Each decode gate output 
remains "high" for one full clock cycle. The carry-out signal 
completes one cycle every 8 clock·input cycles and is used as 
a ripple·carry signal to directly clock a succeeding counter 
package in a multi·package counting system. 

Use of the Johnson divide·by·8 counter configuration 
permits high·speed operation, 2·input decode gating, and 

Fig. 17. 1-Logic diagram. 

10-73 

CLOCK 

~b~g~E __________ ~"L ______ _ ·0· ---O"L ______ ~fO\L _________ 1oL_ 

-,- ---fT\ m II 
"2' -----I2l ..---.-.L ______ _ 

"3" -.JTl f3\.L _____ _ 

".' 
____ --'GPL _________ GPL ____ _ 

"f ro f5\L ___ _ 

"6" '6' '6\..--

c~~~::=======L====~~~7~==========~====~~~7r___ 
Fig. 17.2-Timing diagram. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS:5: V I :5: VDD) 
(Recommended DC Supply Voltage (VDD - VSS) ......... 3to15V) 

LIMITS CHARAC-

C04022AO. C04022AK.C04022AF 
TERISTIC 

TEST CURVES 
CHARACTERISTIC SYMBOL CONDITIONS 

~ 
.!l-

Vo 
Volt 

Quiescent Device 
Current IL 

Quiescent Device 
OissipationlPackage Po 

Output Voltage: 

Low-Level VOL 

High· Level VOH 

Noise Immunity 0.8 
CAnv Inpud VNL 

I.D 
For Definition. ~ 
See App«lr/i. 4.2 

VNH 
9.0 

Output Drive Decoded D.5 
Current Outputs 

0.5 
N·Channel ION 

Carry 
Output 

O.s-

0.5 

O_eeI 
Outputs 

4.5 

lOP 
9.5 

P·Channel 
carry 4.5 
Output 

9.5 

Input Current II 

• See Appendix. 

AMBIENT TEMPERATURE (TAl· 2S-C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
VALUES OF Voo • 0.3% I·e 

• 1250 

1 
LiJ 1000 

'" 
~ 750 

i!l 
z 500 
0 

~ 
10 

If 250 

~ 
15 

o 20 40 60 

VOO 
Vol 

lD 

5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

-55"c 
Min. Typ. 

4.99 

9.99 

1.5 

1.4 

2.9 

D.062 

0.12 

0.18 

0.371 -
-0.031 -
-0.12: -
-0.185 -
-0.375 -

80 
LOAD CAPACITANCE (CLI- pF 

92CS-11818 

120 

Fig. '7.3-Typ. propagation delBY time n. CL 
for decoded outputs. 

Mo •• 

10 

25 

100 

0.01 

0.01 

UNITS & TEST 
zsoC 12S"C CI.RCUITS 

Min. Typ. Mo •• Min. Typ. Mo •• Fig. No. 

0.3 300 

0.5 10 600 
"A 17.9 

1.5 25 1500 

100 6000 "W 

0 0.01 0.05 
V 

0 0.01 . 0.05 

4.99 4.95 
V 

9.99 10 9.95 

'-1.5 2.25 1.4 
V 

3 4.5 I - 2.9 
17.10 

1.5 12.25_~ 1.5 
V 

3 ,4.5 i - ·3 

0.05 

0.1 

0.15 

0.3 

-0.03 

-0.11· 

-0.15 

-0.3 

I 600 
% 

"$ 

200 

0.15 0.035 

0.3 0.07 
rnA 

0.5 0.105 

0.21 

-0.075 - -0.021 

-0.15 -0.07 
rnA 

-0.4 -0.105 -
-0.8 -0.21 

10 pA 

AMBIENT TEMPERATURE (TA) ·2S-C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Voo· 0.3% I-C 

20 40 60 

• 

10 
15 

00 
LOAD CAPACITANCE (CL)-pF 

92CS-17819 

Fig. 17.4-Typ. propagation delay tim" VI. CL 
for carry output. 
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STATIC ELECTRICAL CHARACTERISTics (All inputs .........•...••............ VSS:::;; VI:::;; VOO) 

{Recommended DC Supply Voltage (VOO - VSS)' •••...•.• 3 to 15 V) 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo VDO 
V.I. Vola Min. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 

Low-Level VOL 
10 

r2-- 4.99 
High-Level VOH 1----

10 9.99 

Noise Immunity DB 1.5 
VNL (Any Input) 1.0 10 

For Definition, r---
Sl!eAppendix 42 1.4 

VNH 
9.0 10 2.9 

Output Drive Oecoded 0.5 0.03 
Current Outputs 

0.5 10 0.06 
N·Channel ION 

Carry 
Output 

0.5 0.095 

0.5 10 0.155 

Oecoded 
Outputs 

4.5 -0.018 

lOP 
9.5 10 -0.06 

P·Channel 
CarrV 4.5 -0.095 Output 

9.5 10 -0.155 

Input Current 
" 

• Se. Appendix. 

AMBIENT TEMPERATURE ITA) C 2S·C 

c I~OO 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 
OF Yoo .. 0.3% IOC 

I 

i!IOOO 

~ 
~ 750 ;: 

~ ... 500 

'" z 

~ 250 

o 

,. 

20 40 60 60 
LOAD CAPACITANCE (CLI-pF 

92CS-11820 

Fig. 17.5-Typ. transition time VI. CL for 
dt!coded outputs. 

-40oC 
Typ. 

---=---

-
-

LIMITS CHARAC· 
TERISTIC 

C04022AE CURVES 

Mox. Min. 

50 

100 

250 

1000 

0.01 

0.01 

---:..... 4.99 
f--

9.99 

1.5 

1.5 

0.025 

0.05 

0.08 

0.13 

-0.015 

-0.05 

-0.08 

-0.13 

~300 

! 

1 
·~200 

~ 

o 

UNITS 

2SoC 8SoC 

Typ. Mox. Min. Typ. Mo •. 

0.5 50 700 

100 1400 

2.5 250 3500 

10 1000 14000 

0 0.01 0.05 

0 0.01 0.05 

- .. ~ 
4.95 
-

10 9.95 

2.25 1.4 

4.5 2.9 

2.25 1.5 

4.5 

0.15 0.02 

0.3 0.04 

0.5 0.065 

1 0.105 

fll·075 -0.012 

-0.15 - ·0.04 

-0.4 -0.065 

-0.8 -0.105 -
10 

AMBIENT TEMPERATURE (TAl =25-C 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF VDD- 0.3%/oC 

JJA 

"W 

V 

V 

V 

V 

mA 

mA 

pA 

20 40 60 

10 

15 

& TEST 
CIRCUITS 

Fig. No. 

17.9 

"-

17.10 

60 
LOAD CAPACITANCE (CL)-pF 

92CS-17821 

Fig.17.6-Typ. transition time vs. CL for 
carry output. 
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CD4022A 

g 
Il: 3 

~ 
z 2 

~ 
u I 

o 

AMBIENT TEMPERATURE (T A ) • 25°C 
LOAD CAPACITANCE (el) • I~ pF 

10 15 20 
SUPPLY VOLTS{Vool 

Fig. 17.7-. Typical clock frequency 
vs. VOD. 

10V 

92CS-1986T 

92CS -17926 

Measure the leakage current of the 
device for all switch combinations. 

Fig. 17.9-Quiescent device current 
test circuit. 

I I. 
.. 2" OUTPUT • 3 

{SCOPE PROBE} 4 

• " 7 

.... ----+-J (SCOPE PROBE) 

92CS-17924 

Fig. 17. 1'-Clock line test set-up. 

Fig. 17. 13-Reset propagation delay time and -=-
minimum reset pulse duration. 
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File No. 479 

AMBIENT TEMPERATURE (TA1.ZSoC 
INPUT tr ·tf"'20ns 

"'" ~,.\~ 
\'>1'0'0 ,0 

... o~ "..;; 
s'Uv'?~ 

~. 

"/ 

"" "/ 
LOAD CAPACITANCE (CL)-15pF 

(,~ --CL·SOpF 

10 102 103 104 
INPUT CLOCK FREQUENCY (fel) - kHz 

92CS-17829RI 

Fig. 17.8-Typical dissipation characteristics. 

4 

• 

5V OR IOV 

Fig. 17. 10-Noise immunity test circuit. 

I. I. 
14 ,. 
" " SCOPE PROBE 
10 

9 

92CS·17923 

Fig. 17. 12-Clock enable and set·up time 
test circuit. 

5V OR IOV 

I I. · " 3 14 
4 13 

• I. · " 7 10 

GEN. NO.2 

n PULSE GEN. NO.1 

SCOPE PROBE 92CS·I7SU 



File No. 479 CD4022A 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A" 250 C. Cl = 15 pF. and input rise and fall times = 20 ns except trCl. tfCl 
Typical Temperature Coefficient lor all values 01 VDD = 0.3%I"C (See Appendix for Waveforms) 

LIMITS CHARAC· 

TEST TERISTIC 
CHARACTERISTICS SYMBOLS CONDITIONS CD4022AD.CD4022AK CD4022AE UNITS CURVES 

CD4022AF & TEST 

VDD CIRCUITS 
(Volts) Min. Typ. Max. Min. Typ. Max. .Fig. No. 

CLOCKED OPERATION 

Propagation Delay Time: 5 - 325 1000 - 325 1300 
ns 17.4 

Carry·Out line tpHl' 10 - 125 250 - 125 500 

tplH 5 - 400 1200 - 400 1600 
Decode Out Lines ns 17.3 

10 - 200 400 - 200 800 

Transition Time: 5 - 85 300 - 85 340 
ns 17.6 

Carry·Out Line tTHL. 10 - 50 100 - 50 200 

tTLH 5 - 300 900 - 300 1200 
Decode·Out lines ns . 17.5 

10 - 125 250 - 125 500 

Minimum Clock tWl. 5 - 250 500 - 250 830 

Pulse Width tWH 
ns 17.11 

10 - 85 170 - 85 250 

Clock trCl· 5 - - 15 - - 15 
Rise & Fall Time tlCl 

ps 17.11 
10 - - 15 - - 15 

5 350 175 - 700 175 -
Clock Enable Set· Up Time ns 17.12 

10 150 75 - 300 75 -

Maximum Clock 5 1 2.5 - 0.6 2.5 -
Frequency ICl MHz 17.7 

10 3 5 - 2 5 -
Input Capacitance C, Any Input - 5 - - 5 - pF -
RESET OPERATION 

Propagation Delay Time: tpHl' 5 - 300 900 - 300 1200 
ns -

Carry·Out line tplH 10 - 125 250 - 125 500 

5 - 500 1250 - 500 2500 
Decode-Out Line ns -

10 - 200 400 - 200 BOO 

Minimum Reset Pulse tWl. 5 - 150 300 - 150 600 
Width 

ns 17.13 
tWH 10 - 75 150 - 75 300 
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OOm3LJO 
Solid State 
Division 

Voo 

0, 

INPUT 
PULSES 

RESET 

02 

0, 

O. 

0, 

06 

07 

Digital Integrated Circuits 
. Monolithic Silicon 

CD4024AD,CD4024AE,CD4024AF 
. CD4024AK,CD4024AT 

COS/MOS 7-Stage Binary Counter. 
With Buffered Reset 
Special Features: 

• Medium speed operation ..•.. 1 MHi (typ.) input pulse rate at 

VOO-VSS = 10 V 
• Low "high" and "low" level output impedance ••... 700n and 

500n (typ.). respectively at VDD-VSS = 10 V 

• Logic block complexity on a single chip .•..... each output 
accessible and resettable 

" Static counter operation - counter retains state indefinitely 
with input pulse level "low" or "high" 

• COS/MOS gate input loading on both reset and input- pulse lines 

The CD4024A types consist of an input pulse shaping 
circuit, reset line driver circuitry. and seven binary counter 
stages. The counter is reset to "zero" by a high level on the 
reset input. Each counter stage is a static master-slave 
flip·flop. The counter state is advanced one count on the 
negativelloing transition of each input pulse. 

Applications: 

• Frequency-dividing circuits 

• Time-delay circuits 

• Counter control 
• D/A counter and switch on one chip 

* Formerly developmental type TA5385C. 

12 II 9 6 5 4 

Fig.'·', - Functiona~ ~iagra~ for C04024AD, AK. AE. AF. 

Fig. 1-2 - Functional diagram for CD4024A T. 
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NOTE, SUBSTRATES FOR ALL "p" UNITS ARE CONNECTED TO VDD 

o I TO STAGE 2 

Q 

RESET 
TO ALL 
STAGES 

SUBSTRATES FOR ALL "W' UNITS, UNLESS OTHERWISE SHOWN, ARE CONNECTED TO GROUND. 

Fig. 1-3 - Schematic diagram (plJlse shapc.1 and 1 binary stage). 

MASTER 
SECTION 

SLAVE 
SECTION 

'CD4024A 

Oil 

JIINPUTS TO 
2nd STAGE 

X..-.---{:J 01 

STAGE I 

EQUATIONS FOR STAGES 1 TO 7 

• R" HIGH DOMINATES (RESETS ALL STAGES). Q20UT" C02I{OI)(;)(RI 

·~g~~o;E~~~UY~H~~~~T~iHEA~I~gU~TA~~I~lf~HO:EI~:~I~:~~:ANSITION alOUT = (ih){QI}(021(;)(R) 

(llB TOTAL BINARY COUNTS). Q'OUT • (Q,XQI)(Ql)(Q3)(~)(R) 

QSOUT' tiiSXQI)(QlIlQ3)(Q,)(!)(R) 

QroUT' (Q6)(QI)(Ql)(Q]1I0,XQsXi)(R) 

QroUT' (Q7XQI)(Ql)(Q3XO,XQS)(Q6)(!IIR) 

Fig. 14 - Logic block diagram (pulse shapsr and 1 binary stage). 

01 OUT' 

(QI)(~)(R) 

92CM-19071 
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. STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS::;: VI ::;: VOOI 
(Recommended OC Supplv Voltage (VOO - VSSI ......... 3to 15VI 

LIMITS CHARAC 
TERISTIC 

CHARACTERISTIC 
TEST CD4024AD. CD4024AK. CD4024AT. CD4024AF CURVES 

SYMBOL 
CONDITIONS 

Vo VDD _55°C 

Volts Volts Min. Typ. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 

Low-Level VOL 
10 

4.99 
High·level VOH 

10 9.99 

Noise Immunity 0.8 1.5 
VNL 

(Any Input) 1.0 10 

4.2 1.4 
VNH 

9.0 10 2.9 

Output Drive Current: 0.5 0.31 

N·Channel ION 0.5 10 0.62 

4.5 ~.19 
P·Channel lOP 9.5 10 -0.45 -

Input Current 

For Output Drive Current test connections see Appendix. 

~ 

'" '" ~ 10 

~ 
j 

" z 
;,l 5 
o 
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10· 

5 ~ 15 
DRAIN-TO- SOURCE VOLTS (Vosl 

92CS-17809 

Fig. 1-5 TVp. N-chsnnel drain characteristics. 

Max. 

10 

25 

100 

0.01 

0.01 

UNITS 

25°C 125°C 
Min: Typ. Max. Min. Typ. Max. 

0.3 5 300 

0.5 10 600 
~A 

1.5. 25 1500 

5 100 6000 
~W 

0,01 0.05 
V 

0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

4.5 2.9 

1.5 2.25 1.5 
V 

4.5 3 

0.25 0.5 p.175 
mA 

0.5 ~.35 
0.15 -0.3 fe· 105 

mA 
-0.35 -0.7 0.25 -

10 pA 

DRAIN-lO-SOURCE VOLTS IVos) 
-IS -10 -5 

5. 

-lOY 

AMBIENT TEMPERATURE (TA'-2SoC 

I!< TEST 
CIRCUITS 

Fig. No. 

1-13 

1-14 

1-15 

1-5 

1-7 

1-6 
1-8 

., 
-5 !:! 

~ 

'" a: 
~ 
~ 
.... 

_IO.J 

-15 

" Z 

~ 

TYPICAL TEMPERATURE COEFFICIENT FOR ID --0.3% I·e 

92CS-I7t54 

Fig.1-6 Typ. P~hannfll dnlin chBllICteristics. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS$VI $Vool 
(Recommended DC Supply Voltage (VOO - VSSI ......... 3t015VI 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo Voo 
Volts Volts Min. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 

low-Level VOL 
10 

4.99 
High·Level VOH 

10 9.99 

Noise Immunity O.B 1.5 

(Any Input) 
VNL 

1.0 10 
r----

4.2 1.4 
VNH 

9.0 10 2.9 

Output Drive Current: O.S 0.15 

N·Channel ION O.S 10 0.31 

4.5 0:145 
P·Channel lOP 9.5 10 0.31 

Input Current II 

For Output Drive Current test connections see Appendix. 

7.5 

o ... 

2 
z 
il!2.5 
Q 

o 

AMBIENT TEMPERATURE (TA'-2S-C 
TYPICAL TEMPERATURE COEFFICIENT FOR ID--o.S%rc 

GATE-TO-SOURCE YOLTS lVGS)-15 

15 

C04024AD.C04024AK,C04024AT 
C04024AE - - -

5 10 15 
DRAIN-TO-SOURCE VOLTS (V DS ) 

92CS-19018 

Fig. 1-7 Min. N-channel drain characteristics. 

-40°C 
Typ. Max. 

50 

100 

250 

1000 

0,01 

0.01 

-

LIMITS 

C04024AE 
UNITS 

25°C 85°C 

Min. Typ. Max. Min. Typ. Max. 

0.5 50 700 

100 1400 "A 

2.5 250 3500 

10 1000 14000 "W 

0.01 0.05 
V 

0 0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

4.5 2.9 

1.5 2.25 1.5 
V 

3 4.5 

0.12 0.5 0.095 
rnA 

0.25 0.2 

·0.12 -0.3 -0.095 

-0.25 -0.7 ·0.2 
rnA 

10 pA 

DRAIN-TO-SOURCE VOLTS (V OS ) 

-15 -10 -5 

CD4024AD,CD4024AK,C04024AT 
CD4024AE 

-10 

-15 

-10 

GATE-TO-SOUR:E VOLTS (VGS •• -15 

-5 

CHARAC 
TERISTIC 

CURVES 
& TEST 
CIRCUITS 

Fig. No. 

1-13 

1-14 

I-IS 

1-6 

1-7 

1-6 

1-8 

" " -2 e 
z 

" ~ .. 
" -4 ;Il 

a 

-6 
~ AMBIENT TEMPERATURE (fA)- ZS-C 
R TYPICAL TEMPERATURE COEFflCJENT FOR IO--O.5%I-c 

92CS-19019 

Fig.1.-B ··Min. P-channel drain characteristics. 

127 



CD4024A File No. 503 

DYNAMIC·ELECTRICAL CHARACTERISTICS at TA = 25°C. Vss ~ OV. CL = 15pF. and input rise and fall times = 2On •• except trIP and tfP 
Typical Temperature Coefficient for allvaluo. of VDD ·O.3%I"C. ISao Appendix for Waveform •• 

TEST CONDITIONS 
CHARACTERISTICS SYMBOLS 

~ IVoltsl 

IP INPUT OPERATION 

tpHL' 5 
Propagation Delay Time" 

tpLH 10 

tTHL• 5 
Transition Time 

tTLH 10 

Minimum Input· tWL' 5 
Pulse Width 

tWH 10 

Input Pulse' trIP 5 
Rise & Fall Time tfP 10 

Maximum Input Pulse 5 
Frequency tIP 10 

Input Capacitance CI Any Input 

RESET OPERATION 

5 
Propagation Delay Time tpHL(RI 10 

Minimum Reset 5 
PulsoWidth tWHIRI 10 

• Propagation delay time is from clock input to 01 output. 

o 

128 

AMBIENT TEMPERATURE (TA III 215 -C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES. OF VOD" 0.3 %I·e 

.~ 

15 

10 20 30 40 50 60 
LOAD CAPACITANCE {CL1-pF 

70 80 90 

92.CS-17810 

: Fig. 7-9 Typ. propagation delay time VB. CL-

LIMITS 

CD4024AD. CD4024AK 
CD4024AE UNITS CD4024AT. CD4024AF 

Min. Typ. Max. Min. Typ. Max. 

-
-

-
-
-
-

-
-

1.5 

4 

-

-
-

-
-

175 

80 

175 

80 

200 

140 

-
-

2.5 

7 

5 

500 

250 

375 

200 

! 
1 ;500 
i·oo 

350 - 175 400 
ns 

150 - 80 160 

225 - 176 250 
ns 

150 - 80 150 

330 - 200 500 

125 - 140 165 
ns 

15 - - 15 
IlS 

10· - - 10 

- 1 2.5 -
MHz - 3 7 -

- - 5 - pF 

700 - 600 800 
ns 

350 - 250 400 

500 - 375 600 
ns 

300 - 200 350 

AMBIENT TEflPERATURE (TA1-ZS·C 

TYPICAL TEWERATURE COEFFICIENT 
FOR ALL VALUES OF Voo' 0.3'1'.1 "C 

o 10 20 30 40 50 eo 
LOAD CAPACITANCE (CL)-pF 

Fig.1-10 Typ. transition time VI. CL-

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 
Fig. No. 

1-9 

1-10 

-

-

1-12 

-

-

-

70 80 90 

92CS-17811 
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10' AMBIENT TEMPERATURE (YA)-25-C 

,. 
~ 10' 

~ ~., .. ~ .. 10' ,~o'lt.!::,o.L. 
~ ~OV'?:l ~.;== .. 
" ~/ "j,' u 9>. .. f 10' 
~ .. ~ 2 
~ 7 7 7 :l; la' 
i5 7 

i 10 7 7 7 
LOAD CAPACITANCE tCL)-I!!IpF 

--CL -!!IOpF 

I 

104 105 106 

INPUT FREQUENCY "+)-Hz 
92CS-17a12 

Fig. I-II Typ. dissipation characteristics. 

I~ 

a 

AMBIENT TEMPERATURE (TA ). 25-C 
LOAD CAPACITANCE (Cl)· 15 pF 

10 
SUPPLY VOLTS(YOO' 

CD4024A 

15 20 

92CS-19865 

Fig. 1-t 2 Typ. input pulse frequency vs. V DD-

liCS-17'" 

Fig. 1- 13 Quiescent device current test circuit. 

.. IV 
0tI 
7V 

-0 

usv 
OR •• • 

I 

• 

!!IV OR IOV 

Fig. 1-'4 Noils Immunity 
test circuit. 

~ 
U5YOR3V 

!!IV OR IOV 

I. 
" 10 
9 NOTE: 
8 PRESET VOl TO IBY 

MEANS OF CLOe K 
PULSE 

92CS-17898RI 

Fig. 1-15 RfIS8t noiu immunity 
test circuit. 
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DDJ]3LJD Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4026A, CD4033A 
~~ ~ . Types 

'" COS/MOS Decade Counters/Dividers 
" 
" 

j! 
With Decoded 7~Segment Display Outputs and: 

" (LOCI( 
[N""L£ . , . .. Display Enable - CD4026AD, AE, AF, AK 

Ripple Blanking - CD4033AD, AE, AF, AK 'DO 

" " . ~ IIUtT . , - Special Features: 
, 
5 C .. ,U',. • Counter and 7 -segment decoding in one package ::~~ 15 c ~ '"' 
DISPLAY 

• Ideal for low·power displays 
CLOCK 
ENABLE 

o 
9 d g DISPL"\' 

f:.l.8L£ ~ti~8L£ • Easily interfaced with 7 .. egment display types n • ~ 

• f 
~~g~~~rg~'T • Fully static counter operation: DC to 2.5 MHz (typ.1 

'" 
• Display Enable Output (CD4026AI LAMP 

TEST 

, 
!I C"'~RY . CD4026A 

• "Ripple Blanking" and Lamp Test (CD4033AI 
RIPP';;".----'-__ r. .... ,,-.'" 

RCA CD4026A and CD4033A'" each consists of a 5~stage 
Johnson decade counter and an output decoder which 
converts the Johnson code to a 7~segment· decoded output 
for driving each stage in a numerical display. 

These devices are particularly advantageous in display appli~ 
cations where low power dissipation andlor low package 
count are important. 

Inputs common to both types are Clock. Reset. & Clock 
Enable; common outputs are Carry Out and the seven 
decoded outputs (a, b, c, d, e, f, gl. Additional inputs and 
outputs for the CD4026A include Display Enable input and 
Display Enable and Ungated "C-segment" outputs. Signals 
peculiar to the CD4033 are Ripple·Blanking and Lamp Test 
inputs and a Ripple~Blanking Output. 

A "high" Reset signal clears the decade counter to its zero 
count. The counter is advanced one count at the positive 
clock signal transistion if the Clock Enable 'signal is "low". 
Counter advancement via the clock line is inhibited when the 
Clock Enable signal is "high". Antilock gating is provided on 
the Johnson counter, thus assuring proper counting 
sequence. The Carry·Out (Coutl signal completes one cycle 
every ten clock input cycles and is used to directly clock the 
succeeding decade in a multi·decade counting chain. 

The seven decoded outputs (a, b, c, d, e, f, gl illuminate the 
proper segments in a seven segment display device used for 
representing the decimal number 0 to 9. The 7~segment 
outputs go "high" on selection in the CD4033A; in the 
CD4026A these outputs go "high" only when the Display 
Enable IN is "high". 

.. Formerly developmental type TA5677. 

130 

~~K. :~~: 
Applications: CD4033A V'S 

• Decad. countingn.-segm.n.t ~ecimal display 

• Frequency divisionn. ... gm.nt decimal displays 

• Clock/watches/tim.rs ( •• g. 7 60, 7 60, 712 counter/display I 

• Count.r/display driv.r for m.ter applications 

CD4026A 

When the Display Enable IN i""lPw"the seven decoded outputs· 
are ~ forced "low" regardless of the state of the counter. 
Activation of the display only when required results in 
significant power savings. This system also facilitates imple~ 
mentation of display·character multiplexing. 

The Carry Out and ungated "C~segment" signals are not 
gated by the Display Enable and therefore are available 
continuously. This feature is a requirement in imple~ 

mentation of certain divider functions such as divide~by~60 
and divide·by·12. 

CD4033A 

The CD4033A haS provisions for automatic blanking of the 
non~significant zeros in a multi-digit decimal number which 
results in an easily readable display. consistent with normal 
writing practice. For example, the number 0050.07000 in an 
eight digit display would be displayed as 50.07. Zero 
suppression on the integer side is obtained by connecting the 
RBI terminal of the CD4033A associated with the most 
significant digit in the display to a "Iow·level" voltage and 
connecting the RBO terminal of that stage to the RBI 
terminal of the CD4033A in the next·lower significant 

9-74 
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Cl.OCK ~ CL 
CLOCK ENABLE 

2 

RESET 

DISPLAY 3 

ENABLE 0------------------..., 
'N 

" VDO 0 
• GNDO IEGMENT 

DEIIGNATIDNI 

Fig.2-1 CD4026A logic diagram. 

position in the display. This procedure is continued for each 
succeeding CD4033A on the integer side of the displav 

'On the fraction side of the display the RBI of the CD4033A 
associated with the least significent bit is connected to a 
"low level" voltage and the RBO of that CD4033A is 
connected to the RBI terminal of the CD4033A in the next 
more-significant-bit position. Again, this procedure is 
continued for all CD4033A's on the fraction side of the 
display. 

I n a purely fractional number the zero immediately pre
ceding the decimal point can be displayed by connecting the 
RBI of that stage to a "high level" voltage (instead of to the 
RBO of the next more-significant-stage). For Example: 
optional zero ~0.7346. 

COUNT 01'121_ 
CL 

RESET 

CLOCK 
ENABLE 

DISPLAY 
ENABLE IN 

DISPLAY 
ENABLE OUT . 

• 

92CM-190BIRI 

<,5 

5 COUT 
(CLOCK + 10) 

UNGAIED "C" 
SEGMENT 

DISPLAY 
ENABLE 
OUT 

Likewise, the zero in a number such as 763.0 can be 
displayed by connecting the RBI of the CD4033A associated 
with it to a "high-level" voltage. CARRY OUT ~=:;-~=t==:::::!:::~===:i==:;~~ UNGATED ~ 

"c· SEG. 
Ripple blanking of non-significant zeros provides an ap
preciable savings in display power. 

The CD4033A has a "Lamp Test" input which, when 
connected to a "high·level" voltage, overrides normal de
coder operation and enables a check to be made on possible 
display malfunctions by putting the seven outputs in the 
"high" state. 

Fig.2-2 - CD4026A timing diagram. 

For maximum ratings, see page 22. 
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CLOCK 

SEGMENT 
DESlGNAnONS 

~ Cl 
CLOCK ENABLE 

132 

, 

.BIC'I--------------------<LJ 

" VDD 0 
• GNDO 

Fig.2-3 CD4033A logic diagram. 

RE5ET~1.----------------__ _ 

CLOCK ENABLE 

LAMP TEST 

.BI 
. CoUT (CLOCK + 10) 

nL ________________ __ 

~L _______ ___ 

'~.----------------------

92SM-4471R2 

Fig.2-4 CD4033A timing diagram. 

File No. 503 

5 CoUT 
IClOCK + 10) 

.80 
9ZSM-44TORt 
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DRAIN -TO-SOURCE VOLTS CYOO-YOH} 
-4 -3 - 2 -I 

AMBIENT TEMPERATURE (TAl" 2S-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR IDOl -0.3"1./-C 

tjMIN 
1-'." MIN 

TVP 

3.~ 

3.5 

o 

-0.2 

-O.4i: 

~ 
-O.6~ 

" .. 
-0.8...1 

..J 

SUPPLY VOLTS Wool = 5 

'" T'P I ~~ ... ~:::i 
CURRENT • 

Fig.2-5 Min. & typo P-channel segment drain 
characteristics@ VDO = 3.5 & 5 V. 

DRAIN-lO-SOURCE VOLTS 1YOO-VOH) 

I 

Fig.2-7 Typ. P-channel drain characteristics 
as a function of temp. 

AMBIENT TEMPERATURE (TA). 25·C 
~I TYPICAL TEMPERATURE fOR ALL 

600 VALUES OF Voo ·0.3%/·C 

-~ 
~ ~OO 

:~ 
'" 400 

" 
~ 300 

~ 
~ 200 

~ 
f 100 

~ 

10 

1~ 

9ZCS-19083 

10 20 30 40 50 60 70 80 

LOAD CAPACITANCE (ell - pF 

Fig.2-9 Typ. propagation delay tims vs. 
CL for carry OlltputS. 

Fig.2-6 Min. & typo P-c:hannBI segment drain 
characteristics@ VDO = 10& 75 V. 

AMBIENT TEMP RATURE(TAI-25-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VOO-O.3".t-C 

::t 750 

~ 
i'l~ 
!< 

1250 

o 
o 

:1500 

o 

15 

10 20 30 40 50 60 70 80 90 
LOAO CAPACITANCE(CLI-pF 

92CS·19086 

Fig.2-B Typ. propagation delay time V$. 

CL for decoded output>. 

AMBIENT TEMPERATURE (TAl-e-c 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF VOD • 0.:3 % lac 

10 
15 

10 20 30 40 50 60 70 80 
LOAD CAPACITANCE ICLI-pF 

92CS·.11828 

Fig.2-10 Typ. transition time V$. CL for 
decoded outputs. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS~VI ~VDD) 
(Recommended DC Supply Voltage (VDD - Vss) •• ....... . 3to15V) 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo VDD _55°C 

Volts Volts Min. Typ. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 

Low-Level VOL 
10 

4.99 
High-Level VOH 

10 9.99 

Noise Immunity D,S 1.5 
(Allinputsl VNL 

1,0 10 3.0 

4.2 5 1.4 
VNH 

9,0 10 2.9 

Output Drive Current: 
Decoded 0.5 0.15 

~utputs 0.5 10 0.32 
N·Channel ION 

Carry 0.5 0.12 

Output 0.5 10 0.45 

Decoded 4.5 .0.21 

Outputs 9.5 ,10 0.45 .. 
P-Cilannel lOP 

Carry 4.5 .0.12 

Output 9.5 10 0.45· 

Input Current Any Input 

For Output Drive Cu-:rent test connections see Appendix. 

-; 
-..J200 

! 

15 

10 20 30 40 50 60 70 80 
LOAD CAPACITANCE (CL)- pF 

92CS-I7879 
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Fig.2- " Typ. nnlitlon time vs. CL for 
C6rry output. 

LIMITS 

CD4026AD, CD4026AK ,CD4026AF 
CD4033AD, CD4033AK, CD4033AF 

25°C 125°C 
Max. Min. Typ. Max. Min. Typ. Max. 

0.3 300 

10 0.5 10. 600 

25 1.5 25 1500 

100 5 100 6000 

0.01 0.01 0.05 

0.01 0.01 0.05 

4.99 4.95 

9.99 10 9.95 

1.5 2.25 1.4 

4.5 2.9 

1.5 2.25 1.5 

4.5 3.0 

0.12 0.24 0.09 

0.25 . 0.5 0.18 

0.15 0.4 0.1 

0.35 0.25 

- ro·14 -0.28 .0.1 

- 1-0.3 0.6 -0.22 

- ro·15 -0.4 .0.1 

- ro·35 -1 0.25 

10 

~ AMBIENT TEMPERATURE (T A) • 25·C ! LOAD CAPACITANCE (CL I -IS pF 

~ 6 

g 

; 4 

UNITS 

/'A 

"W 

V 

V 

V 

V 

rnA 

rnA 

pA 

10 15 
SUPPLY VOLTS (VDD ) 

CHARAC-

TERISTIC 
CURVES 
& TEST 
CIRCUITS 

Fig. No. 

2·14 

2·15 

2·5, 

2·6,2·7 

92CS-19087 

Fig.2- 12 Max. input clock frequtlllCy v.r. 

VOD-



File No. 503 CD4026A. CD4033A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs .................... . ...... VSS s: V IS: Vool 
(Recommended OC Supply Voltage (VOO - Vssi .. ........ 3to 15VI 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 

Vo VOO -40oC 
Volts Volts Min. Typ. 

Ouiescent Device 
Current 'L 11) 

Ouiescent Dt:'1ict: 
Dissipation/Package Po 

10 

Output Voltage: 

Low-Level VOL 
10 

4.99 
High·level VOH 

10 9.99 

Noise Immunity 0.8 5 1.5 
VNL (All Inputs) 1.0 10 3.0 
t----

4.2 1.4 
VNH 

9.0 10 2.9 

Output Drive Current: 
Decoded 0.5 5 0.08 

Outputs 0.5 10 0.15 
N·Channel ION 

Carry 0.5 0.095 

Output 0.5 10 0.3 

Decoded 4.5 0.09 

Outputs 9.5 10 0.2 
P-Channel lOP 

Carry 4.5 5 1;0.095 
Output 9.5 10 0.3 

Input Current 
" 

Any Input 

For Output Drive Current test connections see Appendix. 

10· AMBIENT TEMPERATURE (TA)-ZS·C 

.. 
~ 

J 

INPUT t,-tfa20ns 

10' 

~ ./ 
10' ~.\~ .. \"00 ,0 l! ~~ 

i 10' 
;d,~ 

~ ... 2 
11: 10' iii 
6 ... L 

I 10 
LOAD CAPACITANCE (CL1·I~pF 

---- CL -!lOpF 

"/ 
10 102 103 104 

INPUT CLOCK FREQUENCY (feLl - kHz 
9ZCS-17BZ9RI 

Fig.2-'3 Typ. di$Sipation characteristic$. 

Max. 

50 

100 

250 

1000 

0.01 

0.01 

-
-

LIMITS CHARAC· 
TERISTIC 

C04026AE, C04033AE CURVES 
UNITS 8< TEST 

25°C 85°C CIRCUITS 

Min. Typ. Max. Min. Typ. Max, Fig. No. 

0.5 50 700 
pA 2·14 

100 1400 

2.5 250 3500 

10 1000 14000 
~W 

0 0.01 0.05 
V 

0 0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

4.5 2.9 
2·15 

1.5 2.25 1.5 
V 

4.5 3.0 

0.06 0.24 0.05 

0.12 0.5 0.1 
rnA 

0.08 0.4 0.06 

0.25 0.2 

0.D7 -0.28 ~0.06 2·5, 

-0.15 -0.6 -0.13 2-6.2·7 
rnA 

-0.08 -0.4 ":'0.06 

-0.24 -1 0.2 

10 pA 

10V 

TEST PEFORMEO WITH THE 
FOI..LOWING SEQUENCE OF "I". AND. 
"OilS AT EACH INPUT 

S, S2 S3 S4 S5 

o 000 

000 

o 0 0 

o 

9ZCS-1908B 

Fig.2- 74 QuiesJ:ent device current test circuit. 

135 



CD4026A, CD4033A File No. 503 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA • 25"c, VSS· OV, Cl • 15pF, and input ri .. and fall times· 2On., except t,Cl.nd 'tCl 

Typical Temperature Coafficient for.1I val ... of VDD ·o.3%l"C. lSee Appendix for Waveformsl 

liMITS 

CHARACTERISTICS SYMBOLS 
TEST CONDITIONS 

CD4D26AD, AF, AK 
CD4033AD, AF, AK 

LVDD 
(Voltsl Min. Typ. Max. Min. 

CLOCKED OPERATION 

Propagation Delay Time: 5 - 350 1000 -
Carry Out Line 'PHl' 10 - 125 250 -

'PlH 5 - 600 1700 -
Decode Out Lines 

10 - 250 500- -
Transition Time: 5 - 100 300 -

Carry Out Line 'THl' 10 - 50 150 -
'TlH 5 - 300 900 -

Oecode Out Lines 
10 - 125 350 -

Minimum Clock 'Wl' 5 - 200 330 

PulseWid,h 'WH 10 - 100 170 -
t,Cl 

. 5 15 
Clock Rise & Fall Time 

- 'tCl 10 - - 15 -
Clock Enable Se,-up 5 175 500 -

Time 10 - 75 200 -
Measured 

5 1.5 2.5 1 Maximum Clock with Respect -
tCl Frequency to Carry Ou' 10 3 5 - 2 

Line 

Input Capacitance CI Any Inpu' - 5 - -
RESET OPERATION 

Propagation Delay Time: 5 - 350 1000 -
To Carry Out Line 10 - 125 250 -

'PHlIRI 5 - 550 1400 -
To Decode Out lines 

10 - 240 500 -
5 - 200 330 -

Reset Pulse Width 'wHIRl 10 - 100 165 -
5 - 300 750 -

Reset Removal Time 
10 - 100 225 -

92CS -19089RI 

Fig.2-15 - Noise immunity test circuits. 
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CD4026AE 
C04033AE UNITS 

Typ. 

350 

125 

600 

250 

100 

50 

300 

125 

200 

100 

-
175 

75 

2.5 

5 

5 

350 

125 

550 

240 

200 

100 

300 

100 

Max. 

1300 

300 

2200 

700 

350 

200 

1200 

450 

500 

250 

15 

15 

700 

300 

-
-

-

1300 

300 

1900 

600 

500 

250 

1000 

275 

Voo 
5VORIOV 

ns 

ns 

ns 

ns 

ns 

Ils 

ns 

MHz 

pF 

ns 

-ns 

ns 

ns 

92CS- 24424 

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 
Fig. No. 

2·9 

2·8 

2·11 

2·10 

-

-

-

2-12 

-

-

-

-

-
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INTERFACING THE CD4026A AND CD4033A WITH COMMERCIALLY AVAILABLE 7·SEGMENT DISPLAY DEVICES 
(Refer to Application Note ICAN-6733for detailed interfacing information) 

VT 

IOF7 

LoW·PoWER INCANDESCENT READOUTS 

PINLITES INC- Series 0 and R 

TUBE REQUIREMENTS: VT(V) 
0-{)3-15 1.5 
0-04-30 3.0 
0-06-30 3.0 
R·R3-20 
R·R4-30 

ASSUMED 
TRANSISTOR 

2.0 
3.0 

CHARACTERISTICS 

8dc (min.)~ 3D 

rnA/Segment 

8 

4.3 
4.3 

INCANDESCENT READOUTS 

RCA Numitron- DR2000 Series 

TUBE REQUIREMENTS: 

VT "3.5- 5.0V 

IT " 24 rnA'Segment 

ASSUMED 
TRANSISTOR 
CHARACTERISTICS 

V_D SEGMENTS 8dc (min.) ~ 25 ·DISPLAY' ENABLE ! 'T VCE(sat.}5 0:50 V CONTROL 
VCE(sat.}5 O.SOV 

V55 

"FOR (04026A 
ONLY 

1/6CD4009A. 

NEON READOUTS (NIXI E TUBE') 

I. Alco Electronics- MG19 
2. Burroughs- 85911, 87971, 88971 

TUBE REQUIREMENTS VT(Vdcl rnA/Segment 

Alco MG\9 ••••••••••• 180 •••••• 0.5 
Burrcughs 85911 •.••••• 170 •••••• 3 

" 87971, 8897L .••. 170 ••.••• 6 

TRANSISTOR CHARACTERISTICS 
Leakage with transistor cutoff ~ 0.05 rnA 
V(8R)CER'" >VT 

IIdc( min) ::: 30 
• (Trademark) Burroughs Corp. 

VT:::; 17DV DC 

VT 

@VDD <: 3.5 V (min.) 
IB <: 0.25 mA (min.) @VDD = BV (min.) 
IT S 7.5 mA (min:) 

IB = 1.0 mA (min.) 

IT = 24mA (min.) 

CD4009A CD4009A 

@VDD= 10V (min.). .@VDD = 10V (min.) 

Vo"O" 5 0.6 V Vo"O" S 2V 

IT = 8 mA (min.) IT = 20 mA (min.) 

@VDD = 6 V (min.) VTZ3.5 V TO 6 V 

Vo"O" 5 1.0V 

IT = 5 mA (min.) 

VTz1.5 V TO 3.5 V 92CS·19133R2 

LoW·VoLTAGE VACUUM FLUORESCENT READOUTS 

-r-:-:c.,,-, ____ VDD 

-DISPLAY 
ENABLE CONTROL CD4026AI 

WITH VON=IBV MEDIUM BRIGHTNESS 
IN LOW AMBIENT LIGHT BACKGROUND 

WILL RESULT. THE POINT OF NO 
NOTICEBLE GLOW IS VOFF iii 4.5 V 

CD403
7
3A fl--------, 

13.5 V 

Vk~~~E SEGMENTS 1------, 

I I 
lOW-VOLTAGE VACUUM FLUORESCENT 
REAOpUTS 

92CS-19132R2 

1. Tung·ScI DIGiVAC Sial· Type DTI704A or DTI705C 

2. Nippon Electric (NEC)·Type DG\2E or LD915 

TUBE REQUIREMENTS: 100 to 300 JL A/ scg
ment at tube voltages of 12V to 25 V depending 
on required brightness. Filament requirement 
45mA at 1.6V. AC or DC. 
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INTERFACING THE CD4026A AND CD4033A WITH COMMERCIALLY AVAILABLE 70SEGMENT DISPLAY D.EVICES 
IRefer to Application Note ICAN-6733 fordeteiled interfacing informationllcont'd.1 
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MONSANTO MAN I 
OR EQUIVALENT 

VDD 

1'8 ~O.4 mA 

A 

.IF ~ 12 mA/SIg.UDO%DUTYCYCLEJ 
Pde (MIN)~30 
VeE (SAT):s O.~ v 

R- VOO-VCElsaf)-YFILEOJ 

IUD 
WHERE YF. FORWARD DROP ACROSS DIODE 

LIGHT EMITTING DIODE DISPLAYS 

VDD 

IMAN'---' 
I A I 

I -l- : 
I I IF I 
I I I 
I I I 
I I I 
I I I 

R II I I 
G I 

L ____ --' 

92CS-19137R3 

MONSANTO MAN 3 
OR EQUIVAlENT 
(LOW POWER) 

CLOCK 

ENABLE 

RESET 

VDDit3.~Y 

Yoo. 

'IF- 5 mA/SEGMENT 
100% DUTY CyCLE 

R-Yp-YBE-VFILED) 

i LED WHERE Vp.INPUT PULSE 

YF·~~=DDrc8: 

VDD 

117 CA3082 
OR EQUIVALEN • 

92CS~19134R2 
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OOCrBm Digital Integrated Circuits 
Monolithic Silicon 

Solid State 
Division 

CD4027AD, CD4027AE, CD4027AK 

SET , 

" 
'0 

" " 13 
CLOCK. 

RESET I '2 

SET2 

'2 

'2 
CLOCK 2 

RESET2 

,. 
a, 

,. 
0, 

O2 

ii2 

!;I2CS-11181RI 

COS/MOS Dual J-K 
MasteB" .. S~~~e fIA~ .. flo~ 
With Set/Reset Capability 

Special Features: 

• Static flip-flop operation ....... retains state indefinitely with clock level 
either "high" or "low" 

• Medium speed operation ..•.... 8 MHz (typ.) clock toggle rate at 

VOO-VSS = 10 V 

• Low .. high .... nd "low" output impedance ...... 700n and 300n, 

Applications: respectively,at VOO-VSS = 10 V 

• Registers, counters, control "circuits 

RCA C04027AA is a single monolithic chip integrated circuit 
containing two identical complementary-symmetry "J-K" 
master-slave flip-flops_ Each flip-flop has provisions for 
individual "J", "K", "Set", '':'Reset'', and "Clock" input 
signals_ Buffered "0" and "0" signals are provided as 
outputs_ This input-output arrangement provides for com
patible operation with the RCA C04013A dual "O"-type 
flip-flop_ 

The CD4027A is useful in performing control, register, and 
toggle functions_ Logic levels present at the "J" and "K" 
inputs along with internal self-steering control the state of 
each flip-flop; changes in the flip-flop state are synchronous 
with the positive-going transition of the "clock" pulse. Set 
and reset functions are independent of the clock and are 
initiated when a "high" level signal is present at either the 
"Set" or "Reset" input_ 

... Formerly developmental type TA5872. 

7/9~~~t========================;=================================+--_, 

10-73 

6/'O~ .. -z._/ 

5/11,-,,---<.1 ~ 

41120-_______________ -= ____ +--____ ...J 

3113 

CL CL 

CLOCK f'-.-... i f'-.-... i 
... - LEvEL (HANCE 

X - DON T CARE 

Fig_3-1 Logic diagram & truth table for one of two identical 
J-K flip flops. 

PRESENT STATE 

INPUTS OUTPUT , • S R Q 

, x 0 0 0 

x 0 0 a , 
0 x 0 0 0 

X , 0 0 , 
x x 0 0 x 
X X , 0 x 
x x 0 , x 
x X , , x 

WHERE I HIGH LEVEL 
0- LOW LEvEL 

1/15 

2/14 

NEXT STATE 

CL" OUTPUTS 

Q Q 

../ , 0 

../ , 0 

../ 0 , 

../ 0 , 
"\ ........ NO CHANGE 

X , 0 

x 0 , 
X , , 

92CM-17188R2 

Q 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs .................•.... Vss::;: VI ::;: Vool 
(Recommended OC Supply Voltage (VOO - VSSI . 3 to 15 VI 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 
Vo VDD 

Volts Volts Min. 

Quiescent Device 
Current Il 

10 

Ouiescent Device 
Dissipation/Package Po 

10 

Output Voltag~: 

Low·Level Val 
10 

4.99 
High·Level VOH 

10 9.99 

Noise Immunity 0.8 5 1.5 
VNl 

(AnV Input) 1.0 10 3.0 

4.2 5 1.4 
VNH 

9.0 10 2.9 

Output Drive Current: 
Va 0 0.5V 0.63 

N·Channel "ON 

Va = 0.5V 10 1.25· 

VO =4.5V 5 -0.31 

P·Channel lOP 

Va = 9.5V 10 -O.B 

Input Current 

"" 
Any Input 

For Output Drive Current test connections see Appendix. 
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AMBIENT TEMPERATURE (TA) • 2S-C 
TYPICAL TEMPERATURE COEFFICIENT 

30 FOR Io·.o().~"'·C 

~25 
., ATE -TO-SOURCE VOLTS evOs}-' 

1'0 
15 

" z 
~ '0 

10 15 

DRAIN - TO - SOURCE VOLTS (VOS) 
92CS-I7I!100 

F~g.3-2 Typ. N·channel drain characteristics. 

LIMITS 

CD4027AD, CD4027AK. 
UNITS 

-SsoC 2SoC 12SoC 

Typ. Max. Min. Typ. Max. Min. Typ. 

0.005 

0.005 

0.025 5 

20 0.05 20 

0.01 0 0.01 

0.01 0 0.01 

4.99 4.95 

9.99 10 9.95 

1.5' 2.25 1.4 

3 4.5 2.9 

1.S 2.25 1.5 

3 4.5 3.0 

0.5 0.33 

2.5 0.7 

-0.25 -0.5 -0.175 

-0.65 -1.3 -0.45 

10 

DRAIN - TO - SOURCE VOLTS tvos) 
-15 -10 -5 

-5 

Max. 

60 

120 

300 

1200 

0.05 

0.05 

"A 

"W 

V 

V 

V 

V 

mA 

mA 

pA 

-5 

:: 
~ 

GATE -TO - SOURCE VOLT8'lVGS'· -15 -20 S 

AMBIENT TEMPERATURE "AI. 25-': 

TY!'ICAL TEMPERATURE COEFFICIENT FOR 10"-0.3" I 'C 

92eS-17801 

Fig.3-3 Typ. P-channel drain charscteristics. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS:O; VI:5. VOO) 

(Recommended DC Supply Voltage (VOO - VSS) ......... 3 to 15 V) 

CHARACTERISTIC 
TEST 

SYMBOL CONDITIONS 

Vo VDO 
Volts Volts Min. 

Quiescent Device 
Current 'L 

10 

Quiescent Device 
Dissipat:on/Package Po 

10 

Output Voltage: 

Low-Level VOL 
10 

4.99 
High-Level VOH 

10 9.99 

Noise Immunity DB 1.5 
IAny Input) VNL 

1.0 10 3.0 

4.2 1'.4 
VNfl 

9.0 10 2.9 

Output Drive Current: 
Vo = 0.5V 0.3 

N-Channel ION 

Vo = 0.5V 10 0.72 

Vo = 4.5V 5 -0.17 

P·Channel lOP 

Vo = 9.5V 10 -0.4 

Input Current Any Input 

For Output Dnve Current test connecttons see Appendix. 

15 

~12.5 

~ 10 

li 
:l 7.S 
;; 
z 
O! 
0 

2.5 

AMBIENT TEMPERATURE (TAJ • 25-C 
TYPICAL TEMPERATURE COEFFICIENT FOR 10hO.3% '-C 

2.S 

GATE - TO - SOURCE VOLTS (VGS)· 15 

C04027AO. CD4027AK 
C04027AE--

I.V 

IOV 

7.5 10 12.5 15 

-40°C 

TVp· 

DRAIN-TO-SOURCE VOlTS (Yos) 
92CS-19091 

':ig.3-4 Min. N-chanlMl drain characteristics. 

LIMITS CHARAC· 
TERISTIC 

CD4027AE CURVES 
UNITS & TEST 

25°C 850 C CIRCUITS 

Ma •. Min. Typ. Max. Min. Typ. Max. Fig. No. 

10 0.Q1 10 140 
pA 3·12 

20 0.05 20 2BO 

50 0.05 50 700 

200 0.5 200 2800 
pW 

0.01 0.01 0.05 

0.01 0.01 o.O!i 
V 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

4.5 2.9 
3·13 

1.5 2.25 1.5 
V 

4.5 3.0 

0.3 0.24 

mA 3-2. 
3-4 

0.6 2.5 0.5 

- -0.14 -0.5 - -0.063 

mA 3-3. 
3-5 - ··0.33 -1.3 - -0.27 

10 pA 

DRAIN - Til - SOURCE YOLTS (YOS) 
-I:i -12.5 -10 -7.5 -5 -2 5 0 

CD4027AD.C04027AK 
C04027AE -- -s 

GATE' TO· SOURCE VOLTS '.... 1-·" 

AMBIENT TEMPERATUREITAl-2S-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR 10--0.3 "!.,"C 

Fig.3-S" Min. P-chanlHll drain charsctllristics. 

c 
-2.5 = 

z 

"' F 

7.5 

9tcS-19092 

141 



CD4027A· ____________________________ File No. 503 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 2s"C. Vss = OV. CL = 15pF. and input rise and fan times· 2Onl. excoptt,CL and ~CL. 
Typical Temperature CoeHicient for all values of VDD = 0 3%l oC (See Appendix for Waveforms) 

LIMITS CHARAC-
TERISTIC 

TEST CONDITIONS CD4027AD. CD4027AK CD4027AE CURVES 
CHARACTERISTICS SYMBOLS UNITS & TEST 

VDD CIRCUITS 

(Volts) Min. Typ. Max. Min. Typ; Max. Fig. No. 

tpHl• 5 - 150 300 - 150 400 
Propagation Delay Time ns 3-7 

'plH 10 - 75 110 - 75 150 

'THl' 5 - 75 125 - 75 250 
Transition Time ns 3·8 

'TLH 10 - 50 70 - 50 140 

Minimum Clock Pulse Width 'Wl' 5 - 166 330 - 166 500 
ns -

'WH 10 - 66 110 - 66 165 

Clock *trCL' 5 - - 15· - - 15 
Rise & Fall Time ~s -

'tCl 10 - - 5 - - 5 

5 - 70 150 - 70 200 
Se'·Up Time ns -

10 - 25 50 - 25 75 

Maximum Clock Frequency 5 1.5 3 - 1 3 -
('oggle mode) 

tCl MHz 3·9 
10 4.5 8 - 3 8 -

Input Capacitance CI - - 5 - - 5 - pF -
SET & RESET OPERATION 

'PHL(R)' 5 - 175 225 - 175 350 
Propagation Delay Time ns -

'PlH(S) 10 - 75 110 - 75 150 

Minimum Set and Reset 'WH(S)· 5 - 125 200 - 125 300 
ns -

Pulse Wid,hs 'Wl(RI 10 - 50 80 - 50 120 

.. If more than one unit is cascaded in a parallel clocked operation, trCL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage 
for the estimated capacitive load. 

AMBIENT TEMPERATURE (TA)-25-C 
• TYPICAL TEMPERATURE COEFFICIENT FOR i 300 ALL VALUES OF Yoo-O.S % lee 

j 

10 

I. 

o 
Q ~ ~ ~ ~ ~ ro ~ ~ ~ 

LOAD CAPACITANCE (CL)-pF 
92CS-19093 

Fig.3-6· Typ. propagation delay time vs. CL. 
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AMBIENT TEMPERATURE (TA)0:25-C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF VDD" 0.3 % J etc 

r'"-+~. 

.~t h+-HB.j:= ~T ,~ ~-~-, 

t+t rIfrr 

10 

" 

o 
10 20 30 40 50 60 70 80 90 100· 

LOAD CAPACITANCE (CL)"-pF 
92CS-19094 

Fig.3-7 Typ. transition time vs. CL. 
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~ . .. 
~ 2 

i 
o 

ALL P - DEVICE 
SUBSTRATES 

'1 t;. I CONriIECTED 
t- TO VOO 

ALL n- DEVICE (J ~ I C~N~~:ED 
SUBSTRATES t-- EXCEPT'" 

* FFI/FF2 TERMINAL ASSIGNMENTS 

RESET 

12/4 

~.-t~VOO a:: JO 

CLOCK ~ ~CL 
13/3 ~ ~ .... ..... 

'"l '"l 
VSS VSS 

SLAVE SECTION 

..... -

~12 .... 
'1 V,, 

VOO 
..J ... 
~I .... 
'1 

92CIH90iQ1U VSS 

Fig.3-B Schematic diagram for one of two identical J-K flip flops. 

AMBIENT TEMPERATURE (TA'-25 ·C 
INP~T t,· If ·20 ns 

III 
;0 

~I04 LOAD CAPACITANCE« CL) -15 pF 

10 I~ 

SUPPLY VOLTS (YDO) 

Fig.3-9 Max. clock frequency VI. supplV 
voltage. 

20 

92CS-19095 

C II 1111 I" III ~ 
III 

1 SUPPLY VOLTS (Voo) -I!?/ 
~ 103 

~ 
'" V).- W'" ).-
~ 102 
z 
0 

tr 
~ 10 

" 

• 4 10 10 10' 106 

INPUT FREQUENCY(fI)-Hz 

Fig.3-10 Typ. dissipation characteristics. 

'U '5 • F 

50DF 
15pF 

15 pF 

92CS-17e02R2 
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IOV 
¢ 

$ 
so. WAVE 

...Il.J -"":';;"-+--1 
I 16...J 
2 15 

r----o 3 14 

r-::::::::'" 
4 13_ 

r-~ 5 12 

92CS-171B9 

r- ::::-- e " 
~ ~ 

7 10 
~ 

Fig.3·11 - Dissipation test circuit. 8 9, 
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- = 

rEST PERFORMED WITH THE FOLLOWING 
LOGIC LEVELS PRESENT 

a. K S R 
o I 0 I 
o 0 0 I 
o 0 0 0 
000 

Fig.3·12 - Quiescent device current test circuit. 

3.5VOR7V 

15 

14 

........ _----14 13 

12 

.:.~----16 " 

10 

9 

1.5VOR 3V 92CS-19097 

Fig.3-13 - Noise-immunity test circuit. 
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OO(]5LJl] 
Solid State 
Division 

~i"'!1Y~IO INPUTS A 

13 B 

BCD INPUTS~ I" 

l II: 

VDD 
16 

3 

~
BUFFERED 

o 141g~~~~EO 
~ 2 gUci:~1S 
3 .. 

: ~ ~~~r::cD 
6 7 DECODED 
7 4 OUTPUTS 

9 (lOFIO) • 
9 • 

VSS 
92C:5-19131 

Digital Integrated Circuits 
Monolithic Silicon 

CD4028AD,CD4028AF 
.CD4028AE,CD4028AK 

COS/MOS 
BCDCltoCl Decimal Decoder 
Special Features: 

- BCD to decimal decoding or binary to 0I:ta1 decoding 

- High decoded output drive capability ...•.. 8 mA (typ.) sink or source 

- "Positive logic" inputs and outputs ...... decoded outputs go '"high" on 

selection 
- Medium speed operation ....•••. tTHL, tTLH = 30 ns (typ.) @l 

VDD= 10 V 
Applications: 

_ Code conversion - Indicator·tube decoder 

_ Address decoding-memory selection control 

RCA CD4028A" types are BCD to decimal or binary to octal 
decoders consisting of pulse shaping circuits on all 4 inputs, 
decoding-logic gates, and 10 output buffers. A BCD code 

octal code at output 0 to 7. A "high'~level signal at the D 
input inhibits octal decoding and causes inputs 0 through 7 
to go "low". If unused, the D input must be connected to 
VSS. High drive capability is provided at all outputs to 
enhance dc and dynamic performance in high fan-out 
applications_ 

. applied to the four inputs, A to D results in a "high" level at 
the selected one of 10 decimal decoded outputs_ Similarly, a 
J·bit binary code applied to inputs A through C is decoded in 

• Formerly deVelopmental type TA5873. 

TABLE. 

DC 8 A 0 
o 0 0 o 1 
o 0 0 1 0 
o 0 1 o 0 
o 0 1 , 0 

o 1 o 0 
o 1 , 0 
o , , 0 0 

o 1 1 1 0 
1 0 o 0 0 
1 0 0 1 0 

TRUTlt TABLE 

23451789 
00000000 
00000000 

000 000 
'00 000 

00'00000 
000 0000 
000 1000 
00000100 

0000010 

0000000' 

WHERE I'" HIGH LEVEL 
O:r.LOW LEVEL 

All inputs and outputs are protected against electrostatic 
effects_ 

2 >---.r::>---<C)2 
15 

92CM·i7291RI 

FigA- 1 Logic diagram_ 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................ vss~ VI ~ VOO) 
(Recommended OC Supply Voltage (V DO - Vss) . '. 3to15V) 

CHARACTERISTIC 
TEST 

SYMBOL CONDITIONS 
Vo VDO 

V"lts Volts Min. 

Quiescent Device 5. 
Current 'L 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 

Low·level VOL 
10 

4.99 
High-Level VOH 

10 9.99 

Noise Immunity O.S 1.5 
VNL 

(Any Inputl 10 3.0 

4.2 1.4 
VNH 

9'- 10 2.9 

Output Drive Current: 
Vo ~ 0.5 V 0.75 

N·Channel ION 

VO" 0.5 V 10 1.5 

VO' 4.5V -0.7 

P·Channel 'OP 

Vo = 9.5V 10 -1.4 

Input Current Any Input 

For Output Drive Current test connections see Appendix. 

.. .. 
~ao 

'" .. 
3 
j 

z 10 
C .. .. 

o 
o 
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GATE -TO-SOURCE VOLTS (VGS) -'5 

10 

5 10 15 20 
DRAIN-TO-SOURCE VOLTS CYDD' 

92CS-1909B 

Fig.4-2 Typ. N-channel drain chsfBcrsr;stic$. 

-55°C 
Typ. 

LIMITS-

CD4028AD. CD4028AK. CD4028AF 
UNITS 

Max. 

10 

25 

100 

0,01 

0.01 

25°C 125°C 
Min. Typ. Max. Min. TVp. Ma •. 

0.5 300 

10 
JJA 

600 

2.5 25 1500 

10 100 6000 
pW 

0 0.01 0.05 
V 

0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

3 4.5 2.9 

1.5 2.25 1.5 
V 

4.5 3.0 

0.6 1.2 0.45 

rnA 

1.2 2.4 0.9 

-0.45 -0.9 -0.32 

rnA 

-0.95 -1.9 -0.65 

10 pA 

DRAIN-TO-SOURCE VOLTS (YDS) 
-20 -15 -10 -5 

AMBIENT TEMPERATURE I TA)-2S-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF 10- -0.3 7e'''C 

10 

GATE-TO-SOURCE VOLTS I V •• I-" 

CHARAC-
TERISTIC 
CURVES 
& TEST 
CIRCUITS 

Fig. No. 

4·B 

4·9 

4-2 

4·3 

o 
o 

-0 

-IO!:! .. .. .. .. .. 
'" .. 

-20:::; 
-' 

-30 

i 
z .. 
l!i 

92CS-19099 

Fig.4-3 Typ. P-chaflne' drain chsl7lCteristics. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ....................... VSS:O; VI ::; Voo) 
(Recomme~ded. OC Supply Voltage (VOO - VSS) . 3 to 15 V) 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 

Va VDD 
Volts Volts Min. 

QUiescent Device 
Current IL 

10 

QUiescent Device 
~issipation {Package Po 

10 

Output Voltage: 

Low-Level VOL 
10 

4.99 
High-Level VOH 

10 9.99 

Noise Immunity 0.8 1.5 
VNL 

(Any Inputl 10 30 

4.2 14 
VNH 

9 10 29 

Output Drive Current: 
VO" 0.5 V 0.35 

N·Channel ION 

VO" 0.5 V 10 0.7 

Vo = 4.5V -0.32 

P·Channel lOP 

Vo = 9.5V 10 '-0.65 

Input Current Any Input 

For Output Drive Current test connections see Appendix, 

.. 
~300 
z 
o 

5 
f 100 

f 
o 

AMBIENT TEMPERATURE (TAJ "25-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VDO-O.3 %,-e 

.0 

o ~ ~ ~ ~ ~ = ~ ~ 
LOAD CAPACITANCE fell - pF 

92CS-1910a 

Fig.44 Typ. propagation delay time w. CL' 

-40°C 
Typ. Max. 

50 

100 

250 

1000 

0.01 

0.01 

LIMITS 

CD4028AE 

2SoC 85°C 

Min. Typ. Max. Min. Typ. Ma •. 

50 700 

10 100 1400 

25 250 3500 

100 1000 14.000 

0 0.01 0.05 

om 0.05 

4.99 4.95 

9.99 10 9.95 

1.5 2.25 1.4 

4.5 2.9 

1.5 2.25 1.5 

45 3.0 

0.3 1.2 0.25 

0.6 2.4 0.5 

-0.22 -0.9 -0.18 

-O.4B -1.9 -0.4 

-10 

AMBIENT TEMPERATURE CTA)-25-C 
TYPICAL TEMPERATURE COEFFICIENT 

• :sao FOR ALL VALUES OF VDD-O.3 ",'-e 

i 

o 

CHARAC· 
TERISTIC 
CURVES 

UNITS & TEST 
CIRCUITS 

Fig. No. 

jJA 4·8 

jJ\N 

V 

V 

V 

4·9 

V 

rnA 4·2 

rnA 4·3 

pA 

o ~ ~ ~ ~ ~ = ~ ~ 
LOAD CAPACITANCE(CLI-pF 

92C5-19101 

Fig.4-5 Typ. tr~nsition timB VI. CL. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA • 25DC. VSS· OV. C, -15pF. and all input rise.nd f.1I times - 20ns 

Typical Temperature Coefficient for all value. of VOO. O.3%I"c ' (See Appendix for Waveforms I 

CHARACTERISTICS 

Propagation Delav Time 

Transition Time 

Input capacitance 

a 

SYMBOLS 
TEST CONDITIONS 

rvoo 
(Volts) 

tpHL' 5 

tpLH 10 

tTHL• 5 

tTLH 10 

CI Any Input 

AMBIENT TEMPERATUREtTA).25-C 
LOAD CAPACITANCECCL'.15pF 

10 15 
SUPPLY VDLTS(VDDI 

92CS-19102RI 

Fig.4-6 MIIx. propagation delay tims n. V 0D-

I. ~L ' ... 
15 

I. 
13 

~'TEST 
UNDER EACH 
.. PUT ~'TIClN 

12 

" 
10 

92CS-19103 

Fig.4-8 Oui6$Cetlt device current _ circuit. 
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Min. 

-
-
-
-
-

LIMITS CHARAC-

CD402BAD TERISTIC 
CD4028AE UNITS CURVES 

CD4028'AF & TEST 
Typ. 

250 

100 

80 

30 

5 

10' 

\ 
I 
t 10' 

j~ u 
~~I02 
~~ 
~~ 
!!is :g 
Q 10 

i 
I 

Mox. Min. Typ. Max. CIRCUITS 

480 - 250 700 
ns 4-6 

180 - 100 290 

150 - 60 300 
ns 4-5 

76 - 30 150 

- - 5 - pF -

VDOZ. 10 Y 

Co (ALL OUTPUTS) ·5 pF 

/ f,af.S2Qn. 
(All INPUTS) 

10' 

/ 
/ 

/ 
V 

-
103 104 10' 

fREQUENCY (f)-Hz 

'ZCS-IU92 

Fig.4-7Dil$ipation w. input frequsncy. 

5VOR IOV 

I. I. 
I. 

4 .. 
5' 12 

" 10 
3.5VOR7V 

o--Q 1.5 V OR 3 Y 

92CS -19104R1 

Fig.4-9 Noise-immunity _ circuit. 
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INPUTS 

CD4028A 

TYPICAL APPLICATIONS 

t/6 CD4009A 

92CS-L7293RI 

The circuit shown in Fig.4-10 converts any 4·bit code to a 
decimal or hexadecimal code. Table 2 shows a number of 
codes and the decimal or hexadecimal number in these codes 
which must be applied to the input terniinals of the 
CD4028A to select a particular output. For example: in 
order to get a ""high"" on output No.8 the input must be 
either an 8 expressed in 4·8it Binary code. a 15 expressed in 
4·Bit Gray code, or a 5 expressed in Excess·3 code. 

TABLE 2 - CODE CONVERSION CHART 

INPUT CODES 

INPUTS OUTPUT NUMBER 

Fig.4- 10 Code conversion circuit. ~ ~~ z_ 
~~ ~ ~n~.t?i ~ ~ 

DeB A:ii: ~~:s Ci z 0 1 2 3 4 5 6 7 8 9 10 11 '2 13 14 15 

• • • • • • 001000000000000000 

• • • 1 
1 1 1 1 0 1 o • 

• 0 • • 0 • • 0 • • • • 
• 0 

1 • 2 3 o 2 2 0 • 1 •• • • o 0 • • 0 • • • • o • 1 1 3 2 • 3 3 • •• 1 • • • • •• • • • • • 0 

• 1 • • 7 1 • • • • • • 1 • • • •• • • • • 0 

• 1 • 1 • 2 
3 0 • o 0 0 1 0 o 0 0 0 0 0 

• 1 
1 • • • 3 

• 0 • o • 
• 0 

1 
• 0 0 

0 
o 1 1 1 7 5 • o 0 o • • •• 1 •• • • • ••• 15 5 • • • • • •• • 1 • • • • • • • 

• • 1 I •• ~ .. • • • •• • • 1 • • • • • • 1 • 1 • ,. 12 7 • 6 • 0 • •• • • • •• 1 • • • • • 
1 • 1 111 13 • 5 

• 0 • •• • • • • • • 1 • • • • 
1 1 •• 12 

• 9 
5 • • • • • • • 0 

o 0 0 o 0 1 o 0 0 
1 1 0 1 13 9 

• 7 
o • o 0 o 0 0 o 0 • 0 • • 1 

• 0 1 1 1 • I. 11 • • o 0 o 0 
• 0 0 

o 0 0 • • • • 
1 1 11 15 10 7 9 9 0 0 o 0 

• 0 0 
o 0 • o 0 o 0 

~~~~~~----~--~----~--~----~~v~----~------------~--------~-------J/ 
*116 CD4009A 64 OUTPUTS(SElECTED OUTPUT IS HIGH} 

92CM - 11294AJ 

Fig.4-1 1 6-bit binary to 1 of 64 address decoder. 

B"} o 8 
7 

eeoC· 6 ,"m~ '"" •• 1 

.. (Trademark) Burrough Corp. 92CS-I7295RJ 

Fig.4-12 Neon readout (Nixie TubeAj display application. 
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OOClBm Digital Integrated Circuits 
Monolithic Silicon 

Solid State 
Division CD4029AD, CD4029AE, CD4029AK 

PRESET 
ENABLE 

COS/MOS Presettable 
Up/Down Counter 

CARRY IN 
(CLOCK 
ENABLEI 5 

Binary or BCD-Decade 

Special Features: 
BlNARYI 
DECADE a Medium speed operation ..•. 5 MHz (typ.) @.CL = 15 pF and VDD-VSS = 10 V 

a Multi-package parallel clocking for synchronous high speed output response or 
UP/DOWN 10 ripple clocking for slow clock input rise and fall times 

• "Preset Enable" and individual "Jam;' inputs provided CLOCK 15 

a Binary or decade up/down cOunting a BCD outputs in decode mode 
App/ications: 

Vss 
92CS·ITI90Rl 

.. Programmable binary and decode counting!frequency synthesizers-BCD output 
a Ana log to digital and digital to analog conversion 
a Up/Down binary counting a Up/Down decode counting 
a Magnitude and sign generation a Difference counting 

RCA CD4029A. types consist of a four-stage binary or 
BCD.<fecade up/down counter with provisions for "look
ahead" carry in both counting modes. The inputs consist of a 
single Clock. Carry-in (Clock Enable). Binary/Decade, Up/ 
Down, Preset Enable, and four individual Jam signals. Four 
separate buffered Q signals and a Carry Out· signal are 
provided as outputs. 

A "high" preset Enable signal allows information on the Jam 
inputs to preset the counter to any state asynchronously 
with the clock. A "low" on each Jam line, when the 
Preset-Enable signal is "high", resets the counter to its zero 
count. The counter is advanced one count at the positive 
transition of the clock when the Carry-In and Preset Enable 
signals are "low". Advancement is inhibited when the 
Carry-In or Preset Enable signals are "high". The carry-out 
signal is normally "high" and goes "low" when the counter . ", 12 012 

150 

reaches its maximum count in the "Up" mode or the 
minimum count in the "Down" mode provided the Carry-In 
signal is "low". The Carry-In signal in the "low" state can 
thus be considered a "Clock Enable". The carry-in terminal 
must be connected to VSS when not in use. 

Binary counting is accomplished when the Binary/Decade 
input is "high"; the counter counts in the Decade mode 
when the Binary/Decode input is "low". The counter counts 
"Up" when the Up/Down input is "high", and "Down" 
when the Up/Down input is "low". Multiple packages can be 
connected in either a parallel-clocking or a ripple-clocking 
arrangement as shown in Fig. 5-12. Parallel clocking provides 
synchronous control and hence faster reponse from all 
counting outputs. Ripple-clocking allows for. longer clock 
input rise and fall times. 
... Formerly developmental type TA5925. 

13 '" . ". 
vss·a 
YDD"16 

9-74 
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CL 

TRUTH TABLE FOR F-F No.1 

PE , 
TE 01 

0, 

CLOCK 

x 
L 

X 

L 

.r 

TE PE J 

x 0 0 , , X 
X 0 , 
0 , x 
x , x 

Q 

0 

Q , 
Q 

Q 

a , 
Q 

Q 

0 
0 

Nt 

Nt 

Truth Tables 

TRUTH TABLE FaR F-F'S 2,3.4 

tiE' 
_ TE Q 

eL 

Q 

CLOO TE PE J Q a 
x x 0 0 0 , 
L 0 , x il Q 

X X 0 , , 0 

L , , X Q Q 

.r x , X Q ij 

Ne 

Nt 

CONTROL. 
INPUT 

BIN/DEC. 
IBID} 

UP/DOWN 
(U/D) 

PRESET ENABLE 
(PEl 

LOGIC ACTION LEVEL 

, BINARY COUNT 
0 DECADE COUNT , UP COUNT 
0 DOWN COUNT 

, JAM IN 
0 NO JAM 

Ne -NO CHANGE TE -TOGGLE ENABLE X-DON'T CARE NO COUNTER 

CLOCK (Cli 
CARRY IN 
(Cl ENABlEI 

UP/DOWN 

BINARYI 
DECADE 
PRESET 
ENABLE 

J4 

0, 

02 

03 

0 4 

CARRY OUT 

COUNT 

ADVANCE AT POS. 

CARRY IN (ex) 
I CLOCK TRANSITION 

(CLOCK ENABLE) 0 ADVANCE COUNTER 
AT PaS. CLOCK 
TRANSITION 

h ' , 
~~~~~~~~~~--~7-~~~~~~~~-+~~f1+-, , , , 

: __ ~~ __ ~~~ __ ~~ __ ~~~ __ ~~ __ ~~~ __ ~~~ __ ~~~,r-;-
I , 

~~~~-+~--~~~~~~--~~~~~--~~~-L~r-:
I 

.: ,U: 
, " 

0 415 6 e19 1 8:7 54 

I I I I 

Fig.5 3 - Timing diagram.cfecade mode. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... vss:::;; Vl:::;; VOO) 
(Recommended OC Supply Voltage (VOO - VSS) •••••••.• 3to 15V) 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Va VDO 
Volts Volb Min. 

Quiescent Device 5 
Current IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 

Low-Level VOL 
10 

4.99 
High·Level VOH 

10 9.99 

Noise Immunity O.B 1.5 
(Any Input) VNL 

1.0 10 3.0 -
4.2 1.4 

VNH 
9.0 10 2.9 

Output Drive Current: a 0.5 0.5 

Outputs 0.5 10 0.74· 
N·Channel ION 

Carry 0.5 0.1 

Output 0.5 10 0.4 

a 4.5 f-o.18 
Outputs 9.5 10 0.3 

P·Channel lOP 
Carry 4.5 ro·09 
Output 9.5 10 ~.15 

Input Current 
" 

Any Input 

For Output Drive Current test connections see Appendix, 

LOAD CAPACITANCE (CL)-pF 
92C5-19105 

152 

Fig.5-4 TVp. propa(JBtion delay time V.J. CL 
for Q outputs. 

_55°C 

Typ. Max. 

10 

25 

100 

0.01 

0.01 

LIMITS CHARAC· 
TERISTIC 

C04029AO; CD4029AK CURVES 
UNITS 

Min. 

4.99 

9.99 

1.5 

1.5 

0.4 

0.6 

0.08 

0.32 

0.12 

0.2 

~0.06 

~0.1 

8< TEST 

25°C 125°C CIRCUITS 

Typ. Max. Min. Typ Max. Fig. No. 

0.3 300 
JJA 5·10 

0.5 10 600 

1.5 25 1500 

5 100 6000 
pW 

0.01 0.05 
V 

0.01 0.05 

4.95 
V 

10 9.95 

2.25 1.4 
V 

4.5 2.9 
5·11 

2:25 1.5 
V 

4.5 3.0 

0.8 0.28 

1.2 0.42 
rnA 

0.16 0.06 

0.64 0.22 

-0.24 1-0.08 

-0.4 - ~.14 
rnA 

-0.12 - 1-0.04 

-0.2 - ~.07 

10 pA 

LOAD CAPACITANCE (CL1-pF 
92CS-19106 

Fig.5-5 Typ. propagation delay time V$. CL 
for carry output. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... VSS~Vl :::;Vool 
(Recommended DC Supply Voltage (VOO - VSS)' . 3 to 15 V) 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo VOO 
Volts VolU Min. 

Quiescent Device 
Current IL 

II} 

Quiescent Device 5 
Dissipation/Package Po 

10 

Output Voltage: 
VOL low-Level 10 

4.9S 
High-Level VOH 

10 9.99 

Noise Immunity O.B 1.5 
VNL 

IAny Input) 1.0 10 3.0 

4.2 1.4 
VNH 

9,0 10 2.9 

Output Drive Current: Q 0.5 0.24 
Outputs 0.5 10 C.36 

N·Channel ION 
Carry 0.5 0.05 
Output 0.5 10 0.19 

Q 4.5 -0.07 
Outputs 9.5 10 0.14 

P·Channel lOP 
Carry 4.5 -0.04 
Output 9.5 10 -0.D7 

Input Current II Any Input 

For Output Drive Current test connections see Appendix. 

~ 500

111111 
~ 
S400 
.::. 

~ 

LOAD CAPACITANCE eel 1-pF 

Fig.5-6 Typ. transition time VI. CL for 
Qourpurs. 

92CS-19107 

-4a"c 
Typ. Max. Min. 

50 

100 

250 

lOCO 

0.01 

om 

4.99 

9.99 

1.5 

1.5 

0.2 

0.3 

0.04 

0.16 

- -0.06 

- -0.1 

- -0.03 

0.05 

LIMITS 

C04029AE UNITS 

25°C 85°C 
Typ. Max. Min. Typ. Max. 

0.5 50 700 
/JA 

100 1400 

2.5 250 3500 

10 1000 14000 
pW 

0.01 0.05 
V - om 0.05 

4.95 
V 

10 9.95 

2.25 1.4 
V 

4.5 2.9 

2.25 1.5 
V 

4.5 3.0 

O.B 0.16 

1.2 0.24 
rnA 

0.16 0.03 

0.64 0.13 

-0.24 1-0.05 

-0.4 -{I.OS 
rnA 

-0.12 f-o.02 

-0.2 0.04 

10 pA 

LOAD CAPACITANCEICLI-pF 

Fig.5-7 TVp. transition time .,s. CL for 
carry output. 

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 

Fig. No. 

5·10 

5·11 
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DVNAMIC ELECTRICAL CHARACTERISTICS at T A = 2s"C. Vss = OV. CL ~ 15pF. and input rise and fan times = 2Ono. except t,.CL and t,CL 

Typical Temperature Coefficient for all values of VOO = O.3%/oC. (See Appendix for Waveforms) 

LIMITS CHARAC· 
TEST CONDITIONS CD4029AD. CD4029AK [ CD4029AE TERISTIC 

CHARACTERISTICS SVMBOLS UNITS CURVES 
VDD & TEST 

(Volt.) Min. Typ. Max. Min. Typ. Max. CIRCUITS 

CLOCKED OPERATION 

Propagation Delay Time: 5 - 325 650 - 325 1300 

a Outputs 
ns 5·4 

tpHL' 10 - 115 230 - 115 460 

tpLH 5 - 425 850 - 425 1700 
Carry Output ns 5·5 

10 - 150 300 - 150 600 

Transition Time: 5 - 100 200 - 100 400 
a Outputs ns 5·6 

tTHL' 10 - 50 100 - 50 200 

tTLH 5 - 200 400 - 200 800 
Carry Output ns 5·7 

10 - 100 200 - 100 400 

Minimum Clock tWL' 5 - 200 340 - 200 500 
Pulse Width ns -

tWH 10 - 100 170 - 100 250 

trCL,·· 5 - - 15 - - 15 
Clock Rise &: Fall Time IlS -

t,eL 10 - - 15 - - 15 

tSHL, 5 - 325 650 - 325 1300 
Set-Up Times· ns -

tSLH 10 - 115 230 - 115 460 

Maximum Clock 5 1.5 2.5 - 1 2.5 -
Frequency feL MHz 5·8 

10 3 5 - 2 5 -
Input Capacitance e l Any Input - 5 - - 5 - pF -
PRESET ENABLE 

Propagation Delay Time: 5 - 325 650 - 325 1300 
ns -a Outputs 

tpHL·· 10 - 115 230 - 115 460 

tpLH 5 - 425 850 - 425 1700 
Carry Output ns -

10 - 150 300 - 150 600 

Minimum Preset Enable 
tWH 

5 - 115 330 - 115 660 
Pulse Width ns -

10 ~ 80 160 - 80 320 

Minimum Preset Enable 
tremoval 

5 - 325 650 - 325 1300 
ns -Removal Time 10 - 115 230 - 115 460 

CARRVINPUT 

Propagation Delay Time: tpHL' 5 - 175 350 - 175 700 
ns -

Carry Output tpLH 10 - 50 100 - . 50 200 

-From Up/Down, Binary/Decade or Carry Input Control Inputs to Clock Input . 
••. If more than one unit is cascaded in the parallel clocked application. trCL should be made less than or equal to the sum of the fixed propaga

tion delay at 15 pF and the transition time of the carry output driving stage for the estimated capacitive load. 
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SUPPLY VOLTS (VDO) 

92CS-19109 

Fig.5-B Max. clock frequency liS. VDD. 

10V 

I. 
15 

0 __ 0---, I. 

"1---1-_.=0 
121---~-_ 

10 

92CS-19110 

Fig.5-10 Quiescent device current test circuit. 

CD4029A 

106 AMBIENT TEMPERATURE (TAI-ZSoC 

10 102 103 104 
INPUT CLOCK FREQUENCY (fCLI- kHz 

Fig.5-9 Typ. dissipation characterisrics. 

4 

I. 
I. 
I. 
I. 
12 
II 
10 
9 

5 VOR IOV 

o-Q 
1.5VOR3V 

~ 
TOl~l'CJ ..1 
OUTPUT -=-

92CS-19IURI 

Fig.5-11 Noise·immunit"( test circuit. 

9ZCS-1782.9RI 
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• PARALLEL CLOCKING-

~~>---~------------~~======~------~----------+ 
~=~~ >-------t--.--------------------~~~------------------~--t_------------~ 

IJPID UWD 

C.I. CD4029A C.O. o----ac. I. CD4029A C.O. 0------0 C. I . CD4029A CD. 

BID lID. 

~~ >---~-~---------~~~--------~-~------~ 

g~~t>-----~~----------------------~----------------------~----------------~ 

uw~ >-______ t_----~--------------~·~R~I=P=PL=E==CLDC===KI=N=G=·~--------~~------------____ + 

:~ >-------+--1~------------------~--._------------------_+--~--------------. 

UWD 

C.l. CD4029A c.o.o-.... --o C. I. CD4029A C.o.o-...... -<lC.X. CD402S11A c.o. 

BID BID 

CLOCK >-.... ---t-...... 

~~~ >------~----------------------~----------------------~----------------~~ 
The Up/Down control can be changed at any count. The only restriction on changing 
the Up/Down control is that the clock input to the first counting stage must be "high", 

Fig.5-12 Cascading counter packages. 

9ZCL-17194RZ 

The CD4029A "Clock" and "Up/Down" inputs are used directly in 
most applications. In applications where "Clock Up" and "Clock 
Down" inputs Bre provided, conversion to the CD4029A "Clock" and 
"Up/Down" inputs can easily be realized by use of the circuit shown 
below. 

CD4029A changes count on positive transitions of "Clock Up" or 
"Clock Down" Inputs. For the gate configuration shown below, when 
.counting "up" the "Clock Down" input must be maintained "high" 
and conversely when counting "down" the '''Clock Up" input must be 
.maintained "high". 

156 

r:::-- -----, 
I 

·CLDCK UP" ..... --tt:1--)...~r---------~--•. I.P'OOWN. 

IL..-.--L....I 

I I CD40llA I 
L ~A~I~T ~N~A2:.. ..J 

92CS-1719,RI 

Fig.5-13 Conversion of "clock up", "clock down" input 
signals to "clock" and "up/down" input signals. 
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OO(]3LJD Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4030AD,CD4030AF 
CD4030AE, CD4030AK 

COS/MOS Quad Exclusive-OR Gate 
\4 Voo 

13 H 

12 G 

(Positive Logic) 

Special Features: 

" M 
10 L 

• Medium speed operation ••••••• tpHL = tPLH = 40 ns (typ.) @ CL= 15 pF 
and VOO-VSS = 10 V 

9 F 

8 E Vss 7 
• Low output impedance •.....• soon (typ.) @ VOO-VSS = 10 V 

Applications: 
J-A(i)B La E@F 
K"'C@D .. -G@H • Even and odd-parity generators and checkers 

• Logical comparators 

92CS-11410Rl • Adderslsubtractors 

• General logic functions 

RCA CD4030A'" types each contains four independent 
Exclusive-OR gates integrated on a single monolithic silicon 
chip. Each Exclusive-OR gate consists of four N-channel and 
four P·channel enhancement·type transistors. 

All inputs and outputs are protected against electrostatic 
effects . 

... Formerly developmental type TA5940. 

TRUTH TABLE FORONEOF 
FOUR IDENTICAL GATES 

A B J 
0 0 0 , 0 , 
0 , , , , 0 

WHERE "'" = HIGH LEVEL 
"0" = LOW LEVEL 

ALL P-CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO Voo 
ALL N- CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO Vss 

92CS-19112 

Fig.6"; 1 Schematic diagram for 1 of4 identical exclusive·OR gates. 

TYPICAL APPLICATIONS 

8-BIT 
WORD 

EYEN 
PARITY 

81T 

92CS~17413 

Fig.6-2a Even·parity.IJit generator (1-3/4 x CD4030AJ. 

9-74 

4 
8-BIT 
WORD 

EVEN PARITY ___________ --1 

BIT 92C5-17414 

Fig.6-2b Even·parity checker (2 x C04030AJ. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS::; V I ~ VOOI 
(Recommended OC Supply Voltage (VOO - Vssl ......... 3 to 15 vi 

LIMITS CHARAC· 
TERISTIC 

TEST CD4030AD. CD4030AK. CD4030AF CURVES 
CHARACTERISTIC SYMBOL CONDITIONS UNITS & TEST 

Vo Vee -5SoC 25°C 125°C CIRCUITS 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

Quiescent Device 5 - - 0.5 - 0.005 0.5 - - 30 
Current IL IJA 6-11 

10 - - 1 - 0.Q1 1 - - 60 

Quiescent Device 5 - - 2.5 - 0.025 2.5 - - 150 
Dissipation/Package Po 

10 600 "W -
10 - - 10 - 0.1 - -

Output Voltage: 5 - - 0.Q1 - 0 0.01 - - 0.05 

Low-Level VOL V -
10 - - 0.01 - 0 0.01 - - 0.05 

5 4.99 - - 4.99 5 - 4.95 - -
High·Level VOH V -

10 9.99 - - 9.99 10 - 9.95 - -

Noise Immunitv 0.95 5 1.5 - - 1.5 2.25 - 1.4 - -
(All Inputs) VNL V 

2.9 10 3.0 - - 3 4.5 - 2.9 - -
6·12 

3.6 5 1.4 - - 1.5 2.25 - 1.5 - -
VNH V 

7.2 10 2.9 - - 3 4.5 - 3.0 - -

Output Drive Current: 
0.5 5 0.75 - - 0.6 1.2 - 0.45 - -

N-Channel ION mA 6·3 

0.5 10 1.5 - - 1.2 2.4 - 0.9 - -

4.5 5 -0.45 - - -0.3 -0.6 - -0.21 - -

P·Channel lOP mA 6-4 

9.5 10 0.95 - - -0.65 -1.3 - 0.45 - -

Input Current II VI =OVorVI = VOO - - - - 10 - - - - pA -

For Output Drive Current test connections see Appendix. 

TYPICAL APPLICATIONS (Cont'd) 

a-BIT 
WORD 

000 
PARITY 

BIT 

92CS-17415 

Fig.6-2c Odd-parity-bit generator (2 x CD4030A). 
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8-BIT 
WORD 

p~~~y----------------------~ 
BIT 

92C9-17416 

Fig.6-2d Odd-parity checker (2 x CD4030A) .. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS'::;VI'::;VOO) 
(Recommended OC Supply Voltage (VOO - VSS) ......... 3to 15V) 

CHARACTERISTIC SYMBOL 
TEST 

CONDITIONS 

Vo VOO 
Volts Volts Min. 

Quiescent Device 
Current IL 

II} 

Quiescent Device 
Dissipation/Package PD 

10 

Output Voltage: 

Low· Level VOL 
10 

5 4.99 
High·Level VOH 

10 9.99 

Noise Immunity 0.95 1.5 
(Allinputsl VNL 

2.9 10 3.0 
-

3_6 1.4 
VNH 

7.2 10 2.9 

Output Drive Current: 
o.s 0.35 

N·Channel IDN 

o.s 10 0.7 

4.S ~.21 

P·Channel IDP 

9.S 10 -0.45 

Input Current II VI'OV.rVI'VOD 

For Output Drive Current test connections see Appendix. 

:I 
i 
~ 

AMBIENT TEItIPERATURECTA}-25-C 
TYPICAL TEMPERATURE COEFFICIENT 

30 FOR IO • -0.3 %,·c 

GATE-TO-SOURCE VOLTSIYGSl-15 

'0 

E 10 

o 
o 5 10 15 

DRAIN-TO-SOURCE VOLTS (VDS. 
20 

92CS-19113 

Fig.6-3 Typ. N-channe/ drain characteristics. 

-40°C 
Typ. Max. 

10 

25 

100 

0.01 

0.01 

-

LIMITS 

C04030AE UNITS 

25·C 8SoC 

Min. Typ. Max. Min. Typ. Max. 

0.05 70 

0.1 10 140 
pA 

0.25 25 350 

100 1400 "W 

0.01 0.05 
V 

0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 

3 4.5 2.9 

1.5 2.25 1.5 
V 

4.5 3.0 

0.3 1.2 0.25 

mA 

0.6 2.4 0.5 

-0.15 -0.6 -0.12 

mA 

-0.32 -1.3 -0.25 

10 pA 

. DRAIN-TO-SOURCE VOLTS (VDS. 
-20 -15 -10 -5 

-5 

-,0 

CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 

Fig. No. 

6-11 

6-12 

6-3 

6-4 

o 
o 

ATE-TO-SOURCE VOLTS(VGS.--15V ::; 

AMBIENT TEMPERATURE ITA)-ZS-C 
TYPICAL TEMPERATURE COEFFICI ENT 
FOR I:D a -O.3%'·C 

-20-' 

-30 

'" z 

~ 

92CS-19114 

FIg.6-4 Typ. P-channel drain characteristics. 
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OYNAMIC ELECTRICAL CHARACTERISTICS at TA • 25"C. VSS· OV, CL • 15pF. end all input rise and falltimos· 20ns 

Typical TemperotureCoetficient for all value. of VDD = O.3%l"c .ISe. Appendix for Waveforms) 

LIMITS CHARAC· 
TEST CONDITIONS TERISTIC 

CHARACTERISTICS SYMBOLS 
"'iiDD 

CD4030AD, AK. AF CD4030AE UNITS CURVES 

Propagation Oelay Time 

Transition Time: 
High-to-Low Level 

Low·to·High Level 

Input Capacitance 

Z -I WHEN INPUT WORD 
x, ... xs!!! yl .... ya i 

Z ·0 WHEN INPUT WORD )(, ••• Xa 
DIFFERS FROM INPUT 
WORD YI •.. Va IN AT 

t pHL, 

tpLH 

tTHL 

tTLH 

C, 

IVolts) Min. 

5 

10 

5 

10 

5 

10 

Any Input -

LEAST ONE POSITION 
92C:S-17417R2 

Fig.6-5 B-bit comparator, 

TABLE 1-TWO'S COMPLEMENT N'-ERS AND THEIR 
EQUIVALENT DECIMAL VALUES. 

x. x, x. x. x. x. x, x, .. x, x • .. x. 

" " " " " " " " · " , , , , , 
" " " " " " " 

, · , , , , , , 
" " " " " " 

, 
" · , , , , , , 

" " " " " " 
, , · . , , , , , , , , , , 

" 
, , , , , , 

" "28 , 
" " " " " 

, , , , , , , "27 , 
" " 0 " 

160 

x. ·x, 
, , , , , 

" , 
" " 
, 

" 0 
0 0 

x, 
, 
" , 
" , 

, 
0 

Typ. 

100 

40 

70 

25 

80 

30 

5 

Max. 

200 

100 

150 

75 

150 

75 

-

Cj 
(CARRY

INI 

·0· -ADD 

Min. 

-

CD4008A 

s. 
N I • -SUBTRACT 

Typ. 

100 

40 

70 

25 

80 

30 

5 

(CARRY
GUTI 

Max. 

300 

150 

300 

150 

300 

150 

-

Cj 

& TEST 
CIRCUITS 

ns 6-7 
6-9 

ns 

sa 
ns 

pF -

CD400BA 

54 555657 5S-

s,···s-X, ... S±V' ... 8 

.-LEAST SIGNIFICANT BIT 

.-MOST SIGNIFICANT BIT {SIGN BIT) 

HCS-174'8A2 

Fig.6-6 B-bir two's complement adtJer·substractor. 

The Two's cornplement.adder • subtrac:tor can add or subtract 
any two of the numbers in Table I. For example: 

., 2 SIGN 
+~. BIT · -, · ., · .. " 0000010 ,. 

y , , , , I 0 I 1 - 6 + 
C, o • ... • J!.J' 1 1 1 1 1 0 I .... 3 ... Co 

--121 
.. -128 b) -, 

SIGN 
-''!.: BIT 

x· , 1 1 1 1 1 1 0 -, . 
y 1 1 1 1 0 1 ~ -. 
i' 0000100 

C, 
, 

• ,!J" 000001'-3 
Co 
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z 
oJ 

= ... 
" 200 j: 

~ 
~ 100 

~ 
if 
o .. .. 

o 

10 
15 

o w ~ ~ 00 ~ ~ ~ ~ 
LOAD CAPACITANCE (CLl - pf 

92CS-19115 

Fig.6-7 Typ. propagation delay time vs. CL. 

AMBIENT TEMPERATURE IT Al- 25·C 
LOAD CAPACITANCEICL,aI5pF 

C04030AO 
CD4030AK 

CD4030AE 

5 10 15 
SUPPLY VOLTS (YDDI 

20 

92CS-19117RI 

Fig.6-9 Max. propagation delay time vs. VDD. 

14 10V 

12 f--4..-1-_"'-

10 

i2.CS-19118 

Fig.6-11 Quiescent device current test circuit. 

CD4030A 

AMBIENT TEMPER ATURE ITA1· 25-C 
TYPICAL TEMPER ATURE COEFFICIENT FOR }r"LY VOLTS 

• ALL VALUES Of Y DD·0.3 D'./er; 

"'''~ 
IVODI .000 

I 

"i 
oJ 

:: 
.1200 :z: 

E ... 
" j: 
z 
9 100 
I-
in 
z .. .. 
I-

0 

-. 
~'\~" 

LL 

,}IO 
~¢. } ~,,\. 

,~ 

t.1"\. 

20 40 60 80 100 120 140 160 
LOAD CAPACITANCE (Cl) - pF 

92C5-19116 

Fig.6-B Typ. transition time vs. CL-

104 1 AMBIENT TEMPERATURE (Toll- 25 0C 

10"1 2 f-+-++++-f-+-H+--+-I-I-t-f-+-+-++l 
102 2 4 6 BI03 2 4' ~04 2 

INPUT FREQUENCY(fj)-H.I 
92CS -17412RI 

Fig. 6-10 Dissipation VI. input frequency. 

3VOR 7V 

I. 
13 

12 

10 

VDO 
5VORIOV 

~ 
~ 

ANY -=-
rl"--_---'"r--rOUTPUT 

Fig.6-12 Noise-immunity test circuit. 
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OO(]5LJ[] Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4031AD CD4031AE 
CD4031AK 

RECIRCU-
LATION 

COS/MOS 64-Stag_ 
Static Shift Register 

IN I. I. VDD 
CL 15 DATA IN 

NC{ 

14 

4 TOP 13 
5 VIEW 12 Applications: 

Q " Q 10 
Vss 

}NC 

MODE CONTROL 
CLD 

For use in digital equipment where 
low'power dissipetion, 

TERMINAL ASSIGNMENT 
CD4031AD 
CD403IAE 
CD403IAK 

iow package count, andlor 
high noise immunity are primary 
design requirements. 

9ZCS-20743 
• Serial shift registers 

.• Time delay circuits 

RCA CD4031 A • is a 64-stage static shift register in which 
eacIi stage is a D·type, master-slave flip-flop. 

The logic level present at the data input is transferred into 
the first stege and shifted one stege at each positiv81l0ing 
clock transition. Maximum clock frequencies up to 2 Mega· 
hert2 can be obtained. Because fully static operation is al
lowed, information can be permanently stored with the clock 
line in either the "low" or "high" stete. The CD4031 A has a 
mode control input that, when in the "high" state, allows 
operation in the recirculating mode. Register packages can be 
cascaded and the clock lines driven directly. for high speed 
operation_ Alternatively, a delayed clock output (CLDI is 
provided that enables cascad ing· register peclcages while allow
ing reduced clock drive fan-out and transition-time require
ments. 

Data (QI and Data 1m outputs are provided from the 64th 
register Stage. The Data (0) output is capable of driving one 
TTL or DTL load. 
·Formerly Oov. No. TA59B9. 

MAXIMUM RATINGS. Abw/ute Maximum Va/uss: 
Storage-Tamperatur. Range. • • . • • • • • • • .• ~oC to +15QOC 
Operating-Temperature Range 

. Ceramic packages. . . . . . . . ~ . . . . . . 
Plastic package .............. . 

DC Supply Voltage Range (VDD - VSSI ••••• 
Device Dissipation Cper package) ........ . 
All Inputs ••••••••••••••.•••••••• 
Recommended DC Supply 

Voltage Range (VDD • VSSI •••.•••••• 
Recommended Input Voltage Swing ••••••• 

162 

-55°C to +12SOC 
-400C to +850C 

-0.5 to +16 V 
200mW 

VSS<O;VI<O;VDD 

3t015V· 
VDDto Vss 

Features: 

• Fully static operation: DC to 4 MHz@VDD - Vss = 10V 

• Operation from a single 3 to 15 V positive or negative 
power supply 

• High noise immunity 

• Microwatt quiescent power dissipation: 10 p.W (typ.1 for 
ceramic packages; 100 p.W (typ.) for plastic p8ckages 

• Full military operating tamperature range: -SS°C to 
+125°C (Ceramic Pkg.) 

• Single phase docking requirements 

• Protaction against electrostatic effects on all inputs 

• Data compatible with TTL-DTL 

• Recirculation capability 

• Two cascading modes: 
Direct docking for high .. peed operation 
Delayed docking for reduced clock drive requirements 
I. 

DATA IN 

I 
RECIRCULATION 

IN ~J'...... __ ! 
2~D 

Fig. '-Functional diagram. 
920-19745 

3-72 
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", AfOOE 
CONTROl.: 

CL 

CL'* CL e L 
INPUT CONTROL CIRCUIT TRUTH TABLE 

*TG.-TRANSMISSION GATE 

DATA 
CLD 

Input to Output is: 
(a) A Bidirectional Short Circuit when Control 

Input 1 is "Low·' and Control Input 2 is 
··High"" 

Ib) An Open Circuit when Control Input 1 i, 
"High" and Control Input 2 is "Low" 

I 

0 
X 

X 

RECIRe. 

X 

X 
I 

0 

MODE 
BIT INTO 
STAGE I 

D I 
0 0 
I I 

I 0 

X· DCNT CARE 

Vss 

Fig. 2-CD4031 A logic diagram and truth tables. 

MODE CONTROL Veo· RECIRCULATION 

GND· NEW DATA 

TYPICAL STAGE TRUTH TABLE 

D CL" 

0 J 
I ...r 
x ~ 

Nt· NO CHANGE 
X. DONT CARE 

D+I 

0 

I 

NO 

,. • LEV EL CHANGE 

9ztS-t9OI9 

Q 

92CS-19819 

Fig. 3-Cascading using direct clocking for high speed operation (see clock rise & fall time requirement). 

DELAYED 
CLOCK 
TO CLOCK 
NEW DATA 
... TO FIRST 
REGISTER 

* FOR RECIRCULATION MODE ONLY. 
FF TO DEl.AY DATA UNTIL 
FIRST REGISTER DELAYED CLOCKING 
HAS OCCURRED. 

MODE CONTROL: VOD -RECIRCULATION 
GND • NEW DATA 

92C5-19753 

Fig. 4-Cascading using delayed clocking for reduced clock drive requirements. 
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STATIC ELECTRICAL CHARACTERISTICS IAII inputs . . . . . . . . . . . . . . . . . . .. VSS ~ VI ~ VOOI 

IRecommended OC Supply Voltage IVOO - VSSI ......... 3 to 15 VI 

CHARACTER· 

TEST ISTIC 

CONDITIONS C04031AO. C04031AK CURVES 

Vo VOO -55°C 25°C 125°C 
& TEST 

CIRCUITS 
CHARACTERISTIC SYMBOL Volts Volts Min. Typ. Max. Min. Typ. MBK. Min. Typ. Max. UNITS Fig. No. 

Quiescent Device 5 - - 10 - 0.5 10 - - 600 

Current 
IL 

10 25 1 25 1500 IJA 13 - - - - -
Quiescent Device 5 - - 50 - 2.5 50 - - 3000 

Oissipation/Package 
Po 

10 250 10 250 15000 liN .. 
- - - - -

Output Voltage: 5 - - 0.01 - 0 0.01 .. - 0.05 

Low·Lewl VOL 10 0.01 0 0.01 0.05 
V -. - - - - -

High·Lewl 
5 4.99 - - 4.99 5 - 4.95 - -

VOH 10 9.99 9.99 10 9.95 
V -- - - - -

Noise Immunity 0.8 5 1.5 - - 1.5 2.25 - 1.4 -
IAlllnputs) VNL 10 3 3 4.5 2.9 

V 
1,0 

_. - - - -
r--- 1.4 2.25 1.5 

14 
For DefinitiDn See 4.2 5 - - 1.5 .. .. -

VNH V Appendix * 
9.0 

10 2.9 .. - 3 4.5 .. 3 -

Output Drive 0.4 4.5 1.6 - - 1.3 2.6 0.91 - -
Q 

Current: 0.5 10 5 9.6 - 4. 8 .. 3.2 &.6 .. 

N·Channel ION mA 

ii 0.& 5 0.11 .. 0.09 0.18 .. 0.06 - -
5 

0.& 10 0.24 - - 0.2 0.4 .. 0.14 .. -

0.5 5 0.48 - - 0.4 0.8 .. 0.28 - -
CLO 

0.5 10 1.5 - - 1.2 2.4 - 0.84 .. .. 

4.5 & -0.4 .. - -0.32 -0.64 - -0.22 - 0-

Q 
9.5 10 -0.85 -0.70 -1.4 -0.49 - - .. - -

ii 4.5 & ·.1).11 - - -0.09 -0.18 - -0.06 - -
9.& 10 -0.24 - - -0.20 -0.4 - -0.14 . - - 6 

P·Channel lOP mA 
4.5 5 -0.48 _. - -0.40 -0.8 - -0.28 - -

CLO 
9.& 10 -1.0 - - -0.80 -1.6 - -0.&6 - -

Input Current II Any Input - - - 10 - - - - pA 

* For "0" and "0" outputs use MSI Outputs Limits; for CLO output use Gate Output Limits. 

., 
~ 

AMBIENT TEMPERATURE tTA 1- 25·C 
TYPICAL. TEMPERATURE COEFFICENT FOR 

30 ALL VALUES OF VOO--O.3"Y.'"'C 

GATE-YO-SOURCE \IOLTS(V;sl~S 

~20 ., .. 
::; ... 
:;; 
z 
~ 10 

164 

o 
o 

TYPICAL 

NOTE: 
CARE SHOULD BE TAKEN 
NOT TO EXCEED MAXIMUM 
DISSIPATION (200MW) 

MINIMUM 

DRAIN-TO-SOURCE VOLTS lVost 

Fig. 5-Typical & minimum N..:hannel 
drain cHaracteristics for 0 
output. 

92:CS-19746 

DRAIN-TO-SOURCE VOLTS eVOsl 
-20 -15 -10 -5 

-'0 

o 
o 

TE-TO-SDURCE VOLTS(VGS'--15V ::; 

AMBI~NT TEMPERATURE (TAl· 25 '"C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VOo--Q.3%/"C 

Fig. 6-Typical P..:hannel drain char
acteristics for 0 output. 

-20::! 

-30 

92:CS-19114RI 

'" z 

~ 
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STATIC ELECTRICAL CHARACTEI;IISTICS (All inputs ......................•.... VSS ~ VI ~ VDO) 
(Recommended DC Supply Voltage (VDD - VSS). . . . . . . . .. 3 to 15 VI 

CHARACTER· 

TEST ISTIC 

CONDITIONS C04031AE CURVES 
& TEST 

Vo VOO _40°C 25°C B5°C CIRCUITS 
CHARACTERISTIC SYMBOL Volts Voll. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. UNITS Fig. No. 

Quiescent Device 5 - - 50 - 1 50 - - 700 
IL ,..A 13 

Current 10 - - 100 .'. 2 100 - - 1400 

Ouiescent Device 5 - 250 - 5 250 - - 3500 
Po ,,\./ -

Dissipation/Package 10 - 1000 - 20 1000 - - 14000 

Oulpul Vollage: 5 - - 0.01 .. 0 0.01 - - 0.05 
VOL V -low-level 10 - - 0.01 - 0 0.01 - 0.05 

5 4.99 - _. 4.99 5 - 4.95 - -
High·Level VOH 10 V -

9.99 - - 9.99 10 - 9.95 -

Noise Immunity 0.8 5 1.5 - - 1.5 2.25 - 1.4 -
VNL V 

IAlllnpulS) 1.0 10 3 3 4.5 - 2.9 - -
I--- 14 

For Definition See 4.2 5 1.4 1.5 2.25 - 1.5 - -
Appendix * VNH V 

9.0 10 2.9 - 3 4.5 - 3 -

Output Drive 0.4 4.5 1.6 - 1.3 2.6 1.05 - -a 
Current: 0.5 10 5 9.6 - 4 B 3.2 6.4 -
N·Channel ION rnA 5 

- 0,5 5 0.05 - ,- 0.045 0.18 0.037 - --a 
0.5 10 0,12 - - 0.1 0.4 0.08 - .. 

a.s 5 0.24 - - 0.2 0.8 0.16 - _. 
CLO 

0.5 10 0.75 0.6 2.4 0.5 - -

4.5 5 -0.20 -0,16 -0,64 -0.13 - -a 
9.5 10 -0.42 - -0.35 -1.4 -0.29 - -

Q 4.5 5 -0.05 - .- -0,045 -0.18 -0.037 - -

9.5 10 -0.12 - - -0.10 -0.4 -0.08 - -P-Channel lOP rnA 6 
4.5 5 -0.24 -0.20 -0.8 -0.16 - -

CLO 
9.5 10 -0.5 -0.40 -1.6 -0,32 - -

Input Current II Anv Input - - - - 10 - .- - pA 

* For "a .. and "0." outputs use MSI Outputs Limits; for CLO output use Gate Output Limits. 

1 600 

'5 
~500 
J. 
~ 400 

'" ;:: 
~ 

~ 300 

z 
0 200 

~ 

AMBIENT TEMPERATURE (TA)IOZ5-C 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF Voo-O.3.,.,DC 

SUPPLY VOLTS 1VW-5 

0" 

10 

Q" 0" 
10 

I. 
0" 

1;! 
fE 100 

-LOAD CAPACrrANCE OF Q ~15pF 

10 20 30 40 50 60 70 
LOAD CAPACITANCE (CLl-pF 

* LOAD CAPACITANCE OF <:i ~ 1!5 pF 

80 

Fig. 7-Typical propagation delay time 
\'S. CL for data outputs. 

90 100 

92CS-19747 

160 
'" ~ 

": 500 

! 
~40 
;:: 
~ 
.-'300 
i!l 
z 
~ 200 

if f 100 

o 
10 

AMBIENT TEMPERATURE ITA)=2SoC 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF VOD'"O.3%'OC 

SUPPLY VOlTS (Voo )=5 

10 

15 

LOAD CAPACITANCE ICL) - p F 

Fig. 8-Typical propagation delay vs. 
CL for delayed clock output. 

92CS~I9741 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA ~ 25"C, Vss = DV, CL ~ 15 pF (unles. otherwise specified), and input rise and fan 
times = 20 ns, except treL and tfCl. 

Typical Temperature Coefficient for all values of VOO = O.3%/oC. (See Appendix for Waveforms) 

Umits 
Test Conditions CD4031AD, 

CD4031AE 
Characteristic 

Characteristics Symbol. VDD CD4031AK Units Curwsand 
Volts Min Typ Ma. Min Typ Ma. Test Circuits 

Propagation Delay CI,!!ck 
tpHL, 

5 400 800 400 1600 
to Data Output Q & Q- 10 200 1400 ~200 800 ns 7 

Clock toCLO tpLH CL =60pF 
5 400 1Il00 400 1600 

1U 200 
1 400 200 800 8 

Transition Time: 5 75 160 75 300 
QDutput 

tTHl, 
10 Jill 60 30 120 

5 300 600 300 1200 9 
11 Output 10 150 1 600 ns 

tTLH 5 200 400 ')fVI Ann 
CLD Output CL =60pF 

10 100 200 100 400 10 

Clock Rise trCL. 5 2 2 
& Fall Time" tlCL 10 1 1 ". 

, 
tSHL, 6 200 400 200 IlOO 

Set-Up Time 
tSLH 10 50 100 60 200 ns 

Oata Overhang 
too 

5 0 0 
Time 10 20 60 20 50 ns 

Maximum Clock·" 
ICL 

5 0.8 2 0.4 2 MHz Frequency lU ~ .. 4 11 

Input Capacitance: 
60 60 Clock 

AlIOthen 
CI 6 5 

pF 

·Capaciti~ loading on 6. output affects propagation delay of Q output. These limits apply for Q load CL"< lSpF. 
··If more than one unit is cascaded in the parallel docked application, freL should be rrade less than or equal to the sum of the propagation 

delay at 1 5pF and the transition time of the output driving stage. 
---Maximum Clock Frequency for Cascaded Units: 

a) Using Delayed Clock Feature - f - 1 whe mba I _."-max (n.1} CLD prop. delay + Q prop. delay + set.up time re n = nu r 0 p-.--

b) Not Using Delayad Clock - lma. = propagation delay\ .. t-up time 

~ 

~ 
~ 
~ 

AMBIENT TEMPERATURE tTA)=Z5·C 
TYPICAL TEMPERATURE COEFFICENT FOR 

300 ALL VALUES OF Voo" 0.3"./-<: 

SUPPLY VOLTS (Voo'=IO 

o 

~200 

10 

o 

o 
~ ro ~ w w ro m ~ ~ ~ 

LOAD CAPACITANCE (CLt-pF 92CS-19749 

NOTE: tYHLFOR Q OUTPUT IS SIGNIFICANTLY LESS THAN IYlH 

166 

Fig.9-Typical transition time 1IS, CL 
for dam outputs. 

.. 
" ;: 
z 
o 

AMBIENT TEMPERATURE tTA)-Z5°C 
TYPICAL TEMPERATURE COEFFICENT FOR 

300 All VALUES OF VOO-0.3%/-<: 

SUPPLY VOLTS lVOD.)·S 

10 

~ 100 I' 
~ 

o 
o 

LOAD CAPACITANCE (CL1- pF 

Fig. 10-Typical transition time lIS. CL 
for delayed clock output. 

92CS-197S0 



File No. 569 --------------.,...------------ CD4031A 

AMIliENT TEMPERATURE ITA)oZSOC 
TYPICAL TEMPERATURE COEFFICENT FOR 

N ALL VALUES OF VOO. O.3.,.'-C 
~ 3 

a 
a 

CD4031AD 
CD4031AK 

C04031A£ 

10 15 
SUPPLY VOLTS tyoO) 

Fig. "-Maximum clock frequency lIS. 

VDlJ. 

20 
92CS-19751 

10 AMBIENT TEMPERATURE ITA)025°C 

6 TYPICAL TEMPERATURE COEFFICIENT 
/ 

" 
4 FOR ALL VALUES OF VoooO.3"1./oC 

~ .. ~"- "" .. " fl' E 

J, 2 

~ I 
1< • . 
'" ~ 4 

z 
2 2 

~ 
~ o~ 
c • 

'" ~ 4 

~ 
2 

0.01 1.1 
2 4 •• 

~~"'i ... ~ 
'I'"~ll; .. ~ 

~'i-~A,.'I: "'~I !Z 
o""<t"~ ~ .. ~ 

..:~.c:, ,\l'; ... o~~ 
~().t" Q'l';~ q'i:. 

~"'~'l:V ,0, "'~.~V k: ~~I'Oo~ ~ ... oq'Q'9':. 
~~I ,c:, ~~'.j-6c:, 

:v.'" ~~I ':I C:t 
~.p ~J 

YIX 
~17 .r 

2 4 •• 2 4 •• 
104 105 

CLOCK FREQUENCY!fCl)-Hz 

2 4 •• 
10· 

92C5-'9752 

Fig. 12-Typical power dissipation lIS. 

frequency. 

TEST CIRCUITS 

10V 

92CS-19754 

WITH 5, AT GROUND.CLOCK UNIT 64 TIMES 
BY CONNECTING 52 TO PULSE GENERATOR. 
RETURN 52 TO GND AND MEASURE LEAKAGE· 
CURRENT. REPEAT WITH 5, AT Voo. 

Fig. 13-0uiescent device current. 

5V OR IOV 

Fig. 14-Noise immunity. 
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rnl(]3LJD 
Solid State 
Division 

Digital Integrated Circuits 
Monolithic Silicon 

CD4032A, CD4038A 
Types 

COSIMOS Triple Serial Adder 
Positive Logic Adder - CD4032AD, CD4032AE, CD4032AK 
Negative Logic Adder- CD4038AD, CD4038AE, CD4038AK 

Special Features: 

• Invert inputs on a" adders for sum complementing 
applications 

• Fu"y static operation ....... dc to 5 MHz (typ.) 

• Buffered outputs 

• Single-phase clocking 
• Microwatt quiescent power dissipation ....• 5/lW (typ.) 

RCA CD4032A'" and CD4038A types consist of three serial 
adder circuits with common clock and carry-reset inputs. 
Each adder has provisions for two serial data input signals 
and an invert command signal which, when a logical "1" 
complements the sum. Data words enter the adder with the 
least significant bit first; the sign bit trails. The output is the 
MOD 2 sum of the input bits plus the carry from the 
previous bit position. The carry is only added at the 
positive-going clock transition for the CD4032A or at the 
negative going clock for the CD4038A, thus, for spike free 
operation the input data transitions should occur as soon as 
possible after the triggering edge. 

The carry is reset to a logical "0" at the end of each word bV 
applving a logical '1" signal to a carrv·reset input one 

[ibOER'---- ~------ -----------1 

AI=n=P.2===~ ~ ~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _____________ J 

CARRY 
RESET 

l!~DERS cLoc"'C>-+-.i>----4---. 2 83 
92CS-17661RI 

Fig.7-7 CD4032A logic diagram of one of three serial 
adders. 
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Applications: 

• Serial arithmetic units 

• Digital correlators 

• Digital datalink 'computers 

• Flight control computers 

• Digital servo .control systems 

bit·position before the application of the first bit of the next 
word Fig. 7·2 and 7·4 shows definitive waveforms for all 
input and output signals. 

• Formerly developmental type TA5963. 

For maximum ratings, see page 22. 

CL 

INVERT -1-1-+--+--+--+++-[11111111 
CARRY 
RESET 

SUM 

WORD I 0.0111100· +60 
WORD 2 0.011001 0 • +50 

0.1101110 .. 110 

WORD! 1.1011011--37 
WORD 4 1.I00H lOa-50 

ti5'i'Oi"'6'5Ta-87 

Fig.7-2 CD4032A timing diagram. 
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File No. 503 CD4032A, CD4038A 

STATIC ELECTRICAL CHARACTERISTICS {All inputs ....................... . ... VSS S; V I S; VDDI 
{Recommended DC Supply Voltage (VDD - Vssl .••••.••. 3to 15VI 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo VOO 
Volts Volts Min. 

Quiescent Device 
Current IL 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 
VOL Low· Level 10 

4.99 
High·Level VOH 

10 9.99 

Noise Immunitv 0.8 1.5 
(All Inputs) VNL 

1.0 10 3.0 

4.2 1.4 
VNH 

9.0 10 2.9 

Output Drive Current: 
Vo - 0.5V 5 0.6 

N·Channel ION 

VO' 0.5V 10 0.75 

VO' 4.5V 0.21 

P·Channel 'OP 

VO '9.5V 10 -0.7 

Input Current 
" 

For Output Drive Current test connections see Appendix. 

A'==Efib--------i!': ., 

CARRY 
RESET 

l ~~DERS CLOCK.f>-+-<f>--l~ __ -+-__ 2 a. 

-5SoC 
Typ. 

Fig.l-3 CD4038A logic diagram of one of three serial 
adders. 

Max. 

10 

25 

lCO 

0.01 

om 

LIMITS CHARAC· 
TERISTIC 

C04032AO, C04032AK CURVES 
CD4038AO, C04D38AK UNITS & TEST 

25°C 125°C CIRCUITS 

Min. Typ. Ma •• Min. Typ. Ma •• Fig. No. 

0.3 300 7·B. 

0.5 10 600 
/'A 

7·10 

1.5 25 1500 

lCO 6000 
~W 

0 om 0.05 
V 

0 om 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 7-9. 
V 

4.5 2.9 7·11 

1.5 2.25 1.5 
V 

4.5 3.0 

0.5 0.9 0.3 

rnA 

0.7 2.4 0.6 

-0.15 -0.4 0.075 

rnA 

-0.55 -1.2 -0.35 

10 pA 

CL 

INVERT -ij:j:jjjjjl~~~~~~~t-t= 
CARRY 
RESET 

SUM 

WORD I 1.1000011 "~61 
WOR02 UOOltOI =-51 

1-,0010000 =-112 

COMPLEMENTED SUM ---1 
WORD 3 0.0 I 00100 ~ +36 
WORD 4 0.011000\ -+49 

0.1010100 =+85 

Fig.7-4 CD4038A timing diagram. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS~VI~VDD) 
(Recommended DC Supply Voltage (VDD - VSS) ..... 3to15V) 

TEST 
CHARACTERISTIC SYMBOL 

CONOITIONS 
Vo VOO 

Volts Volu Min. 

Quiescent Device 
Current 'L 

10 

Quiescent Device 
Dissipation/Package Po 

10 

Output Voltage: 5' 

Low· Level VOL 
10 

4.99 
High·Level VOH 

10 9.99 

Noise Immunity 0.8 5 1.5 
(All Inputs) VNL 

1.0 10 3.0 

4.2 1.4 
VNH 

9.0 10 2.9 

Output Drive Current: 
VO =0.5V 0.25 

N·Channel ION 

VO =0.5V 10 0.6 

VO =4.5V 5 f-0.14 

P·Chan"el 'OP 

VO =9.5V 10 -0.3 

Input Current 
" 

For Output Drive Current test connectIOns see Appendix. 

170 

LOAD CAPACITANCE lel) - pF 
92CS-19122 

Fig.7-5 Typ. propagation tItI/ay tim. n. CL 
for A,B; or invert Inputs to fUm 
outputs. 

-4oDc 
Typ. Max. 

50 

100 

250 

1000 

0.01 

0.01 

-

LIMITS CHARAC· 
TERISTIC 

C04032AE CURVES 
CD4038AE UNITS & TEST 

25°C 85°C CIRCUITS 

Min. Typ. Max. Min. Typ. Max. Fig. No. 

0.5 50 700 H!, 
iJA 

100 1400 7-10 

2.5 250 3500 

10 1000 14000 
~W 

0 0.01 0.05 
V 

0 0.01 0.05 

4.99 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 7-9, 
V 

3 4.5 2.9 7-11 

1.5 2.25 1.5 

3 4.5 
V 

3.0 

0.2 0.9 0.14 

mA 

0.5 2.4 0.4 

-0.1 -0.4 0.095 

mA 

-0.27 -1.2 -0.22 

10 pA 

92CS-19123 

Fig.7-6 Typ. transition time n. CL for sum 
output,. 



File No. 503 ------------------------f:CD4032A. CD4038A 

OYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25"C. Vss = OV, CL = 15pF, and input rise and fall time. = 2On., except 

Typical Temperature Coefficient for all value. of VDD = O.3%J"C. (See Appendix for Waveforms) trCL and 'tCL. 

LIMITS CHARAC· 
TERISTIC 

TEST CONDITIONS CD4032AD, CD4032AK CD4032AE CURVES 
CHARACTERISTICS SYMBOLS 

'iiOi) 
CD403BAD, CD403BAK CD403BAE UNITS & TEST 

CIRCUITS 
(Volts) Min. Typ. Max. Min. Typ. Max. Fig. No. 

Propagation Delay Time: 5 - 400 1100 - 400 1400 
A, B. or Invert ns 7·5 

10 - 125 250 - 125 300 
Inputs to Sum Outputs tpHl, 
Clock Input tplH 5 - BOO 2200 - BOO 2400 

ns -to Sum Outputs 10 - 250 500 - 250 600 

Transition Time tTHl, 5 - 125 375 - 125 425 
(Sum Outputs) ns 7·6 

tTlH 10 - 50 150 - 50 200 

Clock **trCL, 5 - - 15. - - 15 
jlS -

Rise & Fall Time 'tCl 10 - - 15 - - 15 

Input Set-Up Times· ~ trCl - - trCl - - - -
10 

Maximum Clock 
fCl 

5 1.5 2.5 - 1 2.5 -
Frequency MHz -

10 3 5 - 2 5 -
I nput Capacitance C, Any'nput - 5 - - 5 - pF -

*This characteristic refers to the minimum time required for the A. B. or Reset Inputs to change state following a positive clock transition 
(CD4032A) or negative transition (CD403BA). 

**If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time and the fixed propagation delay 
of the output of the driving stage for the estimated capacitive load . 

• eT AMBIENT TEMPERATURE tTAl-2S-C 
INPUT tr - tf -20ns 
LOAD CAPACITANCE {CL)-ISpF 

.11' "" 
!O SUPPLY VOLTS tVDO)-15 

~ .0' .0 
~ 

i'i 
i .0' • 
~ 
~ 

S -:::;; 
'" .0 
~ 
~ 

• 

• 0' 
'0 10 10 

CLOCK FREQUENCY (tCl l-kHz 
92CS-19124 

Fig.7-1 Typ. dissipation characteristics. Fig.l-B Quiescent device current test circuit CD4032A. 
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CD4032A,CD4038A--------------------------------------------
5VOR IOV 

3.5 VOR 7 V 

161-----; 

92CS-19126RI 

3.5 V OR 7 V 

1.5 V OR 3 V 

Fig.7-9 Noise-immunity test circuit·CD4032A. 

92CS-19121 

5 VCR IOV 

File No. 503 

92CS-'9128RI 

Fig.7-io Quiescent device current test circuit·CD4038A. Fig.7-11 Noise-immunity test circuit·CD4038A. 
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[Jl(]5LJO 
Solid State 
Division 

0 I. 24 :!l 7 2 23 z 
3 22 ::; 

;'!. • 21 

11 • 20 
6 

" 2 7 TOP I. 
~I • VIEW 

17 
-A- ENABLE • I. 

SERIAL INPUT 10 
" AI. " I. 

Vss 12 Il 

TERMINAL ASSIGNMENT 
CD4034AK 
CD4034AD 

8 Voo 

7 '" . ~ 
5 ::; 
• ;'! 
3 <I 
2 _c 
It' 

CLOCK 
Als 
PIS 

Digital Integrated C.rcuits 
Monolithic Silicon 

CD4034AK 
CD4034AD 

COS/MOS MSI a-Stage Static 
Bidirectional Parallel/Serial 
Input/Output Bus Register 

Special Features: 

• Bidirectional parallel data input 
• Parallel or serial inputs/""rallel outputs 

• Asynchronous or synchronous 
parallel data loading 

• Parallel data-input enable on ., A" data lines 

• Data recirculation for register storage 
L-____________ ~ • Multipackage register expansion 

• Fully static operation DC·to-6 MHz (typ.) 
at VDD-VSSD 10V 

RCA CD4034A is a static eight-stage parallel-or serial-input 
parallel-output register. It can be used to: 

Applications: 

• Parallel Input/Parallel Output, 
Paraliellnput/SarialOutput, 
Serial I nput/Parallel Output, 
Seriallnput/Sarial Output Register 

• Shift right/shift left register 

• Shift right/shift left with parallel loading 

• Address register 

• Buffer register 

1) bidirectionally transfer parallel information between two 
buses, 2) convert serial data to parallel form and direct the 
parallel data to either of two buses, 3) store (recirculate) 
parallel data, or 4) accept parallel data from either of two 
buses and convert that data to serial form. Inputs that 
control the operations inc;lude II single phase clock (Cl), 
"A"~ata enable (AE), Asynchronous/synchronous (AIS) , 
"A" bus to 'B" busl"B" bus to "A" bus (AlB), and 
parallel/serial (P/S). • Bus system register with enable parallel lines at bus side 
Data inputs include 16 bidirectional parl!lIel data lines of 
which the eight "A" data lines are inputs (outputs) and the 
"B" data lines are outputs (inputs) depending on the signal 
level on the A/B input. In addition, an input for serial data is 
also provided. 

All register stages are D-type master-slave flip-flops with 
separate master and slave clock inputs generated internally to 
allow synchronous or asynchronous data transfer from 
master to slave. Isolation from external noise and the effects 
of loading is provided by output buffering. 

PARAllEL OPERATION 

A "high" PIS input signal allows data transfer into the 
register via the parallel data lines synchronously with the 
positive transition of the clock provided the AIS input is 
"low" _ If the AIS input is "high" this transfer is independent 
of the clock_ The direction of data flow is controlled by the 
AlB input. When this signal is "high" the A data lines are 
inputs (and B data lines are outputs); a "low" AlB signal 
reverses the direction of data flow. 

9·74 

• Double bus register system 

• Up-Down Johnson or ring counter 

• Pseudo-random code generators 

• Sample and hold register (storage, counting, display) 

• Frequency and phase comparator 

"A" 
ENABLE A'. 

AlS 

P'S 
CLOCK 

Fig. I-Functional diagram. 

'ZCS·1I202 
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The AE input is an additional feature which allows many 
registers to feed data to a common bus. The "A" Data lines 
are enabled only when this si!Jl8l is "high". 

Data storage through recirculation of data in each register 
stage is accomplished by making the AlB signal "high" and 
the AE signal "low". 

SERIAL OPERATION 

A "low" PIS signal allows serial data to transfer into the 
register synchronously with the positive transition of the 
clock. The AIS input is internally disabled when the register 
is in the serial mode (asynchronous serial operation is not 
allowed). 

The serial data appears as output data on either the B lines 
(when AlB is "high") or the A lines (when AlB is "low" and 
the AE signal is "high"). 

Register expansion can be accomplished by simply cascading 
C04034A packages. 

The CD4034A is supplied in. two different packages; the 
CD4034AK in a 24·lead flat pack, and the CD4034AD in a 
24-lead ceramic dual·in·line package. 

MAXIMUM RATINGS. Aj'sotu ... Maximum Values: 

Storage Temperature Range ........... -65 to +150 
Operating Temperature Range ....•.... -55 to +125 

OC Supply Voltage Ranga 
IVOO-VSSl ................. . 

Device Dissipation (Per Pkg,) ......... . 
All Inputs .•..•.•••................ 
Recommended DC Supply Voltage 

IVOO ":VSSl .............••.... 

0.5 V to +15 
200 

VSS~VI:S;:VOO 

3to 15 

V 
rrNV 

V 

STATIC ELECTRICAL CHARACTERISTICS IAII inputs ........................... VSS S VI S VODI 
(Recommended DC Supply Voltage (VD D - VSSI. , .•. '.' . . . 3 to 15 VI 

LIMITS CHARAC-

TEST CO~O,CO~AK 
TERISTIC 

CHARACTERISTIC SYMBOL CONDITIONS UNITS 
CURVES 
& TEST 

Vo VOO -550 C 260 C 1250 C CIRCUITS 
voln Voln Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

Quiescent Device 
IL 

5 - - 5 - 0.3 5 - - 300 
Current" 10 10 0.6 600 

p.A 9 - - - 10 - -
Ouiescent Device 

Po 
5 - - 25 - 1.5 25 - - 1500 

Dissipation/Package 10 100 
p.W 8 - 5 100 - 6000 

Output Voltage: 
VOL 5 - - 0.01 - - O.ot - - 0.05 V Low· Laval -

'0 - O.ot 0.01 - 0.05 

High·Laval VOH 6 4.99 - - 4.99 5 - 4.95 V -
10 9.99" - - 9.99 10 - 9.95 

Noise Immunity 0.8 5 1.5 - - 1.5 2.25 - 1.4 - -
VNL 

IAlllnpunl 1.0 10 3 - - 3 4.5 - 2.9 - -
For Defi~ition 4.2 5 1.4 - - 1.5 2.25 1.5 

V 10 
VNH -

Sea Appendix 9.0 to 2.9 - - 3 4.5 - 3.0 - -
Output Drive Current: 

ION 
0.6 5 0.124 - - 0.1 0.20 - 0.07 - -

N·Channei mA -
0.6 10 0.31 - - 0.25 0.50 - 0.175 - -

P·Channel lOP 4.5 5 -0.076 - - -0.05 -0.10 - -0.035 - - mA -
9.5 10 -0.188 - - -0.125 -0.25 -0.088 

Input Current II - - - - - - 10 - - - - pA -
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C and CL = 15 pF 
Typical Temperature Coefficient for all values of VDD = 0.3%/ oC. (Sec Appendix for Waveforms I 

CHARAC· 

TEST TERISTIC 
CHARACTERISTICS SYMBOLS CONDITIONS CD4034AD. CD4034AK UNITS CURVES 

VDO 
& TEST 

Volts Min. Typ. Max. 
CIRCUITS 

Propagation tpHl· 5 - 600 1200 ns -
Delay Time - tplH 10 - 240 480 

Jransition tTHl' 5 250 750 -ns 
Time tTlH 10 - 100 300 

Minimum Clock tWl' 5 - 200 400 ns -
Pulse Width tWH 10 - 100 175 

Minimum High·level 
5 - 240 480 

AE. PIS. AlS tWH ns -
Pulse Width 10 - 85 195 

Clock Rise: *trCl, 5 - - 15 
IlS -

and Fall Time tfCl 10 - - 15 

Set·UpTime 
5 - 250 500 ns - -

10 - 100 200 

Maximum Clock fCl 5 1.5 2.5 - MHz 7 
Frequency 10 3.0 5 -
Input Capacitance C, Any Input - 5 - pF -

* If more than one unit is cascaded. treL should be made less than or equal to the sum of the fixed propagation delay at 15 pF (see chart above) 
and the transition time of the output driving stage for the estimated capacitive load. 

"A II ENABLE 

SERIAL 10 
INPUT 

AlB " 
PIS 

,. 
AIS I. 

CLOCK 15 

nCS-19Z0. 

Fig.2-Functional and terminal assignment diifJgram for 
CD4034AK and CD4034AD. 
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." TG. TRANSMISSION GATE 

INPUT TO OUTPUT IS, 
III A BIDIRECTIONAL LOW 'MPEDANCE 
wttEN CONTROL INPUT I IS "LOW" 
AND CONTROL INPUT liS "HIGH" 
bl AN OPEN CIRCUIT WHeN CONTROL 
'IfPUT 1 15 "tfiGH" AND COHTRDL INPUT 2 IS "lOW" 

A 

II 

Fig.3-Logic diagram. 

• STAGES 
SAME AS STAGE I 

A 

23 

FLIP-FLOP 
TRUTH TABLE 

cL~ Ci~ 0 Q 

"\. "\. 00 
.r "\. o 0 
"\. .r 0" 
.r .r x Q 

"\. "\. , , 
.r "\. , , 
"\. .r , .. 
.2CII~ 19200 

A LEVEL CHANGE 

X DON'T CAR~ 

* INVALID CONDITION 

Table I Truth Table for Register Input·Levels and the Resulting Register Operation (L a Low Level, H a High Level, X = Don't Care) 

"A" Enable PIS AlB AlS Operation· 

L L L X Serial Mode; Synch. Serial Data Input, "A" Parallel Data Outputs Disabled 

L L H X Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

L H L L Parallel Mode; "B" Synch. Parallel Data Inputs, "A" Parallel D~ta Outputs Disabled 

L H L H Parallel Mode; "B" Asynch. Parallel Data Inputs, "A" Parallel Data Outputs Disabled 

L H H L Parallel Mode; "A" Parallel Data Inputs Disabled,"B" Parallel Data Outputs, Synch Data 
Recirculation 

L H H H Parallel Mode; "A" Parallel Data Inputs Disabled, "B" Parallel Data Outputs, Asynch 
Data Recirculation 

H L L X Serial Mode; Synch. Serial Data Input, "A" Parallel Data Output 

H L H X Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

H H L L Parallel Mode; "B" Synch. Parallel Data Input, "A" Parallel Data Output 

H H L H Parallel Mode; "B" Asynch. Parallel Data Input, "A" Parallel Data Output 

H H H L Parallel Mode; "A" Synch. Parallel Data Input, "B" Parallel Data Output 

H H H H Parallel Mode; "A" Asynch. Parallel Data Input. "B" Parallel Data Output 

.... Outputs change at positive transition of clock in the serial mode and when the A/S control input is "low" in the parallel mode. 
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CLOCK 

AlB I 
AlS n n 

SERIAL 
DATA 

AI 

A2n 

A. 

A4n 

AS 

ASn LOAD CAPACITANCE ICL1- pF 
92CS-19212 

A7 

~ ________________ ~r_unL 
A8n 

Fig.5-Typ. propagation delay time .,s. CL· . 

BI 

82 

B. 

as 

87 

\---- B DATA LINES ARE OUTPUTS ----i-

Fig.4-Timing diagram. 

Fig.6-Typ. transition time vs. CL· 

~ AMBIENT TEMPERATURE ITA) -25 °c 
2 LOAD CAPACITANCE (Cll"15pF J S 

'" S 

~ 
~ 4 

10' AMBIENT TEMPERATURE ITA)-2S"C 
ALTERNATING "0" 

;0 
10' 

AND .,. PATTERN 
~ 

~ 
10· ~ .. \~...-: .. 

~-"E ~ 

~ \~OO ~ 

~ 
~ov":l 

10' ~\J. 
~ F F= t-~~~ ~~" Q 

~ 102 

~ 
V '/ 

i 10 '/ 
LOAD CAPACITANCE ICL).'5pF 

V --CL -50pF . 

10 " 20 10 102 103 104 

SUPPLY VOLTS (Vaa) 
921;S-20011 

INPUT CLOCK FREQUENCY (fell - kHz 92CS-17806R3 

Fig.7-Typ. input frequency vs. VDD- Fig.8-Typ. dissipation characteristics. 
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178 

92CS-19206 

Fig.9_Quiescent device current test circuit. 

10V 

TEST PERFORMED WITH 
THE FOLLOWING SE· 
QUENCE OF HIGH IHI AND 
LOW·LEVEL III INPUTS 

51 52 S3~ S4 SS 
L H H L H 
L H H H L 
H L H L L 
H 1. H H L 
H H L 1. H 
L L 1. H H 

SERIAL 
DATA 

1.5 V OR 3 V 

4 

• 
6 

·23 

22 
21 
20 
IS 
18 

5VOR IOV 

92CS - [9207R( 

Fig. 10- Noise immunity test circuit. 

A/8~~=±================~:t==============:: CL~ 
92C5-19205 

Fig.11- 16·8it parallel in/paralleJ out. parallel 
inissri.! out, serial in/parallel out. 
serial ;nAeria' out register. 

Fig. 12-- 16-Bit serial in/gated parallel out register. 

L ____ + OUTPUT 

TIMING DIAGRAM 

'I 
'2 

CLOCK 

PIS 

Fi'g.13· - Frequency and phase comparator. 

92C5-19204 
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SHIFT 
RIGHT 
NPUT 

CLOCK 

AlS 
PARALLEL 
ENTRY 

I _A PARALLEL DATA_ a 

REG. 3 
CD4034A 

S2tN-I92IS 

PIS 

R£G.2 
C04034A 

LEFT ~NHt~~ * 
AIS 

CL 

• AE 

A '''High'' ("Low'" on the shift Left/Shih Right input' allovvs serial 
data on the Shift Left Input (Shift Right Input) to enter the register 
on the positive transition of the clock signal. A "high" on the "A" 
Enable Input disables the "A" paralfel data lines on Reg. 1 and 2 and 
enables the "A" data lines on registers 3and 4and allows parallel data 

into registers 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for parallel loading. 

,.;...------, 
I : 
I 
I 
I 
I 
I 
I 
I 

MEMORY 

UNIT 

L _____ ~ 

r---------, 
I I 
I 
I 
I 
I 
I 
I 
I 

PERIPHERAL 
UNIT 

L ______ J 

When parallel inputs are not used Reg. 3 and 4 and associated logic 
are 'not required. 

*Shift left input must be disabled during parallel entry. 

Fig. 14 - Shift right/shift left with parallel inpuu. 

Y REG 

CD4034A 

BUS LINES 
( SINGLE) 

DOUBLE-BUS SYSTEM (ENABLE INPUTS ON BOTH SIDES) 

SI 
r-------, 

AE I I 

n 
I 
I 
I 

Z REG ARITHMETIC I 
A UNIT I 

~J I CD4034A 
I 
I L _____ -.J 

9zeN-1919l' 

The "A" enable (AE) and AlB signals control all combinations of 
transfer between the registers and bus systems. 

Fig. 15 - Single- and'doub/e-bus systems. 
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SERIAL 
DATA 

CLOCK 

'---A PARAUEL DATA----/ 

-N-STAGE SELECnON-

CD40ISA 

Hes- •• ". 
Fig. 16-·N·rtsge 'hift regilter with fixed serial output line. 

180 

SAMPLE I HOLD 

SERIAL DATA 

VOO 
AIS 

CLOCI< 

PIS 
TO DISPLAY ETC 

Fig.'7- : S6mplelIIJd hold register-SlHial/paralle' in-pllntllel out. 
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SER_{' 
IN 1( 

ClK 

PIS 

TIC 

RESET 

OO(]5LJ[J 
Solid State 
Division 

CD4035A 
4-STAGE REGISTER 

9ZCS-19966 

Digital Integrated Circuits 
Monolithic Silicon 

CD4035AD 
CD4035AE 
CD4035AK 

COS/MOS 4-Stage Parallel Inl 
Parallel Out Shift Register 

with J-K Serial I nputs and True! 
Complement Outputs 

APPLICA TlONS: 
• Sequence generation. control circuits, code conversion 

• Counters. Registers. Arithmetic-Unit Registers. Shift 
Left - Shift Right Registers. Serial-to-ParalieIIParaliel-to
Serial conversions. 

FEATURES: 
• 4-Stage clocked shift operation 
• Synchronous parallel entry on all 4 stages 
• JR: inputs on first stage 

RCA-C04035A' is a four-stage clocked serial register having 
provisions for synchronous parallel inputs to each stage and 
serial inputs to the first stage via JK logic. Register stages 2. 
3. and 4 are coupled in a serial "0" flip-flop configuration 
when the register is in the serial mode (Parallel/Serial 
control low). 

• Asynchronous True/Complement control on all outputs 

Parallel entry via the ·"0" line of each register stage is 
permitted only when the ParallellSerial control is "high". 

In the parallel or serial mode information is transferred on 
positive clock transitions. 

When the True/Complement control is "high". the True 
contents of the register are available at the output terminals. 
When the True/Complement control is "low". the outputs 
are the complements of the data in the register. The True/ 
Complement control functions asynchronously with respect 
to the clock signal. 

Ji<: input logic is provided on the first stage serial input to 
minimize logic requirements particularly in counting and 
sequence-generation applications. With JK inputs connected 
together. the first stage becomes a "0" flip-flop. All 
asynchronous common reset is also provided. 

C04035A types are supplied in the 16-lead flat pack. and in 
both the 16-lead ceramic and plastic dual-in-line packages. 

*Formerly developmental typeTA5876 

!!-74 

• Reset control 
• Static flip-flop operation; Master-slave configuration 
• Buffered outputs 
• Low-Power Oissipation - 5 p.W typo (ceramic) 
• High speed - to 5 MHz 

MAXIMUM RATINGS, Absolure-Maximum Values: 

Storage-Temperature Range ••..••.• 
Operating Temperature Range: 

Ceramic Package Types .•••..•• 
Plastic Package Types .....•••• 

DC Supply-Voltage Range 
(VOO- Vssl ........... .. 

Device Dissipation IPer Pkg.l •.••.. 0 

All Inputs •• '0' 00. 0 ••••••• 0 ••••• 

Recommended 
OC Supply Voltage (VOO - VSS). 

Recommended 
Input Voltage Swing •. 0.0 •••••• 

-5S:C to +125 
-40 Cto+85 

-0.5 Vto+15 
200 

VSS:SVI :SVOO 

3to 15 

Vee to Vss 

°c 

°c 
°c 

V 
mW 

V 
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STATIC ELECTRICAL CHARACTERISTICS (All input' ..............•............ vSs:O; VI :0; VOOI 
(Recommended DC Supply Voltage (VOO - VSSI. , . . • . . . . . 3 to 15 VI 

LIMITS CHARAC· 

TEST TERISTIC 

CHARACTERISTIC SYMBOL CONDITIONS CD4035AD. CD4035AK 
UNITS 

CURVES 
& TEST 

Vo VDD -ssoc 'l5°C 125°C CIRCUITS 
Volts Volts Min. 

Quiescent Device 5 -
Current IL 

10 -
Quiescent Device 5 -

Dissipation Package Po 10 -
Output Voltage 5 -

Low Level VOL 10 -

5 4.99 
High Level VOH 10 9.99 

Noise Immunity 0.8 5 1.5 

IAlllnputs) VNL 1 10 3 
f---For definition, 4.2 5 1.4 

see Appendix VNH 9 10 2.9 

Output Drive 
Current: 0.5 5 0.52 

N Channel ION 0.5 10 1.55 

4.5 5 .Q.31 

P Channel lOP 9.5 10 .Q.81 

I nput Current II -

JAMBIENT TEMPERATURE ITAI-2SD C 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 

OF Voo -0.3 % ,·C 

I-S 
j. 

~ = 400 

a 
0300 

2i 
~ 200 

~ 
o 
~ 100 

CLOCKED OPERATION 

,0 

,5 

Typ. 

-
-

-
,-

-
-

-
-

-
-

-
-

-
-
-
-' 

-

rn w ~ ~ ~ ~ m ~ ~ 
LOAD CAPACITANCE (CLI- pF 

92CS-19988 

Fig. 1-Typical Propagation Delay Time vs. Load Capacitance. 
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Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

5 - 0.3 5 - - 300 

10 '- 0.5 10 600. JJA 11 

25 - 1.5 25 - - 1500 

100 - 5 100 - - 6000 /.til 4 

0.Q1 - 0 0.01 - - 0.05 

0.Q1 - 0 0.01 - - 0.05 V -

- 4.99 5 - 4.95 - -
- 9.99 10 - 9.95 - - V -

- 1.5 2.25 - 1.4 - -
- 3 4.5 - 2.9 - - V 

12 
- 1.5 2.25 - 1.5 - -
- 3 4.5 - 3 - - V 

- 0.50 1 - 0.35 - -
- 1.25 2.5 - 0.87 - - mA -

- .Q.25 .Q.5 - ·0.17 - -
- .Q.55 ·1.3 - .Q.45 - - mA -
- - 10 - - - - pA -

AMBIENT TEMPERATURE (TAI=2'·C 
TYPICAl. TEMPERATURE COEFFICIENT FOR ALL VALUES 

300 C~;CKV:J> .~p:~~~ 
f 

~ 
6 200 

~ 
~ 

z 
0 
~ .. 100 z 

~ 

0, rn w ro ~ ~ 00 ro 00 ~ 
LOAD CAPACITANCE (CL1-pF 

92CS-19969 

Fig. 2-Typical Transition Time vs. Load Capacitance. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs .................•......•.. vss.s: VI.s: Vee) 

(Recommended ec Supply Vollage (Vee - VSS). .•...•.•. 31015 V) 

LIMITS CHARAC· 

TEST TERISTIC 

CHARACTERISTIC SYMBOL CONOITIONS C04035AE 
UNITS 

CURVES 
& TEST 

Vo VOO -'lODC 25DC B5DC CIRCUITS 
Volt> Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

Quiescent Device 
IL 

5 - - 50 - 0.5 50 - - 700 
Curr~nt 10 - - lCO - 1 100 - - 1400 jJA 11 

Quiescent Oevice 5 - - 250 - 2.5 250 - - 3500 
Dissipation Package Po 10 - - 1000 - 10 1000 - - 14000 /IN 4 

Output Voltage 5 - - 0.01 - 0 0.01 - - 0.05 
Low Level VOL 10 - - 0.01 - 0 0.01 - - 0.05 V -

5 4.99 - - 4.99 5 - 4.95 - -
High Level VOH 10 9.99 - - 9.99 10 - 9.95 - - V -

Noise I~munity O.S 5 1.5 - - 1.5 2.25 - 1.4 - -
(All Inputs) VNL 1 10 3 - - 3 4.5 - 2.9 - - V 

For Definition r---- 12 
4.2 5 1.4 - - 1.5 2.25 - 1.5 - -S8tJ Appendix 

VNH 9 10 2.9 - - 3 4.5 - 3 - - V 

Output Drive 
Current: 0.5 5 0.43 - - 0.35 1 - 0.24 - -

N Channel ION 0.5 10 1.05 - - 0.85 2.5 - 0.59 - - rnA -

4.5 5 .(l.2 - - .(l.IS .(l.5 - .(l.12 - -
P Channel lOP 9.5 10 .(l.56 - - .(l.45 .(l.31 - .(l.31 - - rnA -

Input Current II 1- - - - 10 - - - - pA -

10' AMBIENT TEMPERATURE (T.)-25·C 
ALTERNATING "0" 

~ 
10' 

AHD "," PATTERN . 
1 
!!, 

10' \~ "" 
~ \~otJ.·~ .-_E 
u ~~ H''''' .... 
~ 10:5 == == ~sd ~ ~~ ">. 

~ 10' 

~ 

i 10 
LOAD CAPACITANCE (Cl)"15pF 

--CL -50pF 

10 102 103 104 

SUPPLY VOLTS evoo) INPUT CLOCK FREQUENCY (fCLJ-kHI92CS_17806R5 

92CS-19970 

Fig. ~-Typical clock input frequency vs. VDlJ. Fig: 4-Typical dissipation characteristics. 
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PARALLEL 
SERIAL 
COtllTROL (P/S) 

• 70------1 

.&s RESET 

TRUE/COMPL. 

'&2 ITIt' 

PARALLEL 
INPUT-I 

• 

Pis-a-SERIAL MODE 
TIC· ,- TRUE OUTPUTS 

FI RST STAGE TRUTH TABLE 

184 

tn-II INPUTS » 
CL " J 0 

J I 

...r X 

F I 

J X 

~ X 

X X 

CLOCK 

CARRY 
INPUT 

VOO 

RESET 

• • 
X 0 

X 0 

0 0 

0 0 

I 0 

X 0 

X I 

" 
~ 

~ 

, 

TO 
UNITS 
[GISTER 

QI Q2 
In (OUTPUTS) 

Qn-I Q. 

0 0 

0 I 

I 0 

an-I Qn-I ~gg~E 

I I INPUT PROTECTION CIRCUIT 

Qn-I an-I 

X 0 

Fig. 5'-Logic Block Diagram. 

.1 lOt lit 12t 

---.!. PIS 
PI-I PI-2 Pl-' -P1-4 ..:............ PIS 

• CC 
6 

CC 

~" l..-l. K --rl" ' K 
2 TIC ~p:/C •• 

1 
01 02 a' Qo 

I IS 10 13 

~]"CO UNITS 
OUT 

'----- PIS - PIS 

CARRY 
BCD UNITS FORWARD 

(BIDEt lOGIC) 

TERMINAL No·16- VOO 
TERMINAL No. B • GND 

INPUT TO OUTPUT IS: 

Q4 

alA BIDIRECTIONAL LOW IMPEDANCE 
WHEN CONTROL INPUT I IS-LOW· 
AND CONTROL INPUT 2 IS "HIGH-

bl AN OPEN CIRCUIT WHEN CONTROL 
INPUT I IS -HIGH- AND CONTROL 
INPUT 2 IS~LOW-

92CY·19967 

.1 lOt lit 12t 
PI-I P1-2 Pt-3 Pl-4 

CD4035A 
TENS REGISTER 

QI 02 Q, 

I 15 10 

BCD TENS 
IBIOEC LOGIC) 

Qo 

13 

~}C TE 
OU 

o 
NS 
T 

CARRY 

~ 
TO 

NEXT 
DECADE 

FIG.7 FIG. 7 
PI-2 

I 
PI-2 

PI-3 TO PI-3 
TENS 

PI-O pI-4 REGISTER 
92CS~19971 

Fig. 6-Binary·to·BCD Converter. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25'C and CL = 15 pF 
Typical Temperature Coefficient for all value. of VDD - 0 3%fC (See Appendix for Waveforms) -

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS 

VDD 
IVolts' 

CLOCKED OPERATION 

Propagation Delay Time: tPLH. 5 
tpHL 10 

Transition Time: tTHL. 5 

ITLH 10 

Minimum Clock twL. 5 
Pulse Duration tWH 10 

Clock trCL* 5 
Rise & Fall Time tlCL 10 

Setup Time: 5 
J/R Lines 10 

Parallel-In Lines 5 
10 

Maximum Clock 
feL 

5 
Frequency 10 

Input Capacitance CI Any Input 

RESET OPERATION 

Propagation Delay Time: tPHL. 5 
tPLH 10 

Minimum Reset Pulse twL. 5 
Duration twH 10 

P'S 

CARRY 
FORWARD 

PI-2 

PI-~ 

>-----()PZ-4 

92CS-19972 

Fig. 7-BIDEC Logic. 

LIMITS CHARAC· 
TERISTIC 

UNITS 
CURVES 

CD4035AD. CD4035AK CD4035AE 
& TEST 
CIRCUITS 
Fig. No. 

Min. Typ. Max. Min. Typ. Max. 

- 250 500 - 250 700 
1 - 100 200 - 100 300 

ns 

- 100 200 - 100 300 
ns 2 - 50 100 - 50 150 

- 200 335 - 200 500 

- 100 100 250 
ns -

165 

- 15 - 15 
- IlS -

- 5 - - 5 

- 250 500 - 250 750 -
- 100 200 - 100 250 

ns 

- 100 350 - 100 500 I 
- 50 80 - 50 100 

1.5 2.5 - 1 2.5 - MHz 3 
3 5 - 2 5 -

- 5 - - 5 - pF -

- 250 500 - 250 700 
- 100 200 - 100 300 

ns -

- 200 400 - 200 500 
100 175 100 200 

ns -

* If more than one unit is cascaded trel should be made less than 
or equal to the sum of the fixed propagation delay time at 15 pF 
and the transition time of the output driving stage for the 
estimated capacitive load. 

LEFT/RIGHT 

RIGHT 
SHIFT 

3 K INPUT 

CLOCK • CL CD4035A 

TRUE/CONPl:. 2 TIC 

RESET 5 R 

1-....,'",3 --o~m~:r 
OUTPUT 

92CS-19974 

Fig. 8-Shift LeftlShift Right Register. 
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CL CD4035A 
4 J 4-STAGE REGISTER 3. Using 8 control line (E) two different state sequences can be generated. 

For example, suppose the following two sequences are desired on 
command (control line E) 

Control = E = 0 1 

°1 °2 03 °4 °1 °2 03 °4 

A B C 0 A B C 0 

0 0 0 0 0 15 1 1 1 1 
1 1 0 0 0 14 0 1 1 1 
2 0 1 0 0 13 1 0 1 1 
5 1 0 1 0 10 0 1 0 1 

10 0 1 0 1 5 1 0 1 0 
4 0 0 1 0 11 1 1 0 1 
9 1 0 0 1 6 0 1 1 0 
3 1 0 0 12 0 0 1 1 
6 0 1 1 0 9 1 0 0 1 

13 1 0 1 1 2 0 1 0 0 
11 1 1 0 1 4 0 0 1 0 

7 1 1 1 0 B 0 0 0 1 
14 0 1 1 1 1 1 0 0 0 
12 0 0 1 1 3 1 1 0 0 

B 0 0 0 1 7 1 1 1 0 

Fig. 9 (b)-State Sequences. 

Fig. 9 (a)-Double Sequence Generator. Units Tens 
Register Register 

4 2 4 8 

'" '" '" '" :;; ...I 

58 0 0 

Shift 
Shift 

0 0 
Shift 

0 0 1 1 
Add· 3 to Units Decade &: Shih ( 1 11 

0 0 0 0 
Shift 

0 1 P 0 0 
Add- 3 to Units Decade & Shift ( 1 n 

0 0 0 0 o 

• From Left to Right 8 5 

Fig. 10~Example of Binary-to-BCD Conversion. 

Using Couleur's Technique (BIDEC) .... a binary number 
(most significant bit. MSB) first is shifted and processed. 
such that the BCD equivalent is obtained when the last binary 
bit is clocked into the register. The CD4035A. with the 
correct conversion logic. can also be used as a BCD-to·binary 
converter. 

186 

.. The basic rule is: If a 4 or less is in a decade, shift with the next 
clock pulse; if a 5 or greater is in a decade, add 3 and then shift at 
the next clock pulse. For more information refer to "IRE 
TRANSACTIONS ON ELECTRONIC COMPUTERS". Dec. 1958. 
Pages 313-316. 
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____________________________________________________ CD4035A 

16 
15 
I. 
13 
12 

10 

9 

o 

TEST CIRCUITS 

SV OR IOV 

Fig. II-Quiescent device current. 

5VOR IOV 

92CS-19976RI 

Fig. 12-Noise immunity. 
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File No. 613 

OOOBLJD 
Solid State 
Division 

\ 1-------8, 
BIT OU~PUTS 

92CS-I9934 
CD4039A 

Digital Integrated Circuits 
Monolithic Silicon 

CD4036ADCD4039AD 
CD4036AK CD4039AK 

COS/MOS 4-Word by a-Bit 
Random-Access NDRO Memory 
Binary Addres.sing 
Direct Word-Line Addressing 

Special Features: 

CD4036AD, CD4036AK 
CD4039AD, CD4039AK 

- COS/MOS logic compatibility at all input and output terminals 
• Memory bit expansion 
- Memory word expansion via Wire·OR capability at the 8 INPUT-BIT 

and 8 OUTPUT-BIT lines 
- Memory bypass capability for all bits 
- Buffering on all .. output, 
- CD4036A- on·chi·p binary address decoding, separate READ 

INHIBIT and WRITE controls _ Access Time-200 ns(Typ) at VDD=10 V 
- CD4039A·Direct word-line addressing 

RCA type CD4036A is a single monolithic integrated circuit 
containing a 4·word x a·bit Random Access NORa Memory. 
Inputs include a INPUT·BIT lines, CHIP INHIBIT, WRITE, 
READ INHIBIT, MEMORY BYPASS, and 2 ADDRESS 
inputs. a OUTPUT·BIT lines are provided. 

All input and output lines utilize standard COSIMOS inverter 
configuration~ and hence can be directly interfaced with 
COSIMOS logic devices. 

CHIP INHIBIT allows memory word expansion by WIRE· 
ORing of multiple CD4036A packages at either the a·bit 
input andlor output lines (See Fig.15), With CHIP INHIBIT 
"high", both READ and WRITE operations are inhibited on 
the CD4036A. With CHIP INHIBIT "low", information can 
be written into and/or read continuously from one of the 
four words selected by the binary code on the two address 
lines. With CHIP INHIBIT "low", a "high" WRITE signal and 
a "low" READ INHIBIT signal activate WRITE and READ 
operations, respectively, at the addressed word location 
(See Fig.4). 

The MEMORY BYPASS signal, when "high", allows shunting 
of information from the a INPUT·BIT lines directly to the a 
OUTPUT·BIT lines without disturbing the state of the 4 
words. During the bypass operation input information may 
also be written into a selected word location, provided the 
CHIP INHIBIT is "low" and the WRITE is "high". The 
READ operation is deactivated during the BYPASS oper· 
ation because information is fed directly from the a 
INPUT·BIT lines ~o the a OUTPUT ·BIT lines. 

RCA type CD4039A is identical to the CD4036A with the 
exception that individual address·line inputs have been 
provided for each memory word in place of the binary 

188 

Applications: 
Digital equipment where low power dissipation andlor high 
noise immunity are primary design requirements. 
- Channel Preset Memory in digital frequency-synthesizer 

circuits 
- General'purpose and scratch-pad memory in. COS/MOS and 

other low·power systems. 

CHIP 
INHIBIT 

READ 
INHIBIT 

MEMORY 

BYPASS 
I-------B, 

BIT OUTPUTS 

92C5-19935 

Fig. 1 - CD4036A - Logic block diagram. 

9-74 



File No. 613- _______________________ _ 
CD4036A, CD4039A 

ADDRESS, CHIP INHIBIT, and READ INHIBIT inputs. 
When Wire·Oring multiple CD4039A packages for memory 
word expansion, an individual CD4039A is selected by 
addressing one of its word locations. The READ operation is 
activated whenever a word location is addressed (via a "high" 
signal-see Fig.5). 

These devices wi II . be supplied in two different 24·lead 
ceramic packages; the CD4036AK and CD4039AK in the 
flat· pack, and the CD4036AD and CD4039AD in the 
dual·in·line package. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

Storage Temperature Range ..... -65 to +150 
Operating Temperature Range ... -55 to +125 
DC Supply Voltage Range 

(VDD - VSS) .... · ......... -0.5 to +15 
Device Dissipation (Per Pkg.) .... 200 
All Inputs ................... VSS:::; VI:::;VDD 
Recommended DC Supply Voltage 

(VDD - VSS) .. · ........ · .. 3to 15 
Lead Temperature (During soldering) 

At distance 1/16 ±1/32 inch 
(1.59 ±0.79 mm) from case 
for 10 seconds max ........ 265 

oC 
oC 

V 
mW 

V 

oC 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS <:::: VI <:::: VDD) 
(Recommended DC Supply Voltage (VDD - Vss). ......... 3 to 15 V) 

LIMITS CHARAC· 

TEST C04036AO, C04036AK 
TERISTIC 

CHARACTERISTIC SYMBOL CONDITIONS C04039AO, C04039AK UNITS 
CURVES 
& TEST 

Vo VOO -55°C 25°C 125°C CIRCUITS 
Volts Volts Min. TVp. Max. Min. TVp. Max. Min. TVp. Max. Fig. No. 

Quiescent Device 
IL 

0.5 300 
IlA 

Current 10 10 10 600 
11,12 

Quiescent Device 25 2.5 25 1500 
Dissipation/Package 

Po 
10 100 10 100 6000 

IlW 

Output Voltage: 
VOL 5 0.01 0 0.01 0.05 V 

Low-Level 
10 0.01 0 0.01 0.05 

High-Level VOH 4.99 4.99 4.95 V 
10 9.99 • 9.99 10 9.95 

Noise Immunitv 0.8 5 1.5 1.5 2.25 1.4 
VNL 

IAI(inpuu except 1.0 10 .3 4.5 2.9 
bit inputs when 

4.2 1.4 1.5 2.25 1.5 
V 13 

in memory by- VNH pass mode.) 9.0 10 2.9 4.5 3 

Output Drive Current: 
ION 

0.5 0.12 0.10 0.20 0.07 
rnA N-Channel Nor- 6 

mal 0.5 10 0.30 0.25 0.50 0.17' 
Read 

P-Channel lOP Mode 4.5 -0.12 -0.10 -0.20 -0.07 rnA 
9.5 10 .-{l.3O .-0.25 -0.50 .-{l.17 

Output Drive Current: 
Mern- 0.5 0.04 0.03 0.06 0.02 

N-Channel ION rnA 
orv 

0.5 10 0.09 0.075 0.15 0.05 
Bv' 

P·Channel lOP 
pass 4.5 -0.04 -0.03 -0.06 ·-0.02. rnA Mode 

+ 9.5 10 -0.09. -0.075 -0.15 .-0.05 

Input'Current II 10 pA 

+8it inputs driven from low·impedance driver. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25"C and CL = 15 pF 
Typical Temperature Coefficient for all values of VDD = 0.3%/"C 

CD4036AD, CD4036AK 

TEST CD4039AD, CD4039AK 
CHARACTERISTICS SYMBOLS 

CONDITIONS 
VDD 
Volts Min_ Typ. Max. 

Read Delay Time: 5 - 375 750 
(Access time) 

OUTPUT TIED 10 - 150 300 Read Inhibit (R I) 
THROUGH 100 kn 

Chip Inhibit (CI) TO Vss FOR DATA 5 - 500 1000 

trd OUTPUT "HIGH" 10 - 200 400 

Memory Bypass 
AND TO VDD FOR 5 - 375 750 
DATA OUTPUT 10 150 300 (MB) -
"LOW" 

Address 1 (ADD) 
5 - 500 1000 
10 - 200 400 

Write Set-up Time2 5 250 125 -
tws 10 100 50 -

Write Removal Time3 5 0 0 -
tWR 10 0 0 -

Write Pulse Duration 
5 150 75 -

tw 
10 60 30 -

Data Set-up Time5 
5 - 0 O· 

tDS 10 - 0 O· 

Data Overlap Time6 
5 100- 50 -

too 10 40· 20 -
tTHL. 5 - 200 400 

Output Transition Time 
tTLH 10 - 100 200 

I nput Capacitance CI Any Input - 5 -

UNITS 

ns 
Note 4 

ns 
Note 4 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

1. For CD4036A only, remove 100-kG test condition and write all 1's in word one, and all O's in word two, or vice-versa. 

2. 'Delay' from change of ADDR!=SS or CHIP-INHI BIT signals to application of WRITE pulse. 

3. Delay from removal of WRITE pulse to change of ADDRESS or CHlp·INHIBIT signals. 

4. Values for CD4036AD & 4036AK only. 

5.- The time that DATA signal must be present before the WRITE pulse removal. 

* Max. indicates satisfactory operation if tDS equals or exceeds this value, 

6. The time that DATA signal must remain present after the WHITE pulse removal. 

• Min. indicates satisfactory operation if too equals or exceeds this value. 

Read . Memory Chip 
Write Inhibit Bypass Inhibit Operating Mode 
(Pin 21 (Pin 211 (Pin 111 (Pin 221 

X X L H Chip I nhibited (Outputs floatl 

X X H H Input/Output Shunted to output; 
No Reading from Memory; 

X H Information in Memory 
Undisturbed 

Input/Output Shunted to output; A1 
H X H No Reading from Memory; Pin 1 

AD 
Pin 23 

Addressed 
Word 

File No. 613 

CHARAC-
TERISTIC 
CURVES 
& TEST 
CIRCUITS 

4,5 

4,5 

4.5 

4,5,8 

4,5 

4,5 

4,5 

4,5 

4,5 

9 

-

Write Data into Addressed Word 
L 

Read Data from Addressed Word L 
L 
H 

Word 1 
Word 2 

L = Low-Level Voltage, 

H:: High-Level Voltage 
Write Deactivated H L Word 3 

H 
Read/Write Deactivated 
(Outputs float) 

H H Word 4 

Read from Memory while 
H L Writing Data into 

Fig.3 - Address truth table. 

Addressed Word 

H H Write Data into Addressed Word 
Read Deactivated {outputs float} 

Fig.2 - Operating-mode truth table. 
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A. 
o 
I 

AI 

0----;-,.-, ::'I 
WRITE 

O===~ 
CHIP 
INHIBIT o 

REAIl 
INHIBITO 

I 
MEMORY 
~~SSO ____________ ~~~t-__ -t ____ -J1 

DATA 
IN 

DATA 
OUT 

I- 7. 
Ii 
;;l 
0.00 

~ 
It: 250 

92CS-206BI 

Fig.4-CD4036A Timing Diagram. 

5 10 15 
DRAIN-TO-SOURCE VOLTAGE (Yos)-V 

92C5-20676 

Fig.6-Typical n-channel drain characteristics. 

AMBIENT TEMPERATURE (TA)"'2S·C 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF VODIOO.3%1-C 

10 20 30 40 50 60 10 80 90 

LOAD CAPACITANCE (CLI-pF 
92CS-20678 

Fig.8-Typical read delay rime vs. CL-

CD4036A, CD4039A 

'M)RD I 

0-----------------------
I 

WOR02 

0------------------------
'M)RD3 

o ---;::::=.:; 
WORe' 

I 
MEMORY 
BYPASS 

OATA 
IN 

OATA 
OUT 

92CS-20680 

Fig.5-CD4039A Timing Diagram. 

DRAIN-YO-SOURCE VOLTAGE 1Vosl-V 
-15 -10 -5 

-~ 

AMBIENT TEMPERATURE (TAI"25*C 
TYPICAL TE'MPERATURE COEFFICIENT 
AT ALL VALUES OF VGs'"-O.3 -4/·e 

92CS-20677 

Fig. 7-Typical p-channel drain characteristics. 

AMBIENT TEMPERATURE (TA)·2S· 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF VOO-O.3 "I./·C 

LOAD CAPACITANCE (CL)-pF 
92CS-20679 

Fig.9-Typical transition time lIS. CL. 
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4 

• 
6 ., 

.t 
7 

• 
10 

" 12 

____________ ,....-___________ . File No. 613 

C 
D 
4 I. 
0 , I. 
6 17 A 

I. 

" 14 
13 

lOa LOAD CAPACITANCE (el)· 15pF 

4 6 810 2 4 6 8100 2 4 6 81000 

FREQUENCY (f)-KHz 92CS-20710 

Fig. 10-Typical power dissipation vs. frequency. 

TEST PERFORMED WITH 
THE FOLLOWI~G SEQUENCE 
OF ,', AND O. ., 52 ., 
'0 a T 
0 0 0 
0 I I 
0 I 0 
I 0 I 
I 0 0 
I I I 
I I 0 

92CS-20103 

TEST CIRCUITS 

C 
D 
4 

7 g 
•• A 

13 

10V 

TEST PERFORMED WITH 
THE FOLLOWING SEQUENCE 
OF ,', AND 0" 

., 
T 
o 

92C5-20104 

Fig. 1 t-Quiescent current (CD4036A). Fig. 12-0uiescent current (CD4039AJ. 

5VORIOV 3.5VOR7V 

92CS-20705RI 

Fig. 13-Noise immunity. 
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+ ThaCD4036A CAN BE UTILIZED IN A SIMILAR FASHION. 

CD4036A, CD4039A 

Switches shown 
are GRAYHILL 
2-pole switches 
50CY23133. CEN
TRALAB PAl60, 
or equivalent can 
also be used. 

Switches (left to 
right) read 5-3-2. 
The equivalent val
ue of "N" for 
these switch po
sitions (from the 
Table belowl is 
3-'-00r N" 13. 

v:ue I Switch 

(:::~t Positions 

notation) 

10 

, 92CM-I9947 

see APP, NOTE ICAN-6498 - "DESIGN OF FixeD AND PROGRAMMABLE COUNTERS USING THE RCA CD4018A 
COS/MOS PRESETTABLE DIVIDE-BY-'N' COUNTER" AND ICAN-6716. "LOW POWER DIGITAL FREQUENCY 
SVNTHESIZERS UTILIZING COS/MOS IC'S", 

Fig. 14-Three-decade programmable + N counter with 4-channel preset memory settings for frequency synthesizers. 

The divide-by-N counter system shown in Fig.14 is program
mable from 2 to 999. Four counter-preset words, selected 
by means of the rotary switches, can .be stored in the 
CD4039A devices and can be read into each CD401 BA by 

simply addressing the proper word. Note that the CD4029A 
(see Bulletin File No. 503) Presettable Up/Down Counter 
with BCD decade counting can also be used to perform the 
basic counting function. 
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CD4036A. CD4039A 

MEMO 
READ 
WRIT 

RY BYPASS 
INHIBIT 

E 

2 21 113 

4 

5 
6 

7 

8 
9 

10 
C04036A .. 

Tl{:: 
3_LlNE{Nc;.~:r. 

ADORES 

AO 

AI 

20 

19 
18 
17 

16 
15 
14 

13 
22 23 I 

File No. 613 

r-_________________________ B_IT~\N_P_U_T~S ____________________ ~, 

IZ345618 9 10 II 12 13 14 15 16 

I I 
3 2 21 II 2 21 113 3 2 21 II 

4 4 4 

5 5 5 

6 6 6 
7 7 7 

8 8 8 

9 9 9 

10 10 10 

CD4036A * C04036A~ CD4036A* 

20 20 20 
19 19 19 
18 18 18 
17 17 17 

16 16 16 

15 15 15 

14 14 14 

13 13 13 
22 23 I 22 23 I 22 23 I 

I I II 
12345678 9 10 II 12 13 14 15 16 I 

* THE CD~039A CAN BE UTILIZED IN A SIMILAR FASHION 
I 

BIT OUTPUTS 
92CM-I':I938 

Fig. 15-Generai-purpose memorv storage - 8 words x 16 bits (RAM or ROM). 
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oornm Digital Integrated Circuits 
Monolithic Silicon 

Solid State 
Division CD4037AD,CD4037AE 

CD4037AF,CD4037AK 

" VDO-O 
COS/MOS Triple AND-OR 
Bi-Phase Pairs 

Applications: 

For use in digital equipment where low·power 
dissipation,low· package count, andlor high 
noise immunity are primary design 
requir~me.nts. 

• Split.phase (Bi·Phase) Communication Systems. 
• Disc, Drum, and Tape Digital Recording Systems. 
• Plated Wire and· Core Memory Systems. 
• High·to·low logic level converter. 

RCA C04037A consists o.f three ANO·OR pairs driven by 
common control signals A imd B. 

Features: 

" Outputs compatible with low·power TTL systems. 
Each circuit has a data input (C), and two output terminals 
(0 and E) that provide outputs in accordance with the truth 
table shown in Fig. 2. The circuit is useful for coding or 
decoding signals for split·phase (Bi·phase) communication 
systems, magnetic recording, and plated wire and·core memory 
systems. A separate VCC terminal is provided to allow level 
conversion to any voltage from 3 volts to VOO. 

II High current sink and source (1.6 mA typ.) capability 
at VOI)= VCC= 10 V and VOS = 0.5 V. 

• Input protection against electrostatic effects. 

• Microwatt quiescent power dissipation: Po = 0.5 IlWI 
ceramic pkg. (typ.), Po = 21lW/piastic pkg. (typ.) at 
VOO= 10V 

C04037AO is supplied in a 14·lead ceramic dual·in·line 
package, C04037 AE in a 14·lead plastic dual·in·line package, 
C04037 AF in a 16·lead dual·in·line ceramic frit-seal package, 
and C04037 AK in a 14·lead ceramic flat package. 

9-74-

MAXIMUM RATINGS,Absolute·Maximum Values: 

Storage Temperature Range ............... -65o C to +150 oC 
Operating Temperature Range: 

Ceramic Package Types ............... -550 C to +125 °C 
Plastic Package Types ................. -400 C to +85 oC 

DC Supply Voltage Range (VDD - VSS) ..... -0.5 V to +15 V 
Dissipation: 

Per Package. . . . . . . . . . . . . . . . . . . . . . . . . 200 mW 
Per Output. . . . . . . .. . . . .• . . . . . .. . . . . 100 mW 

All Inputs .................•......•... VSS ~VI ~VDD 
For VCC ........................... 3<VCC~VDD 

Recommended DC Supply Voltage 
(VDD - VSS). . . . . . . .. . . . . . . . . . . . . . . 3 to 15 V 

CAUTION: VCC VOLTAGE LEVEL MUST BE EQUAL TO OR 
LESS POSITIVE THAN VDD 

195 



CD4037A ______________ ---., ___________ File No. 576 

196 

VDD 

Vss 

~ 
To OTHER 2 PAIRS Vss 

Vee 

ALL P SUBSTRATES CONNECTED TO VDD 

ALL n SUBSTRATES. UNLESS OTHERWISE 
SHOWN, ARE CONNECTED TO Vss 

Vee 

.Vss 

92CM-19235A1 

Fig.1-Schematic diagram of one AND·OR-Si-Phase hIt. 
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STATIC ELECTRICAL CHARACTERISTICS IAII inputs ....................... . VSS « VI s:; VDD) 
3to15V) IRecommended DC Supply Voltage IVDD - VSS) .. 

LIMITS CHARAC· 

TEST CD4037AD. CD4037AF. CD4037AK ~~~~~~C 
CHARACTERISTIC SVMBOLIv=CO~N~D!;IT!.!I~O~N~S--/----~;;;c:;:-----r----:;;o;:_----,----:;:;;;o;:_--__j UNITS & TEST 

Vo VCC VDD SSoC 2SoC 12SoC CIRCUITS 

au iescent Device 
Current 

Quiescent Device 
Dissipation/Package 

Output Voltage: 

Low-Level 

High-Level 

Noise Immunity 

IAlllnputsl 
For Definition, 
See Appendix 

Output Drive Current: 

N-Channet 

P-Channel 

Input Current 

Volts Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

10 10 

25 

10 100 

0.01 

10 0.01 

4.99 

10 10 9.99 

0.8 5 5 1.5 

1.0 10 10 

4.2 5 1.4 

9.0 10 10 2.9 

0.5 0.85 

0.5 10 10 1.3 

4.5 5 -0.S5 

9.5 10 10 -0.9 

0.03 

0.05 10 

0.15 25 

0.5 100 

o 0.01 

0.01 

4.99 4.95 

9.99 10 9.95 
1.5 2.25 1.4 

3 4.5 2.9 

1.5 2.25 1.5 

4.5 

0.7 1.2 0.45 

1.1 0.7 

-0.55 -1 -0.35 

300 
~A 

SOO, 

1500 

SOOO 
~w 

0.05 
v 

0.05 

v 

v 

mA 

mA 

10 

-0.75 -1.S -0.45 
~l~O~----~~~---+---+-p~A~1-----~ 

LIMITS CHARAC· 
TERISTIC 

TEST CD4037AE CURVES 
CHARACTERISTIC SVMBOLf..-C~O~Nr.D7!.2IT~ITO;:;N~S-f----__:;;;C;;;_--,----_:;;;O'~--__:I--__;;;;Q";;_----i UNITS & TEST 

Vo VCC VDD 40°C 25°C 8SoC CIRCUITS 

Quiescent Device 
Current 

Quiescent Device 
Dissipation/Package 

Output Voltage: 

Low-level 

High-Level 

Noise Immunity 
(All Inputs) 

For Definition, 
See Appendi)( 

Output Drive Current: 

N·Channel 

P·Channel 

Input Current 

Volts Volts Volts Min. TVp. 

10 

10 

10 

5 4.99 

10 10 9.99 

O.B 5 1.5 

1.0 10 10 

4.2 5 1.4 

9.0 10 10 2.9 

0.5 0.4 

0.5 10 10 0.S5 

4.5 5 -0.35 

9.5 10 10 -0.5 

Max. Min. Typ. Max. Min. 

50 0.1 50 

100 0.2 100 

250 0.5 250 

1000 2 1000 

0.01 o 0.01 

0.01 o 0.01 

4.99 4.95 

9.99 10 9.95 
1.5 2.25 1.4 

4.5 2.9 

1.5 2.25 1.5 

4.5 3 

0.35 0.7 0.3 

0.55 1.1 0.45 

-0.3 -0.55 - -0.2 

-0.4 -0.75 - -0.3 

10 

Typ. Max. Fig. No. 

700 
1400 ~A 
3500 

~w 
14000 

V 

V 

V 

mA 

mA 

pA 

10 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, CL = 15 pF, and VCC = 5 V 
Typical Temperature Coefficient for all values of VDD = O.3%l"c 

LIMITS 

TEST C04037AO. 

CHARAC· 
TERISTIC 

CHARACTERISTICS SYMBOLS CONDITIONS C04037AE CURVES 
C04037AK, UNITS 

& TEST -
Voo 

(Volts) 

Propagation Delay Time: tPHL 5 

A and B Inputs tPLH 10 

tpHL 5 

C Inputs 10 

tPLH 5 

10 
Transition Time: 

tTHL 5 

High-ta-Low Level 10 

Low-ta-High Level tTLH 5 

10 

I "put Capacitance CI Any Input 

TRUTH TABLE 
BA INPUT 

A B 

0 0 
01 

1 0 

CI 
0 1 

1 1 

EI 

D2 
C2 

L-____ ~T------------r-E2 

O! 
c! L-________________ J-E! 

FI,.Z-Lo,;c ditlgnml ond trurfo tJlblo. 

198 

AMBIENT TEMPERATURECTA'o:25·C 
COLLECTOR SUPPLY VOLTSlVcclo:S 
TEMPERATURE COEFFICIENT FOR ALL 
VALUES OF VDO-O.S %/"C 

LOAD CAPACITANCECCLJ-pF 

Fig.4-Typical transition"timB VI CL. 

TPUT 
0 E 

1 1 

C C 

C C 

0 0 

92CS-19,224 

Min. 

-
-
-
-
-
-
-
-
-
-

• 
B 

C04037AF 

Typ. Max. 

225 450 

75 150 

250 500 

75 150 

225 450 

90 180 
40 80 

15 30 

75 150 
60 120 

5 -

Mln. Typ. 

- 325 

- 100 

- 350 

- 100 

325 

- 125 

- 60 

- 20 

- 100 

- 90 

- 5 

COOING WAVEFORMS 

DECODING WAVEFORMS 

FI,.3-ctJdln/lond docodinll .... sIi>"" .. 

Max. 

650 

200 

700 

200 

650 

250 
120 

40 

200 

180 

-

LOAD CAPACITANCE (CL'-pF 

ns 

ns 

ns 

ns 

pF 

Fig.5- Typical transition time VI '!L. 

CIRCUITS 
Fig. No. 

6.8 

4,8 

5,8 

-

NRZ OATA 

CONTROL 
SIGNALS 

PHASE 
MODULATED 

OUTPUTS 

.pHASE 
MODULATED 

DATA 

CONTROL 
SIGNALS 

UCS'IIIZ7 

92CS-'8225 
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'" ~ 
,I 

!:: 

~ 
U· 

? 

100 
LOAD CAPACITANCECCL1-pF 

Fig.6-Typical propagation delay time v, CL-

A, B,OR C 
INPUT 

~ 10' ~------~~~~~~~~~--~--------1 
INVERTING 

OUTPUT 
D OR E ~ 

~ 
~ 
11. 

~ 
i IO-zL ______ .J-::-______ ...L..,, ______ -'L,--______ --1 

~ ~ ~ - ~ 
INPUT FREQUENCY (t) - Hz 

* PACKAGE CONTAINS 6 AND-OR CIRCUITS 
92C5-192.22 

Fig. 7-Typical dissipation characteristics. 

92C5-20079 

Fig.8-Waveforms for measurement of dynamic characteristics. 

TEST CIRCUITS 
VDD 

10V 

92.CS-19231 92CS-19232RI 

Fig.9-0uiescent device current. Fig.1D-Noise immunity (at TA = 2sOC). 
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D\l(]3LJ[] Digital Integrated Circuits 

Solid State 
Division CD4040AD 

CD4040AF 

Monolithic Silicon 

CD4040AE 
CD4040AK 

COS/MOS 12-Stage Ri.pple-Carry 
Binary Counter/Divider 
Features: 

• Medium-speed operation .... 5-MHz (typ.1 input pulse rate at 
VDD-VSS = 10 V 

• Low "high"- and "Iow"-Ievel output impedance ...... 750 n 
(typ.1 at VDD-VSS = 10 V and VDS = 0.5 V 

01 011 • Common reset 

~ 
12eUFFER[D OUTPUTS • Fully static operation 

• All 12 buffered outputs available 

• Low-power TTL compatible 

RCA-CD4040A consists of an input-pulse-shaping circuit and 
12 ripple-carry binary counter stages. Resetting the counter to 
the all-O's state is accomplished by a high-level on the reset 
line. A master-slave flip-flop configuration is utilized for each 
counter stage. The state of the counter is advanced one step in 
binary order on the negative·going transition of the input 
pulse. All inputs and outputs are fully buffered. 

The CD4040A is supplied in a 16-lead dual-in-line ceramic 
welded-seal package (CD4040ADI. a 16-lead dual-in-line plastic 
package (CD4040AEI. a 16-lead dual-in-line ceraniic frit-seal 
package (CD4040AFI. or a 16-lead flat pack (CD4040AKI. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

Storage-Temperature Range ........ -65 to +150 

Applications: 

• Frequency-dividingcircuits 

• Time-delay circuits 

• Control counters 

Operating-Temperature Range: 
Ceramic-Package Types ......... . 
Plastic-Package Types .......... . 

DC Supply-Voltage Range: 
(VDD-VSSI ............. . 

Device Dissipation (Per Package I .... . 

-55 to +125 °C 
-40 to +85 °C 

-0.5 to +15 V 
200 mW 

Q'}'NPUTS 
TO 2nd 
STAGE 

f..-..--4----a, 

All Inputs ..................... . VSS::SVI::S VDD 
Recommended 

DC Supply-Voltage (VDD - VSSI .. 3to 15 
Recommended 

Input-Voltage Swing. . . . . . . . . . .. VDD to VSS 
lead Temperature (During Solderingl 

At distance 1/16" ±1/32" (1.59 ±0.79 mml 
from case for lOs max. . ....... . 

200 

V 
• R-HIGH DOMINATES (RESETS ALL STAGES) 
• ACTION OCCURS ON NEGATIVE GOING 

TRANSITION OF INPUT PULSE. COUNTER 
ADVANCES OrE BINARY COlJIIT ON EACH 
NEGATIVE + TRANSITION (4096 TOTAL 
BINARY COUNTS). 9ZCM·20748RI 

Fig. 1 - Logic diagram of CD4040A input pulse shaper and 
1 of 12 stages. 
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File No. 624 _______________________ CD4040AD, CD4040AE 
CD4040AF, CD4040AK 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... vss:':: VI::; VOOI 
(Recommended OC Supply Voltage (VOO - VSS) ......... 3 to 15 VI 

LIMITS 
CHARAC· 

TEST TERISTIC 

CONDITIONS C04040AO. CD4040AK. CD4040AF CURVES 
CHARACTERISTIC SYMBOL UNITS & TEST 

Vo VDD -550 C 250 C 1250C CIRCUITS 
Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

Quiescent Device 5 - - 15 - 0.5 15 - - 900 13 
Current IL 10 - - 25 - I 25 - - 1500 I1A 

Quie!cent Device 5 - - 75 - 2.5 75 - - 4500 
Dissipation Package Po 10 - - 250 - 10 250 - - 15000 liN 13 

Output Voltage: 
VOL Fanout 5 - - 0.01 - 0 0.01 - - 0.05 

V 
Low Level of 50 10 - - 0.01 - 0 0.01 - - 0.05 

COS/MOS 5 4.99 - - 4.99 5 - 4.95 - -
High Level VOH Inputs 10 9.99 9.99 10 - 9.95 - V - - -

VNL 
O.B 5 1.5 - - 1.5 2.25 - 1.4 - - V 

Noise Immunity I 10 3 - - 3 4.5 - 2.9 - -
11,12 

(Allinputsl 
VNH 

4.2 5 1.4 - - 1.5 2.25 - 1.5 - - V 
9 10 2.9 - - 3 4.5 - 3 - -

Output Drive Current: 0.5 5 0.22 - - 0.145 0.36 - 0.102 - -
n·Channel IDN 0.5 10 

mA 2,4 
0.44 - - 0.4 0.75 - 0.250 - -

4.5 5 -0.15 - - -0.1 -0.25 - -0.07 - -
p-Channel IDP 

9.5 10 -0.3 - - 0.25 -0.5 - 0.175 - - mA 3,5 

Input Current II Any Inpu - - - - 10 - - - - pA 
-

STATIC ELECTRICACCHARACTERISTICS (All inputs ........................... VSS::; VI::; VOOI 
(Recommended OC Supply Voltage (VOO - VSSI .......... 3 to 15 VI 

LIMITS CHARAC· 
TEST TERISTIC 

CONDITIONS CD4040AE CURVES 
CHARACTERISTIC SYMBOL UNITS & TEST 

Vo VDD -400C 250C . BSoC CIRCUITS 
Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

Quiescent Device 5 - - 50 - I 50 - - 700 
13 

Current IL 10 - - 100· - 2 100 - - 1400 I1A 

Ouiescent Device 
PD 

5 - - 250 - 5 250 - - 3500 13 
Dissipation Package 10 - - 1000 - 20 1000 - - 14000 JlW 

Output Voltage: 
VDL Fanout 5 - - 0.01 - 0 0.01 - - 0.05 

V Low Level of 50 10 - - 0.01 - 0 0.01 - - 0.05 
COS/MOS 5 4.99 - - 4.99 5 - 4.95 - -

High Level VOH Inputs 
10 9.99 - 9.99 10 - 9.95 - - V -

O.B 5 1.5 - - 1.5 2.25 - 1.4 - -
VNL I 3 3 4.5 2.9 

V 
Noise Immunity 10 - - - - - 11,12 

(Allinputsl 
VNH 

4.2 5 1.4 - - 1.5 2.25 - 1.5 - -
V 

9 10 2.9 - - 3 4.5 - 3 - -

Output Drive Current 0.5 5 0.21 - - O.OB 0.36 - 0.056 - -
(0, ii Outputs): IDN 

0.5 10 0.2 
mA 2,4 

n·Channel 0.42 - - 0.75 - 0.14 - -

4.5 5 -0.145 - - -0.011 -0.25 - -0.4 - -
p-Channel IDP 

9.5 10 -0.29 -0.15 -0.5 -0.1 mA 3,5 - - - - -
Input Current II Any Inpu - - - - 10 - - - - pA 

201 



CD4MOAD.CD40~AE ________________________________________ __ 
CD4~AF. CD4040AK 

File No. 624 -

DYNAMIC ELECTRICAL CHARACTERISTICS, At TA = 2f1JC, Vss = av, CL = 15 pF (unless otherwise specified/, 
and input rise and fall times = 20 ns except trCL and tfCL. Typical Temperature Coefficient for all values of VDD = O.3%t C. 

CHARACTERISTIC SYMBOL 
TEST CONDITIONS 

VDD 

Input·Pulse Operation 
Propagation Delay tPHl. 5 

Time tPlH 10 

Transition Time tTHl. 5 
tTlH 10 

Min. Input·Pulse Width twl. I = 100KHz 5 
tWH 10 

Input·Pulse trt/> 5 
Rise & Fan Time til/> 10 

Max. Input·Pulse 
II/> 

& 
Frequency 10 

Input Capacitance CI Any input 

Reset Operation 

Propagation Delay 
tPHl 

5 
Time 10 

Minimum Reset 
twH 

5 
Pulse Width 10 

NOTES: 

1. Measured from the 50% level of the negative clock edge to the 
50% level of either the positive or negative edge of the Q1 out· 
put (pin 9): or measured from the negative edge of Q1 through 
011 outputs to the positive or negative edge of the next higher 
output. 

" 

fI2 .• 
8 10 ,.. 
~ 
:3 7.' 
z 
C 

'" Q 

2.5 

o 
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AMBIENT TEMPERATURE (TA) • 2S·C 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VGs=-G.3't'.'-C 

2.' 

:fE-TO-SQURCE VOLTAGE {VGS)-15V 

10V 

5V 

5 7.5 10 12.5 15 
DRAIN - TO - SOURCE VOLTAGE (Vosl-V 

92CS-Z1510 

Fig.2 - Typical n-channel drain characteristics. . 

CD4040AK. AD. AF CD4040AE 
UNITS NOTE 

MIN. TYP. MAX. MIN. TYP. MAX. 

- 450 900 - 450 950 1 
225 450 225 475 

ns - -
- 150 300 - 150 350 ns - 75 150 - 75 175 

- 200 400 - 200 500 ns - 75 110 - 75 125 

- - 15 - - 15 2 - - 7.5 - - 7.5 lIS 

1 1.75 - 0.9 1.75 -
MHz 3.5 5 - 3.25 5 -

-

-
-
-
-

5 - - 5 - of 

500 1000 - 500 1250 
3 

250 500 250 600 
ns -

500 1000 - 500 1250 
250 500 250 

ns 
- 600 

2. Maximum input rise or fall time for functional operation. 
3. Measured from the positive edge of the reset pulse to the nega

tive edge of any output (Q1 to Q12.). 

ORAIN- TO-SOl.KE VOLTAGE (Vos)-V 
-15 -10 -5 

5V 

10V 

GATE-TO-SOURa: VOLTAGE { -15V 

AMBIENT TEMPERATURE (TAl - 25-C 

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VGS· ·0.3%/-C 

o 

-5 ~ 

-10 

-I. 

.. 
z 

I 
€ 
I 
~ 

92CS-2t5tl 

Fig.3 ..... Typical p-channel drain characteristics. 



File No. 624 CD4040AD, CD4040AE 
CD4040AF, CD4040AK 

7.5 

.. to .• 5 

i 5 

a 3.75 

z 

~ 2.5 

1.25 

o 

AMBIENT TEMPERATURE (TAl. 2S·C 

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VGS·-O.3'-.'oC 

ATE-lO-SOURCE VOLTAGE (VGS1~15V 

10V 

5V 

2,~ ~ 1.5 10 12.5 15 
DRAIN - TO - SOURCE VOLTAGE IVOSI-V 

92C5-21512 

DRAIN-TO-SOURCE VOLTAGE (VOSI-V 

-15 -10 

10V 

GATE - TO - SOURCE VOLTAGE tVGsl "15 v 

AMBIENT TEMPERATURE (TA I ·2S-C 

-5 

5V 

TYPICAL TEMP. COEFFICIENT AT ALL. VALUES OF VGS--O.3"1./oC 

o 

-7.5 

Fig.4 - Minimum n-channel drain characteristics. 

92CS-ZL513 

Fig.S - Minimum p-cha:mt!! drain characteristics. 

INPUT PULSE SHAPER 

VDD 

'----it> 

.p -+-+--+----4 
~ ~-+-----+--~ 

iil}TO NEXT 
'------i--i-.... fll STAGE 

ON COUNTER STAGE 

NOTE: SUBSTR,ATES FOR ALL "p" UNITS ARE CONNECTED TO Voo 
SUBSTRArES FOR AL L. MnM UNITS. UNLESS OTHER WISES SHOWN, ARE CONNECTED TO GROUND 9zCM-zr509 

. Fig.6 - Schematic diagram of input shaping, reset buffers, and one counter stage of CD4040A. 203 
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CD4040AF, CD4040AK 

File No. 624 

., 
< 
I 
f ... 
~ .. 
" ~ 
"i1-
Q 

i 
0 

'" 
~ 

LOAD CAPACITANCE (CLJ-pF 92CS-21S14 

Fig. 7 - Typical propagation delay time VI. load capacitance 
(per stage.! 

10' AMBIENT TEMPERATURE (TA)-25°C 

10' 

~~7 
~ po'P 

10' i.o:'O~ ~ "-= F ~~ 
/" -.'Jl,,J./ 

10' 
"!>~ 

10' 

.." ,.- ,.-
10 

.. 
LOAD CAPACITANCE (CLI~I!5pF 

-- CL '<50pF 

I 

104 105 106 10' 
INPUT FREQUENCY (fo#lJ-Hz 

92eS-21515 

Fig. 9 - Typical dissipation characteristics. 

TEST CIRCUITS 

" 15 

14 

IS 

5VOR lOY 

3,5V 
OR 

o-!:!-
r---r<~ 

nts-!7 ••• 

I.SY 
OR 
3. 

5V OR lOY 

He!'1?9'1 

o 

92CS-201!l4 

Fig. B. - Typical transition time vs. load capacitance. 

AMBIENT TEMPERATURE (T A) ·25·C 

LOAD CAPACITANCE lel) -15 pF 

CD4040AD AK 

OA 

10 15 20 

SUPPLY VOLTAGE (VOD)-V 
92eS-21S16 

Fig. 10 - Maximum input-pulse frequency vs. supply 
voltage. 

5V OR IOV 

92CS-17918RI 

Fig. 11 - Reset-noiSftoimmunity test circuit. Fig. 12 - Input-pulse noise-immunity test 
circuit. 

Fig. 13 - OuiescenNJevice-dissipation 
test circuit. 
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ffilCIBLJD 
Solid State 
Division 

Digital Integrated Circuits 
Monolithic Silicon 

CD4041AD, CD4041AE,CD4041AK 

'3~' • E 
E" 

2 
F 

F'~ 

.~4 • G 
G' • . " M-ii 

IO~. C K 
.. C 

'L 
L-C 

COS/MOS Quad True/Complement 
Buffer 

APPLICATIONS 

• High Cu~rent Source/Sink Driver 
• COS/MOS·to·DTLlTTL Converter 
• Display Driver 
• MOS Clock Driver 
• Resistor Network Driver (Ladder or Weighted R) 

• Buffer 
• Transmission Line Driver 

Special Features 
True Output 
• High Current Source and Sink Capability 

8 mA (typ.) @VDS=0.5 V, VDD = 10 V 

RCA COS/MOS type CD4041A" is a Quad True/ 
Complement Buffer consisting of n· and p. channel units 
having low·channel resistance and high-current (sourcing and 
sinking) capability. The CD4041 A is intended for use as a 
buffer,line driver, or COS/MOS·to·TTL driver. It can be used 
as an ultra·low power resistor·network driver for A/D arid 
D/A conversion, as a transmission~line driver, and in other 
applications where high noise immunity and low·power dissi· 
pation are primary design requirements. 

3.2 mA (typ.) @ VDS = OA V, VDD = 5 V (two TTL loads) 

The CD4041A is supplied in a 14·lead duaHn·line ceramic 
package (CD4041AD), a 14·lead dual·in·line plastic package 
(CD4041AE), or a 14·lead flat pack (CD4041AK). 

'Formerly Dev. No. TA6031 

MAXIMUM RATINGS, Absolute-Maximum Values: 
Storage Temperature Range ........ . 
ape.-Ing Temperature Range:' 
.. ' een.mic Package Types •.•••.•••• 

Plastic Package Types ....•••..•• 
DC Supply Voltage Range 

IVoo-Vssl .......... .. 
Device Dissipation (Per Pkg.) ....... . 

. Average Dissipation Per Output .. .... . 
. Allowable Input Rise and Fall Time 

VI Supply arid frequency ....... . 
Alllnpuu ...................... . 
Recomnwndad 

DC Supply Voltage+VOO - VSSI .. 
Recommended 

Input Vol_ Swing ........... . 

9-74 

-65"Cto+l50 

-650 C to +126 
-400C to +85 

~.6Vto+16 

200 
100 

See Fig. 17 
VSS<VI<VOO 

3to'15 

VootoVss 

OC 

OC 
°C 

V 
mW 
mW 

V 

Complement Output 
• Medium Current Source and Sink Capability 

3.6 mA (typ.) @VDS = 0.5 V, VDD = 10 V 
1.6 mA (typ.) @VOS=O-l) V. VDD = 5 V 

Vss 

JOO JOO 

1J1~TRUE 
~S--- OUTPUT 

1 1 
Vss Vss 

VOO 

J 
]+--------00 COMPLEMENT , 

Vss 92CS-200S5 

Fig. '~CD404'A schematic diagram. 
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CD4041A File No. 572 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................ vss ~ VI ~ Vool 
(Recommended OC Supply Voltage (VOO - VSSI .. ........ 3 to 15 VI 

TEST 

CHARACTERISTIC SYMBOL 
CONDITIONS 

Va Voo 
-550C 

Volts Volts Min. ..... 
QUiescent Device 

. IL 
Inputs 

Current to ,0 
Ground 

Quiescent Device 
Po 

0' 
Dissipation/Package VOO ,0 20 

Output Voltage: 
VOL Fan-out 

0 .. 0' 
Low-level 

of 50 '0 0.01 
CDS/MaS 4.99 

High-Level VOH Inputs 
,0 9.99 

Nc;use Immunity • 0.95 1.5 
tAlllnpun) VNL 

2.9 '0 
For definition. '-- 3.6 1.4 

see Appendix VNH 
7.2 ,0 2.9 

Output Dnve Current: Tn .. 0.4 2.' 
Output 0.5 ,0 6.25 

N·Channei ION 
Comple- 0.5 
ment 
Output 0.5 ,0 2.5 

Tn .. 4.5 -1.75 
Output 9.5 '0 -S 

P-01annel lOP 
Compte- 4.5 ~.75 
ment 

. Output 9.5 ,0 -2.25 

Input Current II Any Input 

• Values shown are for true output. 

·SEE FIG. 17 FOR TRANSITION Tlt.£ LIMITATIONS 92CS-20036 

206 

Fig. 2-Typical n-channel drain charac
teristics-true output. 

LIMITS 

CD4041AD. CD4041AK 
UNITS 

25°C 125°C 

Min. Typ . ... .. Min. ... .. 
0.005 -60 

0.005 ,20 
.A 

0.025 300 

0.05 20 '200 
.W 

0 0.01 0.05 

0 0.0' 
V 

0.05 

4.99 4.95 

,9.99 ,0 
V 

9.95 

1.5 2.25 1.4 
V 

4.5 2.9 

'.5 2.25 1.5 
V 

3 4.5 

'.6 3.2 '.2 

,0 3.5 
mA 

O.S 1.6 0.55 

1.4 

-1.4 -2.8 -, 
-4 ~ -2.8 

mA 
~.6 -1.2 ~.4 

-,.8 -3.6 -'.25 
,0 pA 

ORAIN-TO-SOURCE VOLTAGE tVOsl-V 

Fig. 3-Typical p-channel drain charac
teristics-true output. 

CHAAAC-
TERISTIC 
CURVES& 

TEST 
CIRCUITS 

Fig. No. 

19 

10,11 

20 

2.6. 

4.8, 

3.7. 

5.9. 

92CS-200;S7 



File No. 572 CD4041A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... VSS:::; VI :::; VDDI 
(Recommended DC Supply Voltage (VDD - VSS). , ........ 3 to 15 VI 

CHARACTERISTIC SYMBOL 

QUiescent Device 
Current 'l 

QUiescent DeVice 
OISSI patlonfPackage Po 

Output Voltage: 
Low-Level Val 

Hlgh·Level VOH 

Noise Immunity. 
IAlllnputsl 

VNl 

For definition, 

see Appendix VNH 

Output Drive Current 

N-Channel ION 

P·01annl!l lOP 

Inpul Current 
" 

• Values shown are for true output . 

.. 
E , 
Q 

I 
z . 
~ 15 

TEST 
CONDITIONS 

Vo 
Volts 

Inputs 
to 
Ground 
0' 

VOO 

Fan~ul 

of 50 
COS/MaS 
Inputs 

0.95 

2.9 

3.6 

7.2 

True 0.4 
Output 0.5 

Comple- 0.5 
ment 
Output 0.5 

True 4.5 

Output 9.5 

Comple- 4.5 
ment 
OUIPUI 9.5 

Any Input 

* SEE FIG.17 FOR TRANSITION TIME LIMITATIONS 

Fig. 4-Typical n·channel drain charac
teristics-complement output. 

-400 C 
Voo 
Volts Min. ..... 

5 - 10 

10 - 20 

5 - 50 

10 - 200 

5 om 
10 0.01 

5 4.99 

10 9.99 -

5 1.5 -

10 3 -

5 1.4 -

10 2.9 -
5 1 

10 3 -

5 0.5 -
10 1.2 -

5 ~.B5 -

10 -2.4 -

5 ~.35 

10 -1.1 -

-. 

92CS-ZOO3a 

Min . 

.-

-

-

-

4.99 

9.99 

1.5 

3 

1.5 

3 

O.B 

2.5 

0.4 

1 

-<J.7 

-2 

~.3 

~.9 

LIMITS CHARAC· 
TERISTIC 

CD4041AE CURVES&: 
UNITS 

250C 850C 
TEST 

CIRCUITS 

Typ. ..... Min. ... .. Fig. No. 

0.01 10 - 140 
.A 19 

0.02 20 - 2BO 

0.05 50 - 700 

0.2 200 
.W 

2BOO 

0 0.01 .. 0.05 
V 

0 0.01 - 0.05 

5 4.95 
10.11 .. -

V 
10 - 9.95 -

2.25 - 1.4 -
V 

4.5 - 2.9 -
20 

2.25 1.5 
V 

4.5 - 3 -

3.2 0.7 - 2.6. 

10 - 2.2 -
mA 

1.6 - 0.35 4.B. 

4 - 0.9 -
-2.B .. -<J.6 - 3.7. 

-8 - -1.8 -
rnA 

-1.2 - ~.27 - 5.9. 

-3.6 - -<J.8 

10 .. .- pA 

92.CS-20039 

Fig. 5-Typical p-channel drain charac
teristics'complement output. 
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CD4041A File No. 572 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2S'C and CL = ISpF 
Typical Temperatur. Ccefficient for all yalues of VDD = o.3%fC (See Appendix for Wav~forms) 

LIMITS CHARAC-
TERISTIC 

CHARACTERISTIC SYMBOL 
TEST CD4041AD, 

CD4041AE UNITS 
CURVES 

CONDITIONS CD4041AK & TEST 
VDD CIRCUITS 
(Volts I ~IN. TYP. MAX. MIN. TYP. MAX. Fig. No. 

Propagation Delay Time: True 5 - 65 115 - 65 140 
High·to·Low Level tpHL Output 10 40 75 40 100 

ns -- -
Complement 5 55 100 55 125 
Output 10 30 45 30 65 

ns -

Low·to·High Level 
True 5 - 75 125 - 75 150 

14 tpLH Output 10 45 75 45 100 
ns - -

Complement 5 - 45 100 - 45 125 
15 

Output 10 25 40 25 60 
ns - -

Trimsition Time: True 5 - 20 40 - 20 60 
12 

High·to·Low Level tTHL Output 10 13 25 13 40 
ns - -

Complement 5 - 40 60 - 40 80 
13 

Output 10 25 40 25 50 
ns - -

True 5 - 20 40 - 20 60 
12 Low·to·High Level tTLH Output 10 13 25 13 40 

ns - -
I Complement 5 35 55 35 75 

ns -Output 10 - 25 40 - 25 50 
nput CapacItance CI Any Input 5 5 pF 

DYNAMIC ELECTRICAL CHARACTERISTICS (Driving TTL.DTLIATTA = 25°C, VDD-VSS=5V,CL -15pF (TrueOutputl 

TEST CONDITIONS LIMITS TYPICAL 

CD4041AD 
CHARAC-

CHARACTERISTIC SYMBOL 
CD4041AK 

CD4041AE UNITS TERISTICS 
Driving CURVES 

TTL.DTL MIN. TYP. MAX. MIN. TYP. MAX. Fig. No. 

Propagation Delay Time: RL = 2kn 
Med. 

75 150 75 175 
Power 

- -
tpHL Low 

ns -
High·To·Low Level RL = 20kn 

Power - 75 150 - 75 175 

RL = 2kn 
Med. 

85 175 85 200 
Power 

- -
Low·To·High Level tpLH Low 

ns -
RL = 20kn 

Power 
- 85 175 - 85 200 

RL = 2kn 
Med. 

20 50 20 75 
Power - -

Transition Time tTHL= ns -
tTLH RL = 20kn 

Low 
20 50 - 20 75 

Power -
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File No. 572 ______________ ---, ___________ _ 
CD4041A 

~ 
, 20 

Q 

'" 

14 

12 

~ 10 

'" " 1! g .. 

DRAIN-TO~SOURCE VOLTAGE (VOSI-V 

92CS-20040 

Fig. 6-Minimum n·channel drain char· 
acteristics·true output. 

5 10 
ORAIN-TO-SOURCE VOLTAGE (Vosl-y 

15 

92CS-20042 

Fig. B-Minimum n·channel drain char· 
acteristics-complement output. 

SUPPLY VOLTAGEIVpol-15V 

Voo -IOV 
~o 

AMBIENT TEMPERATURE 
(TAl " 25"C 

~ Voo -5V 

o 

o 

Voo= 
3V 

10 12 
INPUT VOLTAGE (VI)-V 

14 

Fig. IO-Minimum and maximum 
transfer characteristics·true 
output. 

IS 18 

92CS-20044 

15 

t 12.5 

~ 
'" 10 
" ~ 
g 

7.5 .. 
~ 

5 " 0 

2.5 

DRAIN-TO-SOURCE VOLTAGE tVosl-V 
92CS-20041 

Fig. 7-Minimum p-channel drain char· 
acteristics·true output. 

-5 

DRAIN-la-SOURCE VOLTAGE (vosl-V 92CS-20043 

Fig. 9-Minimum p-channel drain char· 
acteristics-complement output. 

10V 

5V 

3.5 

2.5 

AMBIENT TEMPERATURE 
(TA1"25"C 

~o 

1.5 10 12.5 15 17.5 20 
INPUT VOLTAGE 1Vt)-V 92C5-Z0045 

Fig. II-Minimum and maximum 
transfer characteristics· 
complement output 
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File No. 572 

I 
• 

...l.'ENT'TEM.\;RAnlRE 

o CTA)-25"C .'- V 
o f I I ~o"~ .....-
~ l~~G~;/ 

0- ~-P".1, -~ ~ 0 1'" l'IIlIl'01O'J 

0 

I 
1,,,,,1015' 

I I 
~ 00 ~ ~ ~ ~ ro ~ ~ 

LOAD CAPACITANCE (CtJ-PF 
92CS-20046 

Fig. 12-Typical transition time lIS. 

C Ctrue output 

~ 

~~ ., 
~8~-+~~~=+--r-~~--r-~ 
j: 

5 601-+-1-
i!! 
~40r--r-±=~~~~-r--+-+--;-~ 

i ool-+--t-+--+-t--+-f-+--t 
f 

~ 00 ~ ~ ~ ~ ro ~ ~ 

LOAD CAPACITANCE (C,J-PF 
92CS-20048 

FIg. 14-Typical fow-ro.."igh levsI 
propagation delay time lIS. 

C Ctrue output 

AMBIENT TEMPERATURE CT~). 25- C r-
1~5 INPUT'r ·'p·20nl 

• • • 
• 2 .. 10'1 
f7..~8 
~i: 

~ 

~ ~ ~ ,.M'" 
fO-· f' iii~: .," I!! a: ~ 
ca::~2 .,-
~ : 

• i 2 CL -15pF 
~I L -SOpF 

I 
• 
2 

II'" III I 1111 
3 2 10 • ... 2 ••• 104 11)5 106 2 4 •• 

FREQUENCY (1) Hz 
9ZCS-20050 

Fig. 16-Typical powsr dissipation lIS. 

frequency per output p6ir. 
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I 

if!' 
. 'li"./ 

.. 
~~ 

~ 
~401--+-+--;-., 
~ 30 

; 201--+-7'9-
~ 101---$::;;'-1-'=;:;;:;;\. 

10 

92CS-20047 

Fig. 13-Typical high·to-/ow level 
transition' time 1/1. C C 
complement output 

AMBIENT TEMPERATJRE I., /'" 
(Tf"S"C . ~~ .. / 

I G~<II>"/ 
o. '~I --~ I~o~ -- I--

:;::::. ~-
1'001015' 

I I 
10 20 ~ 40 50 80 ~ ~ 

LOAD CAPACITANCE (Ccl-PF 
92CS-20049 

Fig. 15-Typical low-ro.."igh level 
propagation delay time lIS. 

CL~mpmmentoutput 

MAXIMUM DISSIPATION PER PACKAGE 

I 
;t>'" 

:1~~ I~/ 
" ,," ==l" .' 

.. o'! 
~ I ,. 

,p 

" voo-sv, f-IOOkHz • .,4." 

.. o'! . 
AMBIENT TEMPERATURE 

SU AGE (VOll.·5- (TAI',?'~ 

1111 
10 

RISE AND FALL TIME-NS 

~8 

9ZCS-ZOOSI 

Fig. 17-Typical power dissipation lIS. 

input rise and fall time per 
output pair. 
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TYPICAL APPLICATIONS 

Fig. 18-D/A converter block diagram. 

For resolution and accuracy of ± 1/2 least significant bit (lSa), 
choose the values fDr A (shown in Table I) where A equals the value 
of the external ladder resistor plus the switch source impedance. 

TABLE I. RESISTANCE VALUES AT VOO-VSS = SV. 
TA = 25Q C 

RESOLUTION ACCURACY OF liZ LSB 
Rmin 

1m 

4 bit ± 3.2S% of full scale 3.5 k 

6bit ±0.8% of full scale 14 k 

8 bit ± 0.2% of full scale 56k 

10 bit ±0.05% of full scale 224 k 

12bit ± 0.0 125% of full scale 896k 

B. Transmission Line Driver 

Drive 100 pF load at 75 os delay (typ.) VDD-Vss = 10V 

These values have been tabulated for VOO = 5V and VSS:::z OV. For 
different supply (reference) voltages, the switch source impedance 
must be computed and added to the value of R shown in Table I. 

TABLE II. ON RESISTANCE VALUES 
ATVOS=O.IV. TA=Z5 Q C 

Voo-VSS RN Rp 
(Volts) 1m 1m 

5 175 ± 50 200 ± 75 

10 75± 25 90 ± 30 
'----. 

C. CD4031A (64·Stage Static Shift Register) Clock Driver 
(80pF Load) 

tr = tf = 40 ns (typ.). VDD-VSS = 10V 

TEST CIRCUITS 

+ 
I 

10 

92CS-22849 

Fig. 19-Quiescent device current. 

3.5 V 
OR 
7V 

14 

13 
12 

" 10 

5 V OR IOV 

~-
TO DVM 

ANY 
OUTPUT ~ 

92CS - 22850RI 

Fig. 20-Noise immunity. 
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File No. 589 

D\l(]3fJD Digital Integrated Circuits· 
Solid State 
Division 

Monolithic Silicon 

CD4042AD,CD4042AE 
CD4042AF,CD4042AK 

DO COSIMOS Quad Clocked "D" Latch 

1---""-000 

D. 
13,0 ... .;......-+-1"1----"''-0 " 

Special Features: 
• Medium Speed Operation .•. 

tpHL = tpLH = 50 ns (typl at 
VDD = 10 V and CL a 15 pF 

• Clock Polarity Control 
r7>iiE OF FciUilcAi'cHEs.., 

+-LI---7''-002 D. o·o-.:......-+-rl----='-O • a and Q Outputs D, 
I CL I 

>+-0 01 

• Common Clock 
• Low Power TTL Compatible .~~~ .. CLOCK 

5 

POl.ARITY Applications: 
• o-,-~--{.-J 

• Buffer Storage L ___ c1... ___ .....J 
YDD~ 
vss~ • Holding Register 

• General Digital Logic 

RCA-CD4042A types contain four latch circuits. each 
strobed by a common clock. Complementary buffered out· 

fCONT~--,-r - - ----l 
CLOCK Q---I--........ ti 

puts are available from each circuit. The impedance of the N-

CL I 
I 

al 
I and P-channel output devices is balanced and all outputs are 

electrically identical.. I l' I 
I ~P I Information present at the data input is transferred to out· 

puts Q and Q during the CLOCK level which is programmed 
by the POLARITY input. For POLARITY = 0 the transfer 
occurs during the 0 CLOCK level and for POLARITY = 1 the 
transfer occurs during the 1 CLOCK level. The outputs follow 
the data input providing the CLOCK and POLARITY levels 
defined above are present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative for POLAR
I TY = 11 the information present at the input during the 
CLOCK transition is retained at the outputs until an opposite 
CLOCK transition occurs. 

POLARITY 0 • I V ~_ I 
L ________ -" _.,-_---1 

DCS-ZOIIO 

CLOCK POLARITY Q 

0 o. D 

.r 0 LATCH 

1 1 D 
"'1... 1 LATCH 

CD4042A types are supplied in 16-lead ceramic flat·packs, 
plastic dual-in-line packages, and both welded·seal and frit· 
seal ceramic dual-in·line packages. 

Fig. '-Logic block diagram & truth tabltl. 
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MAXIMUM RATINGS, Absolute·Maximum Values: 

Storage Temperature Range: •.••...• -65oC to +150 
Operating Temperature Range: 

Ceramic Package Types • . • • . . • . .• -55°C to +125 
Plastic Package Types . • . . • . • • • •• -40oC to +85 

DC Supply Voltage Range 
(VDD - VSSI •...•.•...•.••.• -0.5 V to +15 

Device Dissipation (Per Pkg.' ..•••.•• 200 
All Inputs •.•.••.•••.•.••.•.••• VSS ~ VI ~ VDD 
Recommended DC Supply Voltage 

(VDD - VSSI .••......•.•. ,. • 3 to 15 
Recommended Input Voltage Swing. . . • VDD to VSS 

Lead Temperature (During Soldering: 
At distance 1116 ±1/32 in. 11.59 ±o.79 mml 

from case for lOs max. •.••••. + 265 

°C 

°C 
°C 

V 
mW 

V 

oC 

"·73 



File No. 589 ---------------,----________ _ CD4042A 
STATICELECTRICAL CHARACTERISTICS (All inputs ........................... VSS::; VI ::; VOO) 

(Recommended OC Supply Voltage (VOO - VSS). ......... 3 to 15 V) 

LIMITS 
TEST 

CONDITIONS CD4042AD. CD4042AK. CD4042A 
CHARACTERISTIC SYMBOL r---+---:~;:;;:::_......,,---:::::::--......,,_::;;;:;=___I UNITS 

-55°C 25°C 125°C 
VDD 
Volb Min. 

Quiescent Device 
IL 

Inputs 
C .. rent '0 10 

Ground 
Quiescent De\lice 

Po 
or 

DiSSipation/Package VOO 10 

Output Voltage: 
VOL Fan-out Low·Level 

0150 10 

CDS/MDS 
High-Level VOH Inputs 

4.99 

10 9.99 

Noise ImmunitY • Va" O.95v 
IAlllnputs) VNL 

VO' 2.9V 
For Definition. 

1.5 

10 

See Application VNH 
VO' 3.6 V 

VO·1.2V 

1.4 

10 2.9 

Output Drive Current: 
VO' 0.5V 0.5 

N-channel ION 

Va" O.5V 10 1.25 

Vo '" 4.SV -0.45 

P·~annel lOP 

VO' 9.5V 10 -1.15 

Input Current II Any Input 

• For inverter output only. 

AMBIENT TEMPERATURE (TAl· 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR 10"-0.3% loe 

GATE-TO-SOURCE VOLTAGE (VGS 1-15 V 

z 10V 

~ 10 

'V 
o 2.5 !5 7.5 10 12.5 15 

DRAIN-TO-SOURCE VOLTAGE (YOS) 

Mu. Min. Typ. ..... Mon. ... .. 
0.005 00 

0.005 120 

0.025 300 

20 0.05 20 1200 

0.01 0.01 0.05 
v 

0.01 0.01 0.05 

4.99 4.95 
v 

9.99 '0 9.95 

1.5 2.25 1.4 
v 

'.5 29 

1.5 2.25 15 
v 

4.5 

0.4 0.21 

rnA 

01 

-0.35 -1 -0.25 

rnA 

·0.9 ·2 -0.6 

10 pA 

DRAIN-TO-SOlACE VOLTAGE (VOSI-V 

-to -10 

10V 

GATE-TO-SOURCE VOLTAGE {VGSIIII!5V 

AMBIENT TEMPERATURE (TA I II 25·C 

-. 
5V 

TYPICAL TEMPERATURE COEFFICIENT FOR IO =-0.3%/"C 

CHARAC· 
TERISTIC 

CURVES&-
TEST 

CIRCUITS 

Fig. No. 

9 

2.4 

3,5 

-5 

-10 ~ .. 
z 

-15 ~ 

-30 

9ZCS-ZOI86 92CS-20f87 

Fig.2-Typ. n-channe/ drain characteristics. Fig.3-Typ. p-channe/ drain characteristics. 
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CD4042A File No. 589 
STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... Vss.:5: VI'::; Vool 

(Recomme~ded OC Supply Voltage (VOO - VSSI . . . . 3 to 15 VI 

LIMITS 

CHARACTERISTIC SYMBOL CD4042AE 

Voo 
Vol" 

-40oC 250 C 

Min. 

Quiescent Device 
'L 

Inputs 
Current to 10 

Ground 
Quiescent Device 

Po or 
Dissipation/Package VOO 10 

Output Voltage: 
VOL Fan~ut Low-Level 

01 SO 

5 

10 

4.99 

9.99 

COS/MOS 
High·Level VOH Inputs 

5 

10 

1.5 Noise Immunity. 
VNL 

Va'" O.95V 
(All Inputs) Va = 2.9V 10 

VNH 
Vo = 3.6 V 

Vo =1.2V 

5 1.4 

10 2.9 

OutPUt Drive Current: 
VO' 0.5V 0.24 

NCennei ION 

VO' 0.5V 10 0.6 

VO·4.5V 5 -0.2 

P.Q1annet 

Vo = 9.5V 10 ·0.34 

Input Current 
" 

AnV Input 

• For inverter output only. 

AMBIENT TEMPERATURE (TA) = 2S·C 
TYPICAL TEMPERATURE COEFFICIENT FOR IO • - 0.3% ,·C 

15 
TE-tO-SOURCE VOLTAGE (VG )"15V ... i 12.5 

8 10 

~ a 7.5 
15V 

z 

~ 
10V } 

CD4042AD,CD4042AK. 
CD4042AF 

2.5 
C04042AE - --

10V } 

0 

214 

2.5 

i"5V r:a 
5 7.5 10 12.5 15 

DRAIN - TO - SOURCE VOLTAGE (YOS) 
92CS-20188 

Fig.4-Min. n~hann(ll drs;n character;,tia. 

Mo •• Min. Typ. Mo •. Min. MIlK. 

10 0.01 10 140 
"A 

20 0.02 20 280 

50 0.05 50 1DO 

200 0.2 200 2800 
.W 

0.01 0 0.01 0.05 
V 

0.01 0 0.01 0.05 

4.99 4.95 

9.99 10 
V 

9.95 

1.5 2.25 1.4 
V 

3 4.5 2.9 

1.5 2.25 1.5 
V 

3 4.5 

0.2 0.18 

mA 

0.5 0.45 

-0.115 -1 -0.15 

mA 

-0.45 -2 -0.4 

10 pA 

DRAIN-TO-SOURCE VOLTAGE (VOS1-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TAl = 25 ·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR IO=-O.3%'·C IOV 

10V 

I.V 

GATE-TO-SOURCE VOLTAGE (VGSI" 15 V 

} CD4042AO,CD4042AK. 
C04042AF 

- - - } CD4042AE 

Fig. No. 

8 

9 

2.4 

3.5 

o 

-15 

92CS-20189 

Fig.5-Min. p-chsnnel drain character;Iticl. 



File No. 589 CD4042A 

DYNAMIC ELECTRICAL CHARACTERISTICS atTA = 25OC. Vss = OV, CL = 15pF, and input riseand.fall times = 20 ns, 
T . I T C ft·· f II I f V 0 3%/ oC' (S A d' f W f ) except t CL and tfCL VPlca em perature De Ie lent ora va ues 0 'DD= ee ppen IX or ave orms r 

CHARACTERISTICS SYMBOLS 
TEST CONOITIONS 

,...-
VDD 

IVolt,) 

Propagation Delay Time 
tpHL, 5 

tplH 10 

Transition Time tTHL, 5 

'TlH 10 
Minimum Clcc!, Pul::o tWL, 5 

Width 'WH 10 
Clock 'rel, 5 

Rise & Fall Time tlCl 10 

Set-UpTime 5 

10 
Input Capacitance Cl -

6 
SUPPLY VOLTAGE evcc)-v 

92CS-20192 

Fig.6-Typical propagation delay time vs. VOD' 

A 

• 
C 

A DOIIIDe} TEST 
B 0110111 SEQUENCE 
C 0000001 

92CS-20198 

Fig.S - Quiescent device current. 

LIMITS CHARAC· 

,C04042AD.C04042AK 
TERISTIC 

CD4042AE UNITS CURVES & 
C04042AF TEST 

CIRCUITS 
Min. Typ. Max. Min. Typ. Max. Fig. No. 

- 150 300 - 150 400 

- 75 125 - 75 200 
ns 

- 100 200 - 100 JOO 
- 50 100 - 50 150 

ns 

- 175 250 - 175 350 

- 50 75 50 175 
ns --

- - 15 - - 15 

- - 5 - - 5 
ps -

- 50 100 - 50 125 - 25 50 - 25 60 
ns -

- 5 - - 5 - pF -

lOS 

~ 10' 

~ :'\ .. \~" 
~ 104 ,~O<>~~~iE 

~~ ... 
~ "aVo 
~ 103-

• .;;1 V . .,.. 
0 

..... 
'!>~ 

~ 
~ 102 

0 

ffi 
L 

;0 10 LOAD CAPACITANCE CL -15 pF. • F 
~ Ct a5O pF---

I 
I 2 4 • B 2 4 • B 2 4 •• 2 4 681 

104 105 106 
CLOCK FREQUENCY Ifell-Hz 

9ZCS-20200 

Fig.7-Typical dissipation characteristics. 

9ZCS-ZOI99 

Fig.9 - Noise Immunity 
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File No. 590 

OO(]30D Digital Integrated Circuits 
Monolithic Silicon 

Solid State 
Division CD4043AD, CD4043AE ,CD4043AK, 

CD4044AD,CD4044AE,CD4044AK 

5, 

", 0, 

So 

"0 
00 

5, 
0, . ", 

54 
04 

". 
ENABLE Ne 

COS/MOS Quad 3- State 
RIS Latches 
Quad NO R R/S Latch - CD4043A 
Quad NAND R/S Latch - CD4044A 

Special Features: 
• Medium Speed Operation 
• 3-Level Outputs with Common 

Output Enable 
• Separate Set and Reset Inputs 

for Each Latch 
• Low Power TTL Compatible 
• NOR and NAND Configurations 

Applications: 
• Holding Register in Multi· 

Register System 
• Four Bits of Independent 

Storage with Output Enable 
.• Strobed Register 
• General ~igital Logic 

RCA-CD4043A types are quad cross-coupled 3-state 
COS/MOS NOR latches and the CD4044A types are quad 
cross-coupled 3-state COS/MaS NAND latches. Each latch has 
a separate Q output and individual SET and RESET inputs_ 
The Q outputs are gated through transmission gates controlled 
by a common ENAB LE input. A logic "I" or "high" on the 
ENAB LE input connects the latch states to the Q outputs_ A 
logic "a" or "low" on the ENAB LE input disconnects the 

latch states from the Q outputs, resulting in an open circuit 
condition on the Qoutputs. The open circuit feature allows 
common bussing of the outputs. The logic operation of the 
latches is summarized in the truth table below shown in Fig.l. 

MAXIMUM RATINGS. Absolure-Maximum Values: 

Storage Temperature Range: ........ -650 C to +150 
Operating Temperature Range: 

Ceramic Package Types. . . . . . . . .. -550 C to +125 
Plastic Package Types . . . . . . . . . .. -400 C to +85 

DC Supply Voltage Range 
(VDD - VSSI ................ -0.5 V to +15 

Device Dissipation (Per Pkg·.1 ........ 200 
All Inputs •........•...•....... VSS ~ VI ~ VDD 
Recommended DC Supply Voltage 

(V DO - VSSI . . . . • . . . . . . . . . . . 3 to 15 
Recommended Input Voltage Swing. . . . VDO to Vss 
Lead Temperature (During Soldering: 

At distanr.e 1/16±1/32 in. (1.59 ±o.79 mml 
from case for" lOs max. ....... +265 

216 

The CD4043A and CD4044A are supplied in 16-lead dual-in· 
line ceramic packages (CD4043AD and CD4044ADI, 16-lead 
ceramic flat packs (CD4043AK and CD4044AKI, and 16-lead 
dual.in.iine plastic packages (CD4043AE, CD4044AEI. 

CD4044A TERMINAL DIAGRAM 

°C RI 

5j 01 
oC 
oC 

V 02 
mW 

V 03 

oC 04 

ENABLE 
5 2 

NC 

8 
V55 

92C5-20222 

9-74 



File No. 590 ______________ ...,..... ________ CD4043A, CD4044A 

CD404~A- NOR 

lONE OF FoURLATCHESl 

I E I 
I 

5 

EN~~ 
S REa 

x x 0 OC'" 
o 0 I NC+ 
I 0 I I 
o I 0 
I ~ 

"OPEN CIRCUIT 
+ NO CHANGE 
~ DOMINATED BY S' IINPUT 

92C5-20211 

CD4044A-NAND 

I ONEOFFOUR LATCH~ I 
I E I 

S R E a 
x x 0 OC" 
I I I NC+ 
0 I I I 
I 0 I 0 
0 0 I ~~ 

"OPEN CIRCUIT 
+ NO CHANGE 
~~ DOMINATED BY R·OINPUT 

92C5- 20212 

Fig. 1 - Logic diagrams & truth tables. 

~vss Vss J5nDD dVDD d VDD 

'~.u. J let, 
Vss 9 E 

VS5 

. Ii ndVDD dVDD 

ENA~KE . 9 g.ss_ 
S5 Vss E 

92CS-20213 92CS-20214 

Fig.2-Schematic diagram-C04043A. Fig.3-Schematic diagram-CD4044A. 
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CD4043A, CD4044A File No. 590 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... vss::S; VI ::s; VOOI 
(Recommended OC Supply Voltage (VOO - Vssl .•........ 3to 15Vl 

TEn 
CHARACTERISTIC SYMBOL 

CONDITIONS 

VDD 
Vol .. 

QUiescent DeVice InpulI 5 
'L Current to 10 

Ground 
Qu,escent Devu:e 

Po 
or 

Dlsslpallon/Packllge Voo 10 

OutPUt Voltage: 
Low·Level VOL Fln~ut 

01 SO 10 

COSIMOS 
H'IIh'Level VOH Inputs 

10 

Noise Immunity VO' 0.95V 5 
VNL IAlllnpuls) VO' 2.9V 10 

For definition, Vo = 3.6V 
see Appendix VNH 

VO·1.2V 10 

OUIPUI O,...,e Current. 
Vo = 0.5V 

N-Channet ION 

Vo = 0.5V 10 

VO: 4.5V 

'·"'annel lOP 

Vo = 9.5V 10 

Input Current 
" 

Any Input 

.. 
E 2. ~.\'lir.l I 
Q ,,"G~ ... 

20 
, ....... 

~o ... ... .. ,,~ 
i 

" 

O"'~O-S 
,< 

f r:,'9-'\t. 
\O~ 

~ 10 

o 5 10 15 
DRAIN-TO-SOURCE VOLTAGE CYOS)-V 

92CS-2021~ 

Fig.4-Typ. n-channBI drain characteristics. 

218 

LIMITS 

CD4D43AD,CD4043AK,CD4044AD,CD4044AK 

-55°C 

Min. Moa. 

2 

5 

20 

0.01 

0.01 

4.99 

9.99 

1.5 

3 

1.4 

2.9 

0.25 

0.61 

-0.22 

-0.5 

Min. 

4.99 

999 

15 

15 

0.2 

0.5. 

-0.115 

-0.4 

UNITS 
250C 12&OC 

Typ. Moa. Min. Moa. 

0.005 60 
~A 

0.005 2 120 

0.025 5 JOO 

0.05 20 t200 
~W 

0 001 0.05 

0 0.01 
V 

O.~ 

• 95 
V 

10 995 

225 ,. 
V 

4.5 29 

2.25 15 
V 

45 3 

0.5 0.14 

rnA 

0.35 

-0.5 -0.12 

rnA 

-1 -0.28 

10 "A 

DRAIN-TO-SOURCE VOLTAGE IVDS)-V 
-15 -10 -, 

,~ 

AMBIENT TEMPERATURE (TA)a2S-C 
TYPICAL TEMPERATURE COEFfiCIENT 
FOR 10."0.3 % lac 

B2CS-tOtIS 

Fig.5-Typ. p-channel drain characteristics. 

CHARAC 
TERISTIC 
CURVES A 

TEST 
CIRCUITS 

F.tg. No 

11 

12 

4,6 

5,7 

-. 
i! 

10 ! 

15 5 



File No. 590 CD4043A. CD4044A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ............ VSS::;: VI ::; VDDI 
(Recommended DC Supply Voltage (V DD - VSSI .. 3to 15Vl 

TEST 

CHARACTER'STIC SYMBOL 
CONDITIONS 

Voo 
~OC 

Volb Mon. ..... 
QUlftftnt OeWl~ Inputs 5 '0 

Current 'l '0 10 20 
Ground 

Quiescent DeVIce 
Po 

o. 50 
DISSipation/Package VOO 10 200 

Output Voltage: 
VOL Fa. -out 

O.OJ 
~ow'Level 

01 SO 10 O.ot 
COS/MOS 5 4.99 

Hlgh-lewl VOH Inputs 
10 999 

NoIse Immunity Va'" O.95V 15 
IAII Inputsl VNL 

Vo 0 2.9V 10 3 
For Definition 

VO·3.6V 14 
See Appendix VNH 

Vo 0 7.2V 10 2.9 

OutPut Ornle Current 
Vo 0 0.5V 0.12 

N-Channel 'ON 

Vo 0 0.5V 10 0.3 

Vo 0 4.5V -0.11 

P-Channet 'OP 

Vo o9.5V 10 -0.24 

Inpul Current I, Any Input 

92CS-Z0217 

Fig.6-Min. n-channel drain characteristics. 

LIMITS 

CD4043AE. CD4044AE 

Mon . 

499 

999 

I 5 

3 

15 

3 

0.1 

0.25 

-0.09 

-0.2 

UNITS 

250 C 850 C 

Typ. ..... Mon . ... •. 
0.01 10 140 

"A 
0.02 20 280 

0.05 50 700 
.w 

0.2 200 2800 

0 O.ot 0.05 
V 

0 0.01 005 

4.95 
V 

10 9.95 

225 14 
V 

4.5 2.9 

2.25 15 
V 

4.5 3 

0.5 0.09 

mA 

0.22 

-0.5 -0.08 

• nA 

-I -0.18 

10 pA 

DRAIN-m-SOURCE YOLTAGE(VDSJ-V , 

CHARAC 
TERISTIC 
CURY'ES& 

TEST 
CIRCUITS 

Fig No 

11 

12 

4.6. 

5.7 • 

.. 
E 

I 

92CS-20218 

Fig.7-Min. p-channe/ drain characteristics. 
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CD4043A. CD4044A _____________ .....,-___________ File No. 590 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C. Vss = OV. Cl = 15pF. and input rise and fall times = 20 ns. 
except trCl and tfCl. 

CHARACTERISTICS 
TEST CONOITIONS 

SYMBOLS 

Propagation Delay Time 
tPHL, 

'PLH 

Transition Time 
tTHL, 

'TLH 
Minimum Set and Reset 'WHISI, 

Pulse Width 'WHIRl 
Input Capacitance Cl 

350 AMBIENT TEMPERATURE CTAI-25-C 
TYPICAL TEMPERATURE COEFFICIENT f 300 FOR 10° 0·3 % I-e 

-:. 
iE 
:- 250 

" it 
=200 ... .. 

~ 
IVoltsl 

5 
10' 

5 
10 

5 
10 

-

"V 

LIMITS 

C04043AD,CD4043AK CD4043AE. CD4044AE CD4D44AD,CD4044AK 

Min. 

-
-
-

-
-

-
-

Typ. 

175 

75 

100 

50 

80 
40 

5 

..... 150 

!II 
;:: 

Max. Min. Typ. M8X. 

350 - 175 400 

175 - 75 '200 

200 - 100 250 

100 - 50 125 

200 - 80 225 

100 - 40 110 

- - 5 -

AMBIENT TEMPERATURE ITA Ie 2S-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ID- 0.3 % I·e 

CHARAC· 
TERISTIC 

UNITS CURVES 

Fig. No. 

ns 8 

ns 9 

ns -
pF -

15 100 

!: 
!i1 I'V 

o 

220 

~ ro ~ ~ 00 ro ro ~ ~ 

LOAD CAPACITANCE (CL) - pF 
92CS-20219 

Fig.8-Typ. propagation delay time vs. CL-

... 0 

::: 
o 

LOAD CAPACITANCE ICL)-pF 

Fig.9-Typ. transition time VB. CL. 

10" AMBIENT TEMPERATURE ITA)- 25-C 

;0 .. 10' ,.\~ ~E. 
I \~~ ? 

10' 
,~ .. G~ .,.. o;~ .. -10 ~ 

!.! v.;!o 

~ s~v 

z 10' 
'!>~ 0 

~ = 10 2 
LOAD CAPACITANCE Q 

ffi ./ CL'"15 pF 

;0 10 CLIO 150 pF 

~ 
I 

10' 104 105 

OUTPUT FREQUENCY-Hz 
92CS-20201 

Fig.lD-Typ. dissipation characteristics. 

92CS-20220 



File No. 590 _______________________ CD4043A, CD4044A 

VOO 

1M II 

VOD 

TEST CIRCUITS 

10V 

TEST PERFORMED WITH THE 
FOLLOWING SEQUENCE 

14 OFPI'S"ANO"O'S" .. 
12 

10 

9 

S, 

I 
o 
o 

S2 S3 

a 

o a 

a 
92CS-20202 

I.SVOR 3V 

92CS- 20203RI 

Fig. I t-Quiescent current. Fig. 12-Noise immunity. 

114 CD4043A 

Co, 

92CS·20209R1 

TYPICAL APPLICATIONS 

.•. [ 
LOAD A 

ENABLE ,11,0---------+--' 
r-----l 

BusJ[~ - ;: 
12 , 
13 , 

L.. _____ .J 

LOiDa 

3 C04043A I. 
7 

" ,. 

ENABLE B o---------+---J 

LOAD C 

• 
12 
I. 
3 CD4043A 10 
7 

" ,. 

ENABLE C 0---------+--' 

LOAD D 

12 

" 3 CD4043A I. 
7 

" ,. 

ENABLE 00----------+--' 

213 CD4009A 

Fig. 13 - Switch bounce eliminator. Fig. 14-Mulrlple bus storage. 
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File No. 614 

OOClBLJD Digital Integrated Circuits 
Monolithic Silicon Solid State 

Division CD4045AK CD4045AE CD4045AD 

COS/MOS 21-Stage Counter 

Applications: 

• Digital equipment in which ultra·low dissipation and/or 
operation using a battery source are primary design requirements. 

VDD) 4,5,6,9,10,11,12,13-

NO CONNECTION 

• Accurate timing from a crystal oscillator for timing applications 
such as wall clocks, table clocks, automobile clocks, and digital 
timing references in any circuit requiring accurately timed outputs 
at various intervals in the counting sequence. 

I. 
Vss 

• Driving miniature synchronous motors, stepping motors, or 
external bipolar transistors in push·pull fashion. 

RCA·C04045A is a timing circuit consisting of 21 counter 
stages, two output·shaping flip flops, two inverter output 
drivers, three 5.5 V zener diodes {providing transient pro· 
tection at 16.5 VI, and input inverters for use in a crystal 
oscillator. This device may be operated over a 3 to 15 V 
supply voltage range. The C04045A configuration provides 
21 flip·flop counting stages, and two flip·flops for shaping 
the output waveform for a 3.125% duty cycle. Push· pull 
operation is provided by the inverter output drivers. 

The first inverter is intended for use as a crystal oscillatorl 
amplifier. However, it may be used as a normal logic 
inverter if desired. 

A crystal oscillator circuit can be made less sensitive to 
voltage supply variations by the use of source resistors. In 
this device, the sources of the p and n transistors have been 

brought out to package terminals .. If external resistors are 
not required, the sources must be shorted to their respective 

Maximum Ratings, Absolute·Maximum Values: 

Storage·Temperature Range 
Operating-Temperature Range: 

Ceramic packages 
Plastic package . 

DC Supply Voltage Range (VOO - VSSI. 
Device Dissipation: 

{per package, including zener diodes I . 
All Inputs. 

Recommended DC Supply 
Voltage Range {VOO -VSSI 

Recommended Input Voltage Swing 

Peak Zener Diode Current 
{decay T = 80 msl . 

222 

-550 C to + 1250 C 
-400 C to + 850 C 

-0.5 to + 15 V 

200mW 
VSS::s;,VI::S;VOO 

3 to 15 V 

Vooto VSS 

150mA 

Features: 
• Operation from 3 to 15 volts 
• Microwatt quiescent dissipation. 

2.5 JlW (typ.l @ VOO = 5V; 10 JlW (tyP.) @ VOO = 10 V 

• Very·low operating dissipation. . . . . 
1 mW(typ.l;@VOO=5V,fl/>=IMHz 

• Output drivers with sink or source capability. 
7 mA {typ.1 @ Vo = 0.5 V, VOO = 5 V (sinkl 
5 mA {typ.1 @ Vo = 4.5 V, VOO = 5 V {sourcel 

• Medium speed {typ.l. . . . fl/> = 5 MHz @ VOO = 5 V 
fl/> = 10 MHz@ VOO = 10 V 

• 16.5 V zener diode transient protection 
on chip fo~ automotive use 

substrates (Sp to VOO, SN to VSSI. See Fig. 1. 

C04045A types are supplied in a .l6·lead flat pack, and in 
both 16·lead ceramic and plastic dual·in·line packages. 

Lead Temperature ~ During soldering): 
At distance 1/16 ± 1/32 inch {1.59 ± 0.79 mml 

from case for 10 seconds max. . . • . . • 265 DC 

NOTE 1: To minimize power dissipation in the zener diodes, 
and'to ensure device'dissipation less than 200 mW, 
a 150 n current·limiting resistor must be placed in 
series with the power supply for VOO > 13 V. 

NOTE 2: Observe power supply terminal connections. VOO 
is terminal No.3 and VSS is terminal No.14 {not 16 

. and 8 respectively, as in all other C04000A Series 
16·lead devicesl. 
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File No. 614 

VOO 

REFER TO APPLICATION r 
NOTES ICAN 6086 I DR 

T~~ d~t,~rc:: FOR I 
gg~l!-O~AE~O: VALUES L~>K")-_, 
AND TYPICAL OSCILLATOR 
CURRENTS 

2.097152 
MHz 

CJ 

L EXTERNAL ----1 
COMPONENTS 

SCHEMATIC OF 
FIRST INVERTER 

CD4045AK, CD4045AE, CD4045AD 

r'SE< ---j 
.~ 
--I ~1I3Z SEC 

1/2 SEC-l J.-

'+d~ 

92CM~20895 

Fig.l-C04045A and outboard components in a typical 21·stage counter application. 

106 PLASTIC PACKAGE-- AMBIENT TEMPERATURE ITA 1·25-C 
CERAMIC PACKAGE-

104 105 106 

INPUT FREQUENCY U+)-Hz 
92C$-20115RI 

Fig. 2-Typical dissipation vs input frequency (21 counting stages}. 

12 14 

ORAIN-TO~SOURCE VOLTAGE (VOS'-V 92CS-ZOS96 

Fig. 3-Typical n-channel drain characteristics, 
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CD4045AK, CD4045AE, CD4045AD _______________ _ File No. 614 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ...................•..... VSS~ VI S VOO) 
(Recommended DC Supply Voltage (VOO - VSS) ........• 3 to 15 V) 

--

LIMITS CHARAC-
'- TERISTIC 

CHARACTERISTIC SYMBOL TEST CONDITIONS C0404.5AO, CD4045AK UNITS CURVES 

VDD 55DC 25DC 125OC- & TEST 
CIRCUITS 

Volts Min. Max. Min. Typ. Max. Min. Ma •. fig.No. 

QUiescent Device 
Current 5 - 15 0.5 15 900 

IL 1 25 1500 IlA 11 
10 - 25 -

QUiescent Device 5 0.075 0.0025 0.075 - 4.5 
Po rnW 

DIssipation/Package 10 0.25 - 0,01 0.25 - 15 

Output Voltage: 5 0,01 - 0 0,01 0.05 

Low-Level VOL 
10 - 0.01 .- 0 0,01 0.05 Driving 

COS/MaS 4.99 
V 

5 4.99 - 5 4.95 
High-Level VOH 10 9.99 9.99 10 9.95 

5 1.5 1.5 2.25 1,4 
VNL 

10 3 3 4.5 2.9 NOise Immunltv t---
I All Inputs) V 

Va 5 1,4 1.5 2.25 1.5 
VNH 12 

Volts 10 2.9 3 4.5 .3 

Output Drive Current 0.5 5 4,4 3.5 7 2.5 

N·Channei ION 
0.5 10 6.9 5.5 11 3.9 

rnA 

4.5 5 -3.1 -2.5 -5 -1.8 
P·Channel lOP 

9.5 10 -5.6 -4.5 -9 -3.2 
rnA 

Input Current II - 10 - pA 

Zener Breakdown 
VIBR)Z Voltage l·l001lA 13.3 17.8 13.5 16.5 18 13.7 18.2 V 7 

--
LIMITS CHARAC-

TERISTIC 
CHARACTERISTIC SYMBOL TEST CONDITIONS CD4045AE UNITS CURVES 

VDO _40DC 25DC 85DC & TEST 
CIRCUITS 

Volts Min. Max. Min. Typ. Max. Min. Max. Fig.No. 

QUiescent DeVice 
Current 

IL 
5 50 1 50 700 

IlA 11 
10 - 100 - 2 100 - 1400 

QUiescent DeVice 5 0.25 0.005 0.25 3.5 
Po rnW 

DISSipation/Package 10 1 - 0.02 1 - 14 

Output Voltage' 5 0.01 - 0 0.01 - 0.05 

Low-Level VOL 
10 0.01 - 0 0.01 -- ODS DrIVing 

COS/MaS V 
5 4.99 4.99 5 4.95 

High. Level VOH 10 9.99 - 9.99 10 9.95 

5 1.5 1.5 2.25 1.4 
VNL 

10 3 3 4.5 2.9 NOise Immunltv -
(All Inputs) 5 1,4 1:5 2.25 1.5 

V 

VNH 
Va 12 

Volts 10 2.9 3 4.5 - 3 

Output Drive Current 0.5 5 2.2 1.8 7 1.3 
N-Channel ION 

0.5 10 3.5 2.8 2.0 
rnA 

11 

4.5 5 1.6 -1.3 -5 - -0.9 --=-P·Chan"el lOP rnA 
9.5 10 -2.8 -2.3 -9 -1.6 

Input Current II 10 - pA 

Zenp.r Breakdown 
VIBR)Z Voltage I 100 IlA 13.3 17.8 13.5 16.5 18 13.6 18.1 V 7 
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File No. 614 CD4045AK, CD4045AE, CD4045AD 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2SoC. VSS = 0 V. CL = 15 pF, and input rise and fall times = 20 ns, except trQ and tfc,)
Typical Temperature Coefficient for all values of VOO = O.3%/oC. 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

VDD 
IVolts) 

Propagation Delav Time IPHL· 5 

¢IIOyorytd Qut tplH 10 

!THL. 5 
Transition Time 

ITLH 10 

Minimum Input- IWl. 5 

Pulse Width IWH 10 

Input Pulse 111/), 5 

Rise & Fall Time lief) 10 

Maximum Input-puis!! 5 

Frequency 111l1/J 10 

Inpul CapacLlilllcP CI Anv Input 

DRAIN TO SOURCE VOLTAGE (VOSI-V 
92C5-20897 

Fig. 4-Minimum n-channel drain characteristics. 

DRAIN TO SOURCE VOLTAGE IVoSI-V 

92CS-20899 

Fig.6 - Minimum p-channel drain characteristics. 

LIMITS CHARAC· 
TERISTIC 

CD4045AD.CD4045AK CD4045AE UNITS 
CURVES 
& TEST 

Min. Typ. 

2.2 

1.2 

450 

375 

100 

50 

4.4 5 

8,5 10 

5 

CIRCUITS 
Max. Min. Typ. Max. Fig. No. 

4.4 2.2 5.5 

2.4 1.2 3.3 
!Js 8 

800 450 900 
ns 9 

650 375 750 

115 100 140 

60 50 
!1~ 

75 

15 15 
fl.' 

10 10 

3.~ 5 

6.5 10 
MHI 10 

5 pF 

DRAIN TO SOURCE VOl.TAGE IVO&-V 

Fig. 5-Typical p,channel drain characteristics. 

92CS-20900 

Fig.7 - Typical zener diode characteristics. 
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SUPPLY VOLTAGE 1VOO)-V 
92CS-20955 

Fig. 8-Typical propagation delay (91 to y or y+d out) vs V DD-

SUPPLY VOLTAGE 1VOD)-V 

9ZCS-20903 

Fig. 'O-Minimum 'mO vs VOO for CD4045AD and CD4045AK. 

LOAD CAPACITANCE ICL'-pF 

Fig. 9-Typical transition time vs CL-

12 

" 10 

File No. 614 

92CS-Z090Z 

Fig.lt - Quiescent device current test circuit. 

92CS-22889RI 

Fig. 12 - Noise immunity test circuit. 
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oornLJD 
Solid State 
Division 

Digital Integrated Circuits 

CD4046AD 
CD4046AK 

Monolithic Silicon 

CD4046AE 
CD4046AH 

PHASE 
PULSES 

PHASECOMP 
I GUT 

COMPARA 

I. I. VDD 

COS/MOS Micropower 
Phase-Locked Loop 

IN 

yeo OUT 

INHIBIT 

CHI) 

e1C2} 

vss 

• 

" 
14 

TOP 13 

VIEW 12 

10 

ZENtR 

SIGNAL IN 

PHASE COMP 
n OUT 

R2 TO Yss 

RI TO Vss 
DEMODULATOR 

OUT 

yeo IN 

Features: 
- Very low power consumption. 
- Operating frequency range. 
- Wide supply·voltage range. • 
- Low frequency drift. • '. . 

. 70 p'W ltyp.) at veo fo=10 kHz. VOo=5 V 
• up to 1.2 MHz (tyP.)atVoo= 10 V 

• • • • • • VOO - VSS=5 to 15 V 
O.06%JOe (tyP.) at VOO= 10 V 

- ehoice of two phase comparators 1. Exdusive-OR network 
2. Edge-controlled memory network with 

phaSe.pulse output for lock indication TERMINAL ASSIGNMENT 
CD4046AD 
C04046AE 
CD4046AK - High veo linearity. . • . • . • • • . . . • •• 1% (tyP.) 

- veo inhibit control for ON-OFF keying and ultr .. low standby 
power consumption 

The RCA·CD4046A COS/MaS Micropower Phase-Locked 
Loop (PLL) consists of a low·power. linear voltage-controlled 
oscillator (VCO) and two different phase comparators having a 
common signal·input amplifier and a common comparator in· 
put. A 5.2·V zener diode is provided for supply regulation if 
necessary. The CD4046A is supplied in a 16·lead dual·in·line 
ceramic package (CD4046AD). a 16·lead dual·in·line plastic 
package (CD4046AE). and a Hi·lead flat pack (CD4046AK). 
It is also available in chip form (CD4046AH). 

VCO Section 

The VCO requires one external capacitor CI and one qr two 
external resistors (RI or RI and R2). Resistor RI and capaci· 
tor CI determine the frequency range of the VCO and resistor 
R2 enables the VCO to have a frequency offset if required. 
The high input impedance (IOI2n) of the VCO simplifies the 
design of low'pass filters by permitting the designer a wide 
choice of resistor·ta-capacitor ratios. In order not to load the 
low·pass filter. a source-follower output of the ·VCO input 
voltage is provided at terminal 10 (DEMODULATED OUT· 
PUT). If this terminal is used. a load resistor (RS) of 10 kn or 
more should be connected from this terminal to VSS' If 
unused this terminal should be left open. The VCO can be 
connected either directly or through frequency dividers to the 
comparator input of the phase comparators. A full COS/MaS 
logic swing is available at the output of the VCO and allows 
direct coupling to COS/MaS frequency dividers such as the 
RCA·CD4024A.CD40IBA.CD4020A.CD4022A. or CD4029A. 
One or more CD40lBA (Presettable Divide·by·N Counter) or 
CD4029A (Presettable Up/Down Counter). together with the 
CD4046A (Phase, Locked Loop) can be used to build a micro· 
power low·frequency synthesizer. A logic 0 on the INHIBIT 
input "enables" the VCO and the source follower. while a logic 
1 "turns off" both to minimize stand· by power consumption. 

5-73 

_ Source-folloWer output ofVCO control input 
(Demod. outpUt! 

• Zener diode to assist supply regulation 

App/ications: 

-. FM demodulator and modulator 

- Frequency synthesis and multiplication 

- Frequency discriminator - Tone decoding 

- Oata synchronization - FSK - Modems 
- Voltage-to-frequency conversion - Signal conditioning 

(See ICAN-6101 for application information and 
circuit details) 

Fig.' - COS/MaS phase-locked loop bla&k diagram. 
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Phase Comparators 

The phase·comparator signal input (terminal 14) can be direct· 
coupled· provided the signal swing is within COSMOS logic 
levels [logic "0" .;;; 30% (VOO-VSS), logic "1" ;;. 70% 
(Voo-Vssll. For smaller swings the signal must be capaci· 
tively coupled to the self· biasing amplifier at the signal input. 

Phase comparator I is an exclusive·OR network; ·it operates 
analagously to an over·driven balanced mixer. To maximize 
the lock range, the signal· and comparator,input frequencies 
must have a 50% duty cycle. With no signal or noise on the 
signal input, this phase comparator has an average output 
voltage equal to VOO/2. The low·pass filter connected to the 
output of phase comparator I supplies the averaged voltage to 
the veo input, and causes the veo to oscillate at the center 
frequency (fo). 

The frequency range of input signals on which the PLL will 
lock if it was initially out of lock is defined as the frequency 
capture range (2fcl. 

The frequency range of input signals on which the loop will 
stay locked if it was initially in lock is defined as the frequency 
lock range (2fL). The capture range is';;; the lock range. 

With phase comparator I the range of frequencies over which 
the PLL can acquire lock (capture range) is dependent on the 
low·pass·filter characteristics, and can be made as large as the 
lock range. Phase·comparator I enables a PLL system to remain 
in lock in spite of high amounts of noise in the input signal. 

One characteristic of this type of phase comparator is that it 
may lock onto input frequencies that are close to harmonics of 
the veo center·frequency. A second characteristic is that the 
phase angle between the signal and the comparator input varies 
between 00 and 1800 , and is 900 at the center frequency. Fig. 2 
shows the typical, triangular, phase·to·output response charac· 

voo 

~ 5 VODI2 

Cc. ER:OGL~A~~TPUT 

o 90· leO· 

SIGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 

92C5-20009 

Fig.2 - Phase-comparator I characteristics 
at low-pass filter output. 

teristic of phase·comparator I. Typical waveforms for a COS/ 
MOS phase-Iocked·loop employing phase comparator I in 
locked condition of fo.!s shown in Fig. 3. 

Phase·comparator II is an edge·controlled digital memory net· 
work. It consists of four flip·flop stages, control gating, and a 
three·state output circuit comprising p. and n·type drivers hav· 
ing a common output node. When the p·MOS or n·MOS 
drivers are ON they pull the output up to VOO or down to 
VSS, respectively. This type of phase comparator acts only on 
the positive edges of the signal and comparator inputs. The 
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SIGNAL INPUT (TERM. 14) 

veo OUTPUT (TERM 4). 
COMPARATOR INPUT 
(TERM 3) 

PHASE COMPARATOR I 
OUTPUT. (TERM. 2) 

yeo INPUT (TERM,9). 
LOW-PASS FILTER 
OUTPUT 

Jl..JI.... 
~ 

File No, 637 

JUl...I1...r -voo 
~ 

-vss 
92CS-2oo10RI 

Fig.3 - Typical waveforms for COS/MOS phase-locked loop em
ploying phase comparator I in locked condition of fo-

duty cycles of the signal and comparator inputs are not im· 
portant since positive transitions control the PLL system uti· 
lizing this type of comparator. If the signal·input frequency is 
higher than the comparator-input frequency, the p·type out· 
put driver is maintained ON continuously. If the signal·input 
frequency is lower than the comparator·input frequency, the 
n-type output driver is maintained ON continuously. If the 
signal- and comparator~input frequencies are the same, but the 
signal input lags the comparator input in phase, the n·type out· 
put ·driver is maintained ON for a time corresponding to the 
phase difference. If the signal· and comparator·input frequlm· 
cies are the same, but the comparator input lags the signal in 
phase, the p-type ·output driver is maintained ON for a time 
corresponding to the phase difference. Subsequently, the capa· 
citor voltage of'the low·pass filter connected to this phase 
comparator is adjusted until the sigr{al and comparator inputs 
are equal in both phase and frequency. At this stable point 
both p. and n·type output drivers remain OF F and thus the 
phase comparator output becomes an open circuit and holds 
the voltage on the capacitor of the low·pass filter constant. 
Moreover the signal at the "phase pulses" output is a high level 
which can be used for indicating a locked condition.· Thus, 
for phase comparator II, no phase difference exists between 
signal and comparator input over the full veo frequency 
range. Moreover, the power dissipation due to the low·pass 
filter is reduced when this type of phase comparator is used 
because both the p- and n·type output drivers are OFF for most 
of the signal input cycle. It should be noted that the PLL lock 
range for thi' type of phase comparator is equal to the capture 
range, independent of .the low·pass filter. With no signal 
present at the signal input, the veo is adjusted to its lowest 
frequency for phase comparator II. Fig. 4 shows typical wave· 

forms for a COS/MaS PLL employing phase comparator II in 
a locked condition. 

SIGNAL INPUT (TERM. 14) 

VCO OUTPUT (TERM 4)· 
COMPARATOR INPUT 
(TERMS) 
PHASE COMPARATOR n 
OUTPUT (TERM. IS) 

veo INPUT (TERM. 9); 
• LOW-PASS FILTER 
OUTPUT 

PHASE PULSE (TERM. I) 

_JI- - - -«- - - - _ -"._~~~~ 
n u-----voo 

-vss 

~~:~: 
NOTE: DASHED LINE IS AN OPEN·CIRCUIT CONDITION 92CS-2001IRI 

FigA - Tvpical wavsforms for COS/MOS phase-locked loop em
ploving phase comparator II in locked condition. 



File No. 637 ______________ CD4046AD, CD4046AE, CD4046AK, CD4046AH 

DESIGN INFORMATION 10 kG <; AI, A2, AS .;; 1 MG 
Cl ;;;. 100 pF at VOO;;;' 5 V; 
Cl .. 50 pF at VDD .. 10 V 

This information is a guide for approximating the values of 
external components for the CD4046A in a Phase·Locked· 
Loop system. The selected external components must be 
within the following ranges: 

In. addition to the given design information refer to Fig. 5 
for A I, A2, and Cl" component selections. 

USING PHASE COMPARATOR I USING PHASE COMPARATOR II 

CHARACTERlsnCS veo WITHOUT OFFSET VCOWITH OFFSET veo WITHOUT OFFSET veo WITH OFFSET 
H2- - H2- -

-~'bi ~ --tiL re 'MAX ---
- 2fL -- 2fL 

fO .-- 12fL 'MIN -I--
fa - 2fL 

'''N -I-
I 

veo Fraquonc:y I I . I 
'MIN 

Vo[)12 Yoo I'MlN VDO/2 Yoo "00'2 VDD VDOI2 VOD 

veo INPUT VOLTAGE veo INPUT VOLTAGE veo INPUT VOLTAGE veo INPUT VOLTAGE-
92CS-ZOO.2ft, 

For No Signal Input veo in PLL system will adjust to center frequency. fa 
veo in PLL system will adjust 
to lowest operating frequencv. fmin 

Frequency Lock Range,2fL 
2 fL' = full VCO frequency range 

2 fL = fmax-fmin 

Frequency Capture IN •• DUT 
Range. 2fc 

~ 
111.(2) 

2fC"'1..~ 
7r 11 

Loop Filter fC=fL 
Component IN •• OUT 

Selection t For 2 fc.see Rof.(2) 

~ C2 g2CS-2r901 

Phase Angle between goO at center frequency Ifot approximating 00 and 
Always 00 in lock Signal and Comparator .ISOo at ends of lock rango 12fL) 

Locks on Harmonics of 
Ves No Center Frequency 

Signal Input NOise 
High Low Aejection 

- Given: fo - Given: f~ and fL - Given: f max - Given: fmin ~ fmax 
- Use fo with Fig.58 to - Calculate fmin from - Calculate fa from - Use fmin with Fig.5b 

determine A1 and C1 the equation the equation to determine A2andC1 
fmin = fo -ft fmax 'max 

- Use fmin with Fig. 5b fO =-2-' - Calculate fmin 
to determine A2 and C1 - Use fo with Fig.Sa to fmax . fmax determine A1 and C1 - Use fmin with Fig.6c VCO - Calculate fmin 

Component 
from the equation to determine 

Selection 
fmax fo+fL ratio A2/R1 to 

'min = fa -ft 
obtain A.1 

fmax 
- Use 'min With 

Fig.5c to determine 
ratio A2/A 1 to obtain 
Rl 

For further information, see 
(1) F. Gardner, "Phase-Lock Techniques", John Wiley and Sons, New York, 1966 
(2) G. S. Moschytz, "Miniaturized AC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 
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ELECTRICAL CHARACTERISTICS AT TA - 25°C 
", 

LIMITS CHARAC-
TEST TERISTIC 

CHARACTERISTIC SYMBOL CONDITIONS C04048AD. CD4048AK UNITS CURVES 
C04048AE • TEST 

Vo VDD ,CIRCUlll 
VOLTS VOLTS· MIN. TYP. I MAX. FIG. NO. 

~COSaction 

pPerating Supp1y Voltage 
As fixed oscillator only 3 - 16 

VOO-VSS 5 15 
V -Phase.lock·loop operation 

Operating Power fo ·10kHz R,", M1l 5 70 

Dissipation Po VOO 
10 - 600 - lIN Sa 

R2- ao VCO'N--2- 15 - 2400 -
Rl-l0kO ICI -100oF 5 0.25 0.5 -

Maximum Operating Frequency 'MAX R2-- ,IC1.50PF 
10 0.6 1.2 - MHz -

veolN - VOO 16 - 1.6 -
Center Frequency and '0 See 

fMAX-
Design 

Frequency Range Programmable with external components R1. R2. and Cl Info. 
'MIN 

VCO,N· 2.5 V ±0.3 V. Rl >10 kO 5 - 1 --=--Un..,ity - • 5 V ±2.5 'fl. Rl >400kO 10 1 'It. 
Sa.b 

-7.5V±5V.Rl = 1 MO' 15 - 1 -
emperature-Frequency Stability : %/oCcx_

'
_ 5 - 0.12-0.24 -

No Frequency Offset R2=oo ,·VOO, 10 - 0.04-0.0B - -
'MIN°O - 15 - 0.015-0.03 -

0.06"':0.12 
"'OC -

5 - -
Frequency Offset 'It./OCcx_'_ 10 - 0.05-0.1 - -
fMIN""> - f·VOO 

15 - 0.03-0.06 -
Input·R.listance of VCO,N 

nerm9) Rl 5,10,15 - 1012 - 0 -
"CO OutPUt Voltage· (Term 4) 

5.10.15 0.01 V VOL - - -
Low Level -

Driving COS/MOS-Type 5 4.99 - -
High Level VOH Load (e.g. Term 3 10 9.99 - - -

Phase Comparator Input) 15 14.99 - -
veo Output Duty Cycle 5.10.15 - 50 - 'It. -

r- 5 - 75 150 

CO Output Transition Times 'THL. Vo 10 - 50 100 n. -
'TLH VOLTS 15 - 40 -

veo Output Drive Current: 

n-Chlnnel (Sink) ION 
0.5 5 0.43 0.86 - -
0.5 10 1.3 2.6 - mA -

loP 
4.6 6 -0.3 -0.6 -

~hannel (Source) 
9.S 10 -0.9 -1.8 - -

Source-Follower OutPUt 
fDomodul •• od au .... tI, 

RS>10kO 
5.10 - 1.5 2.2 -

Off ... VoI_IVCOIN-VDEMI - 15 I.S 
V - -" I VCOIN - 2.6 %0.3 V S - 0.1 -

Linearity - RS>50kO =6%2.6V 10 - 0.6 - 'It. -
.1.5:t5V I. - 0.8 -

Zener Diode Voltage 

CD4046AD CD4046AK 
IZ =50"" 

4.7 6.2 5.7 -
Vz V 

CD4046AE 4.5 6.2 6.1 

Zener Dynamic ResistanCe RZ IZ "mA - 100 - 0 -
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ELECTRICAL CHARACTERISTICS AT TA = 250 C 

LIMITS 

TEST CD4046AD. CD4046AK CHARACTERISTIC SYMBOL CONDITIDNS CD4046AE 
Vo VDD 

VOLTS VOLTS MIN. TYP. 

PHASE COMPARATOR Section 

Amplifier Operation 
Operating Supply Voltage Voo-Vss 

Comparators only 

Total Quiescent Device Current: 

Term. 14 Open 

Term. 14 at Vss or Voe 

Term. 14 (SIGNAL IN) 

Input Impedance 

AC.Coupled Signal Input 
Voltage Sensitivity 

DC·Coupled Signal Input 
and Comparator Input 
VOltage Sensitivity: 

Low Level 

High Level 

Output Drive Current: 

n·Channel ISink) 

poChannel (Source) 

25 
Term. 15 open 10 200 

IL Term. 5 at VOO 
5 

Terms. 3 & 9 at VSS 
10 25 

1 

2 , • 10 0.2 0.' 
15 0.2 

200 

10 400 

15 700 

1.5 2.25 

10 4.5 

15 4.5 6.75 

2.75 

Iii) 10 5S 

VOLTS 15 8.25 

Phase Comparator 0.5 0.43 0.86 

1& II Term. 2 & 13 0.5 10 1.3 2.5 

ION 0.5 0.23 0.47 
Phase Pulses 

0.5 10 0.7 I.' 
Phase Comparator 4.5 -0.3 -0.6 

1& II Te,m.2 & 13 9.5 10 -0.9 -1.8 
lOP 

4.5 -0.08 -0.15 
Phase Pulses 

10 -0.25 -0.5 9.5 

.. MAXIMUM RATINGS,Absolute·Maximum Values: 

Storage Temperature Rang.- . -65°C to +150 °c 

Operating Temperature Range: 

Ceramic Package Types . 

Plas~ic Package Types. . 
DC Supply Voltage Range 

(VDD -VSS) .... 

Device Dissipation (Per Pkg.) 

Allinputs . . . . . . 

Lead Temperature (During soldering): 

-55°C to + 125°C 

-400 C to +85 °c 

-0.5 V to +15 V 

'At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. 265 °c 

MAX. 

15 

15 

55 

410 

15 

60 

400 

BlO 

3.5 

CHARAC· 
TERISTIC 
CURVES UNITS 
& TEST 

CIRCUITS 
FIG,ND. 

V 

jJA 

Mil 

mV 

V 

rnA 
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10V 
5V 

15 V 
10V 

~ ____ ~ ____ ~ ____ +-____ ~~~~~5V 

2 4 68 2 .. 68 2 4 S8 2 4 68 2 468 
10- 5 10. 4 10-3 10-2 I(r l 

veo TIMING C~PACITOR (CIl-I4F 

15V 
10V 
5V 

92CS-21883 

Fig.5(aJ - Typical center frequency vs Cl for Rl r: 10 kn, 
and 1 Mn. 

92CS-ZIB84 

Fig.5fb) - Typical frequency offset vs C1 for R2" 10 kn. 100 kSl, 
and 1 Mn. 

NOTE: Lower frequency values are obtainable if larger values of C1 
than shown in Figs. 51al and 5(bl are used. 

AMBIENT TEMPERATURE (TA 1·2SoC 

fMAX. WHEN VCOIN",VOD,INHIBIT-VSS 
fMIN WHEN VC01N-Yss 

I 
TYPICAL fMAxlfMIN 

UNIT-la-UNIT VARIATION 

Veo ~g:g:::~ 
C04046AK 

SV ±30 % 

AMBIENT TEMPERATURE (TAl-2SoC 

VCOIN -VOOI2, R2"CO 
INHIBIT ~ VSS 

10 .t:----~1,0~5~:!_=.~.:;...--I---t-----__:::i '" 
~ 

50 pF 
I,.F 

'" .. ., 
:r 
~ 
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• 

0.01 

10 

4 6. 
0.1 

4 6 8 4 6 8 
10 100 

92CS-Z1885 

Fig.Sic) - Typical fmaxlfmin V$ R2IRl. 

AMBIENT TEMPERATURE (TA1"2S oC 
veo IN-Vss 

50 oF 
I~F 

50 pF 
I ~F 

8 
> 

10 4 6 8'0 2 4 6 8'03 

RI-Kn 

50 pF 
I~F 

4 6' 

92CS-21686 

Fig.6(a) - Typical VCO power dissipation at center frequency 
vs Rl. 

.. 
u 

'" " ~ 
4 6 8 102 4 6 8 103 10 4 6 8 10 2 4 6 8 103 4 6 8 

R2-Kn nCS-21887 Rs- Kn 92CS-21888 

Fig.6(b} - Typical VCO power dissipation at fmin vs R2. Fig.6(c} _ Typical source follower power dissipation vs RS-

NOTE: To obtain approximate total power dissipation of PLL system for no-signal input 

Po (Total I • Po (10 1 + Po (IMINI + Po (RSI - Phas. Comparator I 
Po (Total) "" Po (f M1N ) - Phase Comparator II 



File No. 637 CD4046AD. CD4046AE. CD4046AK. CD4046AH 

~ 
"' ~ : 
~ 
u 

3 
0 

"' N 
::; .. 
~ 

AMBIENT TEMPERATURE (TAI~2S·C 

4 VDD·IOV.VCOIN~5V!2.5V ,R2=CO 

>z 
"' 10 u 8 

~ 6 

I 
~ 
>-
~ 

~ 'e 
::; 6 ,~ 

CI =50 pF 
IOOpF 

0.001 ~F 

°
1
°,,0., ~F 

f(Z.5vl+f\7.5Vl 

I I 

fO-11 5 VI 
CIfoLINEARJTY= --,-- II. 100 

'0 
0.1 

-I' 10 
, 68 

10 
RI-Kn 

AMBIENT TEMPERATUR~ IT!,)a,2S 0 C I I I 
2 

SUPPLY VOLTAGE VOO"5V, '0"'250 KHz 

/ 
V 

I.B 

I I'O~KH' I 
I." 

I // 
~ 15V,fO"'950KHZ'-

I._ 

II I 1.2 

f I 

100 6 B 1000 

PEAK -TO-PEAK SIGNAL INPUT VOLTAGE (Vll-mV 

Fig. 7 - Typical lock range vs signal input amplitude. 

AMBIENT TEMPERATURE ITA I-25°C 
VOD" 15v. veolN" 7.5 V ±SV. R2"co 

I 
CI ;50 pF 

t- IOOpF 

~ 10 alc-----+-----""R"'-:-:---Ic------i 

9.<!CS-.!IB90 

:5 6 

b 
i IBIc-----+----+---~~~~~~~ 
::; 6 

0.1 

,~ 

~/.LlNEARITY'" fO-~17.5~1 
'0 

92CS-Z1891 

Fig.Bfa) and (b) - Tvpical VCO linearity vs R1 and Ct. 
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oornLJD Digital Integrated Circuits 
Monolithic Silicon Solid State 

Division CD4047AD CD4047AE CD4047AK 

COS/MOS Low-Power 
Monostable/ Astable Multivibrator 

I 
Voo 

14 CSC OUT 

:: RETRIGGER 
o Special F~atures: R-C COMMON; 

ASTABLE 
ASTABLE 

-TRIGGER 
" • Low power consumption: special COS/MOS oscillator configuration 

Vss • Monostable (one·shot! or astable (free·running) operation 

• True and complemented buffered outpuu 
9ZCS-;?1431 

• Only one external Rand C required 

Monostable Multivibrator Features: 

• Positive· or negative·edge trigger 

• OutPut pulse width independent of trigger pulse duration 

RCA·CD4047A consists of a gatable astable' multivibrator 
with logic techniques incorporated to permit positive or 
negative edge-triggered monostable multivibrator action having 
retriggering and external counting options. 

Inputs include +Trigger, -Trigger, Astable, Astable, Retrigger, 
and External Reset. Buffered outputs are Q, Q, and Oscillator. 
In all modes of operation an external capacitor must be con
nected between C·Timing and RC-Common terminals, and an 
external resistor must be connected between the R· Timing and 
RC-Common terminals. 

Astable operation is enabled by a high level on the Astable 
input. The period of the square wave at the Q and Q outputs 
in this mode of operation is a function of the external com
ponents employed. uTrue" input pulses on the Astable input 
or "Complement" pulses on the Astiiiiie input allow the circuit 
to be used as a gatable multivibrator. An output whose period 
is half of that which appears at the Q terminal is available at 
the Oscillator Output terminal. However, a 50% duty cycle is 
not guaranteed at this output. 

Fig,1 - CD4047A lodic block diagram. 
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• Retriggerable option for pulse width expansion 

• Long pulse widths possible using small RC componenU by 
means of external counter provision 

• Fast recovery time essentially independent of pulse width 

• Pulse-width accuracy maintained at duty cycles approaching 
100% 

Astable Multivibrator Features: 

• Free-running or gatable operating modes 

• 50% duty cycle 
• Oscillator output available 

• Good astable frequency stability: 
frequency deviation = ±2% + O.03%/OC @ 100 kHz' 

= ±0.5% + 0.015%/oC@ 10 kHz' 

COS/MaS Features: 

• Microwatt quiescent power dissipation: 0.5/lW (Typ) 

• High noise immumity: 45% of supply voltage (Typ) 

• Wide operating-temperature range: ceramic package 
types, -550 C to + 1250 C; plastic package types, -40OC 
to+850 C 

Applications: 

Digital equipment where low-power dissipation and/or high 
noise immunity are primary design requirements: 

• Frequency discriminators • Envelope detection 

• Timing circuiu • Frequency multiplication 

• Time-delay applications - Frequency division 

* Circuits "trimmed" to frequency; Voo::: 10 V ± 10%. 
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A high level should be applied to the external reset whenever 
VDD is applied or removed. In the monostable mode positive' 
edge triggering is accomplished by application of a leading·edge 
pulse to the "+Trigger" input and a low level to the "-Trigger" 
input. For negative·edge triggering a trailing·edge pulse is 
applied to the "-Trigger" and a high level is applied to the 
"+Trigger". Input pulses may be of any duration relative to the 
output pulse. The multivibrator can be retriggered (on the 
leading edge only) by applying a common pulse to both the 
"Retrigger" and "+Trigger" inputs. In this mode the output 
pulse remains "high" as long as the input pulse period is shorter 
than the period determined by the RC components. 

An external countdown option can be implemented by 
coupling "0" to an external "N" counter (e.g. CD4017 A) 
and resetting the counter with the trigger pulse. The counter 
output pulse is fed back to the Asiabiii input and has a dura.· 
ticn equal to N times the period of the multivibrator. 

A high level on the External Reset input assures no output 
pulse during an "ON" power condition. This input can also 
be activated to terminate the output pulse at any time. 

This device is supplied in a 14·lead flat pack (CD4047AK), a 
14-lead dual·in·line ceramic package (CD4047AD), or a 14-lead 
dual·in·line plastic package (CD4047 AE). It is also available 
in chip form (CD4047AH). 

CD4047A FUNCTIONAL TERMINAL CONNECTIONS' 

CD4047AD, CD4047AE, CD4047AK 

MAXIMUM RATlNGS,Absolute·Maximum Values: 

Storage·Temperature Range . -65 to +150 

Operating-Temperature Range: 

Ceramic Package Types . 

Plastic Package Types. . 

DC Supply·Voltage Range 

(VDD -VSS) .... 

Device Dissipation (Per Pkg.) . 

Allinputst. ..... 

Recommended 

DC Supply Voltage 

(VDD -VSS) .. 

Recommended 

I nput Voltage Swing 

-55 to +125 

-40 to +85 

-0.5 to +15 

200 

VSS~ VI ~VDD 

3to 15 

VDD to VSS 

V 

mW 

V 

V 

V 

t In normal operation of the CD4047A, signals at terminal 3 
may go above VDD or below VSS; therefore a different 
gate·oxide protection circuit is used that is only 30 per cent 
as effective as the static-discharge protection at other termi· 
nals in the device. Additional care in following the guidance 
of ICAN-6000 is advised for this device. 

NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2. AND 3Ao. 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 3Ao. 

TERMINAL CONNECTIONS 

FUNCTION TOVDD TOVSS 

Astable Multivibrator: 
Free Running 4,5,6,14 7,8,9,12 

True Gating 4,6,14 7,8,9,12 

Complement Gating 6,14 5,7,8,9,12 

Monostable Multivibrator: 

Positive· Edge Trigger 4,14 5,6,7,9,12 
Negative·Edge Trigger 4,8,14 5,7,9,12 
Retriggerable 4,14 5,6,7,9 
External Countdown* 14 5, 6, 7, 8, 9, 12 

• Input Pulse to Reset of External Counting Chip 
External Counting Chip Output to Terminal 4 

... See Text, 

INPUT PULSE 
TO 

-
5 

4 

8 
6 

8,12 
-

OUTPUT PULSE 
FROM 

10, II, 13 

10, II, 13 

10, II, 13 

10,11 
10,11 
10,11 
10,11 

OUTPUT PERIOD 
OR 

PULSE WIDTH 

tA(10,11 )=4.40 RC 

tA(13)=2.20 RC 

tM(10,11)=2.48 RC 
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* ASTABLE 5;----------..., 

+TRIGGER 

-TRIGGER 

VODGr 

VSSC!)-

* INPUTS PROTECTED BY 
STANDARD COSI MOS 
RESISTOR- DIODE NETWORK 

£IfC 
VSS 

** MODIFIED INPUT PROTECTION 
CIRCUIT TO PERMIT LARGER 
INPUT-VOLTAGE SWINGS 

Vss 

File No. 623 

* 
r-r---~------------~12 

RETRIGGER 

'-------~0* 
EXTERNAL 

92CM-21432 RESET 

Fig.2 - CD4047A logic diagram. 

AMBIENT TEMPERATURE ITA) ,025-C 
C( TYPICAL TEMPERATURE COEFFICIENT AT ALL VALUES 
E OF vGSe-a.! "4'-e 

1 ~~~~~~~~~~lm~1I ~50~ 
~ 40 GATE-TO-S~URCE VOLTAGE (VGS'= 15 V 

z 
< 30 
1; 
... :;:20 
z .. 
~ 10 

10 V 

'v 

. 10 15 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

92CS-21386 

Fig.3 - Typical n-channel drain characteristics for Q and Q buffers. 
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~ .. 
G • , 

5v 
5V 

5 

10V 

10 15 
DRAIN-!O-SOURCE VOLTAGE 1VOSI- V 

92C5-21387 

Fig.4 - Minimum n-channel drain characteristics for 0 and Q buffers. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... vss <;; VI :0;; VOO) 
(Recommended OC Supply Voltage (VOO - VSSI. ......•. , 3 to 15 V) 

TEST 

CHARACTERISTIC SYMBOL CONOITIONS 

Vo VOO 
Volts Volts 

Quiescent Device 5 
Current IL 10 

Ouiescent Device 5 
Di.sipation Packa~e Po 10 

Output Voltage VOL 5 
Low Level 10 

High Level VOH 
5 

10 

4.2 5 
VNL 

Noiselrnrnunity 9 10 

(All Inputs) 0.8 5 
VNH I 10 

Output Drive Current 0.5V 5 
(0, (j Outputs) ION 0.5 V 10 
~J·Channel 

4.5 V 5 
P·Channel lOP 9.5 V 10 

Input Current II Any Input 

DRAIN-lO-SOURCE VOLTAGE 1Vos}-V 

-15 -10 -5 
AMBIENT TEMPERATURE tTA) ·'Z5·C 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF YGS~-O.5 %/·c 

10. 

5. 

-55°C 
Min. Typ. 

- -
- -
- -
- -
- -

4.99 -
9.99 -
1.5 -
3 -

1.4 -
2.9 -

0.5 -
1.25 -

-0.5 -
-1.25 -

- -

.. • 
·5 I 

0: 
~ 

-10 § 
-15 a 

z 
-20 ~ 

... 
-25 ~ 

z 

5 
-30 I 

~ 

92CS-2138e 

Fig.5 - Typical p*Channei drain characteristics for Q and Q buffers. 

LIMITS 

C04047AO, C04047AK UNITS 

Max. 
5 

10 

25 
100 

0.01 
0.01 

-
-
-
-

-
-
-

-
-
-

25°C 1250C 
Min. Typ. Max. Min. Typ. Max. 

- 0.03 5 300 
- 0.05 10 - - 600 J1A 

- 0.15 25 - - 1500 
- O.S 100 - - 6000 !.NI 

- 0 0.01 - - O.OS 
V - 0 0.01 - - O.OS 

4.99 S - 4.95 - -
9.99 10 - 9.95 - - V 

I.S 2.25 - 1.4 - -
V 

3 2.9 4.5 - - -
I.S 2.2S - 1.5 - - V 
3 4.S - 3 - - . 

0.4 0.8 - 0.28 - -
I 2 - 0.7 

rnA - -

-0.4 -0.8 - -0.28 - -
-1 -2 - -0.7 - - rnA 

- 10 - - - - pA 

DRAIN-lO-SOURCE VOLTAGE 1VoSI-Y 
-15 -10 -5 

~~::~:~ :i::i~ATTUUR~E C~~~;;~~~~T ,s,v, 
ATALLVALUESOt:'VGS·-O.3%'-C 5V 

CD4047AK,AD 
C04047 AE 

'5. 

GATE-TO-SOURCE VOLTAGE (VGS'; 15 V 

CHARAC· 
TERISTIC 

CURVES 
& TEST 

CIRCUITS 
Fig. No. 

33 

34 

3.4 

-

5,6 

° 

92CS-21389 

Fig.6 - Minimum p-channel drain characteristics for Q and Q buffers. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs. ......................... VSS:S; VI ~ VOO) 
(Recommended OC Supply Voltage (VOO - VSSI ......... 3 to 15 VI 

TEST 

CHARACTERISTIC 'SYMBOL CONDITIONS 

Vo VOO -40aC 
Volts Vain Min. Typ. 

Ouiescent Device 5 - -
Current IL 10 - -

Ouiescent Device 5 - -
~issipation Package Po 10 - -

Output Voltage VOL 5 - -
Low Level 10 - -

5 4.99 -
High Level VOH 10 9.99 -

VNL 
4.2 5 1.5 -

Noise Immunity 9 10 3 -
(All Inputs) 

VNH 
0.8 5 1.4 -
1 10 2.9 -

Output Drive Current 0.5 V 5 0.34 -
(0, ii Outputs) ION 0.5 V 10 0.85 -

N·Channel 

4.5V 5 -0.34 -
P·Channel lOP 9.5 V 10 -0.85 -

Input Current II Any Inpu - -

AMBIENT TEMPERATURE (TA)-25DC f 
] 

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF yoo-o.3 %/-c 

.. 
~IOOO 

~ 
~800 

i!i 
~ 600 

SUPPLY VOLTAGE tvoola5Y 

10V 

IOV 

Max. 
50 

100 

250 
1000 

0.01 
0.01 

-
-
-
-
-
-

-
-
-
-
-

~ W ~ ~ W 00 ro ~ ~ 

LOAD CAPACITANCE (CLI-pF 

238 

Fig.7 - Typicallow-to-high level propagation delay time vs. load 
capacitance for Q and a buffers. 

LIMITS CHARAC· 
TERISTIC 

C04047AE CURVES 
UNITS & TEST 

250 C 850 C CIRCUITS 
Min. Typ. Max. Min. Typ. Max. Fig. No. 
- 0.1 50 - - 700 
- 0.2 100 - - 1400 J1A 33 

- 0.5 250 - - 3500 
- 2 1000 - - 14000 iBI 

- 0 0.01 - - 0.05 
V - 0 0.01 - - 0.05 

4.99 5 - 4.95 - -
9.99 10 - 9.95 - - V 

1.5 2.25 - 1.4 - -
V 

3 4.5 - 2.9 - -
34 

1.5 2.25 - 1.5 - - V 
3 4.5 - '3 - -

0.28 0.8 - 0.23 - - 3.4 
0.7 2 0.6 

rnA - - -

-0;28 -0.8 - -0.23 - - 5,6 
-0.7 -2 - -0.6 - - rnA 

- 10 - - - - pA 

AMBIENT TEMPERATURE ITA)a25D C 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VOO"O,3 %/-C 

1 
;! ... 
'i'200 

E 
!!! 150 ... 

o 
LOAD CAPACITANCE ICt.)-pF 

92CS-21440 

Fig.8 - Typical transition time vs. load capacitance for Q and Q buffers. 
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DYNAMIC ELECTRICAL CHARACTERISTICS atTA = 25°C, VSS = 0 V, CL = 15 pF 
Typical Temperature Coefficient at all values of VOD = O.3%/OC 

LIMITS 

CD4047AK 
CHARACTE RISTICS SYMBOLS TEST CONDITIONS CD4047AD CD4047AE UNITS 

VDD 
IVolts) MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay Time: 

Astable, Astable 5 - 200 400 - 200 550 

10 10 - 100 200 - 100 275 
Osc. Out 

Astable, Astable 
5 - 550 900 - 550 1200 

10 

a,o 10 - 250 500 - 250 650 

+ Trigger. -Trigger 
5 - 700 1200 - 700 1600 

10 ns 
- IPHL. 10. - 300 600 - 300 800 a.a 

+Trigger, Retrigger 'PLH 

10 5 - 300 600 - 300 800 
-a.a 10 _. 175 300' - 175 400 

External Reset 

10 5 - 300 600 - 300 800 

a.o 10 - 125 250 - 125 350 

Transition Time: 5 - 75 125 - 75 150 

a.a 10 - 45 75 - 45 100 
'THL. ns 

'TLH 5 - 75 150 - 75 180 
Osc, Out 

10 - 45 100 - 45 130 

* 'WL. 5 - SOO 1000 - 500 1300 
Minimum Input Pulse ns 

Duration (any input) 'WH 10· - 200 400 - 200 600 

+Tri~er.Retrigger.-Trigger I r • 5 - - 15 - - 15 
I" 

Rise & Fall Time If 10 - - 5 - - 5 

Average Input 
CI 5 5 pF 

Capacitance 
any input - - - - -

* Input pulse widths below the minimum specified ~ay' ~use I!'alfuncti~n of the unit. See Application Note rCAN-6230. 

I. Astable Mode Design Information 
A. Unit·ta-Unit Transfer·Voltage Variations 

The following analysis presents worst·case variations 
from unit·to·unit as a function of transfer·voltage 
(VTR) shift (33%-67% VDD) for free·running (as· 
table) operation. 

TERMINAL 13~ 

TERMINAL 10 J tA/2 I tA/2 I 
~tA-1 

92CS·20027 
Fig.9 - Astable mode waveforms. 

'I = -RC In VOO + VTR 

VOO-VTR 
'2 = -RC In 2VOO - VTR 

'A = 2ltl + '21 

= -2 RC In~.:..IV,-T,-!R.!.:)-,I_V",o",o_-_V_T!.!R",)_....,. 
IVOO + VTR) 12VoO - VTRI 

TVp: VTR = 0.5 VOO 
Min; VTR = 0.33 VOO 

Max: VTR = 0.67 VOO 

'A =4.40 RC 

'A =4.62 RC 

'A =4.62 RC 

thus if ItA = 4.40 RC I is used. the maximum variation will be 

(+5.0%. -0.0%). 
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B. Variations Oue to VOO and Temperature Changes 

240 

In addition to variations from unit·to-unit, the astable 
period may vary as a function of frequency with reo 
spect to VOO and temperature. Typical variations are 
presented in graphical form in Figs. 10 to 20 with 10 V 
as reference for voltage variation curves and 250 C as 
reference for temperature variation curves. 

SUPPLY VOLTAGE CYDO)- V 
9ZC5-Z1442 

Fig.1t - Typical Q<fJnd-O-period accuracy VI. supply voltage 
(medium frequency). 

AMBIENT 
ASTABLE MODE 

5 10 

SUPPLY VOLTAGE CYDP)-V 
92C5-21444 

Fig. 13 - Typicai Q-and-Q-period accuracy vs. supply voltage 
(very low frequency). 

I-z 
tl 
ffi 
i 
~ a 
~ 
Q 
0 
ii 
~ 
10 

" z .. 
" 

SUPPLY VOLTAGE evoo)-V 
92CS-21441 

Fig. TO - Typical Q-and.Q-period accuracy liS. supply voltage 

(high frequency). 

SUPPLY VOLTAGE (Vool-V 
92C$-21443 

Fig:,2 - Typical Q-and-O-period accuracy vs. supply voltage 
(low frequency). 

:t6 AMBIENT TEMPERATURE ITA I-2SD C 
ASTABLE MODE 

I ±5 

II I ±4 
I I !J ±3 

SUPPLY VOLTAGE (VOOlaSV±IO% 

I I I II IOV± 10% ±2 V): V 
±I [../ !?-"",r 10% 

0 

10 I 4 5 
101 102 103 10 10 106 

FREQUENCY (f I-Hz 
92CS-21390 

Fig. 14 - Typical O-and-Q.period accuracy "s. frequency for 
V DD variation of ± 10% (rom value indicated. 
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SUPPLY VOLTAGE (VDO)- V 

Fig. 15 - Typical oscillaror·ou!put-period accuracy Vi. supply 
voltage (high frequency), 

!z +4 ASTABLE MODE 

"'''' tU 
+3 

i +2 

i!i 
~ +1 

E 

.. 

I e R 
Q KHz pF KR 

VOO 
V 

A 50 
B 50 

"r- IO 
10 

100 47 
100 47 
100 220 
10 220 

5 
10 
5 

10 .. I 10 220 5,10 
·55 ... -15 + 5 +25 +45 +65 

AMBIENT TEMPERATURE (TA)--C 

+B!s +1Il!I +125 

92CS-21447 

Fig. 17 - Typical Q-anc!-Q..period accuracy VS. temperature 
(medium frequency). 

a:!Z: +4 ASTABLE MODE 

~11 
I +3 

! +2 

.. 

~ 
... +1 

§ 
~ 0 

1; I e R VDD 
O! -I Q KHz pF Kn V 

~ 100 100 47 
100 100 47 10 

0 ·2 "r- e 20 100 220 5 " ~ D 20 100 220 10 

·3 .. E 2 100 220 5,10 
·55 -.. ·15 +5 +25 +4S +6S +85 +100 +125 

AMBIENT TEMPERATURE (TAI-"C 92CS-21449 

Fig. 19 - Typical oscillator-period accuracy Vi. temperature 
(medium frequency). 

SUPPLY VOLTAGE (VDD)- V 
92CS-21446 

Fig. 16 - Typical oscillator-output-period accuracy Vi. supply 
voltage (medium frequency). 

!< 
~ +15 

~ 
I +10 

10 

:il .. 
'" e 
~ 
§ .. 
0 

~ 

+S 

0 

-. 
·10 

-15 
·S5 

ASTABLE MODE 

~ ~ \"'O~· ,..,f. 
"i ~o\,. 5V .:,; 

.'$~'" 
10V 

10V 

~ B 
I e R 

~ 
KH • F Kn 

~ 500 10 47 
100 100 22 

·35 -15 +5 +25 +4!1i +65 +8!1i +105 +12~ 

AMBIENT TEMPERATURE (TA)-·C 
92C5-21448 

Fig.1S - Typical O-and-(j-periodaccuracy vs. temperature 
(high frequency). 

!< ASTABLE MODE 
",,,, 

"'u 
't +15 

i +10 .t;J_\O'oJ. 

i!i i.~Q ~ 

li +5 'oJ.O\..1.~ 
OV ::J t;-$~~ 

l!i 
~ 10V • 
1; 

-5 OV I e R 

e 
MHz F Kn 

A I 10 47 
~ B Q2 100 22 

I 
·10 ~."'~ 
·IS 
·SS ·3S ·IS +S +25 +4S +6S +8S +100 +125 

AMBIENT TEMPERATURE.(TA1-·C 
92C5-21450 

Fig.20 - Typical oscillator-period accuracy VS. temperature 
(high frequency). 
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II. Monostable Mode Design Information 

a 

The following analysis presents worst·case variations from 
unit·to·unit as a function of transfer·voltage (VTR) shift 
(33% - 67% VDD) for one·shot (monostable) operation. 

TERMINAL 8 

TERMINAL 13 ~ 

TERMINALIO~ 
92CS-20028 

Fig.21 - Monostabltl waveform£. 

tl' = -RC In VTR 
2V OO 

tM = 1<1'+'2) 
(VTRI (VOO - VTRI 

tM = -RC In 
(2VOO - VTR) (2VOO) 

1 

SUPPLY VOLTAGE IVDOJ-V 92CS-21451 

Fig.22 - Typical Q-and-Q..pu/se-width accuracy VS. supply voltage 
"M = 15.60. 120 ",I. 

10 

SUPPLY VOLTAGE (YDD)-V 
92CS-Z1430 

Fig.24 - Typical Q-and-Q.pulse-width accuracy VS. supply voltage 
"M ~ 100 msl: 
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... e 
'" '" .. 
L 
~ 
~ 
'" l; 

~ 
~ 
10 

" z .. 
i:> 

where tM : Monostable mode pulse width. Values for tM are as 
follows: 

'M D2.4B RC 

'M = 2.71 RC 

'M = 2.48 RC 

Note: 
In the astable mode, the first positive half cycle has a 
duration of TM; succeeding durations are tA/2. 

In addition to variations from unit to unit, the monostable 
pulse width may vary as a function of frequency with 
respect to VOO and temperature. These variations are 
presented in graphical form in Figs.22 to 27 with 10 V 
as reference for voltage variation curves and 250 C as refer· 
ence for temperature variation curves. 

SUPPLY VOLTAGE (VDDI-V 
92CS-ir452 

Fig.23 - Typical Q-and-o..pulse-width accuracy VI. supply voltage 
"M DO.5. I. 10msl. 

AMBIENT TEMPERATURE ITA I .. 2S·C 
MONOSTABLE MODE 

t5 

t4 

±3 

"±2 5V±IO% 

l'Vt% S,PPLY VOLTAGE (VDo'''15V:!'10'"il 

I 5v110% '1 
+1 

~ -~ 
.1 

10.5 10'4 10'3 10- 2 10-1 100 10 ' 10 2 

o AND a- -PULSE WIDTH-SECONDS 
92CS-21391 

Fig.25 - Typical O-and-O'pulse-width accuracy vs 0 and 11 pulse 
width for a variation of ± 10% from value indicated. 
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§ 
MONOSTABLE MODE 

ffi +15 

1" 
10 +10 
§! .. 
o +5 

~ 
~ a 
§ 
.. -5 

~ 
.1 -10 

A· 

~ 
·.5 ·3. 

C R Veo 
*,5 pF KD. II 

15 100 47 5,10 
8 60 100 220 5,10 

-15 +5 +25 +45 +65 +85 +105 +125 

AMBIENT TEMPERATURE (TA)-OC 
92C5-2145) 

Fig.26 - Typical Q-and-Q-pulse-width accuracy 'IS. temperature 
(high frequency). 

+ TRIGGER 
RETRIGGER 
TERMINALS 8,12 JUL 

0 
0·2 

~ 
0 ... 
0 

'" !;1 ')-I O! 

~ 
~ ... 

CD4047AD, CD4047AE, CD4047AK. 

MONOSTABLE MODE 

·35 

(A)IOo,..s SIMSlms 
"'OO·5,IOV 

(B) tM:!:IO ms 
VOO"5,10V 

-15 +5 +25 +45 +65 +85 

AMBIENT TEMPERATURE (TAI--C 

+1015 +125 

92CS-21454 

Fig.27 -- Typical Q-and-Q-pulse-width accuracy range '15. temperature. 

.flIlf1::.-.:=. -J'L 

L 
Fig.28 - Retrigger-mode waveforms. 

III. Retrigger Mode Operation 
The C04047A can be used in the retrigger mode to ex· 
tend the output·pulse duration, or to compare the fre· 
quency of an input. signal with that of the internal 
oscillator. In the retrigger mode the input pulse is applied 
to terminals 8 and 12, and the output is taken from 
terminal 10 or 11. As shown in Fig,28, normal mono· V. 
stable action is -obtained when one retrigger pulse ,s 
applied. Extended pulse duration is obtained when 
more than one pulse is applied. For two input pulses, 
tRE = t,. + t1 + 2t2. For more than . two pulses, 
tRE (Q OUTPUT) terminates at some variable time to 
after the termination of the last retrigger pulse. to is 
variable because tRE (Q OUTPUT) terminates after the 
second positive edge of the oscillator output appears at 
flip·flop 4 (see Fig.2). 

IV. External Counter Option 
Time tM can be extended by any amount with the use of 
external counting circuitry. Advantages include digi
tally controlled pulse duration, small timing capacitors 
for long time periods, and extremely fast recovery time. 
A typical implementation is shown in Fig.29. The pulse 

INPUT ..IL PULSE _______ -' 

OPTIONAL 
BUfFEP. 

b-4-.:~>--OUT 

92CS-20030Rl 

Fig.29 - Implementation of external counter option. 

duration at the output is 
text = (N .;.1) (tA) + (tM + tA/2) 

where text = pulse duration of the circuitry, and N is the 
number of counts used. 

Timing-Component Limitations 
The capacitor used in the circuit should be non-polarized 
and have low leakage (i. e. the parallel resistance of the 
capacitor should be an order of magnitude greater than 
the external resistor used). Th-ere is no up~er or Towe( 
limit for either R or C value to maintain oscillation. 

However in consideration of accuracy. C must be much 
larger th~n the inherent stray capacitance in the system 
(unless this capacitance can be measured and taken into 
account), R must be much larger than the COS/MOS 

. "ON" resistance hi series with it, which typically is 
hundreds 'of ohms. I n addition, with very large values 
of R, some short-term instability with respect to time 
may be noted. 

The recommended values for these components to main
tain agreement with previously calculated formulas with
out trimming should be: 

C :::-: 100 pF, up to any practical value, for astable 
modes; 

C ~ 1000 pF, up to any practical value for mono
stable modes. 

10KQ~ R~ 1 MQ. 
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VI. Power Consumption 

~ 
~ 

I 
; 
z 
0 

~ 
~ 
0 

ffi 

In the standby mode (Monostable or Astable), power 
dissipation will be a function of leakage current in the 
circuit, as shown in the static electrical characteristics. 
For dynamic operation, the power needed to charge the 
external timing capacitor C is given by the following 
formulae: 

Astable Mode: P = 2CV2f. (Output at terminal No. 
13) 

P = 4CV2f. (Output at terminal Nos. 
10 and 11) 

Monostable Mode: p = (2.9CV2) (Duty Cycle) 

T 

(Output at terminal 
Nos. 10 and 11) 

105 ASTABLE MODE 
SUPPLY VOLTAGE eVOOI-5V .. i 104-\::---t-_+--t---t--+--t--..., 

Q 
~ 
~ 10'~--t---+--+--'~-~--'~~-1 

ii .. 
in 
'" 10 o 

10 I 

9C!CS-i!:t4r5 

Fig.30 - Power dissipation vs. output frequency (V OD - 5 VJ. 

ASTABLE MODE 
SUPPLY VOLTAGE (VOol"15V 

10' 

'At 4 
• ,§>' ,," ,0 

10 ~~ ,,"-f O' c... 

~\.---"~~ 
10' -

~ 102 

, a I 2 , 4 , I 
10 10 to 10 10 10 10 

Q OR Q FREQUENCY It 1-Hz 

Fig.32 - Power dissipation VS. output frequency (V DD = ,~ VJ. 
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The circuit is designed so that most of the total power is 
consumed in the external components. In practice, the 
lower the values of frequency and voltage used, the closer 
the actual ·power dissipation will be to the calculated 
value. 

Because the power dissipation does not depend on R, a 
design for minimum power dissipation would be a small 
value of C: The value of R would depend on the desired 
period (within the limitations discussed above). See 
Figs. 30-32 for. typical power consumption in astable 
mode. 

106 ASTABLE MODE 
SUPPLY VOLTAGE 1Voo)·\OV 

~ I~t---+--~--~--+--+---~-~ 

~ 
; 104~--~~---t----+---~----1-~ 

TEST 

o 

~ 
~ I03+_~f--
o 
ffi 
~ 102~--~r----t--~+---~----1-----+---~ 

10' 

10° 101 10 2 10 3 104 

aOR Q FREQUENCY !fl-Hz 

'HCS-21413 

Fig.31 - Power dissipation VS'. output frequency tv DD - 10 V). 

I. 
13 

12 

• II 
5 10 

9 
8 

TEST CIRCUITS 

10V 

TERMINAL Nos· 
3 4 5 6 8 9 12 

I 
o 
NC I 

I 0 I 
o I 
I 0 

000 

I 0 
I 0 

o 0 

92CS- 21321 

3 

• 5 

5V OR IOV 

Fig.33 - Quiescent 
device current. Fig.34 - Noise immunity. 



File No. 636 

OO(]5LJD Digital Integrated Circuits 
Solid State 
Division CD4048AD CD4048AE 

Monolithic Silicon 

CD4048AK 

BINARY CON!ROL INPUTS 

'FUNCTION CONTROL' 

3-STATE 
CONTROL 

COS/MOS Multi-Function 
Expandable 8-lnput Gate 

INPUTS!~ " 12 

EXPAND IS J 
OUTPUT Special Features: Applications: 

INPUTS !~ • Medium·power TTL drive capability • Selection of up to 8 logic functions 

• Three·state output • Digital control of logic 

VSS s 8 
VOO-16 

~2:CS-22249 

• High·current source and sink capability • General·purpose gating logic 

9 rnA (typ.) @ VDS = 0.5 V. VDD = 10 V - Decoding 

• Many logic functions available in one package - Encoding 

RCA·CD4048A is an 8-input gate having four control inputs_ 
Three binary control inputs - Ka. Kb. and Kc - provide the 
implementation of eight different logic functi~ns. These func
tions are OR. NOR, AND, NAND, OR/AND, OR/NAND, 
AND/OR, and AND/NOR. 

A fourth control input - Kd - provides the user with 3-state 
outputs. When control input Kd is "high" the output is either a 
logic 1 or a logic 0 depending on the input states. When control 
input Kd is "low", the output is an open circuit. This feature 
enables the user to connect this device to a common bus line. 

NOR OR 

~~ A~ 
C 0 
E F 
G H 

EXP 

ORlAND OR/NAND 

In addition to the eight input lines, an EXPAND input is pro
vided that permits the user to increase the number of inputs to 
one CD4048A, (see Fig. 21. For example, two CD4048A's can 
be cascaded to provide a 16-input multifunction gate. When 
the EXPAND input is not used, it should be connected to VSS' 

The CD4048A is supplied in a l6-lead dual-in-line ceramic 
package (CD4048ADI. a l6-lead dual-in-line plastic package 
(CD4048AE), or a l6-lead flat pack (CD4048AK). 

NAND AND 

A~ Ay 
C 0 C 0 
E F E F 
G H G H 

EXP EXP 

AND/OR AND/NOR 

A~ A~A~ A~ 
8 . 8 8 8 

~ ~ ~ ~ 
92CM-22250 

Fig. 1- Basic logic configurations. 

9-74 
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CD4048AD, CD4048AE, CD4048AK 

MAXIMUM RATINGS,Absolute-Maximum Values: 

Storage·Temperature Range. . . . . . . . . . . . . . . . . • • .• -65 to +150 °c 
Operating·Temperature Range: 

Ceramic Package Types ..................•.. -55 to +125 °c 
Plastic Package Types. . • . . . . • • . . . . . . . . . . . . .. -40 to +85 °c 

DC Supply-Voltage Range (VDD - VSS) . . . . . . . . .. -0.5 to +15 V 

Device Dissipation (Per Pkg.l . . . . • . . . . • . . . . . . . . . . 200 mW 
All Inputs •...••........•..........•... VSS ~ VI ~ V DD 

Recommended 
DC Supply Voltage (VDD - VSS) •..•....••... 3 to 15 V 

Recommended 
InputVoltageSwing •..•.....••...•..• V DD to VSS 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 in. (1.59 ±O.79 mm) 

from case for 10 s max. ........•....••••. 265 °c 

File No. 636 

" FUNCTION TRUTH TABLE 

F~~-r:'::T BOOLEAN EXPRESSION Kal K Kc I:;:~ 
NOR J=A+B+C+D+E+F+G+H Vss 
OR =A+8+C+O+E+F+G+H 0 1 Vss 
OR/AND =(A+B+C+OI" (E+F+G+H) 0 1 0 Vss 
OR/NAND =IA+B+C+DI·IE+F+G+HI 0 1 1 Vss 
AND =ABCDEFGH 1 0 0 VDD 

K, NAND =AsC5ffiii 1 0 1 VDD 1---------
~--, 3 CONFIGURATIONS 
I SAME AS FOR INPUT "A" I 

O~ _______ ..J 

ANOINOR =ABCD+EFGH 1 0 VDD 
AND/OR -ABCD+EFGH 1 1 VDD 

Kct=1 Normal Inverter Action 
K,t=O High I_nee Output 

r---~~.VOO 
EXPAND Input=O -see Figs. 1 .nd 3. 

EXP--~~~~+--------------------4 

V55 

E--1""--------
:: ---, 4 CONFIGURATIONS 
G - SAME AS FOR INPUT N A" H--l ________ _ 

~ : 
V55 ~ •• K.-1--------- ~. 

Ke---1 :5 CONFIGURATIONS Ke 
SAME AS FOR "K" INPUT r--Kc 

Kd~ ______ ~ __ ~j(d 

Kd 

246 

Transmission GIIte Definition 
TG '" Transmission Gate 

Input to Output is: 

KC 

al A bidireClionallow impedance when control input 
1 is "'ow" and control input 2 is "high" 

b) An open circuit when control input 1 is "high" 
ilnd control input 2 is "low" 

Fig. 2- Logic diagram and truth table. 

92CM-222S1 R1 



File No. 636 CD4048AD, CD4048AE, CD4048AK 

STATIC ELECTRICAL CHARACTERISTICS (All inputs .................... VSS ~ VI ,; VDDI 
(Recommended DC Supply Voltage (VDD - VSS). . ....... . 3to15VI 

CHARAC-

LIMITS TERISTIC 

TEST 
CURVES 

CHARACTERISTIC SYMBOL 
CONDITIONS 

CD4048AO, C04048AK UNITS & TEST 
CIRCUITS 

Vo VOO -5SoC 2SoC 12SoC Fig. No. 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ Max. 

Quiescent Device 
IL 

0.005 1 60 
pA 14 

Current 
10 0.01 120 -

Quiescent Device 0.025 5 - 300 
Po pW 

D i ssipation/P ackage 10 20 0.1 20 - 1200 

Output Voltage: 0.01 0.01 - 0.05 
VOL V 

Low-Level 10 0.01 0.01 - 0.05 

4.99 4.99 4.95 -
High-Level VOH V 

10 9.99 9.99 10 9.95 -

Noise Immunity 4.2 1.5 1.5 2.25 1.4 
VNL V ,13 

(All Inputs) 10 4.5 2.9 -

For definition, 0.8 1.4 1.5 2.25 - 1.5 -
see Appendix V NH V 13 

10 2.9 4.5 

Output Drive Current: 
N-Channel 0.4 4.5 1.6 3.2 1.1 5,6 

ION mA 
(Sink) 0.5 10 5.6 4.5 3.1 

P-Channel 4.6 -2 -1.6 -3.2 - -1.1 - 7,8 
lOP mA 

(Source) 9.5 10 -5.6 -4.5 -9 -3.1 -

/ 
ApplIcations of Expand Input \ 

vDD 

J (OUTPUT) 
VDD 

12-INPUT ORlAND GATE 

J. (A+B+C+O)' (E+F+G+H)' (XI+X2+x3+X4) 

Fig. 31.1- 12·input ORlAND gate. 

~ 
~ 
~ 
~ 
~R 

~ 

~ 
~ 
~ 
~ 

~ 
~'3ZCS-222:'2 

Fig. 3(c)- Actual-circuit logic configurations. 

Vss Vss Vss 
16-INPUT NOR GATE 92.CS-2.0241 

J =AI +BI +er +01 +EI +FI +GI +H l +A2+B2+C2+02+E2 .... F2+G2+H2 

Fig. 3(bJ- 16·inpur NOR gate. 

IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 

FUNCTION 

OUTPUT NEEDED AT OUTPUT BOOLEAN 

FUNCTION EXPAND INPUT EXPRESSION 

NOR OR J=(A+B+C+D+E+ F+G+H)+{EXP) 

OR OR Joo(A+B+C+D+E+F+G+H)+ (EXP) 

AND NAND J=(ABCDEFGH)' (EXP) 

NAND NAND J=(ABCDEFGH)' (EXPI 

ORlAND NOR J=(A+B+C+D)' (E + F+G+H)' (EXP) 

ORINAND NOR J-/A+B+C+D)' (E + F+G+H)' TE'Xl'i 
AND/NOR AND J=(ABCDj+ (E FGH j+/EX PI 

AND/OR AND J=(ABCD)+(EFGH)+(EXP) 

Note: (EXPI designates the EXPAND function (i.e., Xl +X2+. • .XN1. 

Fig. 3- Expansion logic and truth table. 
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CD4048AD, CD4048AE, CD4048AK File No. 636 

STATIC ELECTRICAL CHARACTERISTICS (All inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . vss:$ VI :$ VDD) 
(Recommended DC Supply Voltage (VDD - VSSI. .•.•.•..• 3to15V) 

CHARACTERISTIC SYMBOL TEST 
CONDITIONS 

Vo VDD -40oC 

Volts Volts Min. Typ. 

Quiescent Device 5 

Current 
IL 

10 

Qu iescent Device 

Dissipation/Package 
Po 

10 

Output Voltage: 

Low·Level 
VOL 

10 

4.99 
High-Level VOH 

10 9.99 

Noise Immunity 4.2 5 1.5 
VNL 

(Allinputsl 9 10 3 

For definition 0.8 1.4 
see Appendix VNH 

10 2.9 

Output Drive Current: 
N-Channel 0.4 4.5 1.9 

(Sink) 
ION 

0.5 10 5.4 

P-Channel 4.6 -1.9 

(Source) 
lOP 

9.5 10 -3.8 

If? AMBIENT TEMPERATURE (TA)-ZSOC 

IO·'I----__+-~---+-----+ 

?-? I~>I------+-----+ 
is i I03>1----__+-__ ~~~~~~_~ ___ ~ 

~ 
" "' ~ 

248 

10~~~~~---_+---~~----

104 105 

INPUT FREQUENCY (fI) -Hz 

Fig. 4- Typical power dissipation as a 
function of input frequency. 

92CS-222.53 

Max. 

10 

20 

50 

200 

0.Q1 

0.01 

CHARAC· 
LIMITS TERISTIC 

CD4048AE UNITS CURVES 
& TEST 

25°C BSoC CIRCUITS 
Fig.No. 

Min. Typ. Max. Min. Typ Max. 

0.01 10 - 140 
)JA' 14 

0.02 20 280 

0.05 50 700 

0.2 200 2800 
I'W 

0 0.Q1 0.05 
V 

0 0.Q1 0.05 

4.99 5 4.95 
V 

9.99 10 9.95 

1.5 2.25 1.4 
V 13 

3 4.5 2.9 

1.5 2.25 1.5 
V 13 

4.5 3 

1.6 3.2 1.3 
mA 

5,6 

4.5 9 3.7 

-1.6 -3.2 -1.3 7,8 
mA 

-3.15 -9 -2.6 

~M8IENT TEMPERATURE (TA)-25°C 

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VGSc~~~ 

MAXIMUM AVERAGE 
PKG. DISSIPATION (200 mW) 

GATE-TO-SOURCE VOLTAGE (VGS)·15V 

10V 

5V 

5 ro 15 
DRAIN -TO-SOURCE VOLTAGE (VDS)-V 

92CS-2024S 

Fig. 5- Typical n-channf!l drain characteristics. 



File No. 636 CD4048AD, CD4048AE, CD4048AK. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C and CL = 15 pF and 50 pF 

Typical Temperature Coefficient for all values of VDD = 0.3%/oC 

cL = 15pF 

LIMITS 

TEST C04048AO 
CHARACTERISTIC SYMBOL C04048AE 

CONOITIONS C04048AK 

VDD 

IVoltsl MIN. TYP. MAX.' MIN. TYP. MAX.' 

tpLH' 5 - 750 1300 - 750 1600 
Propagation Delay Time 

tpHL 10 - 225 400 - 225 500 

Transition Time: 5 - 90 140 - 90 170 
tTHL 

High-ta-Low Level 10 - 30 50 - 30 65 

5 - 130 250 - 130 300 
Low-ta-High Level tTLH 

10 - 40 60 - 40 75 

Input Capacitance CI Any Input - 5 - - 5 -

CL =50pF 

tpLH' 5 - 775 1350 - 775 1650 
Propagation Delay Time 

tpHL 10 - 240 430 - 240 530 

Transition Time: 5 - 105 170 - 105 200 
tTHL 

H igh-to-Low Level 10 - 40 70 - 40 85 

5 - 145 280 - 145 330 
Low-ta-High Level 'TLH 10 - 50 80 - 50 95 

Input Capacitance CI Any Input - 5 - - 5 -

* Max. Limits represent worst-case limits for worst-case modes of operation shown in Figs. 15,16, and 17 

UNITS 

ns 

ns 

ns 

pF 

ns 

ns 

ns 

pF 

DYNAMIC ELECTRICAL CHARACTERISTICS, Driving TTL at T A = 250 C. VDD - VSS = 5 V, CL = 15 pF 

CD4048AD. CD4048AK 

CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS 

Driving Ona TTL Load MIN. TYP. MAX. 

Propagation Delay Time: Series 54L. 74L 775 
tpHL ns 

High-ta-Low Level Series 54, 74 - 775 -

Series 54L. 74L - 710 -
Low-ta-High Level tpLH ns 

Series 54, 74 - 600 -

CD4048AE 

Propagation Delay Tim.e: Series 54L, 74L - 775 -
tpHL ns 

H igh-ta-Low level Series 54, 74 - 775 -
Series 54L, 74L - 710 -

Low-to-H igh Level tpLH ns 
Series 54, 74 - 600 -

CHARAC· 
TERISTIC 
CURVES 
& TEST 

CIRCUITS 
Fig.No. 

15,16 

17 

17 

15,16 

17 

17 

TYPICAL 
CHARAC· 
TERISTICS 

CURVES 
Fig. No. 

12 

12 
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CD4048AD, CD4048AE, CD4048AK 

AMBIENT TEMPERATURE (TA)·2S-C 

11 
TYPICAL TEMP. COEFFICIENT AT ALL VAWES Of VGS.-o.3 %/-t 

I CD404BAD, AK 

~ 50 tW:~~~~'~:T~ci~~=mw) CD4048AE 

30 

20 

'0 

GATE·TO-SOU~! VOLTAGE (Vc;S)·15V 

'5V 

'OV 

IOV 

SV 

5V 
5 10 '5 

DRAIN-TO-SOURCE VOLTAGE (VOS)-V 

Fig. 6- Minimum n-channel drain 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -5 

9ZCS-22254 

o 
AMBIENT TEMPERATURE {TA)-ZS-C 
TYPICAL TEMP. COEFFICIENT AT ALL 
VALUES OF YGS.-o.! %/-c 

-5V 

-IOV 

GATE-TO-SOURCE \tOLlAGE (VGS)=-15V 
-40 2 

50 

o 

250 

~ 
MAXIMUM AVERAGE PKG. -50 ~ 
DISSIPATION (200mW) ~ 

CD4048AD, AK 
C04048AE 

1 

92CS-222SS 

Fig. 8- Minimum p-chsnnel drain 
characteristics. 

AMBIENT TEMPERATURE (TA)·2S-C 

TYPICAL TEMP. COEFFICIENT AT ALL VAWES OF YooaQ3 %/"C 

,OV 

,5V 

LOAD CAPACITANCE ICL).-pF 
92CS-22251 

Fig. 10- Typlcsllow.to-hlgh lellel transition 
time 8S 8 function of load capacitance. 

DRAIN-TO-SOURCE VOLTAGE 1VOS)-V 
-15 -10 -5 

-5V 

-IOV 

GATE·TO-SOURCE· VOLTAGE (VOS)- -I 5 V 

File No. 636 

11 
-40 I 

~ 
-60 i 

IE 

80 ~ 

" z 
-IOQ~ 

AMIBIENT TEMPERATURE ITA 1-25·C I 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF Vr.~·-o.3-t./ac 

Fig. 7- Typical p-channel d/1lin 
characteristics. 

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VoD-O.3 %/"(. 

~'200 
~ 
$1000 

j 
... 800 

'" ... 
" ~.600 
2 
o 40D 

~ 
f 
~ 200 

o 

SUPPLY VOLTAGE (VDol-5V 

,OV 

,5V 

20 40 60 SO 100 120 140 IGO 

LOAD CAPACITANCE tCL)- pF 

!. 

180 

92CS-222S6 

z 150 o ... 
~ 

~ 100 

50 

o 

Fig. 9- Typical propagation dBlay time aB a 
function of load capacitance. 

AMBIENT TEMPERATURE ITAI-25·C 

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VDD-o.3 '%/"C 

LOAD CAPACITANCE ICL)-pF 

,OV 

,5V 

92C5-222158 

Fig. 11- Typical hi~·to·/ow lell6l transition 
time as B function of load capacitance. 



File No. 636 __________________ _ 
CD4048AD, CD4048AE, CD4048AK 

TEST CIRCUITS 
5V 
Voo 

CD4048A 
INPUT PULSE UUT 1-'0~UC!.Tt:.!PU!.!T__< __ .JoiIII_4 ... M_~ ... M_~ 

Rl~40Kn SERIES ~: t 
RV41Ul SERIES ~~ 

~:.---?f---------!:-- --
"'Hl) ------W--,·5V 

• HIGH-IMPEDANCE CONDITION AT OUTPUT (BOTH "n" AND "p" UNITS OFF) 
92CS-22262 

Fig. 12- Test circuit and waveforms for propagation delay time 
(CD4048A driving 1 TTL load). 

• 
5 12 

" 10 

o-Q 
1.5 V 
OR 
3V 

92CS-2Z867RI 

Fig. 13 - Noise immunity. (can also be measured using one 
input; other inputs are tied to VDD). 

10V 

I. 

K. IS EXP 

H I. A 
13 

12 

E " .. 10 K • 
K, 

Input Conditions For Luk •• MoIurern.nu: 

", H • F , ". ", ". 0 c . A 

III 0 0 0 0 0 0 0 0 0 0 0 0 
121 , 0 0 0 0 , , 0 0 
131 0 , , , 0 0 , , 
'" 

, , , , , , , , , 
92CS-2U'9 

Fig. 14- Quiescent device current. 

EX' 

0 

TEST CIRCUITS - DYNAMIC MEASUREMENTS 

"ss 

I. 
IS 

" 13 

12 

" 10 

• 

Voo 

INPUT 

INPUT~-- - -50% 

OUTPUT - - - - - -50" • 

tpLH 

g2tS-a2263 

Fig. 15-tpLH - NAND. 

I. 
IS 
I. 
13 

12 

" 10 

Voo 

INPUT 

INPUT~_--50% 

OUTPUT - - - 50% 

'PIlL 

9ZC5-Z2264 

Fig. 16- tpHL - AND. 

Vss 

VOD 

It-JPUT 

INPUT~50% 

oUTPurH-----90% 
- -- --10% 

ITJil tTLH 

92tS-2ZUS 

Fig. 17- tTHL- tTLH - AND/NOR. 
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FileNo. 599 

OOa3LJD Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4049A,CD4050A 

~G.i 

~Hcii 

A~G'A 

B~H'B 

COS/MOS Hex Buffer/Converters 

c .!....(>o-! laC 

O~J'D 
~-E -v-- KaE 

C ~ ---v- rae 

D~J'D 
E~ ---v- KaE 

CD4049AD } 
CD4049AE INVERTING 
CD4049AF TYPE 
CD4049AK 

Features: F~L.F 
VCC_'_ 

VSS-8 -

F ~ ---v- L-F 

VCC_'_ 

VS5-8-

• Direct Drive to 2 TTL Loads at 5 V, 
VCC= 5V, VOL $ 0.4 V, 
IDN ;::: 3mA 

Ne -13 
NC -16 {oj 

Ne "3 
NC al6 (bl 

92CS-20116 
" High Source and Sink Current 

Capability 
CD4049A CD4050A • General COS/MOS Characteristics 

.The CD4049A and CD4050A are inverting and non.inverting 
hex buffers, respectively, and feature logic' level conversion 
using only one supply voltage (VCC)' The input·signal high 
level (VI H) can exceed the VCC supply voltage when these 
devices are used for logic·level conversions. These devices are 
intended for use as COS/MOS to DTLmL converters and 
can drive directly two DTLmL loads. (VCC = 5 V, 
VOL ~ 0.4 V, and ION 2: 3 mA.) 

Table 1 shows the range of voltage-supply levels that can be 
utilized for such logic level conversions. Conversion to logic' 
levels greater than +6 V is permitted provided that V CC 
~ VIH' At 15 V, the maximum allowable .Ioad capacitance 
is 5000 pF. 

The CD4049A and CD4050A are designated as replacements 
for C D4009A and CD40 lOA, respectively. Because the 
CD4049A and CD4050A require only one power supply, they 
are preferred over the CD4009A and CD4010A and should be 
usl!d in place of the CD4009A and CD4010A in all inverter, 
current driver, or logic·level conversion applications: In these. 
applications the CD4049A and CD4050A are pin compatible 
with the CD4009A and CD4010A respectively, and can be 
substituted for these devices in existing as well as in· new 
designs. Terminal No. 16 i5 not connected internally on the 
CD4049A or CD4050A. therefore, connection to this termi· 
nal is of no consequence to circuit operation. 

FUNCTION 

HEX LEVEL SHIFTER 
HEX INVERTER 
HEX BUFFER 

n 
IN 

'a) 

CD4050AD. } CD4050AE 
CD4050AF 
CD4050AK 

Applications: 

NON·INVERTING 
TYPE 

.• COS/MOS to DTLmL Hex Converter 
• COS/MOS Current "Sink" or "Source" 

Driver 
" COS/MOS High·to-Low Logic-Level 

Converter 

TABLE I 

COSIMOS OTLITTL POWER SUPPLY 
VOLTAGE VOLTAGE VOLTAGE 

RANGE UNPUTI RANGE (OUTPun RANGE (Vccl 
3-15V 3-GV 3-BV 

3-15 V 3-15 V 3-15V 

vss 

vss 
(b) 

The CD4049A and CD4050A are supplied in 16·lead dual in· 
line welded·seal ceramic packages (CD4049ADand CD4050AD), 
16·lead dual.in.line· plastic packages (CD4049AE and 
CD4050AE), 16·lead dual·in·line friNeal ceramic packages 
(CD4049AF and CD4050AF) and 16·lead flat packages 
(CD4049AK and CD4050AK). 

Fig.I-a} Schematic diagrsm of CD4049A. 1 of 6 Identical unitt; 
bJ Schematic dilllJram of C0405OA, 1 of 61dentlcIII units. 

9·74 
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File No. 599 ______________ .,..--________ CD4049A, CD4050A 

MAXIMUM RATINGS, Absolute·Maximum Values: 

Storaye·Temperature Ranga -65 to +150 
Operating·Temperature Range: 

Ceramic Package Types. 
Plastic Package Types . 

DC Supply Voltage Range (VCC-VSS) 
Dissipation: 

Per Package 
Per Buffer. 

-55 to +125 
-40 to +85 
-0.5 to +15 

200 
100 

All Inputs 
Recommended Minimum DC Supply Voltage 

(VCC-VSS), . . . . . . 

VSS ~ VI ~ 15 

Lead Temperature (During soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. 

STATIC ELECTRICAL CHARACTERISTICS (All Inputs • 

3 

265 

(Recommended DC Supply Voltage (VCC - VSS) .. 

LIMITS 

mW 
mW 

V 

V 

TEST CD4049AD. CD4049AK. CD4049AF 
CHARACTERISTIC SYMBOL CONOITiONS CD4050AD. CD4050AK. CD4050AF 

VSS';;;VI';;;15V) 

3to15V) 

UNITS 

Vo VCC -550 C 250 C 1250 C 
Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Quiescent Device 
IL 

VIH= 5 - - 0.3 - 0.01 0.3 - - 20 
!J.A. Current VCC 10 - - 0.5 - 0.01 0.5 - - 30' 

Quiescent Device Po VIW 5 - - 1.5 - 0.05 1.5 - - 100 
I1W 

Dissipation Package VCC 10 - - 5 - 0.1 5 - - 300 
Output Voltage VOL 5 - - 0.01 - 0 0.01 - - 0.05 V 

Low·Level 10 - - 0.01 - 0 0.01 - - 0.05 
5 4.99 - - 4.99 5 - 4.95 - - V 

High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity (All VOW 

Inputs) 3.6 V 5 1 - - 1 2.25 - 0.9 - -
C04049A VOW 

7.2 V 10 2 - - 2 4.5 - 1.9 - --
VNL VOL: 

0.95 V 5 1.5 - - 1.5 2.25 - 1.4 - -
C04050A 

VOL: I 
2.9 V 10 3 - - 3 4.5 - 2.9 - - V 

VOW 
7.2 V 10 2.9 - - 3 4.5 - 3 - -

CD4050A VOH -
3.6 V 5 1.4 - - 1.5 2.25 - 1.5 - -- VNH VOL: 

C04049A 2.9 V 10 2.9 - - 3 4.5 - 3 - .-=--
For Definition~ VOL: 
See Appendix 0.95 V 5 1.4 - - 1.5 2.25 - 1.5 - -
Output Drive Current 0.4 4.5 3.3 - - 2.6 5.2 - 1.8 - -

N·CHANNEL ION 0.4 5 3.75 - - 3.0 6 - 2.1 - -
0.5 10 10 - - 8 16 - 5.6 - -
4.5 5 -0.62 - - -0.5 -1 - -0.35 - - mA 

P·CHANNEL 
lOP 2.5 5 -1.85 - - -1.25 -2.5 - -0.9 - -

.9.5 10 -1.85 - - -1.25 -2.5 - -0.9 - - ,I 

Input Current II VIWV cc - - - - 10 - - - - il pA 
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CD4049A, CD4050A 

STATIC ELECTRICAL CHARACTERISTICS (All Inputs • • . • • . . . . . • • . 
(Recommended DC Supply Vollage (Vj;C - Vssl 

File No. 599 

VSS":VI": 15 VI 
3 to 15 VI 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo VCC 
Volts Volts 

Quiescent Device 
IL 

VIH= 5 
Current VCC 10 

Quiescent Device PD VIW 5 
Dissipation Package VCC 10 

Output Voltage VOL 5 
low·Level 10 

5 
High·Level VOH 10 

Noise Immunity (All VOW 
Inputs) 3.6 V 5 

CD4049A VOW 
7.2 V 10 -

VNl VOL = 
0.95 V 5 

CD4050A 
VOl= 
2.9 V 10 

VOW 
7.2 V 10 

CD4050A VOH = 
3.6 V 5 

VNH VOl-
2.9 V 10 

CD4049A VOL= 
0.95 V 5 

Output Drive Current 0.4 4.5 

N·CHANNEL ION 0.4 5 
0.5 10 

4.5 5 
P-CHANNEL 

lOP 2.5 5 
9.5 10 

Input Current II VIWVcc 

> 
I 4 

? 

AMBIENT TEMPERATURE (TA)-25°C 

SUPPLY VOLTAGE IVcc)=5 V 

MINIMUM 

I 2 3 
INPUT VOLTAGE eVI)-V 

MAXIMUM 

. 92CS-2.0479 

Fig.2 - Min. & max. voltage transfer characteristics for C04049A. 
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Min. 
-
-
-' 

-
-
-

4.99 
9.99 

1 

2 

1.5 

3 

2.9 

1.4 

2.9 

1.4 

3.1 
3.6 
9.6 

-0.6 
-1.5 
-1.5 

-

-40°C 
Typ. 
-
-
-
-
-
-
-
-

-

-

-

-

-

-

-

-
-

-
-
-
-
-
-

> 
I • 

~ 
'" 3 

.~ 
g 2 

!; 
~ I 
o 

LIMITS 

CD4049AE, CD4050AE 

25°C 
Max. Min. Typ. Max. Min. 

3 - 0.03 3 -
5. - 0.05 5 -
15 - 0.15 15 -
50 - 0.5 50 -

0.01 - 0 0.01 -
0.01 - 0 0.01 -
- 4.99 5 - 4.95 
- 9.99 10 - 9.95 

- 1 2.25 - 0.9 

- 2 4.5 - 1.9 

- 1.5 2.25 - 1.4 

- 3 4.5 - 2.9 

- 3 4.5 - 3 

- 1.5 2.25 - 1.5 

- 3 4.5 - 3 

- 1.5 2.25 - 1.5 

- 2.6 5.2 - 2.1 
- 3 6.0 - 2.5 
- 8 16 - 6.6 

- -0.5 -1 - -0.4 
- -1.25 -2.5 - -1 
- -1.25 -2.5 - -1 

- - 10 - -

AMBIENT TEMPERATURE (TA)"25°C 
SUPPLY VOLTAGE (Vee): 5 v 

85°C 
Typ. 

-
-

-
-
-
-
-

-

-

-

-

-

-

-

-
-
-
-
-
-
-

-

MINIMUM MAXIMUM 

123 
INPUT VOLTAGE (V:r.)-V 

UNITS 

Max. 
42 p.A 
70 

210 J1W 700 
0.05 V 

0.05 
- V 
-

-

-

-

- V 

-

-

-

-
-
-
-

mA -
-

-
- pA 

92CS-20480 

Fig.3 - Min. & max. voltage transfer characteristics for CD4050A. 



File No. 599 CD4049A. CD4050A 

DYNAMIC ELECTRICAL CHARACTERISTICS atTA=250 C. CL =15 pF. and input rise and fall times=20 ns 
Typical Temperature Coefficient for all values of VCC = O.3%/oC. (See Appendix for Waveforms I 

LIMITS CHARAC· 
TEST CD4049AD, AE CD4050AD, AE TERISTIC 

CHARACTERISTIC SYMBOL 
CONOITIONS CD4049AF, AK CD4050AF, AK UNITS CURVES 

& TEST 
VCC CIRCUITS 

(Voltsl Min. Typ. Max. Min. Typ. Max. Fig. No. 

Propagation Delay Time: 
VIWVCC 

5 - 15 55 - 55 110 
High·to·Low Level tpHL 10 - 10 30 - 25 55 10,11 ns 

Low·to·High Level tpLH VIWVCC 5 - 50 BO - 75: 140 
10 - 25 55 - -35 B5 ns 12,13 

Transition Time: tTHL VJH=VCC 5 - 20 45 - 20 45 
ns 14 High·to-Low Level 10 - 16 40 - 16 40 

Low·to·High Level 
tTLH VIWVCC 5 - 50 100 - 50 100 ns 15 

10 - 30 60 - 30 60 

Input Capacitance CD4049A - 15 - - 15 -
(Any Inputl CI 

CD4050A 5 
pF - - - 5 -

INPUT VOLTAGE (V~I-V INPUT VOLTAGE (VI.)- V 
92CS-20481 92CS-20482 

Fig.4 - Min. & max. voltage transfer characteristics for CD4049A. Fig.5 - Min. & max. voltage transfer characteristics for CD4050A. 
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CD4049A, CD4050A 

INPUT YOLTAGE (VI I-v 

Fig.6 - Typ. voltage transfer characteristics as a function of 
temperature for C04049A. 

o 4 
DRAIN~TO-SOURCE VOLTAGE (YOS)-V 

92CS-20485 

Fig.S - Typ. & min. drain characteristics as B function of gate--to
source volt. IV GSI for CD4049A, CD4050A. 

o 20 40 60 80 100 
LOAD CAPACITANCE (Ct)-pF 

92CS-2.0529 

Fig. to - Typ. high-trHOW level propagation delay time vs. CL 
for CD4049A. 
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File No. 599 

INPUT VOLTAGE (VI1-V 
92CS-20484 

Fig.7 - Typ. voltage transfer characteristics as a function of 
temperature for CD4050A. 

DRAIN-TO-SOURCE VOLTAGE lVos)-V 

Fig.S - Typ. & min. P-channsl drain characteristics 81 B function of 
gate-to·source voltage IV Gsl for CD4049A, CD4050A. 

o 20 40 
LOAD CAPACITANCE (CL}-pF 

92CS-20487 

Fig.11 - TVp. high-to%~~w level propagation ds/ay time n. CL 
for CD4050A. 



File No. 599 

o 20 40 60 80 100 
LOAD CAPACITANCE ICLI- pF 9ZCS-20528 

Fig. 12 - Typ. Jow-to-high level propagation delay time VI. CL 
for CD4049A. . 

Fig. 74 - Typ. high-to-Iow level transition time 
lIS. CL for CD4049A, CD4050A. 

104 8 AMBIENT TEMPERATURE ITA). 25-C ./ ./ 6 

'. Y""-~ • 
I r!f~ .. ..",v d: 2 

",,"~vl V ~ 103 
!!! • ~q~ 

i • .," 7-• / V ~ 2 
v...-

'" ~ V V V- I ~ 

10' 0. 

:i • 
6/ 

..-

~ 'V V- __ ~~~~o ~~PAC'lANCEtL)tP~ 
2 

10 

10 

V V- j 
2 • •• 10' 

2 • 6 Bib! • 
INPUT FREQUENCY U;l kHz 

Fig.1S - Typ. dissipation characteristics for 
CD4049A, CD4050A. 

4 •• 10 

3.5VOR7V 

J 
I V OR 2V 

CD4049A. CD4050A 

LOAD CAPACITANCE (el )-pF 
92CS-20488 

Fig. 13 - Typ. low-to-high level propagation delay time II.S'. CL 
for CD4050A. 

I 
2 

3 

• 

CD4049A 

92CS-20489 

Fig. IS - Typ. lOW-la-high level transition time 
os CL for CD4049A, CD40S0A. 

5V OR 10 V 5VOR IOV 
3.5VOR 7V 

I. I. 
15 15 
I. I. 
13 ~ • 13 
12 roAN -= 5 12 

" 
OUTPUT 

" 10 10 
9 9 

92CS-20:5ISRI CD4050A 92C5-24422 

Fig. 17 - Noise immunity test circuits. 
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CD4049A. CD4050A ___________ ....,...... _________ _ File No. 599 

92CS-20516RI 

Fig. 18 - Quiescent device current t&$t circuit. 

;0 '0 AMBIENT TEMPERATURE (fA )=2S-C 

1.0 , 

MAXIM POW R DISSIPATION PER MCKAG 

-1-' ~ ~. -1-' o*' 
ffi \f:l'll"\ <f>.*' \.\·.i~ 

.. ' Ii: .0 

m'l-~' h'~*<, 
(} 

~ ~;~ 
".\00 +~ <>" 

~ .0' 
\~ ,0 (,4<) .... 

,0 .. .. 
z ~. ~." 
~ \~-r::0 .. ,," 

10 ~" 
'" J~"\'I-'" 

~ ... o; 

'" .. 0" 0 

i .0 .. "'~~ ... .. III 
• 
'0 .0' 
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TRANSITION TIME-nl 

Fig.20 - Typ. power dissipation vs. transition 
time per invertflr CD4050A. 

92C$-20491 

KAGE 

TRANSITION TIME-n. 
92CS-20490 

Fig.IS - TVp. powerdiaipation vs transition 
time per inverter CD4049A. 

COS/MOS IO-V LEVEL TO DTL/TTL 5-Y LEVEL 
Ycc·SV 

COS/MOS 

'N 
--..... --jCD4049A 

OUTPUT 
TO DTl/TTL 

INPUTS 

-=- Vss 

I r+SY"VOH 

U O-VOl 

IN TERMINAL-3,5.1,9,II.ORI4 
OUT TERMINAl-2,4.6,IO,12.0R US 

Vee TERMINAL- I 
Yss TERMINAL - 8 

Fig.21 - Logic-lelltfl convenion applicstion. 

92'5-201 18 



Preliminary 

OO(]5LJD Digital Integrated Circuits 
Solid State 
Division 

Preliminary Data A 

Monolithic Silicon 
Preliminary CD4051AD, CD4051AE, CD4051AK 

Preliminary CD4052AD, CD4052AE, CD4052AK 
Preliminary CD4053AD, CD4053AE, CD4053AK 

OUT/IN 

x {~ 

COS/MOS Analog 
Multiplexers/Demultiplexers 

IN/our ~ PRELIM. 

{
o CD4052A 

X 
OUTIIN 

With Logic - Level Conversion 
y 0 y 

IN/our ~ OUTIIN 

CONTROL{: 
ONH 

CD4051A Single a-Channel Multiplexer/Demultiplexer 
CD4052A Differential 4-Channel Multiplexer/Demultiplexer 
CD4053A Triple 2-Channel Multiplexer/Demultiplexer 

ax OR ay OUT/IN 

bJl OR by CUlliN 
ell OR cy QUllIN Applications: 

• Analog and digital multiplexing and demultiplexing 

.. AID and D/ A conversion 

• Signal gating 

RCA COS/MOS Analog Multiplexers/Demultiplexers* Pre
liminary CD4051A, CD4052A, and CD4053A are digitally 
controlled analog switches having low "ON" impedance and 
very low "OFF" leakage current_ Control of analog signals up 
to 15 V Pop can be achieved by digital signal amplitudes of 3 to 
15 V_ For example, if VDD = +5 V, VSS = 0 V, and VEE = 
-5 V, analog signals from -5 V to +5 V can be controlled by 
digital inputs of 0 to 5 V_ The mUltiplexer circuits dissipate 
extremely low quiescent power over the full VDD - VSS and 
V DD - V EE supply-voltage ranges, independent of the logic 
state of the control signals_ When a logic "1" is present at the 
inhibit input terminal all channels are "OFF"_ 

CD4051A is a single S-channel multiplexer having three 
binary control inputs, A, B, and C, and an inhibit input_ The 
three binary signals select 1 of S channels to be turned "ON" 
and connect the input to the output_ 

CD4052A is a differential 4-channel multiplexer having two 
binary control inputs, A and B, and an inhibit input_ The two 
binary input signals select 1 of 4 pairs of channels to be turned 
on and connect the differential analog inputs to the differ
ential outputs. 

CD4053A is a triple 2-channel multiplexer having three 
separate digital control inputs,. A, B, and C and an inhibit 
input_ Each control input selects one of a pair of channels 
which are connected in a single-pole double-throw configuration. 

These devices are supplied in a 16-lead dual-in-line ceramic 
package (CD4051AD, CD4052AD, and CD4053AD), a 16-lead 
dual-in-line plastic package (CD4051 AE, CD4052AE, and 
CD4053AE), or a 16-lead flat pack (CD4051AK, CD4052AK, 
and CD4053AK). 

• When the devices are used as demultiplexers, the "CHANNEL INI 
OUT" terminals are the outputs and the "COMMON OUT/IN" 
terminaHsl is (arel the inputbl. 

1()'73 

Features: 

" Wide range of digital and analog signal levels: 

digital 3 to 15 V, analog to 15 V Pop 

• Low "ON" resistance: BOn (typ.) over entire 15 V pop 

signal-input range for VDD - VEE = 15 V 
.. High "OFF" resistance: input leakage ± 10 pA (typ.) @ 

VDO - VEE = 10 V 
II Logic-level conversion for digital addressing signals of 3 to 

15 V (VOO - Vss = 3 V to 15 V) to switch analog 

signals to 15 V pop (VDO - VEE = 15 VI 

• Matched switch characteristics: !'IRON = 5n (typ.) for 

VOO - VEE = 15 V 
" Very low quiescent power dissipation under all digital

control input and supply conditions: 1 JlW typo @ 

VOO - VSS=VOO - VEE = 10V 
• Binary address decoding on chip 

TRUTH TABLE 

INPUT STATES "ON" CHANNELS 

INHIBIT C B A CD4051 A CD4052A CD4053A 

0 0 0 0 0 OX,Oy ex, bx,ax 

0 0 0 1 1 lx,ly ex, bx. ay 

0 0 1 0 2 2. 2. ex, by, ax 

0 0 1 1 3 3x.3V ex, by. ay 

0 1 0 0 4 cy.bx.ax 

0 1 0 1 5 cy. bx. ay 

0 1 1 0 6 cy,by, ax, 

0 1 1 1 7 cv, by, ay 

1 
. . . 

NONE NONE NONE 

• = Don't care condition 
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CD4051A,CD4052A,CD4053A 

MAXIMUM RATINGS, Absolute Maximum Vatu,," 

Storage-Temperature Range ........... _65°C to +150oC 
Operating-Temperature Range 

Ceramic Packages ................ _55D~ to +125:C 
Plastic Packages -40 C to +85 C 

Dissipation Per Package ......................• ZOO mW 
DC Supply Voltages 

VDD-VSS;VDD-VEE ...•.•.•...•• -0.5to+15V 
Digital Control Inputs .................. - Vss o;;;VI o;;;VDD 

Minimum Recommended Power Supply VoImge&· 

VDD-VSS;VDD-VEE ••....•.•... .•.•• 3V 
Lead Temperature (During soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. . ............. 265°C 

Operating Precautions: 
1. RL ;;> 100 n 
2. Signal Input Current Capability < 25 mA 

OPERATING CONSIDERATIONS 

1. Handling 
All COS/MOS gate inputs have a resistor/diode gate protection 
network_ All transmission gate inputs and all outputs have 
diode protection provided by inherent p·n junction diodes_ 
These diode networks at input and output interfaces fully 
protect COSIMOS devices from gate-oxide failure (70 to 
100 volt limit) for static discharge or ·signal voltage up to 
1 to 2 kilovolts under most transient or low·current 
conditions. 

Although protection against electrostatic effects is provided 
by built-in circuitry, the following handling precautions 
should be taken: 
1. Soldering·iron tips and test equipment should be grounded_ 
2. Devices should not be inserted in non-conductive- con

tainers such as conventional plastic snow or trays. 

A" 

8 

c. 

INH 6 

LOGIC 
LEVEL 

CONVERSION 

VDD 

BINARY 
TO 

I OF8 
DECODER 

WITH 
INHIBIT 

Preliminary 

2. Operating 
Unused Inputs 

All unused input leads must be connected to either VSS or 
VOD, whichever is appropriate for the logic circuit involved. 
A floating input on a high-current type, such as t~e 

C04009A, C04010A, not only can result in faulty logic 
operation, but can cause the maximum power dissipation of 
200 milliwatts to be exceoded and may result·in damage to 
the device. Inputs to these types, which are mounted on 
printed-circuit boards that, may temporarily become un
terminated, should have a pull-up resistor to VSS or VOO' 
A useful range of values for such resistors is from 0.2 
to 1 megohm_ 

Input Signals 
Signals shall not be applied to the inputs while the device 
power supply is off unless the input current is lim ited to a 
steady state value of less than 10 milliamperes. 

Output .Short Circuits 
Shorting of outputs to VSS or VOO can damage many of the 

higher-output-current COS/MOS-types, such as the C04007 A, 
C04009A, and C04010A. In general, these types can all be 
safely shorted for supplies up to 5 volts, but will be damaged 
(depending on type) at higher power-supply voltages. For 
cases in which a short-circuit load, such as the base of a p-n-p 
or an n-p-n bipolar transistor, is directly driven, the device 
output characteristics given in the published data should be 
consulted to determine the requirements for a safe operation 
below 200 milliwatts. 

CHANNEL IN/OUT-

COMMON 
OUT/IN 

3 

92CS - 20085RI 

Fig. , - Funct;OfIIII diagram pte/im;nary CD405'A_ 

• See operating precautions, above_ 
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Preliminary CD4051A, CD4052A, CD4053A 

LOGIC 
LEVEL 

CONVERSION 

VDD 

BINARY 
TO 

r OF 4 
DECODER 

WITH 
It~HIBIT 

X CHANNELS IN/our

I 

Fig. 2 - Functional diagram preliminary CD4052A. 

A " 

C 9 

INH 6 

LOGIC 
LEVEL 

CONVERSION 

VDD 

BINARY TD 
I OF 2 

DECODER 
WITH INHIBIT 

Fig. 3 - Functional d;agram~ preliminary CD4053A. 

• See operating precautions. P. 2. 

ELECTRICAL CHARACTERISTICS at T A = 25°C 

CHARACTERISTIC SYMBOL 

VDD 

Quiescent Device Current IL +10V 

+5V 

Quiescent Device Dissipation per +laV 
Package PD 

+5V 

NOTE 1: All digital combinations on address inputs; all analog inputs 

VEE<;;VI<;;VDD 

TEST CONDITIONS 

Vss VEE 

OV av 
OR 

av -5V 
NOTE 1 

av av 
OR 

av -5V 
NOTE 1 

COMMON X 
aUTIIN 

COMMON Y 
OUT/IN 

92CS - 20086RI 

92CS -20087RI 

TYPICAL 
UNITS 

VALUES 

0,1 ~A 

1 ~W 

CURVE 
8. 

TEST 
CIRCUIT 
Fig. No. 

-

-
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CD4051A,CD4052A,CD4053A Preliminary 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CURVE 
& 

CHARACTERISTIC SYMBOL TEST CONOITIONS TYPICAL 
UNITS TEST 

VALUES CIRCUIT 
Fig. No. 

SIGNAL INPUTS IVisl ANO OUTPUTS IVosl 

Voo VEE VIS 

+7.5 V 1-7.5 V 
OR 80 

+ 15v I OV 
"ON" Resistance RON RL = 10 kU 

+5V L -5V IPeak for VSS';;; VIS ';;;VODI VSS = 0 
OR 120 !l 

+10V I OV 

+2.5 V I -2.5 V 
OR 270 

+5V I OV 

6. "ON" Resistance (Any channel +7.SV ~R7.5V 
Between Any 2 Channels LlRON selected) 

+lSV OV 
!l 

+5 V 5V 
OR 

+ 10 V OV 10 

Sine Wave Response RL" 10 kU +7.5 V -7.5Y 0.1 

IDistortionl VSS = 0 +5 V -5V 5V (p.p) ... 0.2 % 
{is -. 1 kHz +2.5 V -2.5 V 

OFF Channel leakage Currenr: 
VSS = 0 V +5V 

1= Vcl ±C.Ol 
Any Channel "OFF" -5V 11 

nA 
All Channels "OFF" INHIBIT 1= Vcl CD4051A ±o.OS 

(Common OUT/IN) - t5V +5 V -5V CD4052A ±o.04 12 

VSS' 0 V CD4053A ·±o.02 

Frequency Response- Vc VOO = +5 V, VEE'" -5 V 
Channel "ON" RL - 1 k!~ Vos 

40 MHz 
(Sine Wave Inputl Vis 5 V Ip·pl 20Logl0~= -3d8 

VSS OV 
Feedthrough VOO:- +-5 V, Vc = VEE = -5 V 

Channel "OFF" Vos 
20 log -= -40 dB MHz 

10 Vis 

Crosstalk Between any 2 RL - 1 kH VCIAI = VDD - +5 V 
Channels VIS (AI - 5 V (p-pl VCIBI ., VEE = -·5 V MHz 
(FrequencV at - 40 dBI VSS OV Vos 

20 Lag,O -v;;, "" -40 dB 

Capacitance: Input CIS 

Output COS 
CD4051A 30 

(Common) 
VOO -" + 5 V CD4052A 18 pF 

OUTIIN VC" VEE" -·5 V CD4053A 10 

Feedthrough CIOS VSS" 0 V 0.' 

Propagation DelaV: Vc .. VDD = + 10 V. VEE" 0 V. CL = 15 pF 
Signal Input·to· tpLH. VIS'" 10 V·. VSS - 0 V"' Inhibit 10 
Signal Output tPHL Ir. If =" 20 ns (input signal) 

CONTROL IVCIINPUTS A. B. C. AND INHIBIT 

Noise Immunitv V NL Vis'" VOO thru 1 kU VDD - VSS· 10V 4.5 
(Any control input) VEE = VSS VDD -VSS = 5 V 2.25 

V NH lis ~- 10 IJA VDD - VSS" 10V 4.5 
V 

AL ::- 1 k.1! to VEE VDD - VSS" 5 V 2.25 

Average Input Capacitance CI VOO'" +5V VEE = -5V 
pF 

VSS = OV Channel "OFF" 

• SQuare wave 
• Symmetrical about 0 volts. 
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Preliminary _____________________ _ 
CD4051A,CD4052A,CD4053A 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CURVE 
a. 

CHARACTERISTIC SYMBOL TEST CONDITIONS TYPICAL 
UNITS TEST 

VALUES CIRCUIT 
Fig. No • .. 

CONTROL (VcIINPUTS A. B. C. AND INHIBIT 

Turn "ON" Propagation Delay:' CL ' 15 pF Vc • Vnn VFO 
RL'" 10 kn 10V 10V OV 200 

Control Input-la-signal output tplH' Vis~VDO 5V 5V OV 400 ns 13 
IpHL If. If"" 20 ns +5 V to 5V -5V 400 

VSS'" Inhibit = 0 V -5V 

Inhibit Input-la-Signal Output CL' 15 pF 
RL' 10 kn 

10V 10V OV 300 
14 

Vis" VOO 
600 I r • If =: 21} 05 5V 5V OV 

Inhibit Recovery Time- VOO"OV 200 

• Time after inhibit is removed during which channel information is invalid 

• Square wave 

3etO AMBIENT TEMPERATURE 
~ ITA)-25°C 
6 300 
I 

~ 250 
eo 
~ 

200 z 

~ 
'" 150 .. 
'" 'z 
.0 100 
-' 
l!! 
z 

50 .. 
Q 

0 
-8 -6 -4 -2 0 2 4 

SIGNAL VOLTAGE (Vis) - VOLTS 

10V 

15V 

H-I 

92C5-22712 

Fig. 4(a) - Typical Channel "ON" resistance vs. signal voltage 
for preliminary C04D51A. 

350 

'" " ~300 
I 
]2S0 
eo 
~ 
z200 

~ 
~ ISO 

z 
:° 100 
-' .. 
!! .. 50 

'" u 
o 
-8 

SUPPLY VOLTAGE (VOO VEE)aIOV 

-6 -4 -2 a 2 4 
SIGNAL VOLTAGE (Vi.s) - VOLTS 

2S"C 

-55"C 

92CS-227,4 

Fig. 4(c) - Typical Channel "ONN resistance vs. signal voltage 
for preliminary CD4D51A with supply voltage 
(VOO - VEE) - 10 V. 

, Channel Overlap::: Turn-on propagation delay. where channel overlap is 
defined as the duration after control signal change during which two 
channels may be on together. 

3:50 SUPPLY VOLTAGE r 
~ 1VOO-VEE)a5V ' C a 300 

I 

1; 250 
eo .. 
~ 200 

~ 
~ 150 

z 
P 100 
-' .. 
z 
~ 50 
Q 

o 
-8 -6 -4 -2 a 2 4 

SIGNAL VOLTAGE (Vi.s) - VOLTS 

92CS-22713 

Fig. 4(b} - Typk:al Channel "ON" resistance VI. signal voltage 
for preliminary CD4051A with supply voltage 
(VOO-VEE}-5V. 

300 

~ 
5 300 
I 
z 
~ 250 .. 
u 
z 200 

~ 
~ ISO 

:i5 
-' .. 
z 

100 

:i 50 
~ 

o 

SUPPLY VOLTAGE (VOO-VEE) -15V 

AMBIENT TEMPERATURE 

HI 
-8 -6 -4 -2 0 2 4 

SIGNAL VOLTAGE (Vi.s) - VOLTS 

92CS-227.5 

Fig. 4(dJ - Typical Channel ~~ON" resistance VI. signal voltage for 
preliminary CD4D51A with supply vo/rage 
(VOO - VEE) - 15 V. 
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CD4051A, CD4052A, CD4053A __________________ _ Preliminary 

• .. 
1. 
~ .. .. 
~ 
z 
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VDD 

H.P. 
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'-__ -+ ____ ..... ..,PLDTTER 

MOSELEY 
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92CS -22716 

Fig. 5 - Channel IION u resistance measurement circuit. 
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INPUT SIGNAL VOLTAGE (Vi.s) - VOL T5 

92CS-2.2117 

Fig. 6 - Tvpical IIONu characteristics for 1 of 8 channels 
for preliminary C04051 A. 

lOS AMBIENT TEMPERATURE (TA)-25° V ALTERNATING ·0· AND "," PATTERN 
LOAD CAPACITANCE (CL)-5O rf 4. TEST CIRCUIT 
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~yVDD ," I I ~il. f ... LJ CD.029A 1= 

BID 

A VDD 1.r I ~ ~ ~ 
loon 10 9 
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V loon 
4 CD4052AD~ 

• tll 102 [i 

10 ~ 
2 , 

10 10 10 10 • 
SWITCHING FREQUENCY (f)-kHz 

92CS-227It 

Fig. 8 - Tvpical dil8ipation (per package) .,s. switching 
frequency for preliminary CD4052AD. 
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Fig. 7 - Typical dilSipation (per package) VI. switching 
frequency for preliminary CD4051AD. 

lOS AMBIENT TEMPERATURE(TAI '" 25"C. 
ALTERNATING ·0· AND "I" PATTERN 
LOAD CAPACITANCE(C I • 50 pF / 1 ill JJJ 

I I~L III1 I II .' ,oZt: 
# -;/: .,'" ,,-.G !r~n., .. ""#/ 100 9 4CL 

10'= n 3 12 

~ 
, """"o~ " = 
.n C04053AD 2 

10 I 

102 " 15 

~ " 
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~ <f8 
2 , 
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SWITCHING FREQUENCV(f)- kHz 

92CS -22720 

Fig. 9 - Typical dissipation (per package) vs. switching 
frequency for preliminary CD4053AD. 
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Yoo" +15 V Voo· +7.5 V Yeo • +5 II 

16 

Vss· 0 v 

VEE" 0 v 

VEE· -7.5 V VEE· -10 V 
vss·ov 

1.1 1.1 

The ADDRESS (digital-control inputs) and INHIBIT logic levels are:"O" = 
VSS and "1" = VOO' The analog signal (through the TG) may swing from 
VEE to VOO-

Fig. 10 - Typical bias voltages. 

TEST CIRCUITS 

16 
15 
I. 
13 
12 

" 

16 

1,1 

-5 V 10 -5 V 

PRELIMINARY 
CD4051A 

PRELIMINARY 
C04051A 

PRELIMINARY 
CD4052A 

Fig. 11 - OFF channe/leakage current . •. any channel off. 

PRELIMINARY 
CD4052A 

+5V 

Fig. 12 - OFF channe/leakage current . .. all channels off. 

.sV 
-5V 

16 

Cdl 

92CS-20088RI 

16 +5 V 
15 
I. 

• 13 
5 12 

" 10 

PRELIMINARY 
CD4053A 

92CS-22722 

16 

15 t---\JLIJ"-. 

PRELIMINARY 
CD4053A 

-5V 

92CS-22723 
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PREUM 
C0405I' 

tpLH 

VEE 7 
Vss B 

'PHC 

PRELIM 
CD4Q51A 

CLOCK 10K 
IN 

~~~ru 
VEE 

VSS 

tpLH 
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TEST CIRCUITS 

PREUM PRELIM CD4OO2A 
CD4053A 

VEE I 16 Voo 
Voo OUTPUT: 15 

14 

10K 15 4 13 p' CLOCK 
VDD I. IN 

VDD]"U 
6 " Vss VEE 

VEE 7 10 Vss 
Vss 9 

tpLH Vss tPLH 

PRELIM 
CD4052. 

VDD VDD 16 Voo 

VEE 
15 
I. 
13 

VDD.ru 
" 

CLOCK 
IN VEE 

Vss CLOCK " Voo 

IN vss:rtI Vss 

tPHl 

Vss 

Fig. 13 - Tum-on propagation delay . .. control input to signal output. 

VOO 

PRELIM 

PRELIM CD4052A 

OUTPUT CD4D51A 
16 VDD 

VOO 
OUTPUT ~ 15 

" 
CLOCK 10K ~~ 13 

VEE 
" IN 

" v~~ruVOD 5 
6 10 

VEE 9 

Vss Vss 

tpHL VSS 'Pl.H 

PRELIM 
CD4053A 

VDD OUTPUT IS VOD 
15 

" 
Voo VSS 

13 
I. VEE 

VOO 

vss~ " IN VEE 10 

Vss Vss 

tpLH lPHL 
Vss 

9teM-Uf2S 
Fig. 14 - Turn--on propagstion delay . . . inhibit 

input to signal output. 

Preliminary 
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vssTIr 

92CM-22724 
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OUTPUT CD4052A 
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File No. 634 

D\l(]5LJl] Digital Integrated Circuits 
Solid State 
Division CD4054AD 

CD4055AD 
CD4056AD 

Monolithic Silicon 
CD4054AE CD4054AK 
CD4055AE CD4055AK 
CD4056AE CD4056AK 

COS/MOS Liquid-Crystal Display Drivers 
CD4054A - 4-Segment Display Driver 
CD4055A - BCD to 7-Segment Decoder/Driver wit;! 

"Display-Frequency" Output 
CD4056A - BCD to 7-Segment Decoder/Driver with 

Strobed-Latch Function 

Features: 
• Operation of liquid crystals with COS/MaS circuits 

provides ultra-loW-power displays 
• Equivalent AC output drive for liquid-crystal displays -

no external capacitor required 
Fig. 7 - C04055A 

Functional block diagram 
• Voltage doubling across display [(VDD -VEE) = 15 VI 

results in effective 30 V (p-p) drive across 
selected display segments 

RCA·CD4055A and CD4056A are Single·Digit BCD-to-7· 
Segment Decoder/Driver circuits that provide level·shifting 
functions on the chip. This feature permits the BCD input· 
signal swings (VOO to VSSI to be the same as or different from 
the 7·segment output-signal swings (VOO to VEEI. For 
example; the BCD input·signal swings (VOO to Vssimay be as 
low as 0 to -3 V, whereas the output·display drive-signal 
swing (VOO to VEEI may be from 0 to -15 V. 

The 7·segment outputs are controlled by the "Oisplay·Fre· 
quency" (OFI input which causes the selected segment outputs 
to be "low". "high", or a "square-wave" output (for liquid
crystal displaysl. When the OF input is "low" the output 
segments will be "high" when selected by the BCD inputs. 
When the OF input is "high", the output segments will be 
"low" when selected by the BCD inputs. When a square wave 
is present at the OF input, the selected segments will have a 
square·wave output which is 1800 out of phase with the OF 
input. Those segments which are not selected will have a 

STROBE2 I 

STROBE I 

~Ii'~~~~ 2 

S2CS-ZO09D 

Fig.2 - CD4054A Functional block diagram 

4-73 

• Low- or high-output level·OC drive for other types 
of displays 

• On-chip logic - level conversion for different input
and output-level swings 

• Full decoding of all input combinations: '''0-9, 
L, H, P, A, -," and blank positions 

• Strobed-latch function - CD4054A and CD4056A 
• "Display-frequency" (OF) output for liquid-crystal 

common-line drive signal CD4054A and CD4055A 

Applications: 
• General·purpose displays 
• Calculators and·meters 
• Wall and table docks 
• Industrial control 

panels 

[

2 0 

2' 
BCD 

INPUTS 22 

2 3 

STROBE I 

~~~~~~y- 6 

'" 
~ 
~ 
..I .. 
~ 

• Portable lab instruments 
• Panel meters 
• Auto dashboard displays 
• Appliance control panels 

'" .. '" .. 
Iz", > 0 .... 

~ ~::lQ 
0<>0 
g~::1 ~ :,.c .. 

'" c' 

I L __ .J'D~~ ____ .J 
92~S-20091 

Fig.3 - CD4056A Functional block diagram 
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CD4054A, CD4055A, CD4056A File No. 634 

Maximum Ratings, Absolute-Maximum Values: 

Storage· Temperature Range . 
Operating-Temperature Range: 

-65 to +150 °C Minimum Recommended 

Ceramic Package Types . 
Plastic Package Types 

DC Supply Voltage (VDD-VSS) or 
-55 to +125 °c (VDD-Vee). . . . . . . . 3 V 

DC Supply· Voltage Ran'ge 
(VDD-VSS) or (VDD-Vee) 

Device Dissipation (Per Pkg.) . 
Allinputs . . . . . . . 

LIQUID - CRYSTAL 
COMMON ELECTRODE 

-40 to +85 °C 

-0.5 to +15 V 
200 mW 

VSS';;VI'';;VD0 

'2CS- 2009,RI 

Fig.4 - Clock display: VDD~O V, VSS=-5 V, VEE--15 V, 
DF IN = 30 Hz square wave 

square·wave output that is in phase with the input. The OF 
input square wave is required to provide equivalent ae drive to 
liquid·crystal displays such as RCA Dev. Nos. TA8054R, 
TA8054T, TA8055R, and TA8055T. OF square·wave repeti· 
tion rates for liquid·crystal displays usually range from 30 Hz 
(well above flicker rate) to 200 Hz (well below the upper 
limit of the liquid·crystal frequency response). The CD4055A 
provides a level·shifted high amplitude OF output which is reo 
quired for driving the common electrode in liquid·crystal dis· 
plays. The CD4056A provides a strobed latch function at the 
BCD inputs. Decoding of all input combinations on the 
CD4055A and CD4056A provides displays of 0 to 9 as well as 
"L, H, P, A, -," and a blank position. 

The CD4054A provides level shifting similar to the CD4055A 
and CD4056A, independently strobed latches, and common 
OF control on 4 signal lines. The CD4054A is intended to 
provide drive·signal compatibility with the CD4055A and 
CD4056A 7·segment decoder types for the decimal point, 
colon, polarity, and similar display lines. A level·shifted high· 
amplitude OF output can be obtained from any CD4054A 
output line by connecting the corresponding input and strobe 
lines to a "low" and "high"level, respectively. The CD4054A 
may also be utilized for logic·level "up conversion" or "down 
conversion", For example, input·signal swings (VDD to VSS) 
from +5 to 0 V can be converted to output·signal swings 

268 

Lead Temperature (During Soldering) 
At distance 1/16 ± 1/32 inch 
(1.59 ± 0.79 mm) from case 
for 10 seconds max. . . . 

ANALOG INPUTS (±5V) 
I 

265 

I 
ANALOG OUTPUTS (i5 V) 

92CS-20096R1 

Fig.5 - Digital (0.5 V) to bidirectional analog control 
(+5 to -5 V) level shifter 

(VDD to Vee) of +5 to -5 V. The level·shifted function on all 
three types permits the use of different input· and output· 
signal swings. The input swings from a "low" level of VSS 
to a high level of VDD while the output swings from a "low" 
level of Vee to the same "high" level of VDD. Thus the input 
and output swings can be selected independently of each other 
over a 3·to-15 V range. VSS may be connected to Vee when 
no level·shift function is required. 

For the CD4054A and CD4056A data is transferred from input 
to output by placing a "high" voltage level at the strobe input. 
A "low" voltage level at the strobe input latches the data input 
and the corresponding outputs. 

Whenever the level·shifting function is required, the CD4055A 
can be used by itself to drive a liquid·crystal display (Figs. 4 
and 7). However, the CD4056A must be used together with a 
CD4054A to provide the common OF output (see Fig. 8). The 
capability of extending the voltage swing on the negative end 

can be used to advantage in the setup of Fig.5. Fig.6 is 
common to all three IC types. 

These devices are available in 16·lead dual·in·line ceramic 
packages ("0 suffix), dual-in·line plastic packages ("e" suffix), 
16·lead flat packages (" K" suffix), or in chip form ("H" suffix). 



File No. 634 ___________________ ---'- CD4054A, CD4055A, CD4056A 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ....................•.....• vss ~ VI :s; VOOI 

(Recommended OC Supply Voltage (VOO - Vssl. , • • • . • .. 3 to 15 VI 

CHARACTERISTIC SYMBOL 

TEST 
CONOITIONS 

LIMITS 

CD4054AO CD4054AK 
CD4055AO CD4055AK 
CD4056AO CD4056AK 

CHARAC· 
TERISTIC 

UNITS CURVES 
II< TEST 

2SoC 125°C CIRCUITS 

Fig.No. 
Vo VOO- VOO- ~---T-~~~·CT_--~----~~T_--~----~~r_--~ 

Vss .vEE Min.· Typ. 

Quiescent Device 
Current 

Quiescent Device 
Dissipiltionirackap 

Output Voltage: 

Low-Level 

High-Leve' 

Noi. Immunity 
(Allinputst* 

Output Drive Current: 

IAIiOutputsJ 

NoChannel 

IAiI Outputs) 

P.Qgnnel 

PD 

VOL 

VOH 

VNL 

VNH 

ION 

lOP 

• For definition, see Appendix. 

VDD 
DFOUT 

VEE 

__ VD 

DFOUT 
VEE 

SEGMENT IN VDJ 
VEE 

VDD 
SEGMENT OUT 

VEE 

* 

5 10 

15 15 

10 

15 15 

10 
15 15 

5 10 9.99 

15 15 14.!19 

5 10 

1.5 15 15 2 

9 5 10 
13.5 15 15 2 

0.5 10 1.1 
0.5 15 15 1.7 

9.5 10 -0.6 
14.5 15 15 -0.9 

10) 
92CS- 200URI 

*:~~~~~~N~oLt~~~~D~~~~~~ils~~':tEyNJ"N'f~~~FOR .. IF DFOUT IS 

OFIN -DISPLAY-FREQUENCY INPUT S2CS- Z0094RI 
DFOUT_ LEVEL-SHIFTED DISPLAY-FREQUENCY OUTPUT 

Ib) 

Fig.6 - Display·driver circuit for one segment line and waveforms 

L 

Max. Min. 

10 

20 

100 
:;00 

O.Ot 

0.01 

9.99 

t4.99 

1 

2 

2 

0.9 

1.4 

-0.45 

-0.7 

Typ. Max. Min. 

0.5 to 

1 20 

100 

t5 :;00 

0 0.01 

0 O.Ot 

to 9.95 
15 14.95 

2.25 1 

6.75 2 

2.25 

6.75 2 

1.8 0.6 

2.8 

-0.9 -0.3 
-1.4 -0.5 

Typ. 

-

Max. 

100 
lB.19,20 

200 
.A 

tOOO 

:iOOO 
.w 

0.05 
0.05 

V 

V 

V 
15,16.17 

V 

mA 11,12 

mA 13,14 

DFIN·3g:i~~~t.r.fDrAYE. 

DFOUT • gtw:~:~-r:~~i~gl 
92CS-20089RI 

Fig.l ':""" Single-digit Iiquid-cfYstal display 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ........................... vss <;; VI S; VDDI 

(Recommended DC Supply Voltage (VOD - VSSI. . 3to15V) 

LIMITS 

TEST CD4054AE 

CHARACTERISTIC SYMBDL CDNDITIONS C04055AE UNITS 
C04056AE 

VOD_ VOD_ -40oC 25°C 85°C 
Vo Vss VEE Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Quiescent Device 10 10 0.5 10 50 

Current IL 
15 15 20 20 100 

.A 

Quiescent Device 5 10 100 100 SOD 

Dissipation/Package Po 
15 15 300 15 300 1500 

.W 

Output Voltage: 

Low-Level VOL 
10 0.01 0 0.01 0.05 

V 
15 15 0.01 0 0.01 0.05 

10 9.99 9.99 10 9.95 
High-Level VOH V 

15 15 14.99 14.99 15 14.95 -
10 2.25 1 

VNL 2 2 
V 

Noise Immunity 1.5 15 15 2 6.75 

(All Inputs) * 9 10 1 1 2.25 -
VNH 2 2 V 

13.5 15 15 2 6.75 

Output Drive Current: 

(All Outputs) 

N·Channel 0.5 10 0.7 0.6 1.8 O.S mA 
ION 

D.S 15 15 1.2 2.8 0.8 

(All Outputs) 
9.5 10 -0.4 -0.3 -0.9 -0.2 

mA P·Channel IDP 
14.5 15 15 -0.6 -0.5 -1.4 -0.4 

• For definition, see Appendix. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns 

Typical Temperature Coefficient at all values of VDD = O.3%/oC 

LIMITS 

TEST CD4054AD.AK CD4054AE 
CHARACTERISTICS SYMBOLS CONDITIONS C04055AD,AK C04055AE UNITS 

C040S6AD,AK CD4056AE 

VDD-VSS VDD-VEE Min. Typ. Max. Min. Typ. Max. 

Propagation 
Delay Time 5 10 - 450 900 - 450 1200 

ns 
tAny Input to Any tPHL,tpLH 15 15 - 300 600 - 300 SOD 

Output) 

Transition Time 5 10 - 40 80 - 40 1.10 
tTHL.tTLH n. 

fAny Output) 15 15 - 30 60 - 30 80 

Data Setup Time· 
5 10 - 70 140 - 70 200 ns .. 15 15 - 30 60 - 30 80 

Strobe Pulse· 5 10 - 85 170 - 85 220 n. 'w Duration 15 15 - 40 SO - 40 110 

Input Capacitance CI Any Input - 5 - - 5 - pF 

* CD4054A and CD405~A only. 
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CHARAC· 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 

Fig. No. 

18,19.20· 

15,16,17 

11.12 

13,14 

CHARAC· 

TERISTIC 

CURVES 

Fig.No. 

-

-

9 

9 

-
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INPUT CODE OUTPUT STATE 
DISPLAV 

CHARAC· 

2' 22. 2' 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 1 0 

0 1 0 

0 1 1 

0 1 1 

1 0 0 

1 0 0 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 1 

1 1 1 

20 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

. b c d • 
1 1 1 1 1 

0 1 1 0 0 

1 1 0 1 1 

1 1 1 1 0 

0 1 1 0 0 

1 0 1 1 0 

1 0 1 1 1 

1 1 1 0 0 

1 1 1 1 1 

1 1 1 1 0 

0 0 0 1 1 

0 1 1 0 1 

1 1 0 0 1 

1 1 1 0 1 

0 0 0 0 0 

0 0 0 0 0 

Fig.S - Truth tabl. 

No·1 
STROBE 

I 9 

1 0 

0 0 

0 1 

0 1 

1 1 

1 1 

1 1 

0 0 

1 1 

1 1 

1 0 

1 1 

1 1 

1 1 

0 1 

0 0 

TER , , , , 
, , , ,-

-' , 
1-: 
'-, 
:-1 , , 
J-l 
1-: , , 
:-: 
'-' , 
' , ,-, 
-

BLANK 

No.3 
STROBE 

I 
DATA so.,.~ 
INPUT~ 

I 
I 

STROBE """''''~io--.I __ t. ~'O'" 
~: ----~ 

t---t.---I 
92CS-21860 

Fig.9 - Strobe pulse dUlation and data setup time 

N .. _ 

STROBE 

No· No. No· 2 , _ 

D.P. D.P D.P 
V 

Fig. 10 - Typical 3-I!2-r/igitliquid crystal display: VDD ~ +5 V. VSS-O V. VEE~ -10 V. DF'N-30Hzrquare wave 

CHARACTERISTIC CURVES 
r---~A~M".~'E"N"T~TnE~M~p~ER",A~T~uruRE~IT~A""~2~"~C:-~~~~~,r.~.~.~. r---~A"M~B"I"EN~T~T"E~M~P"E"~'~T~U""'E~(hT~A~I'~2.S·"C~-'~.~.~r-~r---' 

TYPICAL TEMPERATURE COEFFICIENiAT Hi~;- :::::.:. ~'l_:: TY,PL'CLALVATLEuMEPsE"OAFTVUOORE_ CVOEEE~~IOC.'3EttT/·JC l-F:::: 2:::: .... 1 ALL VALUES OF VOO-VEE"-O.3 %/·C ~ ~~. "i- " 1. ,. ,-- -
I 30 tt-H--t '-.. + I ' t- t--tti-t.--, ;. ~r·-- -.."." 

~ 2. VOO-VEE'~~~::-~=~. :::~~ ~'2 .• ;. l+t=!I!r:t:;::: .;~::: 
~ 20 ..t -+ '::;-t~:-;:: ;:;:. ~: . e~-::~~i . ~ ! c:; f··~"·-· SUPPL~.:'~DD-V~::~~~::::: 
z 15 vOO-vEE -IOv .:::i:rJf~-f: 

10 

o 
o 

-tl"-'" 
+~-

-··HTI-'-,- , 
10 15 

9ZCS-21854 

_ DRAIN-TO-SOURCE VOLTAGEIVosl-V 
Flg." - TypiC61 n.-channtll drain characterisr/a 

z 
<i 
2i 
g 
z 
" ~ 
c 

7.' 

2.S 

0 

--- CD4054AE, CD40S5AE,CD4056AE 

CD4054AD,AK,CD40SSAO,AK , _ .. C=t,..,.....L_ .. ' .... 
Voo VEE-!5V ..;..+~ .•.. ; j .•.. 

10 15 
DRAIN-TO-SOURCE VOLTAGEtVoSl-V 

9Z.CS-ZIB5-5 

Fig_ '2 - Minimum n<hanneJ drain characterlstiet 
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DRAIN-TO-SOURCE VOLTAGEIYOS1-Y 
-15 -10 -5 

" '" JIlI.:o:r::w:ur:.:::::r:=:L"':":'::..J."2!~;';;Y4:.:...j"':":'.:..:..j_3.75 ~ 

272 

n 
c: 

-5 ~ 

_.:. -6.75 M 

SUPPLY VOLT AGE· ~ 
(VOO-VEE}- -~.v __ ~_. 7.5 r .. 

-8.75 

92CS-21JHi6 

Fig. 13 - Typical p.channel drain ChOHu;reTlSClC$ 

-IVOR-4Y 

-lOY 
13 

" 
10 

• 

-IV OR -4V 

lo-Q-ZVOR-13V 

I 
I 
I 
I 
I 
I 
I --------

Fig. 15 - Nolse.lmmunity test circuit tor CD4054A. 

-lOY I-IV OR -4 VI C"l--......... 

-I' VI-2 OR -13V) 

-lOY 1-10 VI U--_~ 

-I5V I-I.v) 0-----0 I 
-IOV (-5Yl 

-15V !-I5V) 0-----0 I 
92CS-22862RI 

FIg. 17 - Noire-immun;ty test circuit for CD4056A. 

DRAIN-TO-SOURCE VOLTAGEIVOS1-V 

-15 -10 -5 

AMBIENT TEMPERATURE ITA). 2S·C 
TYPICAL TEMPERATURE COEFFICIENT AT 

~
ALL VALUES OF VOO-VEE -03 "!./OC 

1 • 

+':~--~ 
VOO-vEE,,·15V -:trt cHi-i-i'i- ~~ -

File No. 634 

.. 
I 

~-2.5£ 
H+ .. , z 

z 
-5 ~ 

!il 
-7.5 Joo 

Z 
n 
c: 

-10 ~ 

-12.5M 

'?" 
-15 T 

~ 

92C5-21857 

Fig. 14 - Minimum p-channsl d,.in chal'BCtfl,istics 

1.50R 3V 

10 I" o-Q 3·50R 7V 

18 
12 17 

" 16 

I' 10 

Fig. IS - Noise4mmunlty test circuit for C04055A. 

-IOV 

Fig. 18 - OuiBscent-devics-current testcimult for CD4054A. 

-IOV 

FIg. 19 - OuiescenNlevIctH:Umlnt test 
cin:u/t for CD4064A. 

3 
...... , ,....-.,4 

-IOV 

I • .. 
I • 
13 

12 

" I. 
9 

92CS-22864RI 

Fig.20 - QUiBSCflnNleviCtl-Current 
ten circuit for CD4066A. 



File No. 635 ______________________________ _ 

oornoo Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4057AD 
CD4057AK 
CD4057AH 

COS/MOS LSI 
Logic Unit 

4-Bit Arithmetic 

Applications: 

H-1S03 • Parallel Arithmetic Units a Remote Data Sets 

• Process Controllers • Graphic Display Terminals CD40S7AK 
28·LEAD FLAT .pACK CERAMIC 

L Features: 

~~ • LSI Complexity on a Single Chip • Bidirectional Data Busses 

~1\1" H.1786 

CD4057AD 

• lS-lnstruction Capability 

-Add, Subtract, Count 
• Instruction Decoding on Chip 

• Fully Static Operation 

28-LEAD DUAL-IN-LINE CERAMIC 
-AND, OR, Exclusive-OR • Single-Phase Clocking 
-Right, Left, or Cyclic Shifts 

RCA-CD4057 A is a low-power arithmetic logic unit (ALU) 
designed for use in LSI computers. An arithmetic system of 
virtually any size can be constructed by wiring together a 
number of CD4057 A ALU's_ The CD4057 A provides 4-bit 
arithmetic operations, time sharing of data terminals, and 
full functional decoding for all control lines. The distributed 
control system of this device provides great flexibility in 
system designs by allowing hard-wired connection of N units 
in 4N unique combinations. Four control lines provide 16 
instructions which include Addition, Subtraction, Bidirec
tional and Cycle Shifts, Up-Down Counting, AND, OR, and 
Exclusive-OR logic operations. 

FUNCTION l 
SELECT -

CLOCK 

CONDITIONAL J 
INPUTS I '-_-, __ ..J 

11-73 

TO 
REGISTER 

INPUT IOUTPUT 

Fig. 1 - Block diagram - CD4057 A. 

RIGHT SERIAL, 
DATA LINE 

92CS-202'&fU 

• Easily Expandable to 8, 12, 16, ___ Bit Operation 

• . Conditional-Operation Controls on Chip 

• Low Cuiescent Device Dissipation _ .. 10l'W (typ) at 

VDD= 10V 

• Add Time (Data In-To Sum Out) =375ns(typ)atl0V 

• All Terminals Protected Against Static Discharge 

• High Noise Immunity _ .. 45% of VDD (typ) Over Full 
Temperature Range 

• Operation from Single Positive or Negative 
Power Supply _ . _ 3 V to 15 V 

• Full Military Temperature Range ___ -550 C to +l25oC 

PARALLEL DATA I 

PARALLEL DATA 4 

PARALLEL DATA 2 

NEGATIVE INDICATOR 

ZI INPUT 

INPUT c 

INPUT d 

CONDITIONAL INPUT A 

CONDITIONAL INPUT C 

RIGHT SERIAL DATA 
LINE 

BYPASS 

NC 

MODE-CONTROL INPUT 
LINE cr 

Ro I 

7 

10 

" 
12 

13 

" 

28 

27 

2. 

25 

2. 

23 

CD4057A 22 
(TOP VIEW) 

21 

20 

I. 

18 

17 

I. 

IS 

R.2 

PARALLEL DATA 3 

*VOD 

* Vss 

bij~~J~D1CATOR 

·OATA OUT· CONTROL 

INPUT 0 

INPUT b 

CLOCK 

CONDITIONAL INPUT B 

LEFT SERIAL DATA LINE 

OVERFLOW INDICATOR 

OVERFLOW 1/0 

MODE-CONTROL INPUT 
LINE C2 

* NOTE: NON-STANDARD TERMINAL LOCATIONS FOR 
Yss AND YOD' MOST OTHER COS/MaS TYPES 
USE CORNER TERMINALS FOR POWER
SUPPLY CONNECTIONS 

92CS-202,'3 

Fig. 2 - Terminal assignments. 
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Two mode control lines allow the C04057 A to function as 
any 4-bit section of a larger arithmetic unit by controlling 
the bidirectional serial transfer of data to adjacent arithmetic 
arrays. By means of three "Conditional Control" lines 
Overflow, All Zeros, and Negative State conditions may be 
detected and used to establish a conditional operation. 
Predetermined operation of the C04057 A on a conditional 
basis allows greater ALU flexibility. Although especially 
applicable as a parallel arithmetic unit, the C04057 A also 
finds use in virtually any application requiring one or more 
of its 16 basic instructions. The C04057 A is supplied in a 
hermetically sealed 2S·lead dual·in·line ceramic package 
(C04057AO), in a flat·pack (C04057AK), and in chip 
form (C04057AH). 

File No. 635 

MAXIMUM RATINGS. Absolute Maximum Values: 

STORAGE.TEMPERATURE RANGE ••••••••.•• -65 to +150 °c 
OPERATING·TEMPERATURE RANGE ........ -55 to +125·C 
OISSIPATION PER PACKAGE.. .. .. .. .. ... .. ...... . 200 mW 
DC SUPPLY·VOLTAGE RANGE (VDD-VSSI. .. . .. -0.5 '0 +15 V 
ALL INPUTS ............................. VSS ::;VI $VDD 
Lead Temperature (During soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml 
from case for .10sec:onds max ••.•..•. ~......... .. 265°C 

MINIMUM RECOMMENDED 
DC SUPPLY VOLTAGE IVDD-VSS) .................... 3 V 

STATIC ELECTRICAL CHARACTERISTICS (All inputs ......................... Vss~ VI::; VOO) 
(Recommended DC Supply Voltage (VDD - VSSI . . . . . . . .. 3 to 15 VI 

TEST LIMITS 

CHARACTERISTIC SYMBOL CONDITIONS CD4057AD, CD4057AK UNITS 

Vo VOO _55oC 250C 1250 C 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Quiescent Device 5 3.7 0.5 5 150 
tJA 

Current IL 10 - - 7.5' - 1 10 - - 300 

Quiescent Device 5 - - lS;5 - 2.5 2.5 - - 750 
tJW 

Dissipation/Package Po 10 - - 75.0 - 10 100 - - 3000 

Output Voltage: 5 - - 0.Q1 - - 0.01 - - 0.05 
V 

Low·Level VOL 10 - - 0,01 - - 0.01 - - 0.05 

5 4.99 - - 4.99 5 - 4.95 - - V High Level VOH 10 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity O.S 5 1.5 - - 1.5 2.25 - 1.4 - -

(All Inputs) VNIL 1 10 3 - - 3 4.5 - 2.9 - -
V 

For Definition 
VNIH 

4.2 5 1.4 - - 1.5 2.25 - 1.5 - -
See An .... ndix 9 10 2.9 3 4.5 3 

Output Drive Current: 

Zero Indicator 0.5 5 0.11 - - 0.09 0.16 - 0.06 - -
n-channel 

ION 
0.5 10 0.12 - - 0.10 . 0.16 - 0.07 - -

p-channel 
lOP 

3 5 0.04 - - 0.03 0.06 - 0.02 - -
7 10 O.OS' - - 0.07 0.13 - 0.05 - -

Negative Indicator 0.5 5 0.11 - - 0.09 0.30 - 0.06 - -
n-channel 

ION 
0.5 10 0.12 - - 0.10 0.40 - 0.07 - -

p-channel lOP 4.5 5 0.07 - - 0.06 0.19 - 0.04 

9.5 10 0.12 - - 0.10 0.30 - 0.07 - - mA 

Overflow Indicator 
ION 

0.5 5 0.25 0.20 0.50 0.14 
n·channel 0.5 10 0.37 ' - - 0.30 0.90 - 0.21 - -
p-channel lOP 4.5 5 O.OS - - 0.07 0.21 - 0.05 - -

9.5 10 0.12 - - 0.10 0.38 - 0.07 - -
All Other Outputs 0.5 5 0.11 - - 0.09 0.10 - 0.06 - -

n·channel 
ION 

0.5 10 0.06 - - 0.05 . 0.12 - 0.03 - -
p·channel 4.5 5 0.02 - - 0.02 0.05 - 0.1)1 - -

lOP 
9.5 10 0.06 - - 0.05 0.08 - 0.03 - -
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DYNAMIC ELECTRICAL CHARACTERISTICS, at TA = 2ffJC and CL = 15 pF 

Typical Temperature Coefficient at all values of V DD = 0.3%/° C 

TEST 

CD4057AD, CD4057AK, CD4057AH 

CHARAC· 
LIMITS TERISTIC 

CHARACTERISTICS SYMBOLS CONDITIONS CD4057AD CD4057AK UNITS CURVES 
VDD & TEST 
Volts Min. Tvp. Max. CIRCUITS 

Propagation Delay Time: 
DATA IN·to· 5 - 1430 3900 

10 a 
SUM OUT tPLH. 10 - 375 720 

CARRY IN·to· tpHL 5 - 915 2550 lOb 
SUM OUT 10 - 310 840 

ns 
DATA IN·to· 5 - 950 2580 

10 a 
CARRY OUT 10 - 265 720 

CARRY IN·to· 5 - 485 1320 
lOb 

CARRY OUT 10 - 175 480 

Zllnput 5 - 1980 5400 
·to- tpLH 10 - 750 2040 

ZIOutput tpHL 5 - 265 720 

10 - 110 300 
Transition Time: 

tTLH 
5 - 3700 10350 

ZIOutput 10 - 1650 4500 

tTHL 
5 - 420 1140 
10 - 220 600 ns 12 

Negative Indicator and 5 - 300 825 

Overflow Indicator 10 
tTLH' 

- 165 450 

AII·Other tTHL 5 1000 2775 
Outputs 10 - 475 1275 

Minimum Clock Pulse 5 - 400 1200 

Width tWL. tWH 
10 

ns 13 - 125 375 

5 - - 15 
Clock Rise and Fall Time trCL , tfCL /JS 13 

10 - - 15 

Set Up Time: 

DATA 5 - 20 40 14 ns 
tSLH. tSHl 10 - 10 20 

OPCODE 5 - 1675 4590 
14 ns 

10 - 485 1320 

Data Hold Time tDh 
5 - 20 40 
10 - 10 20 

ns 15 

Maximum Clock Frequency: 

Count Mode fCl 
5 0.13 0.36 -
10 0.46 1.35 - 11 

MHz 
Shift Mode fCl 

5 0.33 0.90 
10 1.4 3.8 -

Input Capacitance CI ANY INPUT - 5 - pF 
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FUNCTION {: I 
SELECT c: 6 

• 7 

MODE {CI 3 
SELECT- C2 5 

CLOCK 

{

A • 

CONDITIONAL B 
INPUTS 

C 

OVERFLOW OVERFLOW LEFT NEG. 
liD IND. SERIAL IND. 

OATA 
LINE 

PARALL.EL DATA 
INIOUT LlrES . 

ZI 
OUTPUT 

ROTATE-2 
(Ro21 

9ZCM-21876 

Fig. 3 - Simplified logic diagram •. 

Vss 

tpo (OJ: -Co) + 3tpD leI -Co, .. 790 ns 

I 013-16 
tpo I OJ: - Col + 2 tPD (eI - Col + tpD 

813·16 (el _ Sol .. 925 ns 

tpo (DI - Col + 2 tpD leI - Col" 615 ns 

I 09-12 
tpo (D1 - Col + tpo (ct - C01+ tpo 

59-12 {C]:- So,"750ns 

IPO {Dr - Col + tpo leI - Col" 440 ns 

D5-. 

S5-. 
tpo (01 - Col + tpo (CI- Sol '" 575 ns 

tpo (OX - Col'" 265 ns 

101-4 tpo (DI-Sol = 375ns 
51-4 

92CS-2IB75 

Fig. 4 - Typical speed characteristics of a IG·bit ALU at V DO'" 10 V. 
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LOGIC DESCRIPTION 

OPERATIONAL MODES 

The CD4057A arithmetic IDgic unit operates in one of four 
possible modes. These modes control the transfer of infor· 
mation, either serial data or arithmetic operation carries, to 
and from the serial-data lines. Fig. 5 shows the manner in 
which the four modes control the data on the serial·data 
lines. 

r--------l 

LEFT 0 :t~Mi"yl-o-.., ,s: oRIGHT 
etJ~ : : efJ~ 

L - ----liyPASS --' 
r--------, 

LEFT ~s: RIGHT 

DATA - ! ~ ~c=rDATA 
LINE ~ __________ J LINE 

BYPASS 
r--------.., 

LEFT :VSS~DE2 0Vss: RIGHT 
DATA~ DATA 
LINE L ______ __ ...l LINE 

BYPASS 
r- - - - -- - ---, 

SItI :V~: ~k~~T 
LINE 0 L~~ __ ~--~~J °LINE 

BYPASS 

Fig. 6 - Schematic of ~~Mode" concept. 
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In MODE 0, data can enter or leave from either the left or 
the right serial-data line_ 

In MODE 1, data can enter or leave only on the left serial
data line; 

In MODE 2, data can enter or leave only on the right serial
data line_ 

I n MODE 3, serial data can neither enter nor leave the regis
ter, regardless of the nature of the operation. 
Furthermore, the register is by-passed electri-

Data-flow interruptions are shown by shaded areas_ With 
these three ALU's and the four available modes, 61 more 
system combinations can be formed. If 4 ALU's are used, 
44 combinations (256) are possible_ Fig_ 7 shows a diagram 
of 4 CD4057 A's interconnected to form a 16-bit parallel 
processor. 

NOTE: The BYPASS terminal of the "most significant" 
CD4057 A is connected to the bypass terminal of the "least 
significant" CD4057 A_ The bypass terminals on all other 
CD4057 A's are left floating_ This interconnection is per
formed whenever more than one CD4057 A are used to farm 

cally, Le., there is an electrical bidirectional a processor. 
path between the right and left serial data INSTRUCTION REPERTOIRE 
terminals. 

Four encoded lines are used to represent 16 instructions. 

The twa input lines labeled C1 and C2 in the terminal assign- Encoded instructions are as follows: 
ment diagram define one of four possible modes shown in abc d 
Table :t_ 

Through the use of mode control, individual arithmetic arrays 
can be cascaded to form one large processor or many proces
sors of various lengths_ 

TABLE I - MODE DEFINITION 

C2 Cl MODE 
" 

0 0 0 

0 1 1 
1 0 2 
1 1 3 

Examples of how one "hard-wired" combination of three 
ALU's can form (a) a 12-bit parallel processor, (b) one B-bit 
and one 4-bit parallel processor, or (c) three 4-bit parallel 
processors, merely by changes in the modes of each ALU 
are shown in Fig_ 6_ 

b.~ 

c.~ 
9ZCS-2.0Z54 

Fig. 6- uMode" connections for parallel 
processor: 
fa) 12-bit unit, 
(b) one B-bit and one 4-bir unit 
(e} three 4.IJit units. 

o 0 0 0 
000 1 
o 0 1 0 
o 0 1 1 
o 1 0 0 
o 0 1 

o 0 

NO-OP (Operational Inhibit) 
AND 
Count down 
Count up 
Subtract Stored number from zero (SMZ) 
Subtract from parallel data lines (SM) 
(stored number from parallel data lines) 
Add (AD) 

o 1 Subtract (SUB) (Parallel· data· lines from stored 
number) 

o 0 0 Set to all ones (SET) 
o 0 1 Clear to all zeroes (CLEAR) 
o 1 0 
o 1 1 

o 0 
o 1 
1 0 
1 1 

Exclusive-OR 
OR 
Input Data (From parallel data lines) 
Left shift 
Right shift 

Rotate (cycle) right 

All instructions ar executed on the positive edge of the clock. 

PARALLEL COMMANDS 
a_ CLEAR - sets register to zero. 
b. SET - sets register to all ones. 

c. OR - processes contents of register with value on 
parallel-data lines in a logical OR function. 

d. AND - processes contents of register with value on 
parallel-data lines in a logical AND function. 

e. Exclusive-OR - processes contents of register with data 
on parallel-data lines in a logical Exclusive·OR function. 

f. IN - loads data on parallel-data lines into register. 

g. DATA OUT CONTROL - unloads contents of register 
and overflow flip-flop onto parallel data lines and over
flow 110 independent of all other controls. 

h. SUB: 

In Mode 0, adds to the contents of the register the one's 
complement of the data on the parallel-data 
lines. Carries can enter on the right serial 
data line and can leave on the left serial data 
line. The overflow indicator does not change 
state. 
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In Mode 1, adds to the contents of the register the two's 
complement of the data on the parallel·data 
lines. Generated carries can leave on the left 
serial line, The CARRY IN is set to zero. 
The overflow indicator does not change 
state. 

In Mode 2, same as Mode 0, except carries cannot leave 
on the right serial·data line. The absence or 
presence of an overflow is registered. 

In Mode 3, same as Mode 1, except carries cannot leave 
,on the left serial·date line. The absence or 
presence of an overflow is registered. 

i. COUNT UP: 

In Mode 0, adds to the contents of the register the data 
on the right serial-data line and permits any 
resulting carry to leave on the left serial-data 
line. No data enters the parallel-data lines. 

In Mode 1, internally adds a one to the contents of the 
register and permits any resulting carry to 
leave on the left serial-data line. No data 

enters or leaves the right serial·data line. 

In Mode 2, adds to the contents of the register the data 
on the right serial-data line. No data enters 

or leaves the left serial·data line. 

I n Mode 3, internally adds a one to the contents of the 
register. No data enters or leaves the register 
on any serial-data or parallel·data line. 

In all modes. with the DATA OUT control 
"high" the count is presented on the parallel 
data lines 401·04). 

LEFT SERiAL 
DATA LIN( 
(CARRY OUT) 

File No. 635 

j. COUNT DOWN: 

In Mode 0, subtracts a one 42's complement form) 
from the contents of the register and adds 
to this result the data on the right serial· 
data line and permits any resulting carry to 
leave on the left serial·data line. No data 
enters on the parallel·data lines. 

In Mode 1, internally subtracts a one from the contents 
of the register and permits any resulting 
carry to leave on the left serial·data line. No 
data enters or leaves the right serial.data 
line. 

In Mode 2, subtracts a one from the contents of the 
register and adds to this result the data on 
the right serial-data line. No data enters or 
leaves on the left-serial-data line. 

In Mode 3, internally subtracts a one from the contents 
of the register. No data enters or leaves on 
the serial·data lines. 

In all modes. with the DATA OUT control "high" the 
count is presented on the parallel data lines 401·04). 

k. ADD (AD): 

In Mode 0, adds the contents of the register to the data 
on the parallel-data lines and the right 
serial-data line. Any resulting carry can leave 
on the left serial-data line. The overflow 
indicator does not change state. 

In Mode 1, adds the contents of the register to the data 
on the parallel-data lines and idlows any 
resulting ca.ry to leave on the left serial-data 
line. The right serial·data line is open· 
circuited. The overflow indicator does not 
change state. The CARRY·IN is set to zero. 

RIGHT SERIAL 
D.lQ'A LINE 

(CARRY IN) 

VDD • TERMtNAL INTENTIONALLY LEFT FLOATING Veo Vss 

92C5- 20259 

Fig.7 - Connection for. ,S·bit Arithmetic Logic Unit. 
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In Mode 2, adds the contents of the register to the data 
on the parallel data lines and the right serial 
data line. Any overflow sets the overflow 
indicator. The left serial data line is open
circuited. The absence or presence of an 
overflow is registered. 

In Mode 3, adds contents of the register to the data on 
the parallel-data lines. Any resulting carry 
sets the overflow indicator. The two serial
data lines are open circuited. The absence 
or presence of an overflow is reoistered. 
The CARRY-IN is set to zero. 

I. SM- same operation as AD except the cuntentS" of the 
register are two's complemented during addition in 
Mode 1 and Mode 3. In Mode 0 or Mode 2, the contents 
of the register are one's complemented and added to the 
data on the tight serial-data line and the parallel-data 
lines. Overflows occurring in Mode 1 or Mode 0 do not 
alter the overflow indicator. The presence or absence of 
overflows is registered on the overflow indicator in Mode 
2 or Mode 3. 

m. SMZ: 

In Mode 0, one's complements the contents of the 
register and adds the data on the right 
serial-data line to the contents of the regis
ter. Any resulting carry can leave on the left 
serial-data line. The overflow indicator does 
not change state. 

In Mode 1, two's complements. the contents of the 
register and permits any carry to leave on 
the left serial-data line. No data can enter 
the right serial-data line. The overflow in
dicator does not change state. The CARRY
I N is set to zero. 

In Mode 2, one's complements the contents of the 
register . and adds the data on the right 
serial-data line to the contents of the regis
ter. Carries cannot leave the left serial data 
line. The absence or presence of an overflow 
alters the overflow indicator. 

In Mode 3, two's complements the contents of the 
register. Serial data can neither enter the 
right serial-data line nor leave the left 
serial-data line. The overflow indicator is at 

zero. The CARRY-IN is set to zero. 

n. NO-OP - no operation takes place. The clock input is 
inhibited and the state of all registers and 
indicators remains unchanged. 

SERIAL-8HIFT OPERATIONS 

• _ ROTATE Icycle) RIGHT - This operation is internal. 
The contents of the register shift to the right, cyclic 
fashion with the leftmost stage accepting data from the 
rightmost stage regardless of the mode. Data can leave 
the register serially on the right data line only while the 

register is in Mode 2 or Mode O. Data can enter the left 
data line serially while the register is in Mode 1 or Mode 
O. The R01 terminal of the "Most Significiant" 
C04057 A must be connected to the R02 terminal of the 
"Least Significant" CD4057 A. All other Ro 1 and R02 
terminals must be left floating. When only one C04057 A 
is used, Ro 1 must be connected to R02. 

b. RIGHT SHIFT - The contents of the register shift to the 
right and serial operations are as follows: 

In Mode 0, data can enter serially on the left data line, 
shift through the register, and leave on the 
right data line. 

In Mode 1, data can enter serially on the left data line. 
The right data line effectively is open
circuited. 

In Mode 2, data can leave serially on the right data line. 
The left data line effectively is open
circuited. Vacant spaces are filled with 
zeros. 

In Mode 3, serial data can neither enter nor leave the 
register; however, the .contents shift to the 
right and vacated places are filled with zeros. 

In all modes, with the DATA OUT control "high" the 
data is presented on the parallel data lines 101-041. 

c. LEFT SHIFT - The contents of the register shift to the 
left and serial operations are as follows: 

In Mode 0, data can enter the right data line, shift 
through the register, and leave on the left 
data line. 

In Mode " data can leave serially on the left data line. 
The right data line effectively is open
circuited. All vacant positions are filled with 
zeros. 

In Mode 2, data can enter serially on the right data line. 
The left data line effectively is open· 
circuited. 

In Mode 3,' data can neither enter nor leave the register; 
however, the contents shift to the left, and 
vacated places are filled with zeros. 

In all modes, with the DATA OUT control "high" the 
data is presented on·the parallel data lines 101-04). 

Because the '"DATA OUT" control instruction is inde
pendent of th8 other 16 instructions, care must be taken not 
to _ivate this control when data are to be loaded into the 
...o ... ssor. This instruction should only be activated when the 
processor is executing a NO-OP, any SHIFT, SMZ, COUNT 
UP or DOWN, CLEAR, or SET • 

If a data line, serial or parallel, is used as an input and the 
logic state of that line is not defined Ii.e., the line is an open 
circuit), then the result of any operation using that line is 
undefined. 
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NOTES: HoI CONNECTED TO Ro2; BY PASS IS OPEN; ZI CONNECTED TO Yoo. REGISTER IN MOOE 3 • 
• SOLID LINE REPRESENTS INPUT FROM EXTERIOR SOURCE WHEN "DATA OUT- IS lOW; DASHED LINE 

REPRESENTS OUTPUT WHEN "IllTA OU""S HIGH. 

Fig. 8 - Timing OiagRm. 
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OPERATIONAL SEQUENCE FOR ARITHMETIC 
ADD CYCLE 

1. Apply I N Instruction and Word A on Parallel Data Lines 
(01-041. 

2. Apply CLOCK to load Word A into the register. 
3. Apply OP CODE Instruction and Word B on Data Lines. 
4. Apply CLOCK to· load resulting function of A and· B 

into the register. 
5. Apply "DATA OUT" control to present result to Parallel 

Data Lines. 

NOTE: Transitions of Step 2 and Step 3 may occur almost 
simultaneously; i.e. separated by only one data-hold time. 

INPUT 0 -
INPUT b -
INPUT c 

INPUT d 

-DATA OUT" 

CLOCK 

-

'-DATA 4* 

CARRYIH 

CARRYQUTi 

OVERFLOW 
INDICATOR 

NEGATIVE 
INDICATOR 

l--

t 
2 

• SOLID LINE REPRESENTS INPUT 

-b~~ ~~~~~~c:.U~~H~l~NES 
REPRESENT OUTPUT WHEN -DATA 
OUT" IS HIGH 

f--n 

Fig. 9 - Add cycle WllllllforRlS. 

ZERO DETECTION 

lL-

---L 

~::~-
I I 

'--

I ----

t • 

92ts-z18n 

The condition of "all zeros" is indicated by a "1" on the 
Zero Indicator terminal of the "Most Significant" CD4057A. 
As shown in Fig. 7, terminal ZI of the CD4057 A containing 
the least significant set of bits is connected to VDD' Zero 
indication is independent of modes. 

CD4057AD, CD4057AK, CD4057AH 

NEGATIVE-NUMBER DETECTION 

The NEG IND terminal of the CD4057A is connected to the 
output of the flip-flop that is in the most significant bit 
position. A "1" on the NEG IND terminal indicates a 
negative number is in the register. This detection is. also 
independent of modes. 

COMPLEMENTING NUMBERS 

1. One's complement of number in ALU register. 
al ALU must be in MODE 0 or MODE 2. 
bl Zero on Rt. Data Line. 
cl Execute an SMZ instruction. 

2. One's complement of number to be loaded intoALU 
register. 

al If zero indicator output is low, execute a CLEAR 
instruction, and make Rt. Data Line = O. 

bl ALU must be in MODE 0 or MODE 2. 
cl Execute an SUB instruction. 

3. Two's complement of number in ALU register. 
al ALU must be in MODE 1 or MODE 3. 
bl Execute an SMZ instruction. 

4. Two's complement of number to be loaded into ALU 
register. 

al If zero indicator output is low, execute a CLEAR 
instruction, and make Rt. Data Line = O. 

bl ALU must be in MODE 1 or MODE 3. 
cl Execute an SUB instruction. 

The following algorithms are given as a general guideline to 
demonstrate some of the capabilities of the CD4057 A. 

MULTIPLICATON OF TWO N-BIT NUMBERS 

00 .. . 0/00 . .. 0 \ .. . 01 As' al' .. aN_ }{l' .. 00/B; bl' .. bN-1,t 
, i 

Multiplier MUltiplicand 

• As and· Bs are sign bits 

Multiplication Algorithm 

1. Clear ALU to Zero 
2. Store As Gl Bs in External Flip-Flop. 
3. If As = 1, Complement Register 1. 
4. If Bs = 1, Complement Register 2. 
5. Load Register 2 into ALU. 
6. Do Shift Left on ALU N Times 

(N = number of bitsl. 
7. Do N Times: 

(11 
al If MSB of ALU = 1 

(Negative Indicator = Highl, 
Then shift ALU left 1 bit; 
add Register 1 to ALU. 
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bl If MSB of ALU .. 0 
(Negative Indicator = lowl, 
Then shift ALU left 1 bit. 

8. If As e Bs = I, then Complement ALU. 

9. Answer in ALU. 

Division Algorithm 

CD4057A 
ALUI 
(N Bitsl 

CD4057A 
ALU2 
(N Bitsl 

Register A 

(N Bitsl 

,Asal ... aN_l aN" a2N-l/ ,Bsbl ... bN-l, 

Divisor Dividend 

1. Store As e Bs in External Flip·Flop. 
2. If As = I, complement ALU 1 and 

ALU2. 
3. If Bs = I, complement Register A. 
4. Check for Divisor = 0 

allf Divisor = 0; stop, indicates 
division by O. 

bl If Divisor "* 0; continue. 
5. Apply SUB instruction to ALU 1 

and Register A to ALU 1 data lines. 
allf Co = 0 (Dividend < Divisorl, 

Stop, indicates overflow. 
bl If Co = 1 (Dividend:<: Divisorl, 

Continue. 
6. Put a zero on RT. data line of ALU 

2 and shift ALU 1 & ALU 2 left 1 
bit. 

7. Do "N" times. 
Apply SUB instruction to ALU 1 
arid Register A to ALU 1 date lines. 
al if C~ '" I, tllen clOCk ALU1, and 

put a 1 on right data line of ALU 2. 

bl If Co .. 0, then no clock, and put 
a 0 on right date line of ALU 2. 

8. If sign Flip Flop = I, complement 
ALU2. 

9. Answer in ALU 2. 

CONDITIONAL OPERATION 

Inhibition of the clock' pulse can be accomplished with a 
programmed NO'()P instruction or through conditional input 
terminals A, B, and C. In'a system of many CD4057A's, each 
CD4057A can be made to automatically control its own 
operation or the operation of any other CD4057 A in the 
,system in conjunction with the Overflow, Zero, or Negative 
(Number I indicators. Table II, 'the conditional·inputs truth 
teble, defines the interactions among A, B, and C. 
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TABLE II - CONDITIONAL·INPUTS TRUTH TABLE 

OPERATION 
A B C 

PERMITTED 

0 X X Yes 
X = don't care 

1 0 0 Yes 

1 0 1 No 

1 1 0 No 

1 1 1 Yes 

Two examples of how the conditional operation can be 
used are as follows: 

II For the Multiplication Algorithm 

A = I, for step 7 (1) 
A = 0, for step 7 (2) 
B=1 
C = negative Indicator 

21 For the Division Algorithm 

A = I, for step 7 (11 
A" 0, for step 7 (2) 
B=1 
C = Co (left data line) 

OVERFLOW DETECTION 

The CD4057A is capable of detecting and indicating the 
presence or absence of an arithmetic two's-complement 
overflow. A two's-complement overflow is defined as having 
occurred if the signs of the two initial words are the same 
and the sign of the result is different while performing a 
carry-generating instruction. 

0.011 
For example: (+)!!:!!.2. 

1.001 
Overflows can be datected and indicated only during 
operation in Mode 2 or Mode 3 and can occur fOr only fOur 
instructions (AD, SMZ, SM, and SUB). If an overflow is 
deteCted and stored in the overflow flip-flop, anyone of the 
five instructions AD, SMZ, SM, SUB, or IN can change the 
overflow indicator. 

When any of the three subtraction instructions is used, the 
sign bit of the date being sul!tracted is complemented and 
this value is used as one of the two initial signs to detect 
overflows. If an overflow has occurred, the final sign of the 
sum or difference is one's complemented and stored in the 
most·significant·bit position of the register. 

The overflow flip-flop is updated at the same time the new 
result is stored in the CD4057A. Whenever data on the 
parallel-date lines are loaded into the CD4057 A, whatever i~ 
on the Overflow Ito line is loaded into the overflow flip-flop. 
Also, wheneVer data are dumped on the parallel data lines 
from the CD4057A, the contents ofthe overflow flip-flop are 
dumped on the Overflow Ito line: Thus overflows may be 
stored elsewhere and then fed' into the CD4057 A at another 
time. 
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OPERATIONAL SEQUENCE AND WAVEFORMS FOR 

PROPAGATION-DELAY MEASUREMENTS 

1. DATA IN-to-CARRY OUT and DATA IN-to-SUM OUT 

A. Apply Word A and IN instruction 
B. Apply Clock to load word A into register 
C. Apply AD instruction 
D. Apply Word B (data in) 
E. Apply Clock to load result (sum out) 
F. Apply DATA OUT CONTROL to look at result 

INPUT a 

INPUT b 

INPUT c 

INPUT d 

DATA OUT CONTROL 

DATA 4* 

CLOCK 

CARRY OUT 

CD DATA IN 

® CARRY OUT 

® SUM OUT 

-
-

-
-
-

r--

CD-® DATA IN TOCARRV OUT 

CD - (!) DATA IN TO SUM OUT 

n--... --, 
• I ---. 
--L 

I .... _---
n 

r r--~ 
d 

• SOLID LINE REPRESENTS INPUT 

ob~: g~~~~~U~H~~t~NES 
REPRESENT OUTPUT WHEN "'DATA 
our- IS HIGH 921:5-21878 

Fig. lO(a/ - DATA IN-to·CARRY OUT and DATA IN-to·SUM OUT. 

15 

I' 
"20 
E 10 
w 
~ 
~ 
~ 

~ 
~ 

a 

AMBIENT TEMPERATURE ITA)a25°C 
COUNT-UP MODE 

0.25 0.5 Q75 1.25 1.5 1.75 

MAX. COUNTING FREQUENCY (fy)-MHz 

2.25 

92CS-21seo 

CD4057AD. CD4057AK. CD4057AH 

2. CARRY IN·to·CARRY OUT and CARRY IN·to-SUM OUT 

A. Apply Word A and IN instruction 
B. Apply Clock to load word A into register 
C. Apply AD instruction 
D. Apply Word B 
E. Apply CARRY IN (carry in) 
F. Apply Clock to load result (sum out) 
G. Apply DATA OUT CONTROL to look at result 

F G 

II 

INPUT a I I I 

- I 

INPUT b - i 
I 

I 
i 
! IL 
! 

INPUT c 

INPUT d 

DATA OUT CONTROL 

I 
OATA ,* - ------

- ------
I -----

- -----
n "L-CLOCK 

CARRY IN 

CARRY OUT 

CD CARRV IN 

® CARRY OUT 

(!) SUM OUT 

(D-@CARRY.INTOCARRYOUT 

CD - (!)CARRY IN TO SUM OUT 

r 
H 

• SOLID LINE REPRESENTS INPUT 
FROM EXTERIOR SOURCE WHEN 

"DATA OUT"IS LOW. DASHED LINES 
REPRESENT OUTPUT WHEN "DATA 
OUT" IS HIGH 

92CS-ZIB19 

Fig. lO(bl- CARRY IN-to-CARRY OUT and CARRY IN-to-SUM OUT. 

w 
~ 1500 

z 

:100 
~ 

500 

AMBIENT TEMPERATURE (TA}~25·C 
TYPICAL TEMP. COEFFICIENT 
AT ALL VALUES OF V -0.3 % ·C 

25 50 75 

LOAD CAPACITANCE (CL)-pF 

100 

92C$-21881 

FilJ. l' - Max. counting frequency ., .. supplv voltage 

for. typical CD4051 A. 

Fig. '2 - Transition time VI./oadcapacitance for Data Outputs (D t .£J4J. 
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CLOCK PULSE RISE AND FALL TIMES 

VDD 
L 

--50,,", 

t~"-:.:-""IJ"'---O 

92CS-21812 

Fig. 13 - Clock Pulse Rile lind Fall Times. 

CLOCK-

DATA OUT
CONTROL 

r----VDD 

VDD 

92CS-21874 

FileNo. 635 

'-----0 

---------~o .. 
J~~~-------o 

92C$-21873 

Fig. 14 - Dats StlWp tifTHI. 

Fig. 15 - Data hold timfl. 

TEST CIRCUITS VDD-IOV 

28 
27 
2. VDD 

• 2~ (5VORIOV) 

~ 2. 
23 

7 22 

• 21 1.5 OR 3V 
20 

o-Q 3·~OR 7V 10 19 

" 18 
12 17 
13 I. 

" 
I~ 

92CS-2Z8lS1RI 

Fig. 16 - Noise immunity 
for I~Er; inluuction (see Timing Diagram) 

TYPICAL APPLICATION 

The CD4057 A has been designed for use as a paraliel pro
cessor in flexible, programmable, easily expandable, special 
or general purpose computers, where minimization of exter-

28 
27 
2. 
25 
2. 

6 23 
7 22 

• 21 

20 
ID 19 

" I. 
12 17 
13 I. 

" " 

92CS-Z2867 

Fig. '7 - Quiescent device current 

nal connections and data busing are primary design goals. 
The block diagram of Fig. ·18 .is an example of a computer 
that processes 8 bits in paraliel. 

CD4034A 

INPUT-OUTPUT 

REGISTER 

EXTERNAL 
DATA 

92CM-2r882 

Fig. '8 - Example of Computer Organization Using.CD4057A. 
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CL VDD 

23 OUT 

J I 22 J5 

J2 21 J. 

J3 20 J7 

J4 19 J8 

JI. 18 J9 

JI5 17 JlO 

JI' I. JII 

JI3 10 15 JI2 

K, " 14 K, 

vss 12 13 Kb 

TOP VIEW 92CS· 22212RI 

TERMINAL DIAGRAM 

COS/MOS Programmable 
Divide-by-"N" Counter 
Features: 
III Synchronous programmable -:- N counter: 

N = 3 to 9999 or 15,999 

• 4 BCO decades of counting on one chip 
• Low power consumption: 30/lW (typ_) at VOO = 10 V 

• Presettable down counters 
• Fully static operation 
• Mode select control of initial decade 

counting function (710, 8, 5, 4, 2) 

• T2L drive capability 
• Master preset initialization 
• Latchable 7 N output 

RCA Preliminary C04059AO- is a divide-by-N down counter 
Applications: that can be programmed to divide an input frequency by any 

number "N" from 3 to 15,999_ The output signal is a pulse 
one·clock·pulse wide occurring at a rate equal to the input 
frequency divided by N_ This single output has TTL drive 
capability _ The down counter is preset by means of 16 jam 
inputs. 

• Communication set frequency synthesizers 
VHF, UHF, FM, AM, etc. 

• Fixed or programmable frequency division 
iii "Time out" timer for consumer application 

industrial controls 

PROGRAM JAM I.NPUTS (BCD) 

9-74 

Vss @

VDD @--

Fig. 1-Functional block diagr<ilm. 92CN·22213 
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The three mode select inputs Ka, Kb, and Kc determine the 
modulus ("divide·by" number) of the first and last counting 
sections in accordance with the truth table shown in Table I. 
Every time the first (fastest) counting section goes through one 
cycle it reduces by 1 the number that has been preset (jammed) 
into the three decades of the intermediate counting section 
and into the last counting section, which consists of flip·flops 
that are not needed for operating the first counting section. 
For example, in the 72 mode only one flip·flop is needed in 
the first counting section. Therefore the last counting section 
has three flip·flops that can be preset to a maximum count of 
seven with a place value of thousands. If 710 is desired for the 
first section, set Ka = 1, Kb = 1, and Kc = 0; jam inputs Jl, J2, 
J3, and J4 are used to preset the first counting section and there 
is no last counting section. The intermediate counting section 
consists of three cascaded BCD decade (710) counters pre· 
settable by means of jam inputs J5 through J16. 

The mode select inputs permit frequency synthesizer channel 
separations of 10, 12.5, 20, 25, or 50 parts. In addition, these 
inputs set the maximum value of N at 9999 (when the first 
counting section divides by 5 or 10) or 15,999 (when the first 
counting section divides by 8, 4, or 2). 

The three decades of the intermediate counting section can be 
preset to a binary 15 instead of a binary 9, while their place 
values are still 1, 10, 100, multiplied by the number of the 7N 
mode. For example, in the 78 mode, the number from which 
counting down begins can be preset to: 

3rd decade: 1500 
2nd decade: 150 
1st decade: 15 

Last counting section 1000 

2665 x 8 = 21,320 
plus the first counting section can be preset to 7 

Therefore 21,327 is the 
maximum possible count in the +8 mode. 

The highest count of the various modes is shown in the 
column entitled: "extended" counter range, max., of Table I. 

Control inputs Kb and Kc can be used to initiate and lock the 
counter in the "master preset" state. In this condition the 
flip-flops in the counter are preset in accordance with the jam 
inputs and the counter remains in that state as long as Kb and 
Kc both remain low. The counter begins to count down from 
the preset state when a counting mode other than the master 
preset mode is selected. Whenever the master preset mode is 
used, control signals Kb = 0 and Kc = 0 must be applied for at 
least 3 full clock pulses. A "1" on the latch input will cause the 
counter output to remain "high" until the latch input returns 
to "0". If the latch input is "0" the output pulse will remain 
high for only 1 cycle of the clock·input signal. 

After the master preset mode inputs have been changed to one 
of the+ modes, the next positive-going clock transition changes 
an internal flip·flop so that the countdown begins at the second 
positive-going clock transition. Thus, after an MP mode, there 
is always one extra count before the output goes high. See 
illustration below for total count of 3. (78 mode) 

As illustrated in the sample applications, this device is partie· 
ularly advantageous in communication digital frequency syn
thesis (VHF, UHF, FM, AM, etc.) where programmable divide· 
by·"N" counters are an integral part of the synthesizer phase· 
locked·loop subsystem. Note that the Preliminary CD4059A 
can also be used to perform the synthesizer "Fixed Divide by 
R" counting function. For additional information, see RCA
ICAN·6716 "Low Power Digital Frequency Synthesizers 
Utilizing COS/MaS IC's." The Preliminary CD4059A can 
also be used in general-purpose counters for instrumentation 
functions such as totalizers, production counters, and "time 
out" timers. 

The Preliminary CD4059Ais available in 24·lead ceramic dual· 
in-line packages. 

TABLE I 

DESIGN EXTENDED 
MODE SELECT FIRST COUNTING LAST COUNTI NG COUNTER COUNTER 

MODE INPUT SECTION SECTION RANGE RANGE 

Can be Can be 
First preset preset 
counting Ka Kb Kc Di· toa Jam Di· to a Jam Min. Max. Max. 
section vides maximum inputs vides maximum inputs 

divides by: by: of: used: by: of: used: 

2 1 1 1 2 1 Jl 8 7 J2,J3,J4 3 15,999 17,331 

4 0 1 1 4 3 Jl,J2 4 3 J3,J4 3 15,999· 18,663 

5 1 0 1 5 4 Jl,J2,J3 2 1 J4 3 9,999 13,329 

8 0 0 1 8 7 Jl,J2,J3 2 1 J4 3 15,999 21,327 

10 1 . 1 0 10 9 J 1 ;J2,J3,J4 1 0 - 3 9,999 16,659 

Master Preset 
(MP) X 0 0 MP MP - - -

x = Don't Care 
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MAXIMUM RATlNGS,Absolute-Maximum Values: 

Storage Temperature Range _ -65 to +150 OC 
Operating Temperature Range -55 to +125 °C 
DC Supply Voltage Range 

(VDD - Vss) - _ - _ 15 V 
Device Dissipation (Per Pkg_) 200 mW 
All Inputs _ _ _ _ _ _ 

VSS"' VI ",VDD 
Recommended DC Supply Voltage 

(VDD - VSS) - - - - - - -
Lead Temperature (During soldering) 

At distance 1/16 ± 1/32 inch 

3to 15 

(1.59 ± 0_79 mm) from case 
for 10 seconds max_ 

STATIC ELECTRICAL CHARACTERISTICS AT TA = 250 C 
Typical Temperature Coefficient at all values of VDD = -O_3%l"c 

TEST 
CONDITIONS 

CHARACTERISTICS SYMBOL 
Vo VDD 

Volts Volts 

Cuiescent Device Current IL 
5 

10 

Quiescent Device Dissipation/Package PD 
5 

10 

Output Drive Current: 004 4_5 
n-Channel (Sink) IDN 0_5 10 

p-Channel (Source) IDP 
4_1 4_5 
9_5 10 

DYNAMIC ELECTRICAL CHARACTERISTICS ATTA = 250 C and CL = 50 pF 
Typical Temperature Coefficient for all values of VDD = O_3%/OC 

TEST 
CONDITIONS 

CHARACTERISTICS SYMBOL 
VDD 
Volts 

Propagation Delay Time tPHL. 5 
10 tPLH 

5 
tTHL 10 

Transition Time 
5 

tTLH 10 

Clock Rise or Fall Time 
trCL, 5 
tfCL 10 

Maximum Clock Frequency: 
fCL 

5 
AII+Modes 10 

I nput Capacitance CI Any input 

265 

Min_ 

-
-
-
-

1_3 

-
-
-

Min_ 

-
-
-
-
-
-
-
-
-
-
-

V 

TYPICAL 
VALUES 

Typ_ 

1 
3 

5 
30 

2_6 
12 

-004 
-1.5 

LIMITS 

Typ_ 

280 
140 

35 
25 
90 
50 

-
-

2_5 

5 

5 

UNITS 

Max_ 

- p.A -
-

p.W -
-

mA -
-

mA -

UNITS 

Max_ 

-
ns -

-
-

ns -
-
15 
5 

p.s 

- MHz 
-
- pF 
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"HOW TO PRESET PRELIMINARY CD4059AD TO DESIRED +N" 

288 

The value N is determined as follows: 

N = [MODE") [1000 x Decade 5 Preset + 100X Decade 4 

Preset + lOX Decade 3 Preset + 1 X Decade 2 Preset) + Decade 1 

Preset 

• MODE= First counting section divider (10,8,5,4 or 2) 

To calculate preset values for any N count, divide the N count by the Mode. 

The resultant is the corresponding preset values of the 5th through 2nd 
decade with the remainder being equal to the 1st decade value. 

Examples: 

A) N = 8479, Mode = 5 

N 
Preset Value = Mode 

169~ Preset Values 

ll8479 
Mode \; 

MODE SELECT - 5 PROGRAM JAM INPUTS (8CD) 

4 5 ~ 
----~ 

. , 
Ka Kb Kc JI J2 J3 J4 J5 J6 J7 J8 J9 Jl0 JII JI2 

0 I 0 0 I 0 I 0 0 0 

To verify the results use equation 1 : 

N = 5 (1000X 1 + 100 X 6 + 10 X 9+ 1 X 5) + 4 

N = 8479 

8) N = 12382, Mode = 8 

1547 + 6 

8 I 12382 

MODE SELECT - 8 PROGRAM JAM INPUTS 

6 7 4 ------ ~ 

Ka Kb Kc Jl J2 J3 J4 J5 J6 J7 J8 J9 Jl0 Jll J12 
0 0 1 0 0 0 0 1 0 

To verify: 

N = 8 (1000 Xl + 100 X 5 + 10 X 4 + 1 X 7) + 6 

N = 12382 

C) N = 8479, Mode = 10 

0847+9 
10~ 

MODE SELECT - 10 PROGRAM JAM INPUTS 

~ ? 1 . , 
Ka Kb Kc Jl J2 J3 J4 J5 J6 J7 J8 J9 Jl0 Jll J12 

1 0 0 0 0 0 0 0 

To Verify: 

N = 10 (1000 X 0 + 100 X 8 + 10 X 4 + 1 X 7) + 9 

N = 8479 

. 
J13 

0 

J13 

J13 

0 

(1) 

(2) 

6 . , 
JI4 JI5 JI6 

0 

~ 

J14 J15 J16 

0 0 

~ 
J14 J15 J16 

0 0 
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APPLICATIONS 

1) DIGITAL PLL FOR FM BAND SYNTHESIZER 

OUTPUT 

VCO PRELIMINARY 

MHz PRELIMINARY 

Calculating Min & Max "N" Values: 

Output Freq. Range (fo) = 98.8 to 118.6 MHz 

Channel Spacing Freq. (fel = 200 kHz 
Division Factor (k) = 40 

CD4059A 

CD4059A 

2.56 MHz 

fc 200 
Reference Freq. (fr) = k =40 kHz = 5 kHz 

118.6 MHz 98.8 MHz 
fkMax. = --4-0--= 2.965 MHz; fkMin = --;w-- = 2.47 MHz 

N =!9 
fe 

118.6 MHz 
NMax = 200 kHz - 593 

98.8 MHz 
NMin = 200 kHz = 494 

2)';'N Counter Configuration for UHF - 220 to 400 MHz 
Channel Spacing: 50 kHz or25 kHz 

50/25 kHz 100 kHz 1 MHz 10 MHz 

400 MHz 
NMax = 25 kHz = 16,000 

220 MHz 
NMin = 25 kHz = 8,800 

3)';'N Counter Configuration for VHF - 116 to 160 MHz 
Channel Spacing = 12.5 kHz 

12.5kHz 100 kHz 1 MHz 

160 MHz 
NMax = ----= 12,800 

12.5 kHz 

400 MHz 
NMax = 50 kHz = 8,000 

220 MHz 
NMin = 50 kHz = 4,400 

116 MHz 
NMin = 12.5 kHz = 9,300 

100 MHz 

2.56 MHz 
R=---=512 

5 kHz 
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4)+N Counter Configuration for VH F - 30 to 80 MHz 
Channel Spacing: 25 kHz 

25kHz 100 kHz 

so MHz 
NMax = 25 kHz = 3,200 

5)+N Counter Configuration for AM - 995 to 2055 kHz 
Channel Spacing = 10kHz 

290 

10 kHz 100 kHz 

NMax = 2055 kHz = 205 
10kHz 

NMin=~=99 
10kHz 

1 MHz 

NMin = 30 MHz = 1200 
25 kHz 
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D\lCI8LJD Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4060A Type 

COS/MOS 14-8tage Ripple-Carry 
Binary Counter/Divider and Oscillator 

Features: 
• 4-MHz operating frequency (typ.1 at VOO-VSS = 10 V 

• Common reset 

• Fully static operation 92CS-Z3762RI 

CD4060A Functional Diagram 
• 10 buffered outputs available 

The RCA·C04060A consists of an oscillator section and 14 
ripple'carry binary counter stages. The oscillator configuration 
allows design of either RC or crystal oscillator circuits. A 
RESET input is provided which resets the counter to the all·O's 
state and disables the oscillator. A high level on the RESET 
line accomplishes the reset function. All counter stages are 
master-slave flip-flops. The state of the counter is advanced one 
step in binary order on the negative transition of iflI(~O)' 
All inputs and outputs are fully buffered. 

The C04060A is supplied in 16-lead dual·in·line welded·seal 
ceramic packages (0), plastic packages (E), ceramic packages 
(F), flat packs (K), and in chip form (H). 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE ...•...•...•. -65 to +1500 C 
OPERATING·TEMPERATURE RANGE: 

CERAMIC·PACKAGE TYPES ......••.••..... -55 to +1250 C 
PLASTIC·PACKAGE TYPES .......•...•..... -40 to +85 °c 

DC SUPPLY·VOLTAGE 'RANGE: 
(VDD-VSS). •. • • . ••. .•. • • •• . • . .• . .•. . • • .. -0.5 to +15 V 

DEVICE DISSIPATION (PER PACKAGE) .....•.••.•... 200 mW 

ALL INPUTS ...•••••••••..••.......•.••....• V ss"'" lo;;V 0 D 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) 

~rom case for 10 seconds max. .................. 265°C 
RECOMMENDED OPERATING CONDITIONS: 

DC Supply-Voltage Range 
(VDD-VSS) .••..•.••.•••••••....•..••.•••••.•. 3to 15V 

Input Voltage Swing....................... Vss tOYOD 

8-74 

Oscillator Features: 
a All active components on chip 

a RC or crystal oscillator configuration 

Applications: 
• Timers 
• Frequency dividers 

STAGE I 

• R-HIGH DOMINATES (RESETS ALL STAGES) 

• COUNTER ADVANCES ONE BINARY COUNT 
ON EACH NEGATIVE -GOING TRANSITION 

OF 4>1"NO 4>0) 

INPUTS 
TO 2nd OJ 

"£\ 
VSS 

INPUT PROTECTION 
CIRCUIT ON ALL 
INPUTS 

9ZCS- Z37&3RI 

Fig. I-Logic diagram of CD4060A oscillator, pulse shaper, 
and I of 14 counter stages. 
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+0 o:*!!.... _____ ...:O~S::CI~LL::A:.:T~OR:...:::'N:.:.V=:ER::.:T:.::E:::RS~ __ ___, 

+to.::*--------4 

+Oc>*~-----------+-+---~--~-~~, 

~~~ 
RESET BUFFER 

+0-------, 

+-----+'i 

INPUT 
PULSE 
SHAPER 

* ALL INPUTS PROTECTED BY 
STANDARD COS/MOS PROTECTION 
NETWORK 

4 

OUTPUT BUFFER. 
STAGES 4-10, 12-14 

Vss 

L--4-----l--_____________ ..... _..:...._-+ QI TO. 2ND STAGE 

L ________________ ~-_+ Qi TO" 2ND STAGE 

£TRANSMISSION GATE SUBSTRATE 
CONNECTIONS: p-TYPE TO Voo. n-TYPE TO Vss 

Fig. 2-8chematic diagram of input pulse shapers, reset buffeTS, and' of 14 
binary counter srages of the C04060A. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs •••••••...•.••.....•..•••.•••.•••••.•..• VSS""'I""'ool 
(Recommended DC Supply Voltage (VOO-VSSI • • • • • • • • . • • • • •• 3 to 15 VI 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS 

Vo VOO 550C 

V V Min. Typ. 

Quiescent Device 5 - -
Current IL 

10 - -
OJiescent Device 5 - -

Dissipation/Package Po 
10 - -

Output Voltage: Fan 5 - -
Low· Level 

VOL Out 10 - -
= 50 
Fan 5 4.99 -

High·Level VOH Out 10 9.99 =50 -
0.8 5 1.5 -

Noise Immunity VNL 
1 10 3 -

(Any Inputl 
4.2 5 1.4 -

VNH 
9 10 2.9 -

Output Drive Current:· 0.5 5 0.22 -
ION 

N·Channel (Sinkl 0.5 10 0.44 -
4.5 5 -O.lE -

P·Channel (Sourael lOP 
9.5 10 -0.3 -

Input Current II Any Input - -
AD ••• does not apply to terminals 9 or 10. 

MBEIIT· TOIPERATUAE ITA) • u·e 
TYPICAL TDIP. COEFf'ICIENT AT ALL VALUES OF VGS. -Q.3%I·C 

15 

r 12.5 

~ 

i 
10 

a 7.5 

z 
C 
~ 

2.5 

o 

:rE-YO-SOURCE VOLTAGE 1Ve; I·I~V 

10V 

5V 

2.0 5 7.5 10 12.5 15 
DRAIN - TO - SOURCE VOLTAGE tVo,sl-V 

92CS-21510 

Fig. 3-Typical n-channel drain characteristics. 

C0406OAO C04060AF 
C04060AK CD4060AH 

CERAMIC PACKAGE LIMITS UNITS 
FIG. 
NO. 

Max. 

15 

25 

75 

250 

0.01 

0.01 

-
-
'-
-
-
-
-
-
-
-
-

250C 125°C 

Min. Typ. Max. Min. Typ. Max. 

- 0.5 15 - - 900 
p.A 16 

- 1 25 - - 1500 

- 2.5 75 - - 4500 
p.W -- 10 250 - - 15000 

- 0 0.1l1 - - 0.05 

- 0 0.01 - - 0.05 

V -4.99 5 - 4.95 - -
9.99 10 - 9.95 - -
1.5 2.25 - 1.4 - -
3 4.5 - 2.9 - -

V 17.18 
1.5 2.25 - 1.5 - -
3 4.5 - 3 - -

0.18 0.36 - 0.125 - -
mA 3,4 

0.36 0.75 - 0.25 - -
-.1.125 -0.25 - -0.085 - -

mA 5.6 
-0.25 -0.5 - -0.175 - -
- ±10 -b ±1 - - - p.A -

-..r_~IT"I·25" 

7.5 

1\L2!1 
I 
~ .. 5 
z .. .. 
~175 

I 2.5 

1.25 

o 

TYPICAL TIIIR COIPFICIENT·AT ALL \IILUIS OF VGS--G., ... ,·C 

10V 

5V 

~5 5 ~5 10 ~5 15 
DRAIN - TO - SOURCE VOLTAGE (YDSJ-V 

92(5-21512 

Fig. 4-Minimum n-channel drain characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs. • • . . • • . • . • . . . . . . • • •• • . . . . • . . • • • • . . • • • • • . .. VSS""I.;vOO) 
(Recommended DC Supply Voltage (VOO-VSS) 3 to 15 V) .................. 

TEST C04060AE FIG. 
CHARACTERISTIC SYMBOL CONDITIONS PLASTIC PACKAGE LIMITS UNITS NO. 

Vo VOO -40OC 250C SSoC 

V V Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Quiescent Device 5 - - 50 - 1 50 - - 700 
Current 'L IlA 16 

10 - - 100 - 2 100 - - 1400 

Quiescent Device 5 - - 250 - 5 250 - - 3500 
Dissipation/Package Po IlW -

10 - - 1000 - 20 1000 - - 14000 

Output Voltage: Fan 5 - - om - 0 0.01 - - 0.05 
Low·Level VOL Out 10 - - om - 0 0.01 - - 0.05 

= 5n 
V -

Fan 5 4.99 - - 4.99 5 - 4.95 - -
High·Level VOH Out 10 9.99 9.99 10 9.95 - - - - -

= 50 

0.8 5 1.5 - - 1.5 2.25 - 1.4 - -
Noise Immunity VNL 

1 10. 3 3 4.5 - 2.9 - - - -
(Any Input) V 17,18, 

4.2 5 1.4 - - 1.5 . 2.25 - 1.5 - -.. 
VNH 

9 10 2.9 - - 3 4.5 - 3 - -
Output Drive Current:" 0.5 5 0.21 - - 0.18 0.36 - 0.15 - . -

ION iliA 3,4 
N·Channel (Sink) 0.5 10 0.42 - - 0.36 0.75 - 0.3 - -

4.5 5 -0.14 - - -0.125 -'0.25. - -0.1 - -
P·Channel (Source) lOP 

-0.5 -0.2 
mAo 5,6 

9.5 10 -0.29 - - -0.25 - - -
Input CUrrent 

" 
iIny Input ±10-5 :1:1: 

.. 
,iii - - - - - - - -.. . 

Data does not apply to terminals 9 or 10. 

DRAIN-TO-SOI..RCE VOLTAGE (Vos)-V DRAIN-TO-SOI.R:E VOLTAGE (VOS)-V 
-15 -10 '':'5 -I -10 -S' a 

5V .V 

10V 10V 

GATE - TO - SOURCE VOLTAGE ( C!I:;) -U5 V GATE-TO-SOtIfCE VOLTAGE (VGs)·15V 

AMBIENT TEMPERATURE (TA) • 25-C . -15 AMBIENT TEMPERATURE (TA) -25-C 
-7.5 

TYPICAL' TEMP. COEFFICIENT AT ALL VALUES OF YGS. -o.~% ,-c' TYPICAL TEMP. COEFFICIENT AT ALL.: VALUES OF VGS --0.3%'-C 

Fig. 5-Tvpical p-channe/ drain characteristics. Fig. 6-Minimum p-channel drain characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT T A = 250 C. CL = 15 pF (unless otherwise specified). Input tr.It = 20 ns 

TEST CONDITIONS 
CHARACTERISTIC SYMBOL 

Input·Pulse Operation 

Propagation Delay tpHL· 

Time <1>1 to Q4 Out tpLH 

Propagation Delay tPHL' 

Time. On to On+l tpLH 

tTHL· 
Tr!,nsition Time 

tTLH 

Min. Input·Pulse Width twL· f= 100kHz 
tWH 

Input·Pulse tr<l>' 
Rise & Fall Time tf<l> 

Max. Input·Pulse 
f<l> 

Frequency 

I nput Capacitance II 

Reset Operation 

Propagation Delay 

Time 
tpHL 

Minimum Reset 

Pulse Width twH 

LOAD CAPACITANCE (CL)- pF 
92CS-24698 

Fig. 7-Typical propagation delay time vs. load 
capacitance (¢I to Q4 output). 

VDD 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

CERAMIC TYPES PLASTIC TYPES 

MIN. 

-
-
-
-
-
-
-
-
-
-
1 

3 

-

-
-
-
-

TYP. MAX. MIN. TYP. MAX. 

900 1800 - 900 1900 

450 900 - 450 950 

450 900 - 450 950 

225 450 - 225 475 

150 300 - 150 350 

75 150 - 75 175 

200 400 - 200 500 

75 110 - 75 125 

- 15 - - 15 

- 7.5 - - 7.5 

1.75 - 0.9 1.75 -
4 - 2.75 4 -
5 - - 5 -

500 1000 - 500 1250 

250 500 - 250 600 

500 1000 - 500 1250 

250 500 - 250 600 

LOAD CAPACITANCE CCL)-pF 

Fig. 8-Typical propagation delay time V.I. 

load capacitance (an to On + ,). 

FIG. 
UNITS 

NO. 

ns 7 

ns B 

ns 9 

ns -

!lS -

MHz 10 

pF -

ns -

ns -

9ii!CS-21514 
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'" ~ I 
~ ... 
g 
If 
~ 
Q 

I 
0 .. 
~ 
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.... AMBIENT TEMPERATURE (TA)' 25"C 

o 20 40 60 BO 
LOAD CAPACITANCE eel) - pF 

Fig. 9-Typical output transition time vs. load capacitance. 

10' AMBIENT TEMPERATURE (TA)c2S-C 

10' :.JO 

~~~7 
~ 1>:" 

10' £,Il10 ...", ~ 
~~ 

~ 

10' 
~v'>f. ::;;;O'!>!> 

10' 

-::;;;0 

10 
.. 

LOAD CAPAClmNCE ICt)-15pF 
---- CL -SOpF 

I 

10 102 lOS 
INPUT FREQUENCY U.l-kHz 

92CS-21SISRI 

Fig. 11-Typical dynamic power dissipation characteristics. 

On+1 
OUT 

'e.;.QS) 

1~===t===90% .J4-- eo% 
~+-----------~~-----IO% 

9ZCS-24S5fJ 

Fig. 13-Propagation delay and transition time 
test circuir-input-pu/se operation. 

! 
6 

... 

... '" ..... 
~ 1 4 

~~ 

o 

AMBIENT TEMPERATURE eTA). m-c 

10 15 20 
SUPPLY VOLTAGE (Voo 1 - v 

92CS-24556 

Fig. to-Typical maximum·jnput-pulse frequency VB. supply voltage. 

Q4 

VDO-SV OR IOV 

16 
15 
14 

4 13 
e 12 

PULSE GEN 
tr-t.f-20ns 

~ eo%""\ non l' n non n "1: 0 ~I ~-u O~ -U 0 oro 0'0 '0 L 

Q4 eD% 'PLH At 'PHL L 
92CS-24557 

Fig. 12-Propagation delay time test c;rcuit-input-pulse operation. 

VDO· 5VOR IOV 

16 

IS 
14 
13 

ALL STAGES 
PRESET TO -I" 

RESET 

~
WH 

RESET 50% 

~
HL 

~~ipUT 50% 
(e. g. Q4) 

92CS-24559 
Fig. 14-Test circuit for propagation de/av time 

between reset pulse and any output. 
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TEST PERFORMED 
WITH UNIT IN AI.L 

~~{"r,~~ET.t+W 
AND INPUTS AT 10 V 
AND GROUND 

10 V 

I. 

Fig. 16-Quiescent device current test circuit. 

I. ,. 
I. 
I' 

5VORIOV 

0-0 3.5 V OR 7 V 

92CS-24563 

I. 
15 

" 

5VORIOV 

9ZCS-2.4562 

Fig. 17-lnput-pulse noise immunity test circuit. 

fCD4060A--- ---- - --I 
I I 
I I 
I I 
L ______ ...J 

TYPICAL COMPONENT VALUES 
FOR OPERATION FROM 60 HI' 
INPUT AT VOo-3 TOIS YOLTS: 
Rs·150 Kn 
Rt -390 Kn 

I FOR USE WHEN INPUT SIGNALS WITH 
SLOW RISE-FALL TIME ARE USED 
AS CLOCK) 

92CS-23761 

Fig. 18-Reset-pulse noise immunity test circuit. Fig. 20-lnput pulse-shaping circuit (Schmitt-Trigger) for CD4060A. 

ic~~A-----------l 

I I 

I : 
I I 
L _______ .J 

9 'S:=2.2 IRyCT@VOO-IOV 

cT > 100 pF 
RT> I Kn 
RS:l:SIO RT 

92CS-Z3766 

TYPICAL COMPONENT VALUES AND CIRCUIT PERFORMANce-

OSCILLATOR RS R1 
Or 

IOOmA. 
FREQUENCY Kn Kn VDD""OV 

10Hz ... .. ", D~ 

100Hz ... .. 0.' F 0.3 

1000Hz 46D 4S O.01,.F DA 

10KHz 460 .. 0.00' , ~S 

100KHz 46D .. l00pF 0.7 

lMHl!: 46 4.S l00pF 

• See Application Note ICAN-6267 Astabl, and Monostlble OscillltOr 

UsIng RCA COSIMOS DiOibll~ Circuits. 

Fig. 19-Tvpical RC oscillator circuit . 

• 0 PIN 9 

Voo 

Vss +-__ '-__ .J 

-1---+---1--- Vx 

RS +R, voo} 
V·"--R-,- • 2 RI )oRs 

R f - As VDO 
VN"--R,-'T 

92CS-23768RI 

Fig. 21-lnput circuit characteristics for circuit in Fig. 20. 

FOR TYPICAL COMPONENT VALUES 
AND CIRCUIT PERFORMANCE ,SEE 
APPLICATION NOTES ICAN 6086 
AND I CAN 6539 

92CS-23764 

Fig. 22-Typical crystal oscillator circuit. 
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OO(]3LJD Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4061AD 
CD4061AH 

.6 
AD • .. CHIP ENABLE 

COS/MOS 256-Word by 1-Bit 
Static Random-Access Memory 

A. WRITE/READ 

A2 •• Diii OUT 
Features: 

* vss • CD4061A 13 DATA OUT 
- Low standby power: 10 Nanowattslbit (typ.) @VOO= 10 V 

* 5 .2 - Access time: 380 ns (max.) @I VOO = 10 V -. Noise immunity: 45% of VOO (typ.) 
voo DATA IN 

- Single 3-to-15 V power supply _ Fully decoded addressing 
A. A, - COS/MOS input/output logic compatibility _ Single write/read control line 

A. 
.0 A. - TTL output drive capability 

HC A. 
- Three-state data outputs for bus-oriented systems 

92CS·ZI526 - 1101-type pin designations· 

- Separate data output and data input lines 

RCA·CD4061A is a single monolithic integrated circuit con
taining a 256-word by l-bit fully static, random-access, NDRO 
memory_ The memory is fully decoded and requires 8 address 
input lines (AO - A 7) to select one of 256 storage locations_ 
Additional connections are provided for a WRITE/READ 
command CHIP ENABLE, DATA IN, and DATA OUT and 
DATA OUT lines_ 

To perform READ and WRITE operations the CHIP-ENABLE 
signal must be low. When the CHIP-ENABLE signal is high, 
read and write operations are inhibit8d and the output is a high 
impedance. To change addresses; the CHIP-ENABLE signal 
must be returned to a high level, regardless of the logic level of 
the WR ITE/R EAD input_ In a multiple package application, the 
CHIP-ENABLE signal may be used to permit the selection of 
individual packages. 

Output-voltage levels appear on the outputs only when the 
CHIP-ENABLE and WRITE/READ signals are both low. 
Separate data inputs and outputs are provided; they may be 
tied together, or, to eliminate interaction between READ and 
WRITE functi?ns, may be used separately_ The circuit ar
rangement permits the outputs from many arrays to be tied to 
a common bus. 

All input and output lines are buffered. The CD4061A output 
buffers are capable of direct interfacing with TTL devices. 

The CD4061 A is available in a hermetically sealed l6-lead 
dual-in-line ceramic package (CD4061 AD) or in chip form 
(CD4061AH). 

MAXIMUM RATINGS,Absolute-Maximum Valuer: 

STORAGE-TEMPERATURE RANGE ............ -65 to +160·C 

OPERATING-TEMPERATURE RANGE ..•....• _. -55 to +125 ·C 

DC SUPPLY-VOLTAGE RANGE 
IV DO - Vssl •.....••• _ .................. _ -0.5 to +15 V 

DEVICE DISSIPATION IPER PKG.I .••.•...• _....... .• 200 mW 

ALL INPUTS ....•..............•. - ..• _. •.. Vss "'VI "'VDD 
RECOMMENDED DC SUPPLY VOLTAGE 

IVDD - Vssl ................................ 3to 15 V 
LEAD TEMPERATURE lOURING SOLDERINGI 

At distance 1/16 ±1/32 inch 11.59 :!:O.79 mml 
from case for 10 seconds max. . . . . .. . . ... .... . . .. . .. 265°C 

• The pin designations are compatible with other static 256-Bit memories and are, therefore, not compatible with standard COS/MaS 
CD4000A-series devices; i.e. V DO is pin 5 and Vss is pin 4. 

7-74 
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AD 

CE 
-, 

AI 
A 
0 

2 0 
R 

1 
Il... " v~s I 

E 
5 

A2 
5 

0 
E 
C 
0 

A3 
0 
E 

z I " '3 

I 8 
~ 
~ 

"' I "' w 

~ 
u 
~ 

g g 

CE 

z 1; 0 

" " " " ~ ~ .. 
" ~ FROM I~ Y DECODE 

Ki 1 I .... , 
t--, 

OATA BUS __ COMMON TO 16 COLUMNS 

1 
Oiii BUS __ COMMON TO 16 COLUMNS 

DATA IN. 
12 :>0-----------; ... 

SYMBOL REPRESENTS 

~IC . THREE-STATE INVERTER 
1(=1, NORMAL 

K K-O, HIGH IMPEDANCE 

L- _________ -----l 
256 -BIT STORAGE ARRAY 

FOR SINGLE n AN~ . DEVICES S ALL p-'SUBSTRATES TIED TO VOO. 
P l ALL n':'SUBSTRATES TIED TO VSS' 

Fig. I - C04061A logic diagram. 

CD4061A OPERATIONAL MODES 

OPERATION ADDRESS LINES CHIP·ENABLE WRITE/READ DATA IN 

Write."O" Stable 0 1 0 

Write "1" Stable 0 1 1 

Read Stable 0 0 X 

*Read/Write Stable 0 0/1 X 

Address Change Changing 1 X X 

X = Don't Care 

voo 

U---'\A","--t-GATE 

vss ., 

NC-® 
voo----(V 

vss--0" 

92CL-23852 

DATA OUTPUTS 

High·lmpedance 

High·lmpedance 

Valid lor 0 

Valid 1 or O/High· 
Impedance. 

H igh·1 mpedance 

o For a READ/WRITE operation on the same address, chip.enable may be held to a logic 0 for bath successive 
operations. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs ....................................... VSS" VI"" VDDI 
(Recommended DC Supply Voltage (VDD - VSSI ••••••.•••••• 3 to 15 VI 

CHARAC· 
TERISTIC 

CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS 
CURVES 

& TEST 

Vo VDD -55°C 25°C 126°C CIRCUITS 
Vol .. Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Fig. No. 

Quiescent Device 5 - - 5 - 0.12 5 - - 150 
Current IL 10 - - 10 - 0.25 10 - - 300 

pA 14 

Quiescent Device 5 - - - - 0.6 25 - "- 750 
DiSlipetion/Package 

PD 10 - - 2.5 100 3000 
pW -- - -

Output Voltage 5 - - 0.01 - 0 0.01 - - 0.05 
Low-Level VOL 10 - - 0.01 - 0 om - 0.05 --
Hlglt-Level VOH 

5 4.99 - - 4.99 5 - 4.95 - - V 
10 9.99 9.99 10 9.95 -- - - - -

0.8 5 1.5 - - 1.5 2.25 - 1.4 - -
Noise Immunity 

VNL 1 10 3 3 4.5 2.9 
V 17 - - -

(AlllnpulS) 4.2 5 1.4 - - 1.5 2.25 - 1.5 - -VNH 9 10 2.9 3 4.5 3 
17 - - - - -

Output Drive Cun.nt! 
(Data Out. ~ Out! 0.4 4.5 2 - - 1.6 2.5 - 1.1 - -
N-Cl1annal (SInk) IDN 

0.5 10 4.3 - - 3.5 6 2.4 
mA 3.4.12 - - -

2.5 5 -1.1 - - -0.9 -1.8 - -0.65 - -
P.(;hannal (Source) IDP '4.6 5 _0.5 - - -0.4 -0.8 - -0.3 - - mA 5.6,13 

9.5 10 -1.1 - - ro.9 1.8 - -0.65 - -
Output Off Raolstance 

Ro(OIf1 
5 10 - - 10 - - 10 - -

(HIIIM~Stat.) 10 10 10 10 
Mn -- - - - - -
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C. Vss = 0 V. CL = 50 pF. and t r• tt = 20 ns 

CHARAC· 

TERISTIC 

CHARACTERISTICS SYMBOLS TEST CONDITIONS LIMITS UNITS 
CURVES 

& TEST 

VDD CIRCUITS 

IVol,sl Min.* Typ. Max.* Fig.No. 

5 1200 1000 -
Read Cycle Ti me 'RC ns 2 

10 550 450 -
5 40 0 -

Chip-Enable Hold Time 'CEH ns 2 
w 10 0 - -... 
u 5 700 500 ->-
U Chip-Enable Pulse Width 'CE ns 2 
Q 10 350 250 -
« 
w 5 460 - -II: Chip-Enable Setup Time 'CES ns 2 

10 200 - -
Read Access Time 'RA 5 - 450 750 

ns 2.9.10 
10 - 250 380 

Write Cycle Time 
5 1200 1000 -

'wc 10 550 450 -
5 40 0 -

Chip-Enable Hold Time 'CEH 10 0 - -
5 700 500 -

Chip-Enable Pulse Width 'cE 10 350 250 -
w 5 460 - -... Chip-Enable Setup Time 'CES. 
~ 10 200 - -
U ns 2 w 5 150 100 -... Write Hold Time 'WH a: 10 100 70 -
;: 

6 150 100 -
Write Pulse Width 'w 10 100 70 -

5 140 80 -Data Setup Time 'DS 10' 80 35 -
Data Hold Tim~ 

5 25 10 -
'DH 10 20 10 -

5 - 60 100 
'TLH 7 

Output Transition Time 
10 - 50 75 n. 

5 35 60 
'THL 10 25 40 

8 -
Chip-Enable treE. 5 - - 15 

I nput Rise and 10 - - 5 I'S 

Fall Time 'fCE 15 - - 1 

• See "Symbol Definitions" 
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0) READ-CYCLE WAVEFORMS W/R· LOGIC ·0· DATA IN· DON'T CARE ----""\ r-------- _lr-'f-20nl 
ADDRESS 'RC ------~ol ---1\.. _________________ .1 '--______ _ 

~=~BLE ...... tCEH ... ~===::.~.C~E~===-:;'Tci/;t-tCEH -----1"-____ _ tCES '~ 

DATA OUT 

b) WRITE~CYClE WAVEFORMS 

,--------------.. r-- - -- ------
~--------·wc------------~~ \.. ________________ ..JI'-_______ _ 

CHIP 
ENABLE tCEH -olI ..... -----.CE ---------,~-t-.... tCEH 1'-_________ ..1 'CES 

WRITE/READ 

DATA IN 

NOTE: CHIP ENABLE MUST EJE. HIGH DURING AN ADDRESS CHANGE 

92CM-2'8S3 

Fig. 2 - Typical wrire.read waveforms. 

SYMBOL DEFINITIONS 

READ CYCLE 

tRC - READ CYCLE TIME - TIme required between address 
changes during a read cycle. Minimum read cycle time is equal 
to tCEH (min.) + tCE (min.) + tCES (min.). (See Definitions 
below). 

teEH - CHIP· ENABLE HOLD TIME - TIme required before 
chip-enable level can be lowered after an address transition. 

teE - CHlp·ENABLE PULSE WIDTH - Time required for the 
chip to be active for valid reading of output data. 

"tCES - CHIP·ENABLE SETUP TIME - TIme required before 
ar address transition can tak,"place after chip-enable level has 
been increased. tCES(min.) + tCEH(min.) is the minimum time 
required to discharge internal nodes and allow settling of ad
dress decoders during an address transition. Chip·enable level 
must be raised during each address change, even if read cycles 
only or write cycles only are successively performed. However, 
if address is not changed, chip enable may remain in its active 
(low) state during successive read and write cycles. 

tRA - READ ACCESS TIME - Measured from chip-enable 
transition; time before output data is valid. 

WRITE CYCLE 

twc - WRITE CYCLE TIME - Time required between ad· 
dress changes during a write cycle. This time sets the maximum 
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operating frequency for the memory, with minimum write 
cycle time equal to tCEH (min.) + tCE (min.) + tCES (min.). 

teEH - CHIP-ENABLE HOLD TIME - See Definition under 
read cycle. 

teE - CHIP-ENABLE PULSE WIDTH - See Definition under 
read cycle. 

tCES - CHIP-ENABLE SETUP TIME - See Definition under 
read read cycle. 

twH - WRITE HOLD TIME - Measured from chip-enable 
transition; time required before negative transition of write 
pulse can occur for successful write operation. 

tw - WRITE PULSE WIDTH - Time required for W/R pulse to 
be high. Note that no specification for positive transition of 
this pulse is made - it may occur before or after the chip
enable transition. In many applications, the W/R control is 
normally low and is strobed high during a write cycle. 

tDS - DATA SETUP TIME - Measured from write-pulse 
negative transition; time required for data inputto be valid. 

tDH - DATA HOLD TIME - Measured from write-pulse 
negative transition; time required for data input to be valid 
after W/R is returned to a low level. The minimum data pulse 
width is equal to tDS (min.) + tDH (min.). 
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.. 
E 

~ 
o 
t:! .. 
~ g; 
" Z 

~ 

100 

75 

50 

25 

0 

AMSIENT TEMPERATURE (TA)·2!5·C 
TYPICAL TEMPERATURE COEFFICIENT IS -O.3%'''C 

AT ALL VALUES OF VGS 

MAXIMUM AVERAGE 
PKG. DISSIPATION (200 mW) _ 

GATE-tO-SOURCE VOLTAGE 
(VGS)aI5V 

10V 

5V 

10 15 

DRAIN-tO-SOURCE VOLTAGE (YOS)-V 
~ZCS-2:38!)4 

Fig. 3 - Typical n-channel drain characteristics. 

DRAIN-tO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -5 o 
AMBIENT TEMPERATURE (TA)a2S·C 
TYPICAL TEMPERATURE COEFFICIENT 5 V 

il 
-10 I IS -O.3%'''C AT ALL VALUES OF YG 

i 
g 
'" ., 
z 
0 .. 
~ 
~ 

300 

250 

200 

150 

100 

50 

o 

10V 

GATE-tO-SOURCE VOLTAGE 
(VGS) al5 V 

MAXIMUM AVERAGE 
PKG. DISSIPATION (200 mWI 

~ 
-20 !:! 

E 
-30 ~ o 

;!; 
-40 ~ 

... 
'" -50 ~ 

Ii 
-60 ~ 

92CS-238i56 

Fig. 5 - Typical p-channel drain characteristics, 

AMBIENT TEMPERATURE ITA)a25"C 

~ " ,,,<Il 
-!.;" .. ,,<- 1$1$ 

\ ,,0'-
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50 100 150 200 250 300 350 

LOAD CAPACITANCE (CL)-pF 

92CS-23858 

Fig. 7- Typicallow-to-high transition time (tTLH' vs CL. 
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AMBIENT TEMPERATURE ITA)-2S"C : i~-
TYPICAL TEMPERATURE COEFFICIENT IS -0.3%/·C -

AT ALL VALUES OF VGS -

!.IjJ 
GATE-TO-SOURCE VOLTAGE' 

(VGS1-15V 

40 

30 
10V 

20 

10 Ii 
5V 

~1t 
0 10 15 

DRAIN-TO-SOURCE VOLTAGE (VDsl-V 
92CS-23855 

Fig. 4 - Minimum n-channel drain characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

-15 -10 -5 
AMBIENT TEMPERATURE ITA).25·C 
TYPICAL TEMPERATURE COEFFICIENT 
IS -0.3%'·C ,AT ALL VALUES OF VGS 'V -2.5 r 

~ 

~ 
~ 
'" ., 
z 
0 

., 
:i 
a: .. 

GATE-TO-SOURCE VOLTAGE 
(VGS) c 15 V 

-H 

-5 !:! 
!o 

-7.5 I 
i!: 

-10 '" 15 ... 
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z 

~ 
-15 ~ 

92CS-238S7 

Fig. 6 - Minimum p-channel drain characteristics. 
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o,Jo\.'1;p.GE. 
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50 100 150 200 250 300 350 

LOAD CAPACITANCE ICL)-pF 
92CS-23859 

Fig. 8 - Typical high-to-Iow transition time (tTHL' vs CL. 
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Fig. 9 - Typical read access time (tRAI vs CL, 

AMBIENT TEMPERATURE (TA)-2S-C 
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Fig. 11 - Typical power difs;pation vs cycle time. 
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Fig. 10 - Typical read access time (tRAJ vs temperature. 
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TEST CIRCUITS 

"0 
92CS-23863 92C5-23864 

Note: At address 0, "0" stored in Note: At address 0 .... 1 .. stored in 
memory. memory. 

Fig. 12 - n-channe/ drive current.. Fig. 13 - p-channel drive current. 

Note: 

Power dissipation measured using random data pattern. Input pulse de· 
lays and widths set to minimum values specified on data sheet with the 
exception of cycle time, 15 V setups identical to 10 v data sheet values, 
with the exception of tCE ::: 400 ns. 

10 V 5 V 

Quiescent Device Current Test Conditions 

10" 

• 
6 

16 
15 
14 
13 
12 

" 10 

9ZCS-23S65 

Test 

1 

2 

3 

4 

5 

6 

A 

D 

1 

D 

D 

1 

D 

Fig. 14 - Quiescent device current. 

AO 
AI 
A2 
A3 

"DO 
"55 
A4 

B 

D 

1 

1 

D 

1 

1 

Memory Cells 

16 
15 
14 
13 
12 

10 

AIID 

AIID 

All D 

AliI 

AliI 

AliI 

CE 
W/R 
iio 
00 
OI 
A7 
A6 

16 

92C5-23866 

25 kHz ose 50 kHz ase 

Fig. 15 - Operating/He. 

Description of Test: 

Functional test run with random 
data input. All inputs toggle be· 
tweem 30% and 70% of VDD. 

,-,,-_-,,--,-A5 92C5-23868 

Fig. 17 - Noise immunity. 

92C5-238&1 

Fig. 16 - Bias life. Note: Connection to all terminals in Figs. 15 & 16 (except 4 and 5) are made through 47 kn resistors. 
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OOClBLJD Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4062AK 
CD4062AT 
CD4062AH 

COS/MOS 2oo-Stage Dynamic 
Shift Register 

RC 
REC ~""'---.--.-r-r...J Special Features: 

CLIO 

Cl2D 

• Operation from a single 3·V to 15·V positive or 
negative,power supply 

• Minimum shift rates over full temperature range -
92CS-24664 

Single phase clock: 3 V"; VDD"; 10 V; fmin = 10 kHz; 
-550 C ";TA ";+1250 C (fmin = 1 kHz up to TA ";750 C) 

CD4062A Functional Diagram 
Two·phase clock: 3 V"; VDD"; 15 V; fmin = 10 kHz; 
-550 C"; T A"; +1250 C (fmin = 1 kHz up to T A"; 750 C) 

The RCA-CD4062A is a 200-stage dynamic shift register with 
provision for either single- or two-phase clock input signals. 
Single-phase-clocked operation is intended for low-power, low 
clock-line capacitance requirements. Single-phase clocking is 
specified for medium-speed operation « 1 MHz) at supply 
voltages up to 10 volts. Clock input capacitance is extremely 
low « 5 pF), and clock rise and fall times are non-critical. The 
clock-mode signal (CM) must be low for single-phase operation. 

Two-phase clock-input signals may be used for high-speed 
operation (up to 5 MHz) or to further reduce clock rise and 
fall time requirements at low speeds. Two-phase operation 
is specified for supply voltages up to 15 volts. Clock input 
capacitance is only 50 pF/phase. The clock-mode signal (CM) 
must be high for two-phase operation. The single-phase-clock 
input has an internal pull-down device which is activated 
when CM is high and may be left unconnected in two-phase 
operation. 

The logic level present at the data input is transferred into the 
first stage and shifted one stage at each positive-going clock 
transition for single-phase operation, and at the positive-going 
transition of Cll for two-phase operation. 

The CD4062A is supplied in a 16-lead flat pack (K), a 12-lead 
TO-5 style package (T), and in chip form (H). 

8-74 

• low power dissipation 
0.3 mW/bit at 1 MHz and 10 V 
0.04 mWlbit at 0.5 MHz and 5 V 
(alternating 1-0 data pattern) 

" Data output TTl-DTl compatible 
• Recirculating capability 
• Delayed two-phase clock outputs available 

for cascading registers 
• Asynchronous ripple-type presettable to alil's or O's 
II Ultra-Iow-power-dissipation standby operation 

Applications: 
II Serial shift registers 
II Timepdelay circuits 
II CRT refresh memory 
II long serial memory 

MAXIMUM RATI NGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ..•.•..•..... -66 to +1500 C 
OPERATING-TEMPERATURE RANGE •.•....•... -55 to +1250 C 
DC SUPPLY-VOLTAGE RANGE (VDD-VssI...... -0.5 to +15 V 
DEVICE DISSIPATION (PER PACKAGE) . . . . ••••• 200 mW 

ALL INPUTS ....••.•.•..•....•..•......••• Vss ";VI";VDD 
LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 IN. (1.59 ± 0.79MM) 
FROM CASE FOR 10 S MAX. ......••...• 266°C 

RECOMMENDED OPERATING CONDITIONS 

DC SUPPLY VOLTAGE (VDD-Vss): SINGLE-PHASE CLOCK 
3tol0V 

TWO.pHASE CLOCK 
3to15V 

INPUT VOLTAGE SWiNG ...............•....... VDD to Vss 

305 



CD4062A 

o "DATA 

2(2)· 

tl RECIRe. 
RC CONTR 

3(3( 

REe "RECIRe. 

4(4} 

"TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12-LEAD TO-5 STYLE 
PACKAGE 

11(9). CL 
2-PHASE o---------tI> I 

CLOCK 0-----+ CL2 
5(5( 

*ALL INPUTS ARE PROTECTED 
BY STANDARD COS/MOS 
PROTECTION NETWORK 

4 
Vss 

File No. 816 

,----STAGE 1-----, r---STAGE200~ ~~~~~~~ 

-ALL INPUTS ARE PROTECTED 
BY STANDARD COS/MOS 
PROTECTION NETWORK 

4 
Vss 

Cllb) CL(o) 

CL(b) CLto) 

* TRANSMISSION GATE 
INPUT TO OUTPUT IS: 

(a) A BIDIRECTIONAL LOW IMPEDANCE WHEN CONTROL INPUT 
IS "LOW" AND CONTROL INPUT 2 IS "HIGH" 

(bl AN OPEN CIRCUIT WHEN CONTROL INPUT lIS "HIGH" AND 
CONTROL INPUT 2 IS "LOW" 

Cl (a) "INTERNAL CLOCK IN PHASE WITH CL I 
CL (b)-INTERNAL CLOCK IN PHASE WITH ClZ 

92CM-ZZ695RI 

Fig. I-CD4062A logic block diagram. 

I-PHASE 
CLOCK 

(INPUT TO 
TERMINAL I) 

Cl (a) = INTERNAL CLOCK IN PHASE WITH Cli 
Cl (b) = INTERNAL CLOCK IN PHASE WITH Cl2 
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"'TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
I2-LEAD TO-5 STYLE 
PACKAGE 

92CM-22700RI 

Fig. 2-Clock circuit logic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS. All Inputs ...................................... VSS" VI" VDD 
Recommended DC Supply Voltage (VOO-VSS) ...•.......... 3 to 15 V 

TEST CONDITIONS 
CHARACTERISTIC SYMBOL 

Vo VDD 

V V 

Quiescent Device CM=High 5 
Current IL CL1=High 10 

CL2=Low 

Oulescent Device CM=High 5 
Dissipation/Package Po CL1=High 10 

CL2=Low 

Output Voltage: 5 
Low·Level VOL 

10 

High·Level VOH 
5 

10 

Noise Immunity 0.8 5 
(Any Input) VNL 

1.0 10 

4.2 5 
VNH 

9.0 10 

Output Drive Current: a 0.4 4.5 
N·Channel Output 0.5 10 
(Sink) ION 

CL1D. 0.5 5 

CL2D 0.5 10 

4.5 5 a 
Output 2.5 5 

P·Channel 9.5 10 
(Source) lOP 

CL1D' 4.5 5 

CL2D 9.5 10 

Input Current II Any Input - -
*Maximum power dissipation rating <; 200 mW. 

Q DELAYED 200 CLOCK PULSES o , 
X"OATA SET-UP TIME 

HIGH TO LOW 
Y=DATA HOLD TIME 
Z .. OATA SET -UP TIME 

LOW TO HIGH 
92CS-22702 

Fig. 3-Timing diagram-single-phase clock. 

LIMITS 
UNITS 

FIG. 
NO. 

_550 C 250 C 1250 C 

Min. Max. Min. Typ. Max. Min. Max. 

- 12 - 0.5 12 - 720 
JJA 19 - 25 - 1 25 - 1500 

- 60 - 2.5 60 - 3600 
JlW -- 250 - 10 250 - 15000 

- 0.01 - 0 0.01 - 0.05 
V -- 0.01 - 0 0.01 - 0.05 

4.99 - 4.99 5 - 4.95 -
V -

9.99 - 9.99 10 - 9.95 -
1.5 - 1.5 2.25 - 1.4 -
3 - 3 4.5 - 2.9 -

V 20 
1.4 - 1.5 2.25 - 1.5 -

2.9 - 3 4.5 - 3 -
1.6 - 1.3 2.6 - 0.91 -
5 - 4 8" - 3.2 -

mA 13.21 
0.87 - 0.7 1.4 - 0.49 -

2.2 - 1.B 3.6 - 1.26 -
-0.31 - -0.25 -0.5 - -0.17 -
-0.93 - -0.75 -1.5 - -0.52 -
-0.87 - -0.7 -1.4 - -0.49 -

mA 14,22 
-0.43 - -0.35 -0.7 - -0.24 -
-1.1 - -0.9 -1.8 - -0.63 -
- - - 10 - - - pA -

voo 

Q DELAYED 200 CLOCK PULSES 

MIN tw(CLI1. tW(CL2)" 20 n$ 

92C5-22703 

Fig. 4-Timing diagram-two-phase clock. 
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DYNAMIC CHARACTERISTICS AT TA = 250 C. VSS = 0 V. Cl = 50pF.lnput tr.tt = 20n •• except t,Cl and ttCl 

Singl ... Ph ..... Clock Operation; Clock Mode {CM) = low; 3V ~ VDD ~ 10 V {See Figure 3) 

CHARACTERISTIC SYMBOL 
TEST CONDITIONS LIMITS 

UNITS 
VDD 

V MIN. TYP. MAX. 

Maximum Clock Frequency fCl t r • tt=20 ns 5 0.5 1 -
{50% Duty Cycle) MHz 

10 1 2 -
Minimum Clock Frequency 5 150 10 -

{50% 0 uty Cycle) fCl Hz 
10 150 10 -

Clock Rise and Fall Times" trCl. 5 - - 10 
/1S 

lfCl 10 - - 1 

Average Input Capacitance 
CI - 5 - pF 

All Inputs Except Cll and Cl2 

Propagation Delays: tplH. 5 - 1000 2000 

tpHl 
ns 

CltoQ 10 - 400 800 

Cl to Cl1D {Positive Going) 5 - 750 1500 
tplH (50% Points) 

~ 10 - 300 600 

CllD~ 
Cl to Cl2D (Positive Going) 5 - 500 1000 

C~ 
(50% Points) 

10 200 400 -

Cl2D~ 
ns 

Cl to Cl1D (Negative Going) 5 - 450 900 
tpHl (50% Points) 

Cl~ 
10 - 175 350 

Cl1D ~ 
Cl to Cl2D (Negative Going) 5 - 750 1500 

(50% Points) 
300 Cl~ 10 - 600 

Cl2D ~ 
Transition Time: 5 - 100 200 

QOutput 10 - 50 100 
tTlH' ns 

5 - 200 400 
Cl1D.Cl2D tTHl 

10 - 100 200 

-~ 
5 0 - -

tsu ns 
Cl 10 0 - -

0 

"Data Hold Time 5 150 - -

I D~ 
!HOLD ns 

10 50 - -

**If more than one unit Is cascaded in single-phase parallel clocked application, trCL should be made less than or equal to the sum of the 
propagation delay at 15 pF. and tho transition time of the output driving stage. (See Figs. 5 and 7 for cascading options.) 

.. Use of delayed clock permits high-speed logic to precede C04062A register hee cascade register operation). 
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Two-Phase Clock Operation (CL1' CL2); Clock Mode (CM) = Hi!#!; 3 V';; VDD .;; 15 V. See Figure 4. 

TESTCONDI~ LIMITS FIG. CHARACTERISTIC SYMBOL UNITS 
VDD NO. 

V MIN. TYP. MAX. 

Maximum Clock Frequency 5 1.25 2.5 -
tCL MHz -

10 2.5 5 -
Minimum Clock Frequency 5 150 10 -

tCL Hz -
10 150 10 -

Clock Overlap Time 

CL2 
flarl L 40 - - ns -

10% HI% ---CLl 

tdl -~ -~td2 
Average Input Capacitance 

CI - 50 - pF -CL1. CL2 

Propagation Delays 5 - 250 500 
CLl to Q tpHL. 10 - 100 200 

tpLH 
ns -

CLI toCL1D 5 - 250 500 

CL2to CL2D 10 - 100 200 

Data Set-Up Time 

I ;(-f-
5 300 150 -

tsu ns -
10 100 50 

D -
Data Hold Time 

I ~24 5 0 - -
.\- !HOLD ns -

10 0 - -
Clock Rise and Fall Times trCL1' CL2 No Restrict:ons It 

ttcLl. CL2 
Clock Overlap Require-
ment Is Met 

CASCADED REGISTER OPERATION 

FEATURES: 
• Low clock capacitance - 5 pF/package JL ____ ~--______ ~ 
• Medium-speed operation - 1 MHz @ll0 V 
• Stringent clock rise and fall times required 

92(5-22691 

Fig. 5-Singie-ph1Ufl clocking (eM = GNOJ. 

r-----------~_.----cc~ 

o 

L-~------__ ~~ ____ CC~ 

92C5-22696 

Fig. 6-Two-phsse clocking. 

FEATURES: 
• High-speed operation - 5 MHz @I VOO = 10 V 
• No clock rise and fall time requirements if clock 

overlap specification is met 
• Clock input capacitance only 50 pF/phase/packaga 
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"HIGH" FOR 
ALL ""S· 0 

"LOW" FOR 

ALL ·O·S· 
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CASCADED REGISTER OPERATION (CONT"D) 

a) SINGLE PHASE CLOCK INPUT (LOW SPEED) 

b) SlNGLE- PHASE - CLOCK INPUT (MEDIUM SPEED) 

el20 

cl TWO - PHASE - CLOCK INPUT (HIGHER SPEED) 

92C$- 2269'3 

FEATURES: 
• 5 pF clock capacitance 
• Low speed-delayed clock introduces ..... 200 ns 

delay per cascaded package@ 10 V 
• Non-stringent clock rise and fall times (delayed 

clock prevents race conditions when cascading registers) 

FEATURES: 
• 5 pF clock capacitance 
• Medium speed-twa-phase delayed clocks add only 

70 ns delay per cascaded package. Data must be re· 
phased (as shown I every five packages at 10 V. (10 
packages at 5 VI 

• Non-stringent clock rise and fall times 

FEATURES: 
• Low clock capacitance -- 50 pF/phase 
• Higher speed than single·phase delayed clocking 

Clock overlap required equals (40 + 20 x NI ns 
N = number of cascaded registers 

Fig. 7-Use of delayed-clock outputs. 

OPEN CIRCUIT FOR SINGLE-PHASE OPERATION 
CL2 WAVEFORM FOR TWO-PHASE OPERATION 

OPEN CIRCUIT FOR SINGLE-PHASE OPERATION 

ell WAVEFORM FOR TWO-PHASE OPERATION 

92CS-Z26.92RI 

FEATURES: 
• Ripple-type set/reset to all l's/O's 
.• Ultra-low standby power dissipation 

Fig." a-Asynchronous setlreset and standby. 

92CS -22690 

FEATURES: 
• 64 stage static register delayed clock compatible 

with single-phase clock input on CD4062A 
• CllD delayed clock output on CD4062A compatible 

with other COS/MOS registers 

Fig. 9-Compatibility with other COS/MOS registersllogic. 

92CS-2269S 

FEATURES: 
• Single TTL supply level 
• "Aace"-Free: High speed TTL driving 

medium speed COS/MaS 

Fig. TO-Compatibility with TTLIDTL systems. 
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CD4062A 

100 

75 

50 

25 

SIMPLE TWO-PHASE CLOCK GENERATOR CIRCUITS FOR DRIVING CD4062A 

CL 

REQUIRED: 
1 QUAD 2 NAND OR TRIPLE 3 NAND 
{SN5400/74000R {SN5410/74101 
1 HEX INVERTER (SN5404/74041 

1-.... -'II'''''-+5V 

>_l--QCL, 

~-5V 

CL:yJ I ~ L .• - ov 

Ir 5V 

ell IO"';j .. --- --OV 

92CM-22697 

td1 ANO td2 '" 40 n,WITH THIS CIRCUIT 

td1 AND td2 MAY BE AOJUSTED BY 
ADDING MORE INVERTER DELAYS OR 
CAPACITIVELY LOADING POINTS a AND b. 

Fig. 11-TTL -5-volt levels (only 2-gate packages required). 

CL [>------{)CL, 

REQUIRED: 
1 CD4001A-QUAD 2 INPUT NOR GATE 
1 CD4050A-HEX BUFFER (NON·INVERTINGI 

ft 10V 

ell 10% - -- --OV 

tdll r'd 2 

90%~-IOV 

CL2-' '---OV CL2 
92CM-22101 

td1 ANDtd2 '" 100n,WITHTHISCIRCUIT@10V 

td1 AND td2 MAY BE ADJUSTED BY ADDING 
MORE INVERTER DELAYS OR CAPACITIVELY 
LOADING a AND b. 

Fig. 12-COS/MOS-3·15 1I00t 1811els (only 2-gate packages required). 

AMBIENT TEMPERATURE ITA)·ZS"C -iT 
TYPICAL TEMPERATURE COEFFICIENT IS -O.3%/·C -li~ 

AT ALL VALUES OF VGS 
-20 

DRAIN-TO-SDURCE YOLTSIVOsl 
-15 -10 -5 -. 

-10 

a 
a 

-IO~ 
MAXIMUM AVERAGE 
PKG. DISSIPATION (200 mW) . 

5V 

rtt 

10V 

GATE-TO-SOURCE VOLTAGE 
(VGS)"15V 

10 15 

DRAIN-TO-SOURCE VOLTAGE (Yos)-V 
92CS-23854 

ATE-TO-SOURCE VOLTSIVGSI--15V 

AMBIENT TEMPERATURE I TAl- 25"'C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF VOo--o.3%'OC 

i 
.J -20= ., 
z: 

~ 
-30 

92CS-19114RI 

Fig. 13-Typical n~hBnnel drain characteristic, for Q output. Fig. 14-Typical p-channel drain characteristics for 0 output. 
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, 
r 

~ 
~ 

AMBIENT TEMPERATURE ITA}. 25·C 
TYPICAL TEMPERATURE COEFFICENT FOR 

300 ALL VALUES OF VOO-O.3%.'-<; 

~200 

a 
~ w ~ ~ ~ ro ro ~ ~ ~ 

LOAD CAPACITANCE lel) - pF 92CS-2466!5 
NOTE: tTtL FOR Q OUTPUT IS SIGNIFICANTLY LESS THAN tTLH 

Fig. 15-Typical transition time vs. CL for data outputs. 

10.. 

;0 6 

E 

~ 
'" I 
~ • 
" 6 

~ 
Z 
0 

~ 
:: 
0 

ffi 
;0 
0 .. 

0.0.1 

468'04 468'05 

CLOCK FREQUENCY (fel)-Hz 

92CS-24666 

Fig. 11-Typical power dissipation vs. frequency. 

is 

AMBIENT TEMPERATURE ITA ·2!S-C 
TYPICAL TEMPERATURE COEFFICENT FOR 

300 ALL VALUES OF Voo-O.3%/-C 

SUPPLY VOLTS 1Vao 1-5 

,a 

File No. 816 

~ 100 '5 

~ ... 

a 
a 

LOAD CAPACITANCE 1Cl)-pF 92CS-19750 

Fig. 16-Typical transition rime VI. CL for delayed clock output. 

. 
I .. 
" ~ 
D 

'" ::: 
t: 
~ 
~ 
'" Z 
i 

Id'~ 3V:5 YDDSIOV SINGLE PHASE CLOCK 
6 3V!S VOO:5 15V TWO PHASE CLOCK 
4 / 

, 
/ 10' • ",.., 

• ,.,.'" / 4 ..,,,"'l 

, ./ / -- ""y la' .'" • .. "" 6 
/ 4 

, / 
10. / 

-75 - -50250255075 
AMBIENT TEMPERATURE (TA)---:·C 

100 125 

92CS-24667 

Fig. f8-Minimum shift frequency ... s. ambient temperature. 

TEST CIRCUITS 

lav 

92CS-24668 

Fig. 19-Quiescent device current. 
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92CS-24669 

Fig. 20-Noise immunity. 

In single·phaseclock mode inputs Cl l and Cl2 should be 
left unconnected. 

In two·phase clock mode l·phase clock input may be 
left unconnected because an internal pulldown device 
is provi ded. 
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OOC03LJD Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4063B Types 

COS/MOS 4-Bit Magnitude Comparator 

WORD A 
A>8 A>8 

CASCADING r A=8 A:8 
INPUTS lA<e A<8 Features: o WORDS 

4 • Standard B·series output drive 

• Expansion to 8, 16 ... 4N bits by cascading units 

92CS-24~16 • Medium·speed operation: compares two 4·bit words in 250 ns (typ.) at 10 V 

Applications: 

CD4063B FUnctional Diagram 
• Servo motor controls 

.. Process controllers 

The RCA-CD4063B is alow·power 4·bit magnitude comparator 
designed for use in computer and logic applications that 
require the comparison of two 4·bit words. This logic circuit 
determines whether one 4·bit word (Binary or BCD) is "less 
than", "equal to", or greater than" a second 4·bit word. 

The CD4063B has eight comparing inputs (A3, B3, through 
AO, BO), three outputs (A < B, A = B, A > B) and three cas· 
cading inputs (A < B, A = B, A > B) that permit systems 
designers to expand the comparator function to 8, 12, 16 ... 4N 
bits. When a single CD4063B is used, the cascading inputs are 
connected as follows: (A < B) = low, (A = B) = high, (A> B) = 
low. 

For words longer than 4 bits, CD4063B devices may be cas· 
caded by connecting the outputs of the less·significant com· 
parator to the corresponding cascading inputs of the more· 
significant comparator. Cascading inputs (A < B, A = B. and 
A > B) on the least significant comparator are connected to a 
low, a high, and a low level, respectively. 

All outputs have equal source· and sink·current capabilities and 
conform to standard B·series output drive (see Static Elec· 
trical Characteristics). 

The CD4063B is supplied in 16·lead dual·in·line welded·seal 
ceramic packages (D), plastic packages (E), ceramic packages 
(F), flat packs (K), and in chip form (H). 

TRUTH TABLE 

INPUTS 

COMPARING CASCADING 
OUTPUTS 

A3, B3 A2, B2 A1, B1 AO, BO A<B A=B A>B A<B A=B A>B 

A3>B3 X X X X X X 0 0 1 
A3= B3 A2>B2 X X X X X 0 0 1 

A3=B3 A2=B2 Al>Bl X X X X 0 0 1 

A3=B3 A2=B2 Al =Bl AO>BO X X X 0 0 1 

A3=B3 A2=B2 Al =Bl AO=BO 0 0 1 0 0 1 

A3=B3 A2= B2 Al =Bl AO= BO 0 1 0 0 1 0 

A3=B3 A2=B2 Al =Bl AO= BO 1 0 0 1 0 0 

A3=B3 A2= B2 Al =Bl AO<BO X X X 1 0 0 

A3= B3 A2=B2 Al<Bl X X X X 1 0 0 

A3=B3 A2<B2 X X X X X 1 0 0 

A3<B3 X X X X X X 1 0 0 

X = Don't Care 1 ;; High State 0;; Low State 

8·74 313 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CD4063BD.BK.BF,BH 

CONDI· 
CHARAC· 

SYMBOL TIONS CERAMIC PACKAGE LIMITS llIIlTS 
FIG. 

TERISTIC 
Vo VDD _55°C 

Volts Volts Min. Typ. Max. 

5 - - 5 
Quiescent Device 

IL 10 - - 10 
Current 

15 - - -
Output Voltage 5 - - 0.01 

Low·Level VOL 10 - - 0.01 
15 - -
5 4.99 

High-Level VOH 10 9.99 -
15 - -

0.8 5 1.5 -
VNL 1 10 3 -

Noise Immunity 
1.5 15 - -
4.2 5 1.4 -

VNH 9 10 2.9 -
13.5 15 - -

Output Drive 
Current: 

0.4 5 0.5 -
N-Channel 

ION 0.5 10 1.1 -
(Sink) 

1.5 15 - -
2.5 5 -1.8 -

P-Channel lOP 4.6 5 -0.5 -
(Source) 9.5 10 -1.1 -

13.5 15 - -
Input Current II 15 - -

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE-TEMPERATURE RANGE_ .......•.... -66 to +1500C 
OPERATlNG·TEMPERATURE RANGE: 

CERAMIC.pACKAGE TYPES ............... , -55 to +l25oC 
PLASTIC-PACKAGE TYPES ..•.•..... , .•...• -40 to +85 °c 

DC SUPPLY-VOLTAGE RANGE 
Voe .................. < •••••••••••••••••••• -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE) .•............ 200 mW 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch U.59 ± 0.79 mm) 
from case for 10 seconds max. ...•.......•....... 265°C 

• All voltage values are referenced to VSS terminal. 

314 
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-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-

25°C 1250C 
NO. 

Min. Typ. Max. Min. Typ. Max. 

- 0.02 5 - - 300 
- 0.02 10 ,... - 600 I1A 12 

- 0.02 - - - -
- a 0.01 - - 0.05 
- a 0.01 - - 0.05 
- a - - - -

V -
4.99 5 - 4.95 - -
9.99 10 - 9.95 - -
- 15 - - - -

1.5 2.25 - 1.4 - -
3 4.5 - 2.9 - -
- 6.75 - - - -
1.5 2.25 - 1.5 

V 13 - -
3 4.5 - 3 - -
- 6.75 - - - -

0.4 0.8 - 0.3 - -
0.9 1.8 - 0.65 - - rnA 3,4 
3 6 - - - -

-1.6 -3.2 - -1.3 - -
-0.4 -0.8 - -0.3 - - rnA 5,6 
-0.9 -1.8 - -0.65 - -
-3 -6 - - - -
- ±10-5 ±1 - - - JJ.A -

OPERATING CONDITIONS AT TA= 25°C 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges 

Characteristic VDD Min. M ... Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2VDD -0.5 V V -
(Recommended Vss to VOO) to to 

0.8 V DD VDD + 
(Anyone 0.5 V 

input) 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONOI· C04063BE 

CHARAC· TIONS PLASTIC PACKAGE LIMITS FIG. 
SYMBOL UNITS NO. TERISTIC Vo VOO -40°C 25°C 85°C 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

5 - - 50 - 0.02 50 - - 700 
Quiescent Device 

IL 10 - - 100 - 0.02 100 - - 1400 JlA 12 
Current 15 - - - - 0.02 - - - -

5 - - 0.01 - 0 0.01 - - 0.05 
Output Voltage: VOL 10 - - 0.01 - 0 0.01 - - 0.05 

Low·Level 15 - - - - 0 - - - -
V -

5 4.99 - - 4.99 5 - 4.95 - -
High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -

15 - - - - 15 - - - -

0.8 5 1.5 - - 1.5 2.25 - 1.4 - -
VNL 1 10 3 - - 3 4.5 - 2.9 - -

1.5 15 - - - - 6.75 - - - -
Noise Immunity V 13 

4.2 5 1.4 - - 1.5 2.25 - 1.5 - -
VNH 9 10 2.9 - - 3 4.5 - 3 - -

13.5 15 - - - - 6.75 - - - -
Output Drive 

Current: 
0.4 5 0.45 - - 0.4 0.8 - 0.36 - -

N-Channel 0.5 10 1 - - 0.9 1.8 - 0.75 - - mA 3,4 
(Sink) ION 1.5 15 - - - 3 6 - - - -

2.5 5 -1.8 - - -1.6 -3.2 - -1.3 - -
P·Channel lOP 4.6 5 -0.45 - - -0.4 -0.8 - -0.36 - - mA 5,6 

(Source) 9.5 10 -1 - - -0.9 -1.8 - -0.75 - -
13.5 15 - - - -3 -6 - - - -

Input Current II 15 - - - - ±10-5 2:1 - - - JlA -

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input tr tt = 20 ns, and CL = 50 pF 

TEST CONDITIONS 
ALL TYPES CHARACTERISTIC 

LIMITS CURVES & CHARACTERISTIC SYMBOL 
VOO 

UNITS 
TEST CIRCUITS 

Volts Typ. Max. FIG. NO. 

Propagation Delay Time: tpHL, 5 625 1250 
Comparing Inputs to 

tpLH 10 250 500 
Outputs 15 175 -

7,8 ns 

tpHL, 5 500 1000 
Cascading Inputs to 

tpLH 10 200 400 
Outputs 15 140 -

tTHL 5 100 200 
Transition Time 10 50 100 ns 9 

tTLH 15 40 80 

Average Input Capacitance CI Any Input 5 - pF -
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:i;------ - ------- --1 
! 83 i 
I ~3 A<S 
, 83 

I 

IAw8I1NQ3!)--'*;):-O------+' 

,_A 
~ 

v's 

* ALL INPUTS PROTECTED 
8T THE STANDARD 
CDSIIIIDS PRarECTIDN 
NETWDRK 

, 
I I~ , 
'_ I 
~:~~ - -------- -----' 

AS Ag AID All 

tp TOTAL" tp (=~RE) + 2. fp <=:E). AT CL 111 15 pF (each outpUll. Voo. 10V 

13 STAGES) 

111 250 +.2 :II (200) .. 650 ns ITVP.) 

Fig. 2-Typical $peed characteristics of a 12-bit comparator. 
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AMBIENT TEMPERATURE (TA I_ZSDC .. 
e 
I 
Z MAX IMUM PACKAGE DISSIPATION ~ 200 mW 
o 

!:! 2~ .. 
z .. 
~ 20 

GATE-lO-SOURCE VOLTAGE 
(VGS)=15 v 

10 V 

'V 

5 .10 15 

DRAIN-lO-SOURCE vOLTAGE 1VOSI-V 
90!CS-24319 

Fig. 3-Typital oUfput-N-channel drain characteristics. 

DRAIN-TO -SOURCE VOLTAGE (Vosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE (fA 1"'2SD C 

GATE-TO-SOURCE VOLTAGE (VGSI;- 5 v 

MAXIMUM PACKAGE 
QISSIPATION=200 mW 

-ISV 

-IOV 

.. 
-5 ~ 

~ 
-10 !:! .. 

15 
-15 ~ 

z 
-20 ~ 

~ .. 
z 
z .. 
G 
I 
~ 

92CS-24!20 

Fig. 5-Typical oUfput-P-channtll drain characteristics. 

700 AMBIENT TEMPERATURE (TA)" 2S·C r 600 PP1.'1 VOLT~E NCD1- SV 

:s 
~ soo 

1,00 .. 
;: 
5 300 10V 

i!l 

I 200 

if 100 

isv 

IE 
a 
rn ro ~ ~ ~ ro ro ro ~ ~ 

LOAD CAPACITANCE (~)-pF 

92CS-24517 

Fig. 7-Typical propagation delay time vs.loadcapacitance. 

AMBIENT TEMPERATURE (TAl" 2~·C .. 
e t 15 

!:!.12.5 .. 
z .. 
'" a 10 

~ 7.5 

~ 5 

~ 
't 2.5 

GATE-TO-SOURCE VOLTAGE (VGS)=15V 

10 V 

5V 

a 5 10 15 
DRAIN-TO -SOURCE VOLTAGE (VDS)- V 

'l2CS-2431'l 

Fig. 4-Minimum output·N-channel drain characteristics. 

DRAIN-TO-SOURCE VOLTAGE (VOs)-V 

-15 -10 -5 

AMBIENT TEMPERATURE ITA )=2S-C 

~ 

GATE-TO-SOURCE VOLTAGE (VGSJ=- 5 V 

10V 

-15V 

92CS-24321 

z 
10 ~ 

~ .. 
z 
z 

" G 
-15 ~ 

Fig. 6-Minimum output-P-channel drain characteristics. 

1500 

AMBIENT TEMPERATURE ITAI· 2S·C 
LOAD CAPACITANCE (CLI· SO pF 

'"j1250 

'" g .. 
'" ... 
5 
i!l 
z 
0 

to 
if 
IE 

1000 

7~ 

500 

250 

2.5 1.5 10 12.5 15 11.5 20 
SUPPLY VOLTAGE (VDOI-V 

92CS-24518 

Fig. 8-Typical propagation delay time vs. supply voltage 
("comparing inputs'; to outputs). 
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LOAD CAPACITANCE ICL)-pF 
'J2CS-24322 

Fig. 9-Typical transition time vs. load capacitance. 

Voo 

OV +-<> 
o 

Voo 

12 

10 

92CS-24521 

Fig. 11- Quiescent device current test circuit. 

~ 
I 

? 
Z 
2 

~ 
1li 
C 

'" w ,. ., 

File No. 805 

10: I AMBIENT TEMPERATURE ITA):' 25°C 

4 

2 

10' 

• 
4 

2 

102 · 4 

2 

10 · 4 f- -
2 

I 
0.12 468 1 .. 469 10 2 4681022 4 6 aid' .. 468104 

FREQUENCY (1)- kHz 
92CS-24519 

Fig. to-Typical dynamic power dissipation characteristics. 

92CS-24522 

Fig. 12--Noise immunity test circuit. 

Fig. 13-·Dynamic power dissipation test circuit. 
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OOm3L}O Digital Integrated Circuits 
Solid State 
Division CD4066AD 

CD4066AK 

Monolithic Silicon 

CD4066AE 
CD4066AH 

INIOUT I 

SIG A 
COS/MOS Quad Bilateral Switch 
For Transmission or Multiplexing of Analog or Digital Signals 

Applications: 
SIG B 

INIOUT 
• Analog si'gnal switching/multiplexing 

Signal gating Modulator 
Squelch control Demodulator 
Chopper Commutating switch 

• Digital signal switching/Multiplexing 
• Transmission-gate logic implementation 

• Analog-to-digital & digital-ta-analog conversion 

92CS-21627 • Digital control of frequency. impedance. phase. and 
analog-signal gain 

RCA-CD4066A is a quad bilateral switch intended for the 
transmission or multiplexing of analog or digital signals_ It 
is pin-for-pin compatible with RCA-CD4016A. but exhibits 
a much lower ON resistance, I n addition. the ON resistance 
is relatively constant over the full input-signal range. 

The CD4066A consists of four independent bilateral switches, 

A single control signal is required per switch. Both the p and 
the n device in a given switch are biased ON or OFF simul
taneously by the control signal. As shown in Fig. 1. the well of 
the n-channel device on each switch is either tied to the input 
when the switch is ON or to VSS when the switch is OFF, 
This configuration minimizes the variation of the switch
transistor threshold voltage with input signal. and thus keeps 
the ON resistance low over the full operating-signal range, 

The advantages over single-channel switches include peak 
input-signal voltage swings equal to the full supply voltage. 
and more constant ON impedance over the input-signal range. 
For sample-and-hold applications. however. the CD4016A 
is recommended. 

SWITCH 

CONTROL ~ 
~ ____ A'(=-__ ~ IN 

NORMAL OPERATION 
CONTROL-LINE BIASING: 
SWITCH ON,'e'''·YOD 
SWITCH OFF, Vc "0" -Vss 

92CS-2L628 

Fig. 1 - Schematic diagram of 1 of 4 identical switches and its 
associated control circuitry. 

7-74 

The CD4066A is supplied in a 14-lead dual-in-line ceramic 
package (C04066AO). in a 14-lead dual-in-line plastic package 
(C04066AE). or in a 14-lead ceramic flat pack (C04066AK). 
It is also available in chip form (C04066AH), 

Special Features: 

• 15-V digital or ± 7.5-V peak-to-peak switching 

• 80-n typic~1 ON resistance for 15-V operation 

• Switch ON resistance matched to within 5 n over 15-V 

signal-input range 

• ON resistance flat over full peak-to-peak signal range 

• High ONIOFF output-voltage ratio: 65 dB typo 

@fis= 10 kHz. Rl = 10 kn 

• High degree of linearity: < 0.5% distortion typ.@fis=l kHz. 

Vis = 5 Vp-p• VDO-VSY 10 V. Rl = 10 kn 

• Extremely low OFF switch leakage resulting in very low 

offset current and high effective OFF resistance: 

10 pA tyP-@VOD-VSS= 10 V. TA = 250 C 

• Extremely high control input impedance (control circuit 
isolated from signal circuit): '1012 n typo 

" low crosstalk between switches: 

-50 dB typo @ fis = 0.9 MHz. R l = 1 kn 

• Matched control-input to signal-output capacitance: 
Reduces output signal transients 

• Frequency response. switch ON = 40 MHz (typ.) 
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ELECTRICAL CHARACTERISTICS (All inputs • • • • • • • • • • • • • 
(Recommended OC Supply Voltage (Voo-Vssl 

• Vss <; VI <; Vool 
3 to 15 VI 

CHARACTERISTIC 

Quiescent Dissipation 
per Package 

All Switches OFF 

All Switches ON 

SYMBOL 

VDD 

VSS 
Vc 
Vis 

PT 
Yo. 

VDD 
VSS 

Vc 
Vjs=Vos 

TEST CONOITIONS 

VOLTS 
TERMINALS ~ ,. + 10 
7 GND 
5,6,12,13 GND 
1.4,B.l1 <;;+ 10 
2,3,9,10 <;;+ 10 

VOLTS 
TERMINALS APPLIED ,. + 10 
7 GND 

5,6,12,13 +10 
1.4,8.11 <:+ 10 IJ;;;;~I 

SIGNAL INPUTS tVis) AND OUTPUTS tV •• ) 

ON Resistance 

Il ON Resistance 
Between Any 2 
of 4 Switches 

Sine Wave Response 
(Distortion) 

Input or Output 
Leakage-Switch OFF 
(Effective OFF 
Resistance) 

Frequency Response· 
Switch ON 
ISine Wave Input) 

Feedthrough 
Switch OFF 

Crosstalk Between any 2 
of the 4 switches 

(Frequency at -50 dB 

RON 

llRON 

Capacitance Input CIS 

Output COS 

Feedthrough etOS 

Propagation Delay 
Signal Input to tpd 
Signal Output 

320 

RL:<10kU 

RL = 10kU 

RL=10kU 

fis = 1 kHz 

~ 
+7.5 V 

+5 V 

VC=VDD VSS Vis 

-7.5V 
+7.5 V -7.SV to 

+7.5 V 

0 to 
+15 V OV +15V 

-5V 
+5 V -5V to 

+5 V 

+lDV OV 
Oto 

+10 V 

-2.SV 
+2.5 V -2.5 V to 

+2.5 V 

Oto 
+5 V OV +5 V 

+7.5 V -7.5 V -+7.5 to -7.5 
0' 

+15toOV +15 V OV 

+5 V -5V +5Vto-5V 
0' 

+10 V OV +10VtoOV 

+5 V -5V 5 Vlp·p)· 

~ Vis 

-7.5 V ±7"5V 

-5V ±Sv 

LIMITS 
CD4066AD. C04066AK 

Typ. Mix. Typ. Mix. Typ. Mix. 

0.1 300 

0.1 300 

60 220 80 280 ,.5 320 

85 400 120 500 190 550 

160 3000 270 5000 360 5500 

10 

0 .• 

. . 
- ±100 fO.l ±100 1200 

- ±10a* fO.Ol ±100* - 1200' 

UNITS 

n 

n 

% 

nA 
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ELECTRICAL CHARACTERISTICS (All inputs • • • • • • • • • • • • • 
(Recommended OC Supply Voltage (VOO-VSS). 

Vss';;; VI .;;; VOO) 
3 to 15 V) 

LIMITS 
CD4D66AD. CD4066AK 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
-ss·C I 2S·C I 12S·C 

Typ:r Max. I Typ. I Max. I TypT Max. 

Control (Vc) 

4.5 

UNITS 

v 
Noise Immunity • 

Input Current 

Voo Vss 10V 
lis'" 10",A 

V;s~ VOO ~V-O-O~_~V-SS--_-l0--V--------~---+----~--4---~~~r---t---PA---i 
Vc =:;;; VOO-VSS ±10 

Average Input Capacitance 

Crosstalk 
Control I nput to 
Signal Output 

Propagation Delays 

Maximum Allowable 
Control Input 
Repetition Rate 

Cc 
Voo VSS-l0V 
VC· 10V 
(square wave) 

t re '" tfc '" 20 ns RL - 300n 
Vis ~ lOV. CL '" 15 pF 

VOO=10V.VSS=GNO.RL -1 kn 

CL=15pf 
VC'" 10 V (square wavel 
t '" t "" 20 ns 

pF 

50 mV 

35 

10 

• Limit determined by minimum feasible leakage measurement for automatic testing. 
A Symmetrical abOut 0 volts. 

• Minimum value for all temperatures shown is 2 V. 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS 
-4Q·C 

C04066AE 
UNITS 

2SoC 8S·C 

Typ. Max. TyP. Max. TyP. Max. 

VOLTS 
TERMINALS ~ 

Quiescent Dissipation VOO 14 +10 
per Package Vss 7 GNO 
All Switches OFF Vc 5.6.12.13 GNO - 50 0.1 50 - 300 .W 

Vis 1.4.B.l1 ~+ 10 

PT 
V.S 2,3,9,10 ~+ 10 

VOLTS 
TERMINALS APPLIED ---

VOO 14 + 10 

All Switches ON 
VSS 7 GNO 

- 50 0.1 50 - 300 .W 
Vc 5.6.12.13 + 10 
Vis'" Vos 1.4,8.11 :G;+ 10 IJ~uo.) 

SIGNAL INPUTS 1V;.1 AND OUTPUTS 1V.,1 

VC~VOO VSS Vis 

-7.5 V 
+7.5 V -7.5 V '0 

+7.5 V 

0 '0 
80 250 SO 280 130 300 

+15V OV +15 V 

-5 V 

ON Resistance ,RON RL '" lOkI! +5 V -5 V .. I! 
+5 V 

0'0 
100 450 120 500 170 520 

",OV ·OV +lOV 

-2.5V 
+2.5 V -2.5 V '0· 

i'2.5V 

o to 
190 3500 270 5000 330 5200 

+5V OV +5V 

+7.5 V -7.5 V +7.510 -7.5 

A ON Resistance 
., 

+15toOV 
- - 5 - - -

Between Any 2 MON RL'" 10 kU 
+t5V OV n 

of4 Switches +5V -5V +5Vto-5V 
0' +10VtoOV 

- - 10 - - -
·'0V OV 

Sine Wave Response RL"'10kH +5V -5 V 5 Vlp·p)'" - - 0.' - - - % 
(Distortion) 'os '" 1 kHz 
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CHARACTERISTIC SYMBOL 

Input or Output 
Leakage-Switch OFF 
(Effective OFF 
Resistance) 

Frequency Response-
Switch ON 
(Sine Wave Input) 

Feedthrough 
Switch OFF 

Crosstalk Between any 2 
of the 4 switches 

(Frequency at -50 dB 

Capacitance Input CIS 

Output COS 

Feedthrough CIOS 

Propagation Delay 
Signal Input to tpd 
Signal Output 

Control IVe) 

Noise Immunity • VNL 

Input Current IC 

Average Input Capacitance Cc 

Crosstalk 
Control Input tD 
Signal Output 

Propagation Delays tpdC 

Maximum Allowable 
Control Input 
Repetition Rate 

VDD 
+7.5 V 

'5 V 

TEST CONDITIONS 

Vc - Vss 
-7.5 V 

5V 
±7.5 V 

±5v 

Vc "Voo - +-5V Vss '" -5 V 

V 0' 

-40°C 

TVp. Max. 

+100 

- ±lQO* 

LIMITS 

C04066AE 

85°C 
UNITS 

2SoC 

Typ. Max. Typ. Max. 

!D.I +100 '200 

±n,Dl ±100* 
oA 

- '200 

40 MH, 
RL" 1 kl1 20 L0 91 o v:;- " -3 dB 

Vis=5 V (p.p) I-V-D-D-"-'-5-V-.-V"':C::"-V~S-S-"---5--V-I--+--I--+----J.--+----jf-----I 

RL'" 1 Kn 

Vis (A) '" 

5 V (p-p) 

20 L0910 Vas", -50 dB 
Vis 

VetA) Voo '" +5V 

VClBl '" VSS '" -5 V 

vastS) 
20 L0910 VisfA) '" -SO dB 

Voo - +5 V. Vc - VSS - -5 V 

Vc - VOO +10 V. VSS GND. CL '" 15 pF 
Vis'" 10 V (square wave) 

tr = tf '" 20 ns !input signal! 

1.25 MH, 

0.9 MH, 

pF 

0.5 

10 

4.5 V 

±1O 

Voo VSS 10 V 
lis = 10p.A 

Vis ~ VOO I-:'V;-D-D""7V;-S-S-:-=';:-O~V;----""--+----j--+---+--+--I---
Vc< VOO-VSS 

Voo VSS lOV 
VC'" lOV 
(square wave) 

trc = ttc "" 20 ns Rl 30an 
Vis < lOV, CL :: 15 pF 

Voo lOV, VSS GND, RL -1 kn 

Cl=15pf 
Vc = 10 V (square wave) 
t = t :: 20 ns 

pA 

pF 

50 mV 

35 

10 MH, 

• Limit determined by mimmum feasible leakage measurement for automatic testmg. 
.. Symmetrical about 0 volts. 

• Minimum value for all temperatures shown is 2 V • 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE TEMPERATURE RANGE . 

OPERATING TEMPERATURE RANGE: 

Ceramic Packages. _ _ _ 

Plastic Packages . . . . 

DISSIPATION PER PACKAGE 

DC SUPPLY VOLTAGES: 

-55°C to +1250 C 
-40oC to +850 C 

200mW 

VDD-VSS; VDD-VEE· . . . . . . . . -0.5 to +15 V 

ALL SIGNAL AND DIGITAL CONTROL INPUTS. VSS <VI <VDD 

MINIMUM RECOMMENOEO POWER SUPPL Y VOLTAGES 

VDD-VSS; VDD-VEE· . . . . . . . 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max.. . . . . . 

322 

3V 

SPECIAL CONSIDERATIONS - C04066A 

1. I n applications where separate power sources are used to 
drive VOO and the signal inputs, the VOD current cap
ability should exceed VOD/R L (R L = effective external 
load of the 4 C04066A bilateral switches). This provision 
avoids any permanent current flow or clamp action on the 
VOO supply when power is applied or removed from 
CD4066A. 

2. In certain applications, the external load-resistor current 
may include both VOO and signal·line components. To 
avoid drawing VDD current when switch current flows 
into terminals 1, 4. 8, or 11, the voltage drop across the 
bidirectional switch must not exceed 0.8 volt (calculated 
from RON values shown). 

No VOO current will flow through RL if the switch current 

flows into terminals 2, 3, 9, or 10. Failure to observe this 
condition may result in distortion of the signal. 
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3:f10 AMBIENT TEMPERATURE 
~ CTA)-2S-C 
o 300 
I 

~ 250 
!!: 

SUPPLY VOLTAGE 
VOO-VSS)aS V 

... 
~ 200 e 
$ 150 

z 
o 100 
-' ... z 
:i 50 
15 

a 
-8 -6 -4 -2 a 2 4 

SIGNAL VOL. rAGE (Vis' - VOLTS 

10V 

92CS-23913 

Fig.2 faJ - Typical channel ON resistance vs. signal voltage for 
three values of supply voltage (VDO-VSs). 

"' " 5300 

I 
~250 
2; ... 
~ 200 ... 

. :;; 
13 150 
II: 

z 
0 100 

-' ... 
~ 
~ 50 

a 

SUPPLY VOLTAGE (Voo-Vssl,.,IOV 

-8 -6 -4 -2 0 2 4 
SIGNAL VOLTAGE (Vis) - VOLTS 

92CS-23915 

Fig.2 teJ - Typical channel ON rl1l;stanc8 V$. signal voltage 
with supply I/Oltage IVOO-VssJ = 10 V. 

VDO 

IOKA 

H.P. 
MOSELEY 

7030. 

92CS-22716 

Fig.3 - Channel ON resistance measurement circuit. 

350 SUPPLY VOLTAGE AMBI NT T MP RATUR 
ITA)aI25·C ~ IVDD-Vssl-SV 

o 300 
I 

~ 250 

... 
~ 200 e 
"' ~ 150 
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z 

100 

:i 50 
i3 

a 
-8 -6 -4 -2 a 2 4 

SIGNAL VOLTAGE (Vi..) - VOL T5 

92CS-23914 

Fig.2 (bl - Typical channel ON resistance vs. signal voltage 
with supply voltage (VOO-VSS) = 5 V. 

"' '" 
300 

6 300 
I 
z 
~ 250 

... 
o 
z 200 e 

SUPPLY VOLTAGE (Voo-VSS)" 15V 

"' ~ 150 
AMBIENT TEMPERATURE 
(TA)-125D C 

§ 

, a 
-8 -6 -4 -2 0 2 4 

SIGNAL VOL TAGE'{Vi,s) -VOLTS 
92CS-23916 

Fig.2 (d) - Typical channel ON resistance vs. signal voltage 
with supply I/Oirage (V::IO-VssJ = 15 V. 

INPUT SIGNAL VOLTAGE (Vi.,s)-VOLTS 

92CS-291 

Fig.4 - Typical ON eharacteri.tiC$ for' of 4 channels. 
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TEST CIRCUITS 

Clot 

r-----\l------, 
I. Vc·-!5V Voo -+5V : 

I I 
I I 

VSS--5V 

MEASURED ON BOONTOfll 
CAPACITANCE BRIDGE 
MODEL 75A (IMHz) 
TEST FIXTURE CAPACITANCE 
NULLED OUT 

92CS-23918 

Fig.5 - Capacitance •. 

IOkSl 

ALL UNUSED INPUTS ARE CONNECTED TO VSS. 

92CS~23920 

Fig.7 - Propagation delay time signsl input (V'S) to 
signs' output (V OS). 

30011 

ALL UNUSED TERMINALS ARE CONNECTED TO Vss· 

92CS-2S922 

Fig.9 - Propagation delay tPLH, tpHL control-signal output. 

10. AMBIENT TEMPERATURE CTA)-2S G C 
;0 • r • ;r • V // 

i ~.\ ... ~ V /"" 
" 10' 

~ • \-.100 

• d-<~<#-?- \O~ ./ 
'" • ~ 

c---,..,Y -- Fi z 
2 !II'./ " _ !2 

~ 10· V/ Yt-' 
iii • 6 ,= 
is • ./ 

C04066A1 _ 
I 

15 • / I 1-
;0 

~ 2 ~ -
10 / Vss 

10 • • 10" SWITCHING FREQUENCY (f)-kHz 
92CS-23924 

Fig. 1 1 - Power diaipation per package VI switching frequency. 
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ALL UNUSED TERMINALS 
ARE CONNECTED TO vss. 

92CS-23919 

Fig.6 - OFF switch input or ou.tput INk. 

+IOV~ 

',"'f z20ns 

Voo 

ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS. 

92CS-2!921 

Fig.8 - Crosstalk-control input to signal output. 

Vc ..,::ft I-
"·.'f·20n.~ 
Yo.90~1 

~~t£1 --0 

~~I- . 

+IO~ Vc 
VOO*+IOV 

',·'f-20n, 

lOll 

ALL UNUSEO INPUTS ARE CONNECTEO TO YSS. 

92CS-2!923 

Fig. to - Maximum allowable control input repetition rate. 

~5 ANALOG INPUTS (t:5V) 
I 

j -. 

I 
ANALOG OUTPUTS (is V) 

92CS-21614 

Fig. t2 - Bidirectional signal transmission via digital control logic. 
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SIGNALS 
INPUTS 

CHANNEL I 

CHANNEL 2 

CHANNEL 3 

CHANNEL 4 

PACKAGE COUNT 

2 - CD400lA 

I - CD4049A 

=\= 
CLO~K Voo 

MAX. ALLOWABLE 10 
SIGNAL LEVEL -- -- _. --30%(VoO-Vssl ~ 

VS5 10K 

3 - CD4066A 
2 -CD40IBA 

NOTE: I CHAN,' I CHAN.2! CHAN.31 CH~N.41 
Synchronization is obtained by means of the clock (amplitude) 
triggering the counter at receiver end only. Hence signal amplitudes 
must be less than 30% of Voe - VSS to avoid erroneous counting or 
inhibit at C04018A and CD4049A. respectively. 

Fig. 13 - 4-channel PAM multiplex system diagram. 
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OUCD3LJD 
Solid State 
Division 

Preliminary Data'" 

COS/MOS 

Digital Integrated Circuits 
Monolithic Silicon 

Preliminary CD4067BD 
Preliminary CD4097BD 

INH. r------., "3 I OF 16 DECODER Analog Multiplexers/Demultiplexers 
i I 

o~,.......;-I_--+-, 
CD4067B-Single l6-Channel Multiplexer/Demultiplexer 
CD4097B-Differential B-Channel Multiplexer/Demultiplexer 

I"..J-:: ~N ~ -', I I'-' 
IN/OUT I 'I I I . , 

150 I j--.,J 
92CS-24924 

CD40678 Functional Diagram 

The RCA-CD4067B and -CD4097B COS/MOS analog multi
plexers/demultiplexers' are digitally controlled analog switches 
having low "on" impedance, low "off" leakage current, and 
internal address decoding. In addition, the "on" resistance is 
relatively constant over the full input-signal range. The 
CD4067B is a 16-channel multiplexer with four binary control 
inputs, A, B, C, D, and an inhibit input, arranged so that any 
combination of the inputs selects one switch. A logic "1" 
present at the inhibit input turns all channels off. 

The CD4097B is a differential 8-channel multiplexer having 
three binary control inputs A, B, C, and an inhibit input. 
The inputs permit selection of one of eight pairs of switches. 

The CD4067B, CD4097B are supplied in a 24-lead dual-in-line 
welded-seal ceramic package. (CD4067BD, CD4097BD). 

·When the devices are used as demultiplexers, the in/out terminals 
are the outputs and the common outlin terminal(s) isfare) the 
inputl,l. 

COMMON I. 20 VDO 
OUTIIN 

~ 
.. 

I 
• 22 • 
• 0 21 10 

CHANNEL 4 20 II CHANNEL 

INIOUT ~ I. 12 IN/OUT 

18 I. 
17 10 

• I. I • 

10 I. INHIBIT 

10 e 

v •• 12 13 0 

TOP VIEW 9ZCS·Z4978 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ............. -66 to +150"C 
OPERATING-TEMPERATURE RANGE .••••••.•.. -55 to +125'C 
OCSUPPLY-VOLTAGE RANGE 

Voo •••••••.....•.••..•.•.•...•....•...• -0.5 to +18 V 
DEVICE DISSIPATION IPER PACKAGEI . .•. . . . . . . • . .. 200 mW 
ALL INPUTS ............................. Vss .;;; VI .;;; VDO 
LEAD TEMPERATURE lOURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mml 
from else for 10 s~onds max .....••....... : .,.... 266°C 

• All voltage values are referenced to Vss terminal. 

OPERATING CONDITIONS AT TA = 25°C 

For ma~imum reliability. nominal operating conditions should be 
selected so that operation is always within the following ranges 

Characteristic VDD Min. Ma •• Units Fig. 

Supply Voltage Range - 3 18 V -
I nput Voltage Swing - 0.2VOD -05 V V -
(Recommended VSS to Voo) 10 10 

OBVOD Voo + 
(Anyone 0.5 V 

input) 

Signal I nput Current - - 25 mA -
Output Load Resistance - 100 - n -

COMMON Ie 24 VOO X OUT/IN 

~ 
2 • 

J 
• 22 I 

• 0 21 2 Y CHAN. 

CHAN. X 4 • 20 : INIOUT 

INIOUT f I. 

18 

17 COMMON 
Y OUT/IN 

" ~}y CHAN. 
A 10 1& 7 IN/OUT 

• 10 e 
v •• 12 I. INHIBIT 

TOP VIEW 92CS·Z49?9 

CD4067B 
TERMINAL ASSIGNMENTS 

CD4097B 
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________________________ Preliminary CD4067B, CD4097B 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTIC SYMBOL TEST CONOITIONS 
TYPICAL 

UNITS 
VALUES 

VOO(V} VSS(V} 

5 0 0.1 
Quiescent Device Current IL 10 0 0.2 IlA 

15 0 0.5 
SIGNAL INPUTS (Vis} ANO OUTPUTS (Vos} 

+7.5 -7.5 

+15 0 
140 

"ON" Resistance RON RL = 10kU 
+5 -5 

200 
(Peak for VS~Vis ';;VOO} +10 0 

+2.5 -2.5 
400 U 

(Any 
+5 0 

+7.5 -7.5 Channel or 5 
£j. "ON" Resistance Selected} +15 I 0 

Between Any 2 Channels !IRON 
+5 I -5 

+10 
or 

0 
10 

RL = 10kU +7.5 -7.5 0.1 
Sine Wave Distortion fis = 1 kHz +5 -5 0.2 % 

5V (p.p}'" +2.5 -2.5 2 

"OFF" Any Channel OFF 

Channel 
+5 -5 ±0.2 

Leakage All Channels C04067B Inhibit = +5 V +5 -5 ±3.2 nA 
Current OFF (Output} C04097B +5 -5 ±1.6 

Frequency Response- Vc = VOO = +5 V. 
Channel "ON" VSS = -5 V 
(Sine Wave Input} Vas 40 MHz 

RL = 1 kU 20 Log lO - = -3 dB 
Vis = 5 V (p.p} Vis 

CL = 10 pF VOO=+5V. 
VC=VSS=-5V 

Feedthrough Vas 1 MHz 
Channel "OFF" 20 L09l0 - = -40 dB 

Vis 

Crosstalk Between Any 2 
RL -1 kU VC(A} = VOO = +5 V 

of the 16 Switches 
Vis (A} = VC(B}=VSS= -5 V 

(Frequency at -40 dB} 
5V (p.p} Vas (B} 1 MHz 

CL = 10pF 20 L091O- = -40 dB 
Vis (A} 

Input CIS +5 -5 5 

Output C04067B 60 
Capacitance 

(Common OUT/IN} COS C04097B 30 
pF 

Feedthrough CIOS 0.2 

Vc - VOO - +10 V. 
Propagation Oelay: 

tPLH· 
VSS = Vinh = 0 V. 

Signal I nput to Signal Output CL = 50 pF 30 ns 
tpHL Vis = 10 V (square wave} 

tr·tt = 20 ns (input signal} 

.. Symmetrical about 0 volts. 
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Preliminary CD4067B, CD4097B _______________________ _ 

ELECTRICAL CHARACTERISTICS (Cont'd) 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
TYPICAL 

UNITS 
VALUES 

VDD-VSS(V) 

CONTROL (Vcl INPUTS A, B, C, D AND Inhibit 

lis -101lA 
15 RL = 1 kn 6.75 

Noise Immunity VNL, 
Vis =VDO 10 4.5 V 

VNH through 5 2.25 
1kn 

Average Input Capacitance Cc 10 5 pF 
Turn·On Propagation Oelay: 15 140 

Control Input to CL = 50 pF 
10 200 

Signal Output 
tpHL, 

RL = 10kn 
5 Vc = VOD (square) 400 

tpLH 
ns 

Inhibit Input to Vis ";VOO 15 140 

Signal Output 
t"tf = 20 ns 10 200 

5 400 
Inhibit Recovery nme· 10 200 ns 

.. . • Time after Inhibit IS removed dunng which channel Information IS valid . 

C04067B TRUTH TABLE 

Selected 
A B C D Inh Channel 

X X X X 1 None 
0 0 0 0 0 0 
1 0 0 0 0 1 
0 1 0 0 0 2 

1 1 0 0 0 3 
0 0 1 0 0 4 
1 0 1 0 0 5 
0 1 1 0 0 6 

1 1 1 0 0 7 
0 0 0 1 0 8 
1 0 0 1 0 9 
0 1 0 1 0 10 
1 1 0 1 0 11 

0 0 1 1 0 12 
1 0 1 1 0 13 
0 1 1 1 0 14 
1 1 1 1 0 15 

~ I OF 8 DECODER -I 
~-t~ T 

'- I 1 
I D 

" 

92CS-24980 

CD4097B Functional Diagram 
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SPECIAL CONSI OERATIONS 
1. In applications where separate power sources are used to 

drive VOO and the signal inputs, the VOO current capability 
should exceed VOO/RL (RL = effective external load). 
This provision avoids any permanent current flow or clamp 
action on the VOO supply when power is applied or 
removed from the C04067B, C04097B. 

2. In certain applications, the external load-resistor current 
may include both VOO and signal·line components. To 
avoid drawing VOO current when switch current flows into 
the transmission gate inputs, the voltage drop across the 
bidirectional switch must not exceed 0.8 volt (calculated 
from RON values shown). 

No VOO current will flow through RL if the switch 
current flows into terminal 1 on the C04067B; terminals 1 
and 17 on the C04097B. 

CD4097B TRUTH TABLE 

Selected 

A B C Inh Channel 

X X X 1 None 
0 0 0 0 OX,OY 

1 0 0 0 lX,lY 

0 1 0 0 2X,2Y 

1 1 0 0 3X,3Y 

0 0 1 0 4X,4Y 

1 0 1 '0 5X,5Y 
0 1 1 0 6X,6Y 
1 1 1 0 7X,7Y 
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OO(]5LJD 
Solid State 
Division 

Voo -14 

Vss .. 7 
92CS-2l874 

C04068B Functional Diagram 

Digital Integrated Circuits 
Monolithic Silicon 

CD40688 Types 

COS/MOS 8-lnput NAND Gate 

Features: 
" Medium·Speed Operation - tpHL = 130 ns. tpLH = 100 ns (typ.}at 10 V 

• Standard B.serie. Output Drive 

The RCA·CD4068B NAND gate provides the sy~tem designer conforms to standard B·series output drive (see Static Elec· 
trical Characteristics}. . with direct implementation of the positive·logic 8·input NAND 

function and supplements the existing family of COS/MOS 
gates. 

This device has equal source· and sink·current capabilities and 

The C04068B is supplied in a 14·lead dual·in·line welded·seal 
ceramic package (O}. plastic package (E}. ceramic package (F}. 
flat package (K}. and in chip form (H}. 

9·74 

* ALL INPUTS PROTECTED BY 
STANDARD cosmos 
PROTECTION NETWORK 

VOO"14 
VSS·7 

Fig. l-C040688 schematic diagram. 

329 



CD4068B ________________________________________________ __ 
File No. 809 

STATIC ELECTRICAL CHARACTERISTICS 

TEST C04068BO C04068BF 
CONOI· C04068BK C04068BH 

CHARAC-
SYMBOL TIONS CERAMIC PACKAGE LIMITS UIIITS 

FIG. 
TERISTIC 

Vo VOO -55°C 

Volts Volts Min. Typ. Max. 

Quiescent Device 
5 - - 0.5 

IL 10 - - 1 
Current 

15 - - -
Output Voltage 5 - - 0.01 

Low·Level VOL 10 - - 0.01 
15 - -
5 4.99 -

High·Level VOH 10 9.99 -
15 - -

4.2 5 1.5 -
VNL 9 10 3 -

13.5 15 - -
Noise I rnrnunity 

0.8 5 1.4 -
VNH 1 10 2.9 -

1.5 15 - -
Output Drive 

Current: 
0.4 5 0.5 -

N·Channel 
ION 0.5 10 1.1 

(Sink) 
-

1.5 15 - -
2.5 5 -2 -

P·Channel lOP 4.6 5 -0.5 -
(Source) 9.5 10 -1.1 -

13.5 15 - -
Input Current II 15 - -

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE ...........•. -65 to +1500 C 
OPERATING·TEMPERATURE RANGE: 

CERAMIC.pACKAGE TYPES ..•..•.••. , •..•• -55 to +125oC 
PLASTIC·PACKAGE TYPES ....... , ....•. " .• -40 to +85 °c 

DCSUPPLY·VOLTAGE RANGE 
VDD •..•..•..•....•...••.•.........•...• -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE) . •. . . . •• .•. . .. 200 mW 
LEAD TEMPERATURE IDURING SOLDERING): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) 
from csse for 10 seconds max. ................... 266°C 

• All voltage values are referenced to Vss terminal. 
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-
-

-
-
-

-
-
-
-
-

-

-
-
-
-
-
-
-

25°C 125°C 
NO. 

Min. Typ. Max. Min. Typ. Max. 

- 0.01 0.5 - - 30 
- 0.01 1 - - 60 p.A 13 

- 0.01 - - - -
- 0 0.01 - - 0.05 
- 0 0.01 - - 0.05 
- 0 - - - -

V -
4.99 5 - 4.95 - -
9.99 10 - 9.95 - -
- 15 - - - -

1.5 2.25 - 1.4 - -
3 4.5 - 2.9 - -

- 6.75 - - - -
V 14 

1.5 2.25 - 1.5 - -
3 4.5 - 3 - -
- 6.75 - - - -

0.4 0.8 - 0.3 - -
0.9 1.8 - 0.65 - - rnA 4,5 
3 6 - - - -

-1.6 -3.2 - -1.15 - -
-0.4 -0.8 - -0.3 - - rnA 6,7 
-0.9 -1.8 - -0.65 - -
-3 -6 - - - -
- ±10-5 ±1 - - - IlA -

OPERATING CONDITIONS AT TA = 25°C 

For maximum reliability, nominal operating conditions should be 
selected so that operation ;s alwavs within the following ranges 

Characteristic VDD Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2VDD -0.5 V V -
(Recommended Vss to V OO) to to 

0.8VDD VDD + 
(Any one 0.5 V 

input) 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONOI· C0406BBE 

CHARAC· TIONS PLASTIC PACKAGE LIMITS FIG. 
TERISTIC 

SYMBOL UNITS NO. 
Vo VOO -40oC 25°C B50C 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

5 5 0.01 5 70 
Quiescent Device 

IL 10 - - 10 - 0.01 10 - - 140 p.A 13 
Current 15 0.01 

5 - - 0.01 - 0 om - - 0.05 
Output Voltage: VOL 10 - - 0.01 - 0 0.01 - - 0.05 

Low·Level 15 - - - - 0 - - - -
V -

5 4.99 - - 4.99 5 - 4.95 - -

High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -
15 15 

4.2 5 1.5 - - 1.5 2.25 - 1.4 - -
VNL 9 10 3 - - 3 4.5 - 2.9 - -

Noise Immunity 
13.5 15 6.75 

V 14 
O.B 5 1.4 - - 1.5 2.25 - 1.5 - -

VNH 1 10 2.9 - - 3 4.5 - 3 - -

1.5 15 - - - - 6.75 - - - -
Output Drive 

Current: 
0.4 5 0.45 - - 0.4 0.8 - 0.36 - -

N·Channel 0.5 10 1 - - 0.9 1.8 - 0.75 - - rnA 4,5 
(Sink) ION 1.5 15 - - - 3 6 - - - -

2.5 5 -1.8 - - -1.6 -3.2 - -1.3 - -
P·Channel lOP 4.6 5 -0.45 - - -0.4 -0.8 - -0.36 - - rnA 6,7 

(Source) 9.5 10 -1 - - -0.9 -1.8 - -0.75 - -
13.5 15 - - - -3 -6 - - - -

I nput Current II 15 - - - - ±10-5 ±1 - - - /lA -

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, Input tr,lf = 20 ns, and CL = 50 pF 

TEST CONDITIONS 
ALL TYPES CHARACTERISTIC 

CHARACTERISTIC SYMBOL 
LIMITS 

UNITS CURVES& 

VOO TEST CI RCUITS 
Volts Typ. Max. FIG. NO. 

Propagation Delay Time: 5 325 650 

tpHL 10 130 260 ns 8,10 
High·to·Low Level 15 100 -

5 250 500 
Low·to·High Level tpLH 10 100 200 ns 9,10 

15 75 -
tTHL 5 100 200 

Transition Time 10 50 100 ns 11 

tTLH 15 40 80 

Average Input Capacitance CI Any Input 5 - pF -
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AMBIENT TEMPERATURE (TA'~25·C 

,. 6 
SUPPLY VOLTAGE 
IVDD)~ 15 V 

Vno > .. 
I ~CURRENT 

~ 
5 E 

f 
PEAK 

" 
I 
0 

'" 
10 

10 V • ,.. 
~ Vo 

... 
~ ffi 
> CURRENT VI 3 

~ ... PEAK 7 

" z ~ • IO 2 ... 
" ,V .. 
0 ~ 

0 

I 

0 

10 15 

INPUT VOLTAGE tvr.)-V 

Fig. 2-Typical voltage and current transfer characteristics. 

.. 
E 

~ 
!:! 25 ... 
ffi 
: 20 

il 
z 
:;: 15 
g 
~ 10 

~ 
't • 

o 

AMBIENT TEMPERATURE (TA'''' 2S"C 

'V 

MAXIMUM PACKAGE DISSIPATION~200 mW 

10 V 

GATE-TO-SOURCE VOLTAGE 
{VGS!:15V 

10 15 

DRAIN-TO -SOURCE VOLTAGE (VDsl- v· 

Fig. 4-Typical output-N-channel drain characteristics. 

DRAIN-lO-SQURCE VOLTAGE (VOS)-V 

-15 -10 -5 

AMBIENT TEMPERATURE {TA 1=-2S"C 

GATE-TO-SQURCE VOLTAGE (VGS)"· 5 v 

MAX IMUM PACKAGE 
OISSIPATlON'"ZOO mW 

-ISV 

-IOV 

o 

-5 ~ 

i 
-10 !j ... z 

'" 
-15 ~ 

z 
-20 ~ 

92CS-Z43i/:O 

Fig. 6-Typical output-P~hannel drain characteristics. 

332 

I 
~ 
'" 
~ 
> 
... 
~ 
5 

,. 

10 

MIN. 
MAX. 

0 10 15 

.. 
E 
~ 15 

:! 12.S ... 
z 
w 

~ 10 

~ 1.5 

~ 5 

~ 
~ 2.5 

INPUT VOLTAGE IVI)-V 

92CS-24512 

Fig. 3-Min. and max. voltage transfer characteristics. 

AMBIENT TEMPERATURE ITA J:2S o C 

GAT~-TO-SOURCE VOLTAGE IVGS1=15V 

10 V 

5V 

o S 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS)-V 

Fig. 5-Minimum output-N~hannel drain characteristics. 

DRAIN-TO-SOURCE VOLTAGE {VoSl-V 

-15 -10 ·-5 

AMBIENT TEMPERATURE (TA J"2So C 

GATE TO-SOURCE VOLTAGE {VGSJ"- SV 

10V 

-ISV 

92CS-2432I 

.. 
~ 

-5 !j ... z 
w 
~ 
~ 

" u 
z 

10 ~ 

iii 

~ 
15 ~ 

Fig. 7-Minimum output-P-channel drain characteristics. 
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40 60 
LOAD CAPACITANCE (CL)-pF 

92CS-245·73 

Fig. 8-Typical high-to-low level propagation delay 
time VS. load capacitance. 

AMBIENT TEMPERATURE (TA)-2S D C 

~ 1000 

o 10 I. 20 
SUPPLY VOLTAGE (Voo)-V 

92CS-24575 

Fig. to-Typical propagation delay time vs. supply voltage. 

10' AMBIENT TEMPERATURE (TA 1= 25°C == 
10' 

~ 

"~ 
.. 
1- , \~Q~ ,0 0 

10' .. 
~ .. ~ .,~ 

z 
0 ,;}~w ./ 
~ lif ",--iii " C CL-50pF 

or CL-15pF - -
~ 
~ 

'0' 

10° 

100 10 1 102 10' 
FREQUENCY (f)- kHz 

92CS-243Z3 

Fig. 12-Typical power dissipation VB. frequency. 

CD4068B 

92CS-24574 

Fig. 9-Typicallow-to-high level propagation delay 
time vs. load capacitance. 

LOAD CAPACITANCE (CLJ-pF 
92CS-24322 

Fig. "-Typical transition time vs. load capacitance. 

Voo 
Voo 

" 13 
12 

4 II 

5 10 
9 

• 

TEST 

92CS-24576 92CS-24577 

Fig. 13 - Quiescent device current 
test circuit 

Fig. 14 - Noise immunity 
test circuit., 
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rnrnLJll Digital Integrated Circuits 
Monolithic Silicon Solid State 

Division 
CD4069B Type 

COS/MOS Hex Inverter 

Features: 

A~G 
e..L.{)o-1. H 

c..L{>o--!- I 

D~J 

E.lL{>oJ9-I< 
F~l 

• Medium Speed Operation - tpHL' tpLH = 40 ns (typ.) at 10 V 

• Standard B·Series Output Dri.e 

92CS-23737Rt 

CD4069B FUNCTIONAL DIAGRAM 

The RCA·CD4069B consists of six COS/MOS inverter circuits. 
All outputs have equal source and sink current capabilities and 
conform to the standard B·series output drive (see Static Elec
trical Characteristics). 

This device is intended for all general·purpose inverter appli· 
cations where the medium·power TIL-drive and logic·level· 
conversion capabilities of circuits such as the C04009A and 
CD4049A Hex Inverter/Buffers are not required. 

The C04069B is supplied in 14·lead dual·in·line welded·seal 
ceramic packages (0), plastic packages (E), ceramic packages 
(F), ceramic flat packs (K), and in chip form (H). 

...----.... _VDD 

A~-~JV~r-~~~ 
1(3.5,9.11,13) 

vss 
92CS-23738RI 

Fig. '-Schematic diagram of one of six identical inverters. 

334 

Applications: 
• Logic inversion 

• Pulse shaping 

• Oscillators 
• High·input-impedance amplifiers 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE·TEMPERATURE RANGE ........•••.• -65 10 +150OC 
OPERATING-TEMPERATURE RANGE: 

CERAMIC-I'ACKAGE TyPES ••••••••.••••..• -551o +125oC 
PLASTIC.PACKAGE TYPES. • • • • • . • • . • • . • . •• -401o +85 °c 

DC SUPPLY-VOLTAGE RANGE 
VDD ' •••••••.••••••••••.••••.••...•••.•. -0.5 10 +18 V 

DEVICE DISSIPATION (PER PACKAGEI •••. ••••• .• . .. 200 mW 
ALL INPUTS ••••.••••.•••.••..••••..•.•. Vss " V, "VDD 
LEAD TEMPERATURE (DURING SOLDERING): 

AI din.nc.1116 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. ................... 265°C 

• All voltage values are referenced to Vss terminal. 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliabilitv, nominal operating conditions should be 
selected so that operation il a/ways within the fol/owing ranges 

Characteristic VDD Min. Mex. Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2 VDD -0.5 V V -
I Recommended Vss to Vee) to 10 

O.sVDD VDD + 
(Anyone 0.5 V 

input) 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONOI· CD4069BD, BF, BK, BH 

CHARAC· 
SYMBOL TIONS CERAMIC PACKAGE LIMITS lIIIlTS 

FIG. 
TERISTIC 

Vo VDD -SSoC 2SoC 12SoC NO. 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Quiescent Device S - - O.S - 0.01 O.S - - 30 

Current 'L 10 - - 1 - 0.01 1 - - 60 pA 17 

15 - - - - 0.01 - - - -
Output Voltage: S - - 0.01 - a 0.01 - - 0.05 

Low·Level VOL 10 - - 0.01 - a 0.01 - - 0.05 
15 - - - - a - - - -

V -
5 4.99 - - 4.99 5 - 4.95 - -

High-Level VOH 10 9.99 - - 9.99 10 - 9.95 - -
15 - - - - 15 - - - -

3.6 5 1.5 - - 1.5 2.25 - 1.4 - -

VNL 7.2 10 3 - - 3 4.5 - 2.9 - -

Noise Immunity 
10.8 15 - - - - 6.75 - - - -

V 18 
1.4 5 1.4 - - 1.5 2.25 - 1.5 - -

VNH 2.8 10 2.9 - - 3 4.5 - 3 -
4.2 15 - - - - 6.75 - - - -

Output Drive 
Current: 

N·Channel 
0.4 5 0.5 - - 0.4 0.8 - 0.3 - -

'(Sink) 
ION 0.5 10 1.1 - - 0.9 1.8 - 0.65 - - mA S,6 

1.5 15 3 6 

2.5 5 -2 - - -1.6 -3.2 - -1.15 - -

P·Channel lOP 4.6 5 -0.5 - - -0.4 -0.8 - 0.3 - mA 7,8 
(Source) 9.5 10 -1.1 - - -0.9 -1.8 - -0.65 - -

13.5 15 - - - -3 -6 - - -

Input Current II 15 - - - - ±10 5 ±1 - - - pA -

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2SoC, Input t r, tt = 20 ns, and CL = SO pF 

TEST CONDITIONS 
ALL TYPES CHARACTERISTIC 

CHARACTE RISTIC SYMBOL 
LIMITS 

UNITS 
CURVES & 

VDD TEST CIRCUITS 
Volts Typ. Max. FIG. NO. 

Propagation Delay Time: tpHL, S 65 125 

tpLH 10 40 80 ns 9,10 
15 30 -

tTHL, 
5 100 200 

Transition Time 10 50 100 ns 11 
tTLH 

15 40 80 

Average Input Capacitance CI Any Input 5 - pF -
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONDI· 

CHARAC-
SYMBOL TlONS 

TERISTIC Vo VDD -40oC 
Volts Volts Min. Typ. 

5 - -
Quiescent Device 

IL 10 - -
Current 15 - -

5 - . -
Output Voltage: 

VOL 10 - -
Low·Level 15 - -

5 4.99 -
High-Level VOH 10 9.99 -

15 - .-
3.6 5 1.5 -

VNL 7.2 10 3 -

Noise I rnrnunity 
10.8 15 - -
1.4 5 1.4 -

VNH 2.8 10 2.9 
4.2 15 - -

Output Drive 
Current: 

0.4 5 0.45 -
N-Channel 0.5 10 1 -

(Sink) ION 1.5 15 - -
2.5 5 -1.8 -

P-Channel lOP 4.6 5 -0.45 -
(Source) 9.5 10 -1 -

13.5 15 - -
I nput Current II 15 - -

17.r; AMBIENT TEMP~RATURE ITAJ"250 C 

15 

> 
I 12.5 

~ 10V 

----MIN. 

MAX. ... 10 

'" I! 
oJ 

g 7.5 

~ 5 
5V 

0 

2.5 

o 2.5 7.5 10 12.S 15 17.fi 20 22.S 
INPUT VOLTAGE (VI)-V 

92CS-M431 

Fig. 2-Min. and max. voltage transfer characteristics •. 
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CD4069BE 
PLASTIC PACKAGE LIMITS UNITS 

FIG. 

Max. 

5 
10 
-

0.01 
0.01 

-
-
-
-
-
-
-
-

-

-
-
-
-
-
-
-
-

250C 850 C 
NO. 

Min. Typ. Max. Min. Typ. Max. 

- 0.01 5 - - 70 
- 0.01 10 - - 140 pA 17 
- 0.01 - - - -
- 0 0.01 - - 0.05 
- 0 0.01 - - 0.05 
- 0 - - - -

V -
4.99 5 - 4.95 - -
9.99 10 - 9.95 - -
- 15 - - - -

1.5 2.25 - 1.4 - -
3 4.5 - 2.9 - -
- 6.75 - - - -

V 18 
1.5 2.25 - 1.5 - -
3 4.5 3 
- 6.75 - - - -

0.4 0.8 - 0.36 - -
0.9 1.8 - 0.75 - - rnA 5,6 
3 6 - - - -

-1.6 -3.2 - -1.3 - -
-0.4 -0.8 - -0.36 - - rnA 7,8 
-0.9 -1.8 - -0.75 - -

-3 -6 - - - -
- ±10-5 ±1 - - - p.A -

17.5 

15 

> 
I 12.5 

E 
... 10 

~ 
~ 1.5 

2.5 

10V 

5V 

2.5 

SUPPLY VOLTAGE (Veo) • 15 V 
" I " I I J J I I I I I I 
AMBIENT TEMPERATURE ITA)" +125°C 

7.5 10 12.5 15 17.5 20 
INPUT VOLTAGE (VI)-V 

92CS-24432 

Fig. 3-Typical voltage transfer characteristics lIS a 
function of temperature. 
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17.5 AMBIENT TEMPERATURE (TA)· 25· C :i:t 
[ fTTITrrrTlTn l1IE!:t 

15 SUPPLY VOLTAGE (Veo> ,. 15 V 

>12.5 
I 
;9 
;:; 10 

~ 
g7.S 
I-

~ 
!; • 
0 

2.' 

o 

10V 

m- ~W 
\::j:~ 
.v 

"V 

~:\ . -

10V 

'V 
2.5 5 7.5 10 12.5 15 

INPUT VOLTAGE (Vt)-V 

17.5 

10 

2.' 

Fig. 4-TypicaJ current and voltage transfer characteristics. 

AMBIENT TEMPERATURE ITA )-2S·C 

GATE-TO-SOURCE VOLTAGE (VGS)=15V 

: 7.5 
o 10 V 

g 5 

~ 
't 2.5 

10 15 

DRAIN-lO-SOURCE VOLTAGE 1Vos)-V 
92CS-i\'4319. 

Fig. 6-Minimum output-N-channel drain characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vo~)-V 
-I!! -10 -5 

AMBIENT TEMPERATURE (TA 1=2S-C 

10V 

-15V 

92CS-24321 

Fig. 8-Minimum output-P-channeJ drain characteristics. 

Z 

10 ~ 

~ 
5 

15 ~ 

.. 
E 
I 

~ ... 
- 2' 
I-

ffi 
~ 20 

z 
~ 15 

~ 10 
Z 
~ 
't 5 

AMBIENT TEMPERATURE ITA )_ZSDC 

'V 

MAXIMUM PACKAGE DISSIPATlO~ •. 200 mW 

10 V 

GATE-TO-SOURCE VOLTAGE 
(VGS)=15 V 

10 15 

DRAIN-TO~SOURC.E VOLTAGE (VDsl-V 

Fig. 5-Typical output·N-channel drain characteristics. 

DRAIN-TO~SOURCE VOLTAGE (Vosl-V 

-15 -10 -5 

AMBIENT TEMPERATURE (TA 1"2S·C 

GATE-TO-SOURCE VOLTAGE (VGS1=- 5 v 

MAXIMUM PACKAGE 
DISSIPATlON=200 mW 

-15V 

-IDV 

92CS-24'20 

Fig. 7-Typical output~P-channel drain characteristics. 

lOAD CAPACITANCE (ell - pF 
92CS-24434 

Fig. 9-Typical propagation delav time vs. load capacitance. 
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AMBIENT TEMPERATURE (TAl .. 2!5° C 

I 120 

~ 
"~'OO ; 
!!! 80 

I-

~ 60 
iii 

£0.;0"" 0 

i!i 40 
P.4clr•Nee 

t< (G.J. SO 

~ 
ISpF PI=' 

0 20 
« .. 

0 10 I. 20 
SUPPLY VOLTAGE (VOO) - V 

92CS-24435 

Fig. to-Typical propagation delay time vs. supply voltage. 

IOD6 
4 

2 

10" • .Jit, • \ 4 ~~"<.:" 'Y";;; 
I 

2 

104 Ri2 • ~B -'" 4 
Zl-
Q« 2 

~ ~ '0: ~ 
~ 

en a: 4 ~ 

~~ 2 r- - ~~" ... 
'" 102 

'> 

~ ~ 
2 

10 • 4 

2 

2 4 •• 2 4 •• 2 4 •• 2 4 •• 
10 102 103 104 

FREQUENCY (f) - KHz 
92CS-24436 

Fig. 12-Typical dynamic power dissipation. 

113 CD4069B 

FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT PERFORMANCE, 
SEE APPLICATION NOTE :ICAN-6267 

92CS-24438 

II6C040698 

INnOUT 

RfRiIOMEG 

92CS-24439 

LOAD CAPACITANCE tel )-pF 
92CS-24322 

Fig. It-Typical transition time vs./oadcapacitant?e. 

APPLICATIONS 

1/6 CD40698 

FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT 
PERFORMANCE, SEE 
APPLICATION NOTES 
ICAN 6086 AND 
ICAN 6539 

92CS-24431 

Fig. 13-Typical crystal oscillator circuit. 

1/3 Co4069B 

IN~OUT 
Rf· 

UPPER SWITCHING POINT: 

RS+Rf Veo 
VpA -R-f-·'-

LOWER SWITCHING POINT: 

Rf - RS Voo 
VN A --Rf-'--' 

Rf> RS 

92CS-24440 

Fig. 14-TypicBI RC oscillstor circuit. Fig. 16-High-input impedance amplifier. Fig. 16-lnput pulse shaping cIrcuit (SChmitt trigger J. 
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" 13 
12 

10 

I L MEASURED WITH 

YOO 

92C$-24441 

Fig. 17-Quiescent device current. 

PULSE GEN. 
f r;tf-20ns 

IN 

" 13 

12 

10 

5Y 
OR 
lOY 

t------------OUT 

TEST CIRCUITS 

" 13 

12 

10 

92C$-24442 

Fig. 18-Noise immunity. 

92CM-24443 

Fig. 19-Dynamic electrical characteristics test circuit and waveforms. 
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DDJ]3LJD Digital·lntegrated Circuits 
Monolithic Silicon 

Solid State 
Division 

Preliminary CD4070BE, CD4077BE 

COS/MOS 
Quad Exclusive-OR Gate-CD4070B 
Quad Exclusive-NOR Gate-CD4077B I. 

" 
VDD 

B 2 
" 

H 
'-.EIIB 12 G 
.-ceD " M-G(f)H 

10 L-EEIIF 
92C5-2:449'1' • 9 F 

CD40708 CD4D778 
VSS 7 E 

(TOP VIEW) Quad Exclusive· 
OR G ... 

Quad Exclusive
NOR G ••• 92CS-24498 

FUNCTIONAL DIAGRAMS TERMINAL ASSIGNMENT 
C040708 

The RCA-CD4070B contains four independent exclusive·OR 
gates. RCA·C04077B contains four independentexclusive·NOR 
gates. 

Type CD40708 is pin·for·pin compatible with RCA·CD4030A 
and in addition has greater current·sourcing capability and a 
higher input impedance: 

The CD4070B and CD4077B are supplied in 14-lead dual·in· 
line plastic packages. 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE ......... . -65 to +150oC 
OPERATING·TEMPERATURE RANGE ....... . -40 to +85 DC 
DC SUPPLY·VOLTAGE RANGE: 

(VDD*) •.• : . • • . .•. • • . • . . . . . .. . . . •. •. . -0.5 '0 +18 V 
DEVICE DISSIPATION (PER PACKAGE) . . . . . . 200 mW 
ALL INPUTS •..•...•..................... Vss .;;; V, .;;; VDD 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 in. (1.59±O.79mml 
from case for 10 s max .................... . 

• All voltage values are referenced to Vss terminal. 

OPERATING CONDITIONS AT TA = 25°C 

For maximum reliability. nominal operating conditions should be 
selected so that operation ;s always within the following ranges 

Characteristic VDO Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2VOD -0.5 V V -
tRecommended Vss to VOO' to '0 

0.8 VOO VDO + 
tAnyone 0.5 V 

input) 

340 

A I. I. YoD 
B 2 I. 

J.A$B 12 
.-C$D " MaG$H 

c 10 [-EEIIF 
0 F 

vSS E 

(TOP VIEW) 
92CS-24499 

TERMINAL ASSIGNMENT 
C04077B 

TRUTH TABLE C04070B 
1 of 4 Gates 

A B J 

0 0 0 

1 0 1 

0 1 1 

1 1 0 

Where 1 = High Level 
.. 0 = Low Level 

J=AGlB 

TRUTH TABLE CD40778 
1 of 4 Gates 

A B J 

0 0 1 

1 0 0 

0 1 0 

1 1 1 

Where 1 = High Level 
0= Low Level 

J=AG> B 
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_______________________ Preliminary CD4070BE, CD4077BE 

STATIC ELECTRICAL CHARACTERISTICS AT TA = 250 C 

. CHARACTERISTIC SYMBOL TEST CONDITIONS TYPICAL VALUES UNITS 

Vo VDD CD4070B 

Volts Volts CD4077B 

5 0.Q1 
Ouiescent Device Current IL p.A 

10 0.01 

Output Drive Current: 
0.4 5 0.8 

N·Channel (Sink) ION VI =VSS 
0.5 10 1.8 

rnA 
4.6 5 -0.8 

P·Channel (Source) lOP VI = VOO 2.5 5 -1.8 

9.5 10 -1.8 

DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 250 C. CL = 50 pF. Input tr~tt = 20 ns 

TEST CONDITIONS TYPICAL VALUES 

CHARACTERISTIC SYMBOL VDD CD4070B UNITS 
Volts CD4077B 

Propagation Delay: 
5 175 

High·to·Low tPHL 10 70 
n, 

5 175 
Low·to·High tpLH 10 70 

ns 

Transition Time: 
5 100 

High·to·Low tTHL 10 50 
n, 

Low-to-High 5 100 
tTLH 10 50 

n, 

Average I nput Capacitance CI Any Input 5 pF 
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oornLJD Digital Integrated Circuits 
MonOlithic Silicon 

Solid State 
Division . 

CD4071B Types 
CD4072B Types 
CD4075B Types 

COS/MOS OR Gates 

CD4071 B Quad 2·lnput OR Gate 
CD4072B Dual4·lnput OR Gate 
CD4075B Triple 3·lnput OR Gate 

Feawres: 
• Medium-speed Operation tpLH = 70 ns (typ.l; tpHL = 100 ns (typ.1 at 10 V 

'ss 
• Standard B·Series Output Drive 

FUNCTIONAL DIAGRAMS 

The RCA·CD4071B, ·CD4072B, and ·CD4075B OR gates 
provide the system designer with direct implementation of the 
positive·logic OR function ~nd supplement the existing family 
of COSIMOS gates. These devices have equal source· and sink· 
current capebilities and conform to standard B·Series output 
drive (see Static Electrical Characteristicsl. 

The CD4071 B, CA4072B, and CD4075B are supplied in 14;lead 
dual·in·line plastic peckages (E), welded-seal ceramic peckages 
(01, ceramic peckages (F), ceramic flat·packs (KI, and in 
chip form (HI. 

.* 
1(5.8.12) 

.* 
2(6.9.131 

J-A+B 
LOGIC I!I HIGH 
LOGIC 01 LOW 

* ALL INPUTS PROTECTED BY STANDARD 
COSI MOS PROT ECTION CIRCUIT 

92CS-23812RI 

Fig. 1-(:040718 ""''''''''tic diagram II of 4 Identical OR fIIIm}. 
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MAXIMUM RATINGS, Absolute-Maximum Value.: 

STORAGE·TEMPERATURE RANGE •••••.•.•..•. -65 to +150OC 
OPERATING·TEMPERATURE RANGE: 

CERAMIC.pACKAGE TYPES ••••••.•••••..•. -55 to +125oC 
PLASTIC·PACKAGE TYPES. . • • • • . . • • • . . . • •• -40 to +85 °c 

DCSUPPLY·VOLTAGE RANGE 
VDD ..................................... -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE) ••••••••••. . .• 200 mW 
LEAD TEMPERATURE (DURING SOLOERINGli 

At distance 1/16 ± 1132 inch 11.59 ± 0.79 mm) 
from case for 10 seconds max. •.•••••••.••••.••.. 266°C 

• All voltage values are referenced to Vss terminal. 

OPERATING CONDITIONS AT T A = 2SoC 

For maximum reliability~ nominal operating conditions should be 
selected so that operation is a/ways within the following ranges 

Characteristic VOO Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2VOO -0.5 V V -
(Recommended Vss to VOO) to to 

0.8 VOO VOO + 
(Any one 0.5 V 

input) 

9·74 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST CD4071BD, BF, BK, BH CD4072BD, BF, BK, BH 
CONDI· CD4075BD, BF, BK, BH 

CHARAC· 
SYMBOL TIONS CERAMIC PACKAGE LIMITS FIG. 

TERISTIC 
UNITS 

NO. 
Va VDD -550 C 250 C 1250 C 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Quiescent Device 
5 - - 5 - 0.01 0.5 - - 30 

Current IL 10 - - 10 - 0.01 1 - - 60 pA 15 

15 - - - - 0.01 - - - -

Output Voltage 5 - - 0.01 - 0 0.01 - - 0.05 
Law·Level VOL 10 - - 0.01 - 0 0.01 - - 0.05 

15 - - - - 0 - - - -
V -

5 4.99 - - 4.99 5 - 4.95 - -
High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -

15 - - - - 15 - - - -

0.8 5 1.5 - - 1.5 2.25 - 1.4 - -

VNL 1 10 3 - - 3 4.5 - 2.9 - -

Noise Immunity 
1.5 15 - - - - 6.75 - - - -

V 4,5,16 
4.2 5 1.4 - - 1.5 2.25 - 1.5 - -

VNH 9 10 2.9 - - 3 4.5 - 3 - -
13.5 15 - - - - 6.75 - - - -

Output Drive 
Current: 

N·Channel 
0.4 5 0.5 - - 0.4 0.8 - 0.3 - -

(Sink) 
IDN 0.5 10 1.1 - - 0.9 1.8 - 0.65 - - mA 6,7 

1.5 15 - - - 3 6 - - - -

2.5 5 -2 - - -1.6 -3.2 - -1.15 - -
P·Channel IDP 4.6 5 -0.5 - - -0.4 -0.8 - -0.3 - - mA 8,9 

(Source) 9.5 10 -1.1 - - -0.9 -1.8 - -0.65 - -
13.5 15 - - - -3 -6 - - - -

Input Current II 15 - - - - ±10-5 ±1 - - - pA -

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, Input t r, tt = 20 ns, and CL = 50 pF 

TEST CONDITIONS 
ALL TYPES CHARACTERISTIC 

CHARACTERISTIC SYMBOL 
LIMITS 

UNITS 
CURVES & 

VDD TEST CI RCUITS 
Volts Typ. Max. FIG. NO. 

Propagation Delay Time: 5 250 500 

tpHL 10 100 200 ns 10,12 
High·ta-Law Level 15 75 -

5 175 350 
Low-to-High Level tpLH 10 70 140 ns 11, 12 

15 55 -
tTHL 5 100 200 

Transition Time 10 50 100 ns 13 

tTLH 15 40 80 

Average Input Capacitance CI Any Input 5 - pF -
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STATIC ELECTRICAL CHARACTERISTICS 

CHARAC· 
TERISTIC 

Quiescent Device 
Current 

Output Voltage: 
Low·Level 

High·Level 

Noise Immunity 

Output Drive 
Current: 

N·Channel 
ISink) 

P·Channel 
(Source) 

Input Current 

344 

TEST 
CONOI· C04071BE, C04072BE, C04075BE 

SYMBOL TlONS 

Vo VOO -40oC 
Volts Volts Min. Typ. 

5 - -
IL 10 - -

15 

5 - -
VOL 10 - -

15 - -
5 4.99 -

VOH 10 9.99 -
15 - -

0.8 5 1.5 -
VNL 1 10 3 -

1.5 15 

4.2 5 1.4 -
VNH 9 10 2.9 

13.5 15 

0.4 5 0.45 -
0.5 10 1 -

ION 1.5 15 - -
2.5 5 -1.B -

lOP 4.6 5 -0.45 -
9.5 10 -1 --

13.5 15 - -
II 15 - -

A* 
21910-....,----------, 

B* 
311010--+--....,--------, 

C* 
41 II 10--t---t---1>----, 

0* 
5U210--+---t---t---1h 

PLASTIC PACKAGE LIMITS 

Max. Min. 

5 -
10 -

-
0.01 -
0.01 -

- -
- 4.99 
- 9.99 
- -
- 1.5 
- 3 

- 1.5 
3 

- 0.4 
- 0.9 

- 3 

- -1.6 
- -0.4 
- -0.9 

- -3 

- -

Vss 

250 C B50 C 
Typ. Max·. Min. Typ. Max. 

0.01 0.5 - - 70 
0.01 10 - - 140 
0.01 - - -

0 0.01 - - 0.05 
0 0.01 - - 0.05 
0 - - - -
5 - 4.95 - -
10 - 9.95 - -
15 - - - -

2.25 - 1.4 - -
4.5 - 2.9 - -

6.75 

2.25 - 1.5 - -
4.5 3 
6.75 

0.8 - 0.36 - -
1.8 - 0.75 - -
6 - - - -

-3.2 - -1.3 - -
-0.8 - -0.36 - -
-1.8 - -0.75 - -
-6 - - - -

±10-5 ±1 - - -

VDD 

-t _-A+B+C+D d d d LOGIC "H'GH 

~~~f~:"~ 
t ~VDD 

Vss 

*ALL INPUTS PROTEcTED 
BY STANDARD COSI MOS 
PROTECTION NETWORK Vss 

92CS-23813RI 

Fig. 2-CD4D72B schematic diagram (1 of 2 idflntical OR gates). 

UNITS 
FIG. 
NO. 

pA 15 

V -

V 4,5,16 

rnA 6,7 

rnA 8,9 

p.A -
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A* 
11),1110---------...., 

B* 
214.12110----...... ---+..., 

c* 
.,5.13110-.... --+---+..., 

HkJ ~9t6.IOI 
1" ::r 9" ~~tl~~:~,GH 

V5S 

* ALL INPUTS PROTECTE 0 
BY STANDARD COSI MOS 
PROTECTION NETWORK VSS 

LOGIC O~ LOW 

9ZCS-238t4RI 

Fig. 3-CD40758 schematic diagram (1 of 3 identical OR gates). 

AMBIENT TEMPERATURE IT~1;25·C 

" SUPPLY VOLTS 

(YOO)-15V 

12", •• CURRENTl= ~VDD PEAK 14 

10 VI \ 

CURRENT H - a 
7.5 IOV PEAK t-' - ~ -CURRENT ~ 

PEAK 
Vss IO 

2.' 5V 

2.5 5 7.5 10 12.5 15 2.5 7.5 10 12.5 15 
INPUT VOLTAGE (YI)-V 

INPUT VOI..TAGE I V:r, I-V 
92CS-23815RI 

92CS-2448B 

Fig. 4-Typical voltage and current transfer characteristics. 

o 

AMBIENT TEMPERATURE (T A ). 2S-C 

5V 

MAXIMUM PACKAGE DISSIPATlON-200 mW 

10 V 

10 

GATE-TO-SOURCE VOLTAGE 
(VGS)=15 v 

I. 
DRAIN-TO-SOURCE VOLTAGE 1Yos)-V 

92CS-243J8 

Fig. 6-Typical output N-channel drain characteristics. 

.. 
~ 15 

~ 
!:! 12.5 ... 
z ... 

Fig. 5-Min. and max. voltage transfer characteristics. 

AMBIENT TEMPERATURE ITA 1"2S-C 

~ 10 GATE-TO-SOURCE VOLTAGE (VGSI"ISV 

10 V 

5V 

10 

DRAIN-TO-SOURCE VOLTAGE IVosl-V 

Fig. 7-Minimum output·N-channel drain characteristics. 
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DRAIN-lO-SOURCE VOLTAGE {Vosl-VI 
-I~ -10 -5 ·0 

AMBIENT TEMPERATURE ITA }22SoC 

f 
~~ 

GATE-lO-SOURCE VOLTAGE (VGS):- 5 v 

MAX IMUM PACKAGE 
OISSIPATlON=200 mW 

-15V 

- lOV 

" -5 ~ 

~ 
-10 ~ 

>z 
'" 

-15 ~ 
z 

-20 ~ 

Fig. 8-Typical output-P-channel drain characteristics, 

LOAD CAPACITANCE (ell - pF 
92CS-24489 

Fig. 10-Typical high-to-Iow level propagation delay time 

vs. load capacitance. 

700 

600 

AMBIENT TEMPERATURE (TAl = 25°C 
LOAD CAPACITANCE {ell = 50 pF 

1500 

!l! 400 

g 300 

z 
0 200 
!; 
~ 

~ 160 

tPl.}f 

2.' 1.5 10 12.5 15 17.5 20 
SUPPLY VOLTAGE (VDO) - v 

92CS-24491 

Fig. 12-Typical propagation delays vs. supply voltage. 
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DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

-15 -10 -5 

AMBIENT TEMPERATURE ITA 1=25°C 

GATE-TO SOURCE VOLTAGE (VGS)=-5V 

10V 

Z 

-10 ~ 

-15V 
~ 

'" z 
z 

" x 
u 

-15 ::.. 

Fig. 9-Minimum output-P·channel drain characteristics. 

LOAD CAPACITANCE (CL1-pF 
92CS-24490 

Fig. 11-Typical low-to-high level propagation delay time 

vs. load capacitance. 

LOAD CAPACITANCE (CL1-pF 

92CS-24322 

Fig. 13-Typical transition time vs. load capacitance. 
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c .. 

z 
c 
;= 
~ 
iii 
<; 
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~ 

'0' AMBIENT TEMPERATURE (TA IR 2S-C H-

'0' 
,~4 

_I.<>~·~X 
'0' -k'"' ~ ....~u .,-4. 

,;} 4r:t- 1,/ 
,rr ~-.)qq 1/ 

CL-SOpF 
CL·'5pF ---

'0' 

'0 
10° la' 102 

FREQuENCY (f) - kHz 
92CS-243Z3 

Fig. 14-Typical dynamic power dissipation VS'. frequency. 

VOO-VNH 
CD4011B 

1 ,. VDD TEST 
'3 VOO-VNH 

1TEST '2 1 
VNL 5 '0 

• 9 1 7 8 
VNL 

VDD 

t 

CD40728 ,. 
'3 
'2 
" '0 
9 
8 

CD4071B ,. 
'3 
'2 

'0 
9 

VDD 

C040758 - PUT METER IN SAME 
PLACE AS CD4071B 

TIE PINS 1,2.3,4,5,11,12,13 
TO SWITCH. 

CD40728 - PUT METER IN SAME 
PLACE AS CD4071B 

TIE PINS 2.3,4,5,9,10,11,12 
TO SWITCH. 

Q2CS-24492 

Fig. IS-Quiescent current test circuits. 

vOO-VNH 
CD40758 

VDD 1 VDD , ,. 
'3 

1 '2 
• " VNL 5 '0 

9 
TEST 

8 

92CM-24493RI 

Fig. 16-Noise immunity test circuits. 
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rnlOBLJD 
Solid State 
Division 

DIAGRAMS 

Digital Integrated Circuits 
Monolithic Silicon 

CD4081B Types 
CD4082B Types 
CD4073B Types 

COS/MOS AND Gates 
CD40818 Quad 2-lnput AND Gate 
CD40828 Dual 4-lnput AND Gate 
CD40738 Triple 3-lnput AND Gate 

Features: 
• Medium.speed Operation - tpLH = 85 ns (typ.); tpHL = 65 ns (typ.) at 10 V 

• Standard B-Series Output Drive 

Static Electrical Characteristics). The RCA-CD4081B. -CD40B2B, and -CD4073B AND gates 
provide the system designer with direct implementation of the 
AND function and supplement the existing family of COSIMOS 
gates. These devices have equal source· and sink-current capa· 
bilities and conform to standard B-series output drive (see 

The CD40B1 B, CD40B2B, and CD4073B are supplied in 14-
lead dual·in·line plastic packages (E), welded·seal ceramic 
package (D), ceramic packages (F), ceramic flat packs (K), and 
chip form (H): 

~. ~H· tJH~: lNPUTA* ~P n ~ ;:r 
1(5.B.12110-.::....~ 1 ou~ 

INPUT 8* L...---t-' ~"" 9" ".. C:·:,,,, 
2(6.9.13)0--''-----'"'''''''' V fss L\ LOGier_HIGH 

LOGICO_LOW 

VS5 

* ALL INPUTS PROTECTED BY 
STANDARD COS/MOS PROTECTION 
NETWORK 

55 92CS- 23826RI 

Fig. t-CD40818 schematic diagram (t of 4 identical AND gates). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

OPERATING CONDITIONS AT TA = 250 C STORAGE·TEMPERATURE RANGE .......•••••. -65 to +1500 C 
OPERATING·TEMPERATURE RANGE: 

CERAMIC-I'ACKAGE TYPES ••••......••.•.. -55 to +125oC 
PLASTIC·PACKAGE TYPES. . • • • • • . . . . • • . . .. -40 to +85 °c 

DCSUPPLY·VOLTAGE RANGE 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges. 

Voo· ................................... -0.5 to +18 V 
DEVICE DISSIPATION IPER PACKAGE) .• . . •. . . . . . . .. 200 mW 
LEAD TEMPERATURE lOURING SOLDERING): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) 
from case for 10 seconds max. ••.•.•••••.•..••.•• 266°C 

• All voltage values are referenced to Vss terminal. 

348 

Characteristic VDD 

Supply Voltage Range -

Input Voltage Swing -
(Recommended Vss to VOO) 

Min. Max. Units Fig. 

3 18 V 

0.2 VDD -0.5 V V -
to to 

0.8 VDD VDD + 
(Any one 0.5 V 

input) 

8-74 



File No. 806 ____________________ CD4081 B, CD4082B, CD4073B 

STATIC ELECTRICAL CHARACTERISTICS 

TEST CD4081BD,BK,BF,BH CD4082BD,BK,BF,BH 
CONDI· CD4073BD,BK,BF,BH 

CHARAC· 
SYMBOL TIONS CERAMIC PACKAGE LIMITS UNITS 

FIG. 
TERISTIC 

Vo VDD -550 C 250 C 1250 C 
NO. 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Quiescent Device 5 - - 0.5 - 0.01 0.5 - - 30 

Current 'L 10 - - 1 - 0.01 1 - - 60 IJ.A 15 

15 - - - - . 0.01 - - - -
Output Voltage: 5 - - 0.01 - 0 0.01 - - 0.05 

Low·Level VOL 10 - - 0.01 - 0 0.01 - - 0.05 
15 - - - - 0 - - - -

V -
5 4.99 - - 4.99 5 - 4.95 - -

High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -
15 - - - - 15 

0.8 5 1.5 - - 1.5 2.25 - 1.4 - -
VNL 1 10 3 - - 3 4.5 - 2.9 - -

Noise Immunity 
1.5 15 - - - - 6.75 - - - -

V 4,5,16 
4.2 5 1.4 - - 1.5 2.25 - 1.5 - -

VNH 9 10 2.9 - - 3 4.5 - 3 - -
13.5 15 - - - - 6.75 - - - -

Output Drive 
Current: 

N·Channel 
0.4 5 0.5 - - 0.4 0.8 - 0.3 - -

ION 0.5 10 1.1 - - 0.9 1.8 - 0.65 - - rnA 6,7 
(Sink) 

1.5 15 3 6 

2.5 5 -2 - - -1.6 -3.2 - -1.15 - -
P·Channel lOP 4.6 5 -0.5 - - -0.4 -0.8 0.3 rnA 8,9 

(Source) 9.5 10 -1.1 - - -0.9 -1.8 - -0.65 - -
13.5 15 - - - 3 6 

Input Current 
" 

15 - - - - ±10 5 ±1 - - - IJ.A -

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, Input 1" ~ = 20 ns, and CL = 50 pF 

TEST CONDITIONS 
ALL TYPES CHARACTERISTIC 

CHARACTERISTIC SYMBOL 
LIMITS 

UNITS 
CURVES & 

VDD TEST CI RCUITS 
Volts Typ. Max. FIG. NO. 

Propagation Delay Time: 5 160 320 

tpHL 10 65 130 ns 10,12 
High·to·Low Level 15 50 -

5 210 420 
Low·to·High Level tpLH 10 85 170 ns 11,12 

15 65 -
tTHL 5 100 200 

Transition Time 10 50 100 ns '13 

tTLH 15 40 80 

Average Input Capacitance C, Any Input 5 - pF -
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STATIC ELECTRICAL CHARACTERISTICS 

CHARAC-
TERISTIC 

Quiescent Device 
Current 

Output Voltage: 
Low-Level 

High-Level 

Noise Immunity 

Output Drive 
Current: 

N-Channel 
(Sink) 

P-Channel 
(Source) 

I nput Current 

350 

TEST 
CD4081BE,C04082BE,CD4073BE CONOI· 

SYMBOL TIONS PLASTIC PACKAGE LIMITS 

Vo VOO -40oC 
Volts Volts Min. Typ. Max. 

5 - 5 
IL 10 - - 10 

15 

5 - - 0.01 
VOL 10 - - 0.01 

15 -
5 4.99 - -

VOH 10 9.99 - -
15 

5 1.5 - -
VNL 10 3 - -

15 

5 1.4 - -
VNH 10 2.9 - -

15 - - -

0.4 5 0.45 - -
0.5 10 1 - -

ION 1.5 15 - - -
2.5 5 -1.B - -

lOP 4.6 5 -0.45 - -
9.5 10 -1 - -

13.5 15 - - -
II 15 - - -

B* 
310010----<i----+----t-' 

C* 
4(11} 

0* .10210----------......... 

* ALL INPUTS PROTECTED BY 
STANDARD COS/MOS PROTECTION 
NETWORK 

25°C 85°C 
Min. Typ. Max. Min. Typ. Max. 

- 0.01 5 - - 70 
- 0.01 10 - - 140 

0.01 -
- 0 0.01 - - 0.05 
- 0 0.01 - - 0.05 

0 -
4.99 5 - 4.95 - -
9.99 10 - 9.95 - -

15 

1.5 2.25 - -1.4 - -
3 4.5 - 2.9 - -

6.75 

1.5 2.25- - 1.5 - -
3 4.5 - 3 - -
- 6.75 - - - -

0.4 O.B - 0.36 - -
0.9 1.8 - 0.75 - -
3 6 - - - -

-1.6 -3.2 - -1.3 - -
-0.4 -O.B - -0.36 - -
-0.9 -1.B - -0.75 - -
-3 -6 - - - -
- ±10-5 ±1 - - -

d~.~ J J. '-A-B-C-D 

, ~~U31 1" ~r :f LOGIC ,= HIGH LOGIC 0::: LOW 

vss 

92C5·23821 

Fig. 2-CD40828 «:hematic tH.gram It of 2 i_ticsl AND pta). 

UNITS 
FIG. 
NO. 

pA 16 
--

V -

V 4,5,16 

mA 6,7 

mA 8,9 

p.A -
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" .. 
> E 
I I 12.5 
0 0 

2:~ .. 
10 " .. .. z 

~~ 
>g; 7.' .. " 
~z .... 
=>", 
00 

2.5 

o 

J: tdHP JHJ N.' '--+-4-+---+ )---0916.101 

"1(3,11) A,,*"-.-..... ___ +-__ --l....J::.n 1n ::n ~n LOGIC ,= HIGH " ~ _ ~ :J' LOGIC 0;; L.OW 

B* 5n 2(4.IZIO"------.... ---i-l 
VSS 

B(5.131U----------<~ 

C* 9n L\ 
~'VOLTAGE 

(Vool-IS V 

VSS 

* ALL INPUTS PROTECTED BY 
STANDARD COSIMOS PROTECTION 
NETWORK 

VSS 

Fig. 3-CD40738 schematic diagram (1 of 3 identical AND gates). 

> 
I 

" 
~ .. " tb ~ URRENT VI I g 

~
V;"'III 

VI _ I 
10V PEAK 

0 

- -' 
v~ CURRENT 

PEAK 
5V 

2.5 7.5 10 12.5 15 

INPUT VOLTAGE I VI I-v 
92C5-23829RI 

7.' 
5 
e: 
6 

o 2.5 7.5 10 12.5 15 

INPUT VOLTAGE (VI I-V 

_ 0 

- -' 
vss~ 

92CS-24530 

Fig. 4-Typical voltage and current transfer characteristics. Fig. 5-Min. and max. voltage transfer characteristics. 

.. 
E 
I 

~ 
!:! 25 .. 
il 
~ 20 a 
z 
~ 15 

~ 

~ 10 
z .. 
:c 

't • 

AMBIENT TEMPERATURE ITA 1=2S-C 

5V 

MAXIMUM PACKAGE DISSIPATION-ZOO mW 

10 V 

GATE-TO-SOURCE VOLTAGE 
IVGS1=15 V 

10 15 

DRAIN-TO-SOURCE VOLTAGE (Vos,-V 
92CS-24318 

Fig. 6-Typical outpur.N-channel drain c/laracreristics. 

.. 
E 
~ IS 

!::! 12.S .. 
z .. 
'" a 10 

4 7.S 

i!i 
~ 5 

~ 
't 2.S 

AMBIENT TEMPERATURE ITA )-ZS·C 

GATE-TO-SOURCE VOLTAGE (VGS)'"ISV 

10 V 

5V 

o 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS)-V 

9i!CS-24319 

Fig. 7-Minimum output-N-channel drain characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (VOSI-V 

-15 -10 -5 

AMBIENT TEMPERATURE (T A J ~25·C 

GATE-lO-SOURCE VOLTAGE (VGS)=- 5 V 

MAX IMUM PACKAGE 
DISSIPATION" 200 mW 

-ISV 

-IOV 

.. 
-5 ~ 

~ 
-10 !:! 

~ 
-15 ~ 

z 
-20 ~ 

DRAIN-TO -SOURCE VOLTAGE I VOS1- V 

-15 -10 -5 

AMBIENT TEMPERATURE ITA 1~25·C 

GATE-lO-SOURCE VOLTAGE (VGS)=-5V 

10V 

z 
-10 ~ 

-15V I 
-15 ~ 

92C5-24320 92C5-24321 

Fig. 8-Typical output-P-channel drain characteristics. Fig. 9-Minimum output-P-channel drain characteristics. 

AMBIENT <tM.O"", U"" ITA). 25'C .. ' 

:,,':1 .. , 

'; 

20 40 60 80 100 

LOAD CAPACITANCE (el 1- pf 
92C5-24531 

Fig. 10-Typical high-to-low level propagation delay vs. 
load capacitance. 

AMBIENT TEMPERATURE (TA) = 25"C f 600 LOAD CAPACITANCE (ell" 50 pF 

~ 
~ 500 

I 
~ 400 

; 300 

15 
200 

~ 
1t 
~ 100 

o 2.5 7.5 10 12.5 15 17.5 20 

SUPPLY VOLTAGE !VDO) - V 
9ZCS-Z4533 

Fig. 12-Typical propagation delays vs. supply voltage. 
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LOAD CAPACITANCE (CL)-pF 

92CS-24532 

Fig. 11-Typicallow·to·higf: level propagation delay vs. 
load capacitance. 

LOAD CAPACITANCE (C L )-pF 

92CS'24322 

Fig. 13-Typical transition time vs. load capacitance. 
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10' AMBIENT TEMPERATURE (TA). 2!5-C 
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.J.Q~+~~ 
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~ 
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, 
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Fig. 14-Typical dynamic power dissipation vs. frequency. 

C04073B- PUT METER IN SAME 
PLACE AS CD4081 

TIE PINS 1,2,3,4,5,11,12,13 
TO SWITCH 

CD4082B - PUT METER IN SAME 
PLACE AS C04081 

TIE PINS 2,3,4.5.g,IO,II,12 
TO SWITCH. 

92CS-24534 

Fig. IS-Quiescent current test circuits. 

92CM -24535 

Fig. 16-Noise immunity test circuits. 
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OOCD3LJD 
Solid State 
Division 

Preliminary. Data· 

Digital Integrated Circuits 
Monolithic Silicon 

Preliminary CD4076BE 

COS/MOS 4-Bit D-Type Register 
DATA INPUT 

DISABLE 
GI G2 CLOCK 

OUTPUT 
DISABLE 

M With 3-State Outputs 

OUTPUT!" 
,. I. voo 

DISABLE N 2 '5 RESET 

RESET 

92CS-2488!i 

CD4076B Functional Diagram 

The RCA-CD4076BE four-bit register includes D-type flip
flops that feature three-state outputs_ Data Disable inputs are 
provided to control the entry of data into. the flip-flops. 
When both Data Disable inputs are low. data at the 0 inputs 
are loaded into their respective flip-flops on the next positive 
transition of the clock input. Output Disable inputs are also 
provided. When the Output Disable inputs are both low, the 
normal logic states of the four outputs are available to the load. 
The outputs are disabled (present a high impedance) independ
ently of the clock by a high logic level at either Output Disable 
input. 

Reset Clock 

1 X 
0 0 

0 .-r 
0 -.T 
0 ....r 
0 J"" 
0 1 

CD4076BE 
Truth Table 

Data Input 
Disable Data 

Gl G2 0 

X X X 
X X X 

1 X X 

X 1 X 

0 0 1 

0 0 0 

X X X 

Next 
State 

Output 
Q 

0 
Q NC 

Q NC 

Q NC 

1 

0 

Q NC 

0' ,. DATA I 
02 13 DATA 2 
03 '2 DATA 3 
O. " DATA 4 

CLOCK 10 G~r:~~T 
Vss G I DISABLE 

TOP VIEW 

92CS-24887 

CD4076B 
TERMINAL ASSIGNMENT 

OUTPUT 
DISABLE 1

M ... 

N ... 

DATA *L.l_--'---"--'" 
2 

cLOCK--l>+-1-----+ 
.-----I-t=:::::::...--, 

DATf *"-+--1-,\ 

* RESET 

0 ~ X X X Q NC 

When either Output Disable M or N is high, the outputs are 
disabled (high impedance state); however sequential operation 
of the flip-flops is not affected. 

* ALL INPUTS PROTECTED BY STANDARD 
COSI MOS PROTECTION NETWORK q oo 

92CS-24886 

Fig. 1-CD40768 logic diagram. Vss 

1 = High Level 
0= Low Level 
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X = Don't Care 
NC = No Change 

9-74 
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STATIC ELECTRICAL CHARACTERISTICS AT TA = 25°C 

TEST CD4076B 
CONDITIONS TYPICAL 

CHARACTERISTIC SYMBOL Vo(V) VDD(V) VALUES UNITS 

5 0.02 
Quiescent Device Current IL JlA 

10 0.02 

Output Device Current: 
0.4 5 0.8 

N·Channel (Sink) ION 
0.5 10 1.8 

mA 
4.6 5 -0.8 

P·Channel (Source) lOP 2.5 5 -3.2 
9.5 10 -1.8 

DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 25°C. CL = 50 pF. Input tr.tt = 20 ns 

CHARACTERISTIC SYMBOL VOD (V) TYPICAL VALUES UNITS 

5 260 
Propagation Delay tpHL. tpLH ns 

10 120 

5 100 
Transition Time ~HL·tpLH ns 

10 50 

5 100 
Data Setup Time tSUHl. tSUlH ns 

10 60 

5 125 
Minimum Clock Pulse Width tWl.twH ns 

10 50 

5 75 
Minimum Reset Pulse Width twH(R) ns 

10 40 

5 230 
Reset Propagation Delay tpHl(R) ns 

10 120 

Data I nput Disable 5 100 
Setup Time tSU(DIS) ns 

10 60 

5 15 
Clock Rise and Fall Time t,Cl. ttCl Jls 

10 15 

5 4 
Clock Frequency fCl MHz 

10 10 

3·State Propagation Delay 
tp(I·HI. 5 110 

Output 1 or a to ns 
High Impedance tp(O·H) 10 65 

3-5tate Propagation Delay. tp(H·I). 5 80 
High Impedance to 1 or a ns 

tp(H·O) 10 45 

355 



Preliminary CD4076BE ____________________________ _ 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE .....•....... -65 to +1500 C 
OPERATING-TEMPERATURE RANGE ........... -40 to +85 °c 
DC SUPPLY-VOLTAGE RANGE 

Voo •.....••.•.••.•••••..•.............. -0.5 to +18 V 
DEVICE DISSIPATION (PER PACKAGE) . . . . . . . . . .. . .. 200 mW 

ALL INPUTS •••.•..•..•...•..•....••.... Vss .. VI .. VDD 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max. ••...........•..... 265°C 

• All voltage values are referenced to Vss terminal. 

CLOCK 

DATA 

INPUT 
DISABLE ___ + ____ + ___ JI 

OUTPUT 
DISABLE ___ + ____ + ______ ..JI 

RESET 

Q 
OUTPUT 

OPERATING CONDITIONS AT TA = 2S0C 

For maximum reliability. nominal operating conditions should be 
selected so that operation i$ always within the following ranges. 

Characteristic VOO Min. Max. Units Fig. 

Supply Voltage Range 

Input Voltage Swing 
(Recommended VSS to VOO) 

3 18 V 

0.2 V OD -0.5 V V 
to to 

0.8 VOO VOO + 
(Anyone 0.5 V 

input) 

* OUTPUT TIED TO VOD THROUGH I kn 

** OUTPUT TIED TO Vss THROUGH I k n 
9ZCM-24888 

Fig. 2-Timing diagram. 
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OOCC5LJD 
Solid State 
Division 

VOO-14 

Vss -7 
92CS-23877RI 

CD4078B Functional Diagram 

A.Q2D-~~---------, 

B.(3~~---,-------, 

c. .}--+--~----~---, 

O.~5~~---+---4_--~, 

E. 91}-~------------, 

•• ~10~~---,-------, 

G* II~-+---~--'------, 

H.Ql~~---t---;_--~, 

8·74 

Digital Integrated Circuits 
Monolithic Silicon 

CD4078B Type 

COS/MOS 8-lnput NOR Gate 

Features: 
• Medium·speed operation - tpHL = 80 ns, tpLH = 170 ns (typ.) at 10 V 
• Standard B-series output drive 

The RCA·C04078B NOR Gate provides· the system designer 
with direct implementation of the positive·logic a·input NOR 
function and supplements the existing family of COS/MOS 
gates. 

This device has equal source· and sink·current capability and 
conforms to standard B·series output drive (see Static Elec· 
trical Characteristics). 

The C04078B is suppl ied in a 14·lead dual·in·line welded·seal 
ceramic package (0), plastic package (E), frit·seal ceramic 

~ .... 1'1. '''' ... '", _~ (". ,," • ml, """ (HI. 

p p JH:OO. JHdp 
~J 

1" 9" :f 
Vss J _A"+".Ci"+ C"'+"DCi"+'"E +"'.<0+ G"+"'H 

LOGIC .-HIGH 
LOGIC 0- LOW 

VDO 

*ALL INPUTS PROTECTED BY J:\ 
STANDARD COS/MOS PROTECTION 
NETWORK 

55 

92CM-25818RI 

Fig. t -CD40188 schemBtic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST CD4078BD CD4078BF 
CONDI· CD4078BK CD4078BH 

CHARAC· 
SYMBOL TIONS CERAMIC PACKAGE LIMITS FIG. 

TERISTIC 
UIIITS NO. 

Vo Voo -55°C 25°C 125°C 

Volts Volts Min. Typ. Max. Min. Typ." Max. Min. Typ. Max. 

Quiescent Device 
5 ~ - 0.5 - 0.01 0.5 - - 30 

Current IL 10 - - 1 - 0.01 1 - - 60 /lA 13 
15 - - - - 0.01 - - - -

Output Voltage 5 - - 0.01 - 0 0.01 - 0.05 
Low-Level VOL 10 - - 0.01 - 0 0.01 - - 0.05 

15 - - 0 - - - -
V -

5 4.99 - - 4.99 5 4.95 
High-Level VOH 10 9.99 - - 9.99 10 - 9.95 - -

15 15 -
4.2 5 1.5 - - 1.5 2.25 - 1.4 - -

VNL 9 10 3 - - 3 4.5 - 2.9 - -

Noise Immunity 
13.5 15 - - - 6.75 - - - -

V 14 
0.8 5 1.4 - - 1.5 2.25 - 1.5 - -

VNH 1 10 2.9 - 3 4.5 - 3 - -
1.5 15 - - - - 6.75 - - - -

Output Drive 
Current: 

N-Channel 
0.4 5 0.5 - - 0.4 0.8 - 0.3 - -

(Sink) ION 0.5 10 1.1 - - 0.9 1.8 - 0.65 - - mA 4,5 
1.5 15 3 6 -
2.5 5 -2 - - -1.6 -3.2 - -1.15 - -

P-Channel lOP 4.6 5 0.5 - 0.4 0.8 - -0.3 - - rnA 6,7 
(Source) 9.5 10 -1.1 - - -0.9 -1.8 - -0.65 - -

13.5 15 - 3 -6 - - - -
Input Current II 15 - - - - ±10 5 ±1 - - - /lA -

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ••••.•••••.•. -1i6 to +1500C OPERATING CONDITIONS AT TA E 25°C 
OPERATING.TEMPERATURE RANGE: For maximum reliability, nominal operating conditions should be 

CERAMIC-PACKAGE TYPES ..... '., •.••••.•. -55 to +l25oC selected so that operation;s always within the following ranges 
PLASTIC.PACKAGE TYPES. • • • • • . • • . . • • • . .• -40 to +85 °c Characteristic VOO Min. Max. Units Fig. 

OCSUPPLY·VOLTAGE RANGE 
VOO' •••••.••••••.•...•••••..•••••••.... ~.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE I •• , . . . . •••. . •• 200 mW 
LEAD TEMPERATURE (DURING SOLOERINGI: 

At distanca1l16 ± 1/32 inch (1.59 ± 0.79 mml 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2 VOO -0.5 V V -
{Recommended Vss to VOO' to to" 

0.8 VOO VOO + 

from case for 10 seconds max. .•....•............ 266°C (Any one 0.5 V 

• All voltage values are referenced to Vss terminal. 
input) 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST C04078BE 
CONOI· 

CHARAC· 
SYMBOL TIONS PLASTIC PACKAGE LIMITS FIG. 

TERISTIC 
UNITS NO. 

Vo VOO -40oC 250 C 850 C 
Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

5 - - 5 - 0.01 5 - - 70 
Quiescent Device 

IL 10 - - 10 - 0.01 10 - - 140 IlA 13 
Current 15 - - - - 0.01 - - - -

5 - - 0.01 - 0 0.01 - - 0.05 
Output Voltage: 

VOL 10 - - 0.01 - 0 0.01 - - 0.05 
Low·Level 15 - - - - 0 - - - -

V -
5 4.99 - - 4.99 5 - 4.95 - -

High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -
15 15 -

4.2 5 1.5 - - 1.5 2.25 - 1.4 - -
VNL 9 10 3 - - 3 4.5 - 2.9 - -

Noise Immunity 
13.5 15 6.75 

V 14 
0.8 5 1.4 - - 1.5 2.25 - 1.5 - -

VNH 1 10 2.9 - - 3 4.5 - 3 - -
1.5 15 6.75 - -

Output Orive 
Current: 

0.4 5 0.45 - - 0.4 0.8 - 0.36 - -
N·Channel 0.5 10 1 - - 0.9 1.8 - 0.75 - - rnA 4,5 

(Sink) ION 1.5 15 - - - 3 6 - - - -
2.5 5 -1.8 - - -1.6 -3.2 - -1.3 - -

P·Channel lOP 4.6 5 -0.45 - - -0.4 -0.8 - -0.36 - - rnA 6,7 
(Source) 9.5 10 -1 - - -0.9 -1.8 - -0.75 - -

13.5 15 - - - -3 -6 - - - -
I nput Current II 15 - - - - ±10-5 ±1 - - - p.A -

OYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, Input tr, tt = 20 ns, and CL = 50 pF 

TEST CONOITIONS 
ALL TYPES CHARACTERISTIC 

CHARACTERISTIC SYMBOL 
LIMITS 

UNITS 
CURVES & 

VOO TEST CI RCUITS 
Volts Typ. Max. FIG. NO. 

Propagation Oelay Time: 5 200 400 

tpHL 10 80 160 ns 8,10 
High-to-Low Level 15 60 -

5 425 850 
Low-to·High Level tpLH 10 170 340 ns 9,10 

15 120 -

tTHL 5 100 200 
Transition Ti me 10 50 100 ns 11 

tTLH 15 40 80 

Average Input Capacitance CI Any Input 5 - pF -

359 



CD40788 __________________________ File No~ 810, 

AMBIENT TEMPERATURE CTA,zZS·C 

I. • 
SUPPLY VOLTAGE 

> CURRENT tvoolRI5 V .. 
PEAK e 

I 
Voo 

5 ! !' " .. 10 4 " 
~ 

IOV 

~ 
I-
Z 

~ VI .. 
0 

CURRENT 3 ~ > Vo 
I-

PEAK 

~ 'ov Z 
z 

6 _ 1 ~ 
10 

I -
0 

o 10 15 

INPUT VOLTAGE (VI)-V 
92CS-25879 

Fig. 2-Typical voltage and current transfer characteristics. 

.. 
e 
I 

~ 
!:! 25 
I-

ffi 
§ 20 
u 
z 

115 

~ 

~ 10 
z .. 
:c 

't • 

AMBIENT TEMPERATI:'RE ITA 1"2S·C 

MAXIMUM PACKAGE DISSIPATION~200 mW 

GATE-TO-SOURCE VOLTAGE 
(VGS)=15 V 

10V 

5V 

10 I. 
DRAIN-TO-SQURCE VOLTAGE (VDsl-V 

92CS-24318 

Fig. 4-Typical output n-channel drain characteristics. 

DRAIN-.TO-SOURCE VOLTAGE IVDS1-V 
-I -10 -5 

AMBIENT TEMPERATURE ITA )-2S·C 

360 

GATE-TO-SOURCE VOLTAGE IVGS1~-5V 

MAX I MUM PACKAGE 
DISSIPATlON,.200 mW 

-ISV 

-lOY 

92CS-24320 

Fig. 6-Typical output p-channel drain ch.rBCtflristics. 

AMBIENT TEMPERATURE ITA}.2S·C 

" 
> ____ MIN. VOO I IZ,5 

MAX. 

~ 

~ 
~ 

10 

~ 
VI 

1.' 
Vo 

> 
I-

~ 
5 1 g 

Z.' 

0 Z.5 7-5 10 IZS 15 
INPUT VOLTAGE IV,t)-V 

92CS-24587 

Fig. 3-Min. and max. voltage transfer characteristics. 

AMBIENT TEMPERATURE ITA '~25·C .. 
~ 15 
Z 

" :12.5 

~ _ 10 

il GATE-TO-SOURCE VOLTAGE (VGS)='5V 

10V 

'V 

o 10 15 
DRAIN-TO -SOURCE VOLTAGE (Vos)-V 

92CS-24319 

Fig. 5-Minimum output n-channel drain characteristics. 

DRAIN-TO-SOURCE VOLTAGE 1Vos'-V 
-I~ -10 -5 o 

AMBIENT TEMPERATURE ITA I-ZSoC 

GATE TO-SOURCE VOLTAGE IVGS)--5V 

10V 

-ISV 

Fig. 7-Minimum output p-channel drain characteristics. 
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'" .. ! 
'" o. 

z 
'" ;:: 
: 
iii 
" or 
w 

'" ~ 

LOAD CAPACITANCE (CL)-pF 
9lCS-24588 

Fig. 8-Typical high-to-low level propagation delay time 
vs.load capacitance. 

o 

AMBIENT TEMPERATURE ITA I-25°C 
LOAD CAPACITANCE (ell- 50 pF 

10 

SUPPLY VOLTAGE (VDol-V 
20 

9ZCS-24590 

Fig. 10-Typical propagation delay time vs. supply voltage: 

10' AMBIENT TEMPERATURE ITA I. 2S0C 
f-~ 

10' 

~~ 

4Q~·~:I. 
10' ~~~~ ~ 

",~O" ./ 

Irf ~".,,, /[/ 

CL-50pF 
CL'"'5pF - -

'0 ' 

10° 

-10 I 10° 10' 102 

FREQuENCY (f 1- kHz 
92CS-24323 

Fig. 12-Typica/ power dissipation vs. frequency. 

92C5-24589 

Fig. 9-Typical low-fo-high level propagation delay time 
vs. load capacitance. 

LOAD CAPACITANCE (CLI-pF 
92CS-24322 

Fig. 11-Typical transition time vs. load capacitance. 

14 
13 TEST 

12 

" 10 
9 

9ZCS-24S92 

Fig. 14-Noiseimmunity test circuit. 

14 ,. 
12 

" 10 

92CS-2459! 

Fig. 13-Quiescent device current test circuit. 
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OOCJ8LJD 
Solid State 
Division 

'NH'B':':~: 3 EI 
CI 12 
DI 13 

INHIBIT2~" 
A2 5 

82 6 4 E2 
C2 8 

02 9 

E"' INHIBIT+AB+CD 
LOGIC I i HIGH 
LOG1CQILOW 

92CS- 23890RI 

CD4085B Functional Diagram 

Digital Integrated Circuits 
Monolithic Silicon 

CD4085B Type 

COS/MOS Dual 2-Wide 
2-lnput AND-QR-INVERT Gate 

Features: 

• Medium .. peed operation - tpHL = 90 ns; tpLH = 125 ns (typ.) at 10 V 

• Individual inhibit controls 

• Standard B-series output drive 

output drive (see Static Electrical Characteristics). The RCA·CD4085B contains a pair of AND.()R·INVERT gates, 
each consisting of two 2·input AND gates driving a J.input OR 
gate followed by an inverter. Individual inhibit controls are 
provided for both A·O·I gates. This device has equal source
and sink·current capabilities and conforms to standard B·series 

The CD4085B is supplied in a 14·Iead dual·in·line welded·seal 
ceramic package (D), plastic package (E), ceramic package (F), 
ceramic flat pack (K), and chip form (H). 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE ......•...... -65 to +1500 C 
OPERATING·TEMPERATURE RANGE: 

CERAMIC·PACKAGE TyPES ................ -55 to +1250 C 
PLASTIC.PACKAGE TYPES ................. -40 to +85 °c 

DC SUPPLY·VOLTAGE RANGE 
Vee * ................................... -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE I .... .......... 200 mW 
ALL INPUTS ............................. Vss ...; V, ...; V DD 
LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max ................ . 

• All voltage values are referenced to VSS terminal. 

362 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always·withi~ the following ranges 

Characteristic V DD Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
I nput Voltage Swing - 0.2 VDD -0.5 V V 
{Recommended VSS to VOOI to to 

0.8 V DD VDD + 
(Anyone 0.5 V 

inputl 

8·74 
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INHIBI~~I:..:*~-------------------, 

II • 

INHIBIT 2 

Voo 

Vss 

vss. 

* ALL INPUTS PROTECTED BY 
STANDARD COS/MOS PROTECTION 
NETWORK ss 

92CL-2189IRI 

Fig. 1-C040858 schematic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONOI· 

CHARAC-
SYMBOL TlONS 

TERISTIC 
Vo VOO 

Volts Volts 

Quiescent Device 
5 

Current IL 10 

15 

Output Voltage 5 
Low·Level VOL 10 

15 

5 
High·Level VOH 10 

15 

4.2 5 

VNL 9 10 

Noise Immunity 
13.5 15 

0.8 5 
VNH 1 10 

1.5 15 

Output Orive 
Current: 

N·Channel 
0.4 5 

(Sink) ION 0.5 10 
1.5 15 

2.5 5 
P-Channel lOP 4.6 5 

(Source) 9.5 10 
13.5 15 

I nput Current II 15 

AMBIENT TEMPERATURE (1 1.2S-C 

15 
SUPPLY VOlTAGE (VOD)aI5V 

CURRENT 
PEAK 

10V 10 __ 

CURRENT 
PEAK 

.V 

o 10 15 
INPUT VOLTAGE (VI:l-V 

:"'550 C 

Min. Typ. 

- -
- -
- -
- -
- -
- -

4.99 -
9.99 -
- -

1.5 -
3 -
-
1.4 -
2.9 -
- -

0.5 -
1.1 -

-2 -
-0.5 -
-1.1 -

- -
- -

.. 
E 

5 I 
'0 

vo t! ... z 
OJ .. 

3 0: 

" u 

2 
~ .. c 

92CS-2389~ 

Fig. 2-Typical tlQ/rage and current transfer chaf'BCteriltics. 
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CD4085BO C04085BK 
CD4085BF C04OB5BH 

CERAMIC PACKAGE LIMITS UIIITS 
FIG. 

25°C 1250C 
NO. 

Max. Min. Typ. Max. Min. Typ. Max. 

5 - 0.02 5 - - 30 
10 - 0.02 10 - - 60 /lA 13 

- - 0.02 - - - -
0.01 - 0 0.01 - - 0.05 
0.01 - 0 0.01 - - 0.05 
- - 0 - - - -

V -
- 4.99 5 - 4.95 - -
- 9.99 10 - 9.95 - -
- - 15 - - - -
- 1.5 2.25 - 1.4 - -
- 3 4.5 - 2.9 - -

6.75 

- 1.5 2.25 - 1.5 
V 14 - -

- 3 4.5 - 3 - -
- - 6.75 - - - -

- 0.4 0.8 - 0.3 - -
- 0.9 1.8 - 0.65 - - mA 4,5 

3 6 

- -1.6 -3.2 - -1.15 - -

- -0.4 -0.8 - -0.3 - - mA 6,7 
- -0.9 -1.8 - -0.65 - -
- -3 -6 - - - -
- - ±10 5 ±1 - - - /lA -

> 
I 

" 
' ..• ~~~ -- MAX 

MIN 
II 

12.5 

::: 
OJ 10 

~ 
0 7.5 > ... 
~ 
I-

" 0 

2.5 

0 2.' 7.5 10 12.5 

INPUT VOLTAGE (VI)-V 
92CS-24524 

Fig. 3-Min. and max. voltage transfer characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONOI· 

CHARAC· TlONS SYMBOL 
TERISTIC Vo VOO 

Volts Volts Min. 

5 -
Quiescent Device 

IL 10 -
Current 15 -

5 -
Output Voltage: VOL 10 -

Low·Level 15 -
5 4.99 

High·Level VOH 10 9.99 
15 

4.2 5 1.5 

VNL 9 10 3 

Noise Immunity 
13.5 15 

0.8 5 1.4 

VNH 1 10 2.9 
1.5 15 -

Output Drive 
Current: 

0.4 5 0.45 
N·Channel 0.5 10 1 

(Sink) ION 1.5 15 -

2.5 5 -1.8 

P·Channel lOP 4.6 5 -0.45 

(Source) 9.5 10 -1 

13.5 15 -
I nput Current II 15 -

AMBIENT TEMPERATURE (TA ):25°C .. 
E 
I 
Z 
c 

H 
- 25 
~ 
z 

MAXIMUM PACKAGE OISSIPATION=200 mW 

-40oC 
Typ. 

-

-
-

-

-
-
-
-

-
-

-

-
-

-
-
-

-
-
-

-

-

~ 
~ 

~ 20 

GATE-iO-SOURCE VOLTAGE 
(VGS)=15 V 

15 

10 V 

10 

5V 

10 15 

ORAl N - TO - SOURCE VOL rAGE (VOS)- v 

Fig. 4-Typical output n-channel drain characteristics. 

C04085BE 

PLASTIC PACKAGE LIMITS FIG. 
UNITS 

Max. 

5 
10 
-

0.01 
0.01 
-
-

-

-

-

-
-

-

-

-
-

-
-

-
-

-

Min. 

-

-
-
-
-
-

4.99 
9.99 

1.5 
3 

1.5 
3 
-

0.4 
0.9 
3 

-1.6 
-0.4 
-0.9 
-3 

-

.. 
If 15 

~ 
~ 12.5 
~ 
z 
~ 
~ B 10 

250 C 850 C 
NO. 

Typ. Max. Min. Typ. Max. 

0.01 5 - - 70 
0.01 10 - - 140 IlA 13 
0.01 - - - -

0 0.01 - - 0.05 
0 0.01 - - 0.05 
0 - - - -

V -
5 - 4.95 - -

10 - 9.95 - -
15 

2.25 - 1.4 - -

4.5 - 2.9 - -
6.75 

V 14 
2.25 - 1.5 - -

4.5 - 3 - -

6.75 - - - -

0.8 - 0.36 - -
1.8 - 0.75 - - rnA 4,5 
6 - - - -

-3.2 - -1.3 - -
-0.8 - -0.36 - - rnA 6,7 
-1.8 - -0.75 - -

-6 - - - -
±10-5 ±1 - - - IlA -

AMBIENT TEMPERATURE ITA )=25"C 

GATE-TO-SOURCE VOLTAGE (VGS)=15V 

10 V 

5V 

10 15 
ORAIN- TO -SOURCE VOLTAGE (VOS1-V 

92CS-24319 

Fig. 5-Minimum output n-channef drain characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 25oC, CL = 50 pF, Input tr,t, = 20 ns 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 

Propagation Delay 
Time (Data): 

tpHL 
High·to-Low Level 

Low-to-High Level tpLH 

Propagation Delay 
Time (Inhibit): 

tpHL(lNH) 
High-to-Low Level 

Low-to-High Level tPLH(lNH) 

Transition Time ~HL' 
~LH 

Average Input 
CI Capacitance 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V 
-·1 -10 -5 

AMBIENT TEMPERATURE ITA 1-25-C 

GATE-TO-SOURCE VOLTAGE (VGS)z- 5 v 

MAX I MUM PACKAGE 
DISSIPATION-200 mW 

-15V 

-IOV 

Any Input 

o 

-5 ; 

ii: 
Q 

-10 !:! 

~ 
-15 ~ 

a 
z 

-20 Ci 
2i 

92CS-24lZ0 

Fig. 6-Typical output p-channel drain characteristics. 
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VDD UNITS 
V Typ. Max. 

5 225 450 

10 90 180 ns 

15 65 -
5 310 620 

10 125 250 ns 

15 90 -
5 150 300 

10 60 120 ns 

15 40 -
5 250 500 

10 100 200 ns 

15 70 -
5 100 200 

10 50 100 ns 

15 40 80 

5 - pF 

DRAIN-TO-SOURCE VOLTAGE IVDS)-V 

-15 -10 -5 

AMBIENT TEMPERATURE (TA )=25-C 

GATE-TO-SOURCE VOLTAGE (VGS)--5V 

10V 

-15V 

FIG.NO. 

8,10 

9,10 

-

-

11 

-

o 

z 
10 ~ 

~ .. 
li 

15 ~ 

92CS-24321 

Fig. 7-Minimum output p-channel drain characteristics, 
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LOAD CAPACITANCE (CL)-PF 

92C5-24525 

Fig. 8-Typical data high-to%~~W level propagation delay 
time VI. load capacitance. 

I 
'3 

AMBIENT TEMPERATURE {TA'''25·C 

LOAD CAPACITANCE (ell-50 pF 

~ 1250 
~ . 

~ 1000 

'" I-

~ 7~O 
I'l 
~ 500 

I 250 

~I(i. 
2.5 5 7.5 10 12.5 15 11.5 20 

SUPPLY VOLTAGE (Voo)-V 

92CS-24527 

Fig. 10-Typical data propagation delay time VI. supply voltage. 

10' AMBIENT TEMPERATURE ITA)2 2S0C 

10' ,. 
,,'" "-

1. )'Q~"~~ a 
10' ,'" ~ .. 

~~ot.: .,'" z 
a ",W 

i 10' 
.§'..;:. I~ 

~ 
.. 

<5 CL-SOpF 

'" 
1/ Cv '5 pf - -

~ 
~ 

'0 ' 
V 

100 

10 I 10° 10 1 102 

FREQUENCY (f)- kHz 
92CS-24323 

Fig. 12-Typica/ power dissipation vs. frequency. 

LOAD CAPACITANCE (el )-pF 
92C5-2452& 

Fig. 9-Typical data low-to-high level propagation delay 
time vs. load capacitance. 

LOAD CAPACITANCE tC l )-pF 
92C5-24322 

Fig. "-Typical transition time vs.loadcapacitance. 

VDD 

92CS-2452B 

Fig. 13-Quiescent device current test circuit. 
VOD 

o TEST 
VNL 

Fig. 14-Noise immunity test circuit. 
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DUCG5LJO Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4086B Type 

INHIBIT/ID-------, COS/MOS Expandable 4-Wide 
2-lnput AND-OR-INVERT Gate 

LOGIC ._ HIGH 
LOGIC O_LOW 

Features: 
• Medium·speed operation - tpHL = 90 ns; tpLH = 140 ns (typ.) at 10 V 

ENA8LE/EICP------' 
• INHIBIT and ENABLE inputs 

• Standard B·series output drive 
J -INH +ENA!LE +AB+CD+EF+GH 

CD4086B Functional Diagram 

The RCA-CD40B6B contains one 4-wide 2-input AND-OR
INVERT gate with an INHIBIT/EXP input and an ENABLE/ 
EXP input. For a 4-wide A-O-I function INHIBIT/EXP is tied 
to VSS and ENABLE/EXP to VDD' See Fig. 2 and its asso
ciated explanation for applications where a capability greater 
than 4-wide is required. This device has equal source- and 

MAXIMUM RATINGS. Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE· __ ..••..•..... -65 to +1500 C 
OPERATING-TEMPERATURE RANGE: . 

CERAMIC-PACKAGE TYPES ••••..•..•.•.... -55 to +125oC 
PLASTIC-PACKAGE TYPES. • . . • . . • . . . . • . . .. -40 to +85 0c 

OC SUPPLY-VOLTAGE RANGE 
Voo •.•.•.•.......•...........•.•••.•... -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE) •...•......... 200 mW 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. ••••••.•••••.•••••• 2650C 

• All voltage values are referenced to Vss terminal. 

368 

sink-current capabilities and conforms to standard B-series 
output drive (see Static Electrical Characteristics)_ 

The CD40B6B is supplied in the 14-1ead dual-in-line welded
seal ceramic package (01. ceramic package (F). plastic package 

(EI. ceramic flat pack (KI. and in chip form (H). 

OPERATING CONDITIONS AT TA = 250C 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges. 

·Characteristic VOO Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2VDD -0.5 V V -
(Recommended Vss to Veo) to to 

OBVDD V DO + 
(Any one 0.5 V 

input) 
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Voo 

A , .. 

c, .. 

013 * 

H 9 * 

ENABLE/EXP <!.II;y.*--'V-"ss"--_______ ----i 

INHIBIT/EXPQI'O~*"----------------..J 

Fig. 1-CD40868 schematic diagram. 

INHIBIT/Ej(P, =::-----.., INHIBIT/EXPZ r----------, 

A' ., 
c, 
0' 

£, 

FI 

., 
H' 

Vo 

ENABlE/EXPI "L---~J2:::'~A;:;' B;;:";:C~'-'o"" ,"£","F''','''.'', "'H'~+;;A~2~B~2~+~C2~0~2~+~£;2:;F~2:;:+~.2;;:;;:H2~----' 
9,"CS-23871 

Fig. 2-Two CD40868's connected as an 8·wide 2·;nput A-O-I gate. 

Vss 92CM-Z3872 

Fig. 2 above shows two CD4086B's utilized to obtain an 
8-wide 2-input A-O-I function. The output (Jl) of one 
CD4086B is fed directly to the ENA8LE/EXP2 line of the 
second CD4086B. In a similar fashion, any NAND gate 

output can be fed directly into the ENABLE/EXP input to 
obtain a 5-wide A-O-I function. In addition, any AND gate 
output can be fed directly into the INHIBIT/EXP input with 
the same result. 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONOI-

CHARAC-
SYMBOL TIONS 

TERISTIC 
Vo VOO 

Volts Volts 

Quiescent Device 
5 

Current IL 10 

15 

Output Voltage 5 
Low·Level VOL 10 

15 

5 
High-Level VOH 10 

15 

4_2 5 

VNL 9 10 

Noise I rnrnunity 
13_5 15 

0_8 5 
VNH 1 10 

1.5 15 

Output Drive 
Current: 

N-Channel 
004 5 

(Sink) 
ION 0_5 10 

1_5 15 

2_5 5 
P-Channel lOP 4_6 5 

(Source) 9_5 10 
13_5 15 

Input Current II 15 

o 10 15 

INPUT vOLTAGE 1Vr.}-V 

Min. 

-
-
-
-
-
-

4.99 
9_99 
-

1.5 
3 

104 
2.9 
-

0_5 
1.1 
-
-2 

-0_5 
-1.1 

-

-55OC 

Typ. 

-
-
-
-
-

-
-
-

-
-
-

-
-

-

-
-
-
-

-

-

.. 
E 

I 
o 

!:! ... 
z ... 
'" a 
z 

~ 

90!CS-0!3873 

Fig. 3-Typical voltage and current transfer chBracteris~;cs. 
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C04086BO ·C04086BK 
C04086BF C04086BH 
CERAMIC PACKAGE LIMITS UIIITS 

FIG. 

Max. Min. 

0.5 -
1 -
- -

0.01 -
0.01 -
- -
- 4.99 
- 9_99 
- -
- 1.5 
- 3 
- -
- 1.5 
- 3 
- -

- 004 
- 0.9 
- 3 

- -1_6 
004 

- -0_9 
3 

- -

15 

> 
I 

~ ... 10 
:Ii 
:; 
0 
> ... 
~ g 

250 C 

Typ. 

0.01 
0.01 

0.01 

0 
0 
0 

5 
10 
15 

2_25 
4_5 

6_75 

2_25 
4_5 
6.75 

0.8 
1.8 
6 

-3_2 
0_8 

-1.8 
6 

±10 5 

Max. Min. 

0.5 -
1 -

- -
0.01 -
0.01 -

- -
- 4.95 
- 9_95 
- -

- 104 
- 2_9 

-
- 1_5 
- 3 
- -

- 0_3 

- 0.65 
- -
- -1.15 

0_3 

- -0_65 

±1 -

1250C 

Typ. 

-
-
-
-
-

-
-
-
-
-
-

-
-
-

-
-
-
-

-

-

Max. 

30 
60 /lA 

-
0.05 
0.05 
-

V 
-
-

-
-
-
-

V -
-
-

-
- rnA 
-
-

rnA 
-

- /lA 

___ MIN . 
__ MAX. 

5 10 15 

INPUT VOLTAGE 1V.r}-V 

NO. 

14 

-

15 

5,6 

7,8 

-

92CS-24500 

Fig. 4-Min. and max. voltage transfer characteristics. 



File No. 812 ____________________________ CD4086B 

STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONOI· 

CHARAC· TlONS 
TERISTIC 

SYMBOL 
Vo VOO -40oC 

Volts Volts Min. Typ. 

5 - -
Quiescent Device 

IL 10 - -
Current 15 - -

5 - -
Output Voltage: VOL 10 - -

Low·Level 15 - -
5 4.99 -

High·Level VOH 10 9.99 -
15 - -

4.2 5 1.5 -
VNL 9 10 3 -

Noise I rnrnunity 
13.5 15 - -
0.8 5 1.4 -

VNH 1 10 2.9 
1.5 15 - -

Output Drive 
Current: 

0.4 5 0.45 -
N·Channel 0.5 10 1 -

(Sink) IDN 1.5 15 - -

2.5 5 -1.8 -

P·Channel IDP 4.6 5 -0.45 -
(Source) 9.5 10 -1 -

13.5 15 - -
I nput Current II 15 - -

AMBIENT TEMPERATURE (TA );25·C 

~ 
E 

~ 
- 2' 
~ 
z 
w 

~ 20 

z 
~ 15 

J 

~ 10 

X Y 5 5V 

MAXIMUM PACKAGE DISSIPATlONr200 mW 

10 V 

GATE-TO SOURCE VOLTAGE 
(VGS1=15 V 

10 15 

DRAIN-TO-SOURCE VOLTAGE 1VOSI-V 
92C$-24318 

Fig. 5-Typical output n-channel drain characteristics. 

C04086BE 

PLASTIC PACKAGE LIMITS FIG. 
UNITS NO. 

250 C 850 C 
Max. Min. Typ. Max. Min. Typ. Max. 

5 - 0.01 5 - - 70 
10 - 0.01 10 - - 140 J1A 14 
- - 0.01 - - - -

0.01 - 0 0.01 - - 0.05 
0.01 - 0 0.01 - - 0.05 
- - 0 - - - -

V -
- 4.99 5 - 4.95 - -

- 9.99 10 - 9.95 - -
- - 15 - - -
- 1.5 2.25 - 1.4 - -

- 3 4.5 - 2.9 - -
- - 6.75 

V 15 
- 1.5 2.25 1.5 

3 4.5 3 
- - 6.75 

- 0.4 0.8 - 0.36 - -

- 0.9 1.8 - 0.75 - - rnA 5.6 
- 3 6 - - - -
- -1.6 -3.2 - -1.3 - -
- -0.4 -0.8 - -0.36 - - rnA 7,8 
- -0.9 -1.8 - -0.75 - -
- -3 -6 - - - -

- - ±10-5 ±1 - - - pA -

AMBIENT TEMPERATURE ITA I; 25°C 

GATE-TO-SOURCE VOLTAGE IVGS)'15V 
[[I . :'. 

~ 7.5 
10 V 

J 

~ 5 

'T 2.5 
5V 

10 15 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V 
92CS-24319 

Fig. 6-Minimum output n-channel drain characteristics. 
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CD40868 ___________________________ File No. 812 

DYNAMIC ELECTRICAL CHARACTERISTICS AT T A = 25"C. CL = 50 pF. Input tr.t, - 20 ns 

TEST CONDITIONS LIMITS 
CHARACTERISTIC SYMBOL VDD UNITS Fig. No. 

Volts TYP. MAX. 

Propagation Delay 
Time (Data): 5 225 450 

High·to·Low Level tpHL 10 90 180 n. 9,11 

15 60 -
5 350 700 

Low·to·High Level tPLH 10 140 280 n. 10,11 

15 100 -
Propagation Delay 

Time (Inhibit): 5 150 300 

High·to·Low Level tpHLONH) 10 60 120 n. -
15 40 -
5 250 500 

Low·to·High Level tpLH(lNH) 10 100 200 n. -
15 70 -
5 100 200 

Transition Time 
tTHL, 

10 50 100 n. 12 
tTLH 

15 40 80 

Average Input 
CI Any Input 5 - pF -

Capacitance 

DRAIN-Ta-SOURCE VOLTAGE (Vos)-V DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

-15 -10 -5 -15 -10 -5 o 
AMBIENT TEMPERATURE (TAl = 2S-C AMBIENT TEMPERATURE (TA )_25°C 

372 

GATE-TO-SOURCE VOLTAGE (VGS)_· 5 v 

MAX IMUM PACKAGE 
DISSIPATION-ZOO mW 

-15V 

-IOV 

-5 ~ 

~ 
-10 !:! ... z 

~ 

-15 ~ 
z 

-20 ~ 

Fig. 7-Typical output p-channel drain characteristics. 

GATE-TO-SQURCE VOLTAGE IVGS)~- sv 

IOV 

-15V 

92<:5-24321 

z 
-10 ~ 

·IS 

~ 
~ z 

~ 

Fig. 8-Minimum output p-channel drain characteristics. 



File No. 812 ____________________________ CD4086B 

1..040 CAPACITANCE ICL,)- pf 

Fig. 9-Typica/ DATA or ENABLE high-to-lowlevel propagation 
delay time VI. load capacitance. 

it .. 
1. 
c 

o. 

z 
0 

~ 
iii 
;; 

'" ... 
it 
~ 

1250 

1000 

750 

500 

250 

0 

AMBIENT TEMPERATURE (TA)a2S·C 
LOAD CAPACITANCE ICU-50pF 

tPlH 

tPHL 

2.' 7.5 10 12.5 15 17.5 20 

SUPPLY VOLTAGE IVoO)-V 

it 

92CS-24503 

Fig. II-Typica' DATA or ENABLE propagation delay 
time vs. 'upply voltage. 

10 AMBIENT TEMPERATURE [TA):t 25·C t--r-

10' 
.,~ 

,~,,~.~ 
10' "\t-~i- .,~ 

~d-

lif " •• ~ 1L./ 
<; 

CL-50pF 
CL·,5pF -

10' 1"-

10° 

'0 ' 10° 10' 102 
FREQUENCY (f) - kHz 

92CS-24323 

Fig. 13-Typical power dissipation VI. frequency. 

I 
LOAD CAPACITANCE ICt)-pf 

92CS-24502 

Fig. to-Typical DATA or ENABLE low--to-high level 
propagation delay time VI. load capacitance. 

LOAD CAPACITANCE ICL)-pF 

92CS-M322 

Fig. 12-Typical transition time vs. load capacitance. 

13 
12 

" 10 

• 
ZL~~-+--tL __ ~8~-+ 

" 13 
12 

" 10 

• 
8 

92CS-24505 
92CS-24504 

Fig. 14-QuieliCent device cu"ent 
tsSf circuit. 

Fig. 15-Noise immunity 
test circuit. 
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OOcn3LJl] Digital Integrated Circuits· 
Solid State 
Division 

Monolithic Silicon 

Preliminary CD4089BE 

COS/MOS Binary Rate Multiplier 
BINARY RATE 

CLOCK SELECT INPUTS STROBE 
CASCADE 

92CS-25004 

CD40B9B Function.1 DIo .... m 

The RCA-CD4089B is a low-power 4-bit digital rate multiplier 
that provides an output pulse rate that is the clock-input-pulse 
rate multiplied by 1/16 times the binary input. For example, 
when the binary. input number is 13, there will be 13 output 
pulses for every 16 input pulses. This device may be used to 
perform arithmetic operations (add, sub~ract, divide, raise to a 
power), solve algebraic and differential equations, generate 
natural and trigonometric functions, AID and D/A conversions, 
and frequency division. 

For words of more than 4 bits CD4089B devices may be 
cascaded in two different modes: an Add mode and a Multiply 
mode (see Figs. 3 and 4). In the Add mode some of the gaps 
left by the more significant unit at the count of 15 are filled 
in by the less significant units. For example, when two units 
are cascaded in the Add mode and programmed to 11 and 13, 
respectively, the more significant unit will have 11 output 
pulses for every 16 input pulses and the other unit will have 13 
output pulses for every 256 input pulses for a total of 

11 13 189 
16+256= 256 

In the Multiply mode the fraction programmed into the first 
rate multiplier is multiplied by the fraction programmed into 
the second multiplier. Thus the output rate will be 

!!. x ~ = 14,3. 
16 16 256 

The CD4089B has an intarnal synchronous 4-bit counter which, 
together with one of the four binary input bits, produces 
pulse trains as shown in Fig. 1. 

If more than one binary input bit is high, the resulting pulse 
train is a combination of the above separate pulse trains. 

374 

COUNTER STATE 0 I. 2 , 4 5 6 ~1 8 9 10 II 121314 150 I 

(lSB)lNPUT A-H n :*l 
I I 

INPUT B-H ----1l n: : 
I I 

INPUTC.H~ 

(MsaIINPUT O'HJLJLJl...J~ 
I, 

92CS .. 2&OO6 

• An output bit may be filled In in this counter 'State by a less 
significant CD4089B cascaded In the Add mode. 

Fig. 1-Timing.diagram. 
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------_______________________ Preliminary CD4089B 

STATIC ELECTRICAL CHARACTERISTICS AT TA = 25°C 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL Vo VDD TYPICAL VALUES UNITS 

V V 

5 0.02 
Quiescent Device Current Il p.A 

10 0.02 

Output Drive Current: 
All Outputs 0.4 5 0.8 

N·Channel (Sink) ION 
0.5 10 1.8 

rnA 
4.6 5 -O.B 

P-Channel (Source) lOP 2.5 5 -3.2 

9.5 10 -loB 

DYNAMIC ELECTRICAL CHARACTERISTICS AT T A = 25°C. Cl = 50 pF. Input tr.tt = 20 ns 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VDD TYPICAL VALUES UNITS 

V 

Clock to 5 lBO 

tpHl. 
"Out" 10 90 

Propagation Delay ns 
tplH Clock to 5 260 

"Inhibit Out" 10 130 

t-rlH. 5 100 
Transition Time ns 

tTHl 10 50 

5 2 
Maximum Clock Frequency tCl(Max.) MHz 

10 4.5 

Maximum Clock Rise 5 
and Fall Time trott(Max.) 15 Ils 

10 

MAXIMUM RATINGS. Absolute·Maximum Values: 
OPERATING CONDITIONS AT TA = 250 C 

STORAGE·TEMPERATURE RANGE .•........... -65 to +1500 C 
OPERATlNG·TEMPERATURE RANGE ........... -40 to +85 °c For maximum reliability. nominal operating conditions should be 

selected so that operation ;s always within the following ranges. 
DC SUPPLY·VOLTAGE RANGE 

Voo * ................................... -0.5 to +18 V 
Characteristic VOO Min. Max. Units Fig. 

DEVICE OISSIPATION IPER PACKAGE) .... .. .. .... .. 200 mW 

ALL INPUTS ..........•.................. VSS .;;; VI .;;; V DD 
LEAD TEMPERATURE lOURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max. ................... 265°C 

• All voltage values are referenced to VSS terminal. 

Supply Voltage Range 

I nput Voltage Swing 

(Recommended VSS to V OO' 

18 V 

0.2 VDO -0.5 V V 
to to 

0.8 V DD VDD + 
(Anyone 0.5 V 

input) 
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Preliminary CD4089B _____________________________ _ 

TRUTH TABLE 

Number of Pulses 

Inputs or 
Output Logic Level 

(H or LI 

No. of Pin 6 Pin 5 Pin 7 Pin 1 
D C B A Clock Pulses InhlN Strobe Cascade Clear Set OUT OuT InhOUT "15" 

0 0 0 0 16 0 0 0 0 0 L H 1 1 
0 0 0 1 16 0 0 0 0 0 1 1 1 1 
0 0 1 0 16 0 0 0 0 0 2 2 1 1 
0 0 1 1 16 0 0 0 0 0 3 3 1 1 

0 1 0 0 16 0 0 0 0 0 4 4 1 1 
0 1 0 1 16 0 0 0 0 0 5 5 1 1 
0 1 1 0 16 0 0 0 0 0 6 6 1 1 
0 1 1 1 16 0 0 0 0 0 7 7 1 1 

1 0 0 0 16 0 0 0 0 0 8 8 1 1 
1 0 0 1 16 0 0 0 0 0 9 9 1 1 
1 0 1 0 16 0 0 0 0 0 10 10 1 1 
1 0 1 1 16 0 0 0 0 0 11 11 1 1 

1 1 0 0 16 0 0 0 0 0 12 12 1 1 
1 1 0 1 16 0 0 0 0 0 13 13 1 1 
1 1 1 0 16 0 0 0 0 0 14 14 1 1 
1 1 1 1 16 0 0 0 0 0 15 15 1 1 

X X X X 16 1 0 0 0 0 
Depends on internal 

stete of counter 
X X X X 16 0 1 0 0 0 L H 1 1 
X X X X 16 0 0 1 0 0 H * 1 1 

1 X X X 16 0 0 0 1 0 16 16 H L 
0 X X X 16 0 0 0 1 0 L H H L 
X X X X 16 0 0 0 0 1 L H L H 

* Output same as the first 161ines of this truth table (depending on values of A. B. C, D), 
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_____________________________ Preliminary CD4089B 

INHIBIT IN 

-ALL INPUTS ARE PROTECTED 
BY STANDARD COS/MOS 
PROTECTION NETWORK 

4 

STROBE CASCADE 

a'~"5" a. 
a I , 
ad 

Vss Fig. 2-Logic diagram, CD40898. 

I 
o 

CLOCK 

MOST SIGNIFICANT 
DIGIT 

DRMCD~ 
INH 

CLOCK OUT 

"15" 

I 

o 

LEAST SIGNIFICANT 
DIGIT 

DRM ®~~~ 
INH OUT 

Fig. 3-Two CD4089S's cascaded in the uAdd" mode 
with a preset number of 189. 

o 

CLOCK 

BOUT 

c DRM<D OUr 
o INH OUT 
CLOCK 

INH IN "15M 

STCLEAR S 

A 

BOUT 
C DRM® OUT 

INH OUT 
CLOCK 

92CS-25009 

Fig. 4-Two CD4089S's cascaded in the uMulriply" mode 
with a preset number of 143. 
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_______________________________ File No. 836 

mClBLJD Digital Integrated Circuits 
Monolithic Silicon 

Solid State 
Division 

CD4093B Type 

COS/MOS Quad 2-lnput NAND 
Schmitt Triggers 

Features: 
• Schmitt·trigger action on each input with no external compon.nts 
• Hyst.r.sis voltage typically 0.6 V at VDD = 5 V 

and 2VatVDD = 10V 
• Noi .. immunity gr.ater than 50% 

92CS-Z3880 
• Equal sourc. and sink curr.nts 

CD4093B Functional Diagram • No limit on input rise and fall times 
• Standard B-.. ri •• output drive 

Th. RCA·CD4093B consists of four Schmitt·trigg.r circuits. 
Each circuit functions as a two-input NAND gat. with 
Schmitt·trigger action on both inputs. The gate switches at 
diff.rent points for positiv.- and negativ.-going signals. The 
difference between the positive voltage (Vp) and the n.gative 
voltage (VN) is defined as hysteresis voltage (VH) (see Fig. 2). 

All outputs have .qual source and sink currents and conform 
to standard B·series output drive (see Static Electrical Charac· 
teristics). 

Applications: 
• Wave and pulse shapers 
• High·noi ..... nvironm.nt systems 
• Monostabl. multivibrators 
• Astabl. multivibrators 

• NAND logic 

MAXIMUM RATINGS, Absolute·Maximum Values: The CD4093B is supplied in 14·lead dual·in·line plastic 
packages (E), welded·seal ceramic packages (D), ceramic 
packages (F), c.ramic flat packs (K), and in chip form (H). 

STORAGE·TEMPERATURE RANGE ............. -65 to +150aC 

Voo 

* " •. la.IIEf 115.8.121~ _____ _ 

2(6.9.131~ ""l./' V'"' '-' 

* ALL INPUTS PROTECTED BY COS/MOS STANDARD 
PROTECTION NETWORK 

Vss 

Fig. I-Functional diagram-1 of 4 Schmitt triggers. 

378 

OPERATING·TEMPERATURE RANGE: 
CERAMIC·PACKAGE TyPES ..........•..... -55 to +125oC 
PLASTIC-PACKAGE TYPES ................. -40 to +85 °c 

DCSUPPLY·VOLTAGE RANGE 
Voo ••••................•............... -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE) ...... ........ 200 mW 

ALL INPUTS ............................ VSS " VI "VDD 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1132 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max. ................... 266°C 

• All voltage values are referenced to VSS terminal. 

OPERATING CONDITIONS AT TA = 2SoC 

For maximum reliability. nominal operating conditions should be 
selected so that operation ;s always within the following ranges 

Characteristic V DD Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2VDD -0.5 V V -
(Recommended VSS to VOO) to to 

0.8 V DD VOO + 
(Anyone 0.5 V 

input) 
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File No. 836 __________________________ CD4093B 

STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CHARACTERISTIC SYMBOL CONOI· C04093BO,BF,BK,BH UNITS 

FIG. 

TIONS CERAMIC PACKAGE LIMITS NO. 

Vo VOO -55°C 25°C 125°C 
V V Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

5 -
Quiescent Device 

- 0.5 - 0.01 0.5 - - 30 

Current IL 10 - - 1 - 0.01 1 - - 60 p.A 20 

15 - - - - 0.01 - - - -

Output Voltage: 
5 - - 0.01 - 0 0.01 - - 0.05 

Low·Level VOL 10 - - 0.01 - 0 0.01 - - 0.05 

15 - - - - 0 - - - -
V -

5 4.99 - - 4.99 5 - 4.95 - -
High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -

15 - - - - 15 - - - -
5 - 3 - 2.3 2.9 3.5 - 2.9 -

Positive Trigger 
Vp 10 5.9 4.5 5.9 7 5.9 V 2,4 Threshold Voltage - - - -

15 - - - - 8.9 - - - -
5 - 2.6 - 1.5 2.3 2.7 - '2.1 -

Negative Trigger 
VN 10 4 3 3.9 5.5 3.8 V 2,4 Threshold Voltage - - - -

15 - - - - 5.4 - - - -
5 - 0.4 - 0.4 0.6 - - 0.8 -

Hysteresis Voltage VH 
10 1.9 1 2 2.1 V 2,4 - - - - -
15 - ,- - - 3.5 - - - -

0 5 - 3 - 2.3 2.9 3.5 - 2.9 -
VNL 0 10 - 5.9 - 4.5 5.9 7 - 5.9 -

0 15 - - - - B.9 - - - -
Noise Immunity, V 3,21 

'5 5 - 2.2 - 2.3 2.7 3.5 - 2.9 -
VNH 10 10 - ,6 - 4.5 6.1 7 - 6.2 -

15 15 - - - - 9.6 - - - -
Output Orive Current: 0.4 5 0.45 - - 0.4 0.8 - 0.36 - -

N·Channel ION 0.5 10 1 - - 0.9 I.B - 0.75 - - mA 6,7 
15ink) 

1.5 3 6 15 - - - - - - -
2.5 5 -1.8 - - r 1.6 -3.2 - -1.3 - -

P·Channel 4.6 5 -0.45 - - -0.4 -O.B - -0.36 - -
lOP mA B,9 (Source) 9.5 10 -1 - - -0.9 -1.B - -0.75 - -

13.5 15 - - - -3 -6 - - - -
Input Current II 15 - - - - 10-5 ±1 - - - p.A -
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CD4093B __________________________ File No. 836 

STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CD4093BE 

CONOI- FIG. 
CHARACTERISTIC SYMBOL 

nONS 
PLASTIC PACKAGE LIMITS UNITS NO. 

Vo VOO -400(: 25°C 85°C 
V V Min. Typ. Max. Min. Typ. . Max. Min . Typ. Max. 

au iescent Device 5 - - 5 - 0.01 5 - - 70 
Current 

IL 10 - - 10 - 0.01 10 - - 140 p.A 20 

15 - - - - 0.01 - - - -
5 - - 0.01 - 0 0.01 - - 0.05 

Output Voltage: 
VOL 10 0.01 0 0.01 0.05 Low· Level - - - - -

15 - - - - 0 - - - -
V -

5 4.99 - - 4.99 5 - 4.95 - -
High-Level VOH 10 9.99 - - 9.99 10 - 9.95 - -

15 - - - - 15 - - - -
5 - 3 - 2.3 2.9 3.5 - 2.9 -

Positive Trigger 
Vp 10 5.9 4.5 5.9 7 5.9 V 2,4 Threshold Voltage - - - -

15 - - - - 8.9 - - - -
5 - 2.6 - 1.5 2.3 2.7 - 2.1 -

Negative Trigger 
VN 10 4 3 3.9 5.5 3.8 V 2;4 Threshold Voltage - - - -

15 - - - - 5.4 - - - -
5 - 0.4 - 0·4 0.6 - - 0.8 -

Hysteresis Voltage VH 10 - 1.9 - 1 2 - - .2.1 - V 2,4 

.15 - - - - 3.5 - - - -
0 5 - 3 - 2.3 2.9 3.5 - 2.9 -

VNL 0 10 - 5.9 - 4.5 5.9 7 - 5.9 -
0 15 - - - - 8.9 - - - -

Noise Immunity V 3,21 
5 5 - 2.2 - 2.3 2.7 3.5 - 2.9 -

VNH 10 10 - 6 - 4.5 6.1 7 - 6.2 -
15 15 - - - - 9.6 -'- - - -

Output Drive Current: 0.4 5 0.45 - - 0.4 0.8 - 0.36 - -
III·Channel ION 0.5 10 1 - - 0.9 1.8 - 0.75 - - mA 6,7 

(Sink) 
1.5 15 3 6 - - - - - - -
2.5 5 -L8 - - -1.6 -3.2 - -1.3 - -

P·Channel 4.6 5 ~.45 - - ~.4 -0.8 - -0.36 - -
(Source) lOP mA 8,9 

9.5 10 -1 - - -0.9 -1.8 - -0.75 - -
13.5 15 - - - -3 --6 - - - -

Input Current. II 15 - - - - ±10--5 ±1 - - - p.A -
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File No. 836 ___________________________ CD4093B 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C. Input 1,. tr = 20 ns. and CL = 50 pF 

TEST CONDITIONS 
ALL TYPES CHARACTERISTIC 

LIMITS CURVES & 
CHARACTERISTIC SYMBOL 

VDD 
UNITS 

TEST CIRCUITS 
Volts Typ. Max. FIG. NO. 

Propagation Delay Time 
tpHL· 

5 300 600 
10 150 300 ns 10.12 

tpLH 15 120 240 

tTHL 5 100 200 
Transition Time 10 50 100 ns 11 

tTLH 15 40 80 

Average Input Capacitance CI Any Input 5 - pF -

Z------52- vDD 
vDD Vo f-"!!.- ~VO 

vH RVP-VN 
VI 

Vss 

I , VI 
Vp Vp 

aJ Definition of Vp- VN,and VH bJ Transfer characteristic of , of 4 gates c) Test setup 

Fig. 2-Hysteresis definition, characteristic, and test setup. 
92CM-Z3882 

DRIVER 

OUTPUT 
CHARACTERISTIC 

LOAD 
INPUT 

CHARACTERISTIC 

~~~~~~l=%H VDD-----------~~~~ 
LOGIC "I" ? 
OUTPur..J 
REGION 

1-1..OGiC.o"- - -VIH IMINI---+:;L.<~0~~~ 
OUTPUTl REGION 

VNL z Vll. (MAXI-VOL :::VI.L I MAX) 

VNH"IVIHIIMINI-VOHs:::IVIH (MIN) 

'l2CS-23883RI 
Fig. 3-lnpur and output characteristics. 

15 SUPPLY VOLTAGElVOO):o15V 

> , 
~ 
~ 10 

~ 
g 

10V 

~ 5V 
~ 5 
o 

Q 10 IS 
INPUT VOLTAGE (VI I-v 92CS-24828 

Fig. 5-Typical voltage transfer charac~rist;cs as a 
fUnction of temperature. 

> 

AMBIENT TEMPERATURE (TAI"ZS-C 

15 SUPPLY VOLTAGEIVoo)·15V 

CURRENT 

I 12.5 
PEAK ~

DO VDO 

? 
'" 10 

~ 
0 
> 7.0 
t; 

10V 

CURRENT 
PEAK 

5 I 
V .n 4Vo 

I .J 
~ ALL 

Vo Io OTHER 
INPUTS 

1.5 

.. 
E 
I 
~ ... z 
'" '" '" a 
z Io-- TOVDO 

~ 5V 

0 
5 O.5~ 

2.5 

o 
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OOCD3LJO 
Solid State 
Division 

Digital Integrated Circuits 
Monolithic Silicon 

Preliminary CD4094BE 

COS/MOS a-5tage Shift-and-Store 
Bus Register 

PARALLEL OUTPUTS QI-a8 

92CS-24564 

CD4094B Functional Diagram 

The RCA-CD4094B is an a-stage serial shift register having a 
storage latch associated with each stage for strobing data from 
the serial input to parallel buffered 3-state outputs. Data is 
shifted on positive clock transitions. The data in each shift 
register stage is transferred to the storage register when the 
strobe input is high. Data in the storage register appears at the 
outputs whenever the output-enable signal is high. 

Two serial outputs are available for cascading a number of 
CD4094B devices. Data is available at the a's serial .output 
terminal on positive clock edges to allow for high-speed 
operation in cascaded systems in which the clock rise time is 
fast. The same serial information, available at the a's terminal 
on the next negative clock edge, provides a means for cascading 
CD4094B devices when the clock rise time is slow. 

The CD4094B is supplied in a l6-lead dual-in-Iine plastic 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE ... '" . . . . -65 to +1500C 
OPERATING-TEMPERATURE RANGE........ --40 to -Ill5 °c 
DC SUPPLY-VOLTAGE RANGE: 

(V DO·) • . ...... ...................... -0.5 to +18 V 
DEVICE DIsSIPATION (PER PACKAGE) . . . . . • 200 mW 
ALL INPUTS ............................. Vss .;;; VI .;;; VOO 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) 
from case for 10 s max. . ..............•..•. 

• All voltage values are referenced to VSS terminal. 
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Output 
CL" Strobe 

Enable 

.r 0 

"'\.. 0 

J 1 

.f 1 

.f 1 

'"\.. 1 

... ". Level Change 
X ". Don't Care 
NC = No Change 
OC = Open Circuit 

X 

X 

0 

1 

1 

1 

TRUTH TABLE 

Data 

X 

X 

X 

0 

1 

1 

Os al aN Serial 
Out Out 

Output 

OC OC a7 

oc oc NC 

NC NC a7 

0 aN:1 a7 

1 aN-I a7 

NC NC NC 

Logic 1 '= High 
logic 0 == Low 

OPERATING CONDITIONS AT TA = 250C 

a' s 
Serial 
Output 

NC 

a7 

NC 

NC 

NC 

a7 

For maximum reliability. nominal operating conditions should be 
selected so that operation is a/ways within the fol/owing ranges 

Characteristic VOO Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - O.2VOO -0.5 V V -
(Recommended Vss to Voo) to to 

0.8 VOO VOO + 
(Anyone 0.5 V 

input) 
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STATIC ELECTRICAL CHARACTERISTICS AT TA = 250 C 

CHARACTERISTIC SYMBOL TEST CONOITIONS TYPICAL VALUES UNITS 

Vo VOO 
Volts Volts 

5 0.5 
Quiescent Device Current IL I1A 

10 1 

Output.Orive Current: 
0.4 5 0.8 

N·Channel (Sink) ION VI = VSS 
0.5 10 1.8 

mA 
4.6 5 -0.8 

P·Channel (Source) lOP VI =VOO 2.5 5 -3.2 

9.5 10 -1.8 

DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 250 C. CL = 50 pF. Inputtr.tt = 20 ns (excepttrCL andttCL) 

CHARACTERISTIC SYMBOL TEST CONOITIONS TYPICAL VALUES UNITS 

VOO 
Volts 

Propagation Oelay Time: 
5 300 

Clock to Serial Out aS 
10 120 

Clock to Serial Out a'S 
5 215 

10 90 

tpHL. 5 375 
Clock to Parallel Out ·ns 

tpLH 10 150 

5 300 
Strobe to Parallel Out 

10 120 

5 175 
Output Enable to Output 

10 70 

tTHL· 5 100 
Transition Time ns 

tTLH 10 50 

Minimum Strobe twL. 5 75 

Pulse Width 
ns 

tWH 10 40 

Clock Rise and trCL. 5 >15 

Fall Time 10 >15 
/1S 

tfCL 

5 45 
Setup TIme tsu ns 

10 30 

fCL 5 2 
Maximum Clock Frequency MHz 

(50% Outy Cycle) 10 4 

Average Input Capacitance CI Any Input 5 pF 
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OOC05LJD 
Solid State 
Division 

Digital Integrated Circuits 
. Monolithic Silicon 

Preliminary CD4095BE 
Preliminary CD4096BE 

COS/MOS Gated J-K 
Master-Slave Flip-Flops 

SET~ ., S 

J2 J 0 Q 

CLO~ CL 
KI 
K2 K 6 Q 
K3 R 

RESET 
92CS-2442T 

C04095B Functional Diagram 

With Set-Reset Capability 

CD4095B Non-Inverting J and K Inputs 
CD4096B Inverting and Non-Inverting J and K Inputs 

SYNCHRONOUS OPERATION (5=0, R-D) 

Inputs Before 
Positive Clock 

Transition 

J* K* 

0 0 
0 1 
1 0 
1 1 

Inputs After 
Positive Clock 

Transition 

ala 
No Change 

0 I 1 
1 0 

Toggles 

*For C04095B 
J=Jl'J2'J3 
K = Kl 'K2' K3 

ForC040968 
J-Jl°J2°J3 
K=Kl°K2°i<3 

The RCA-CD4095B and -CD4096B areJK Master/Slave Flip
Flops featuring separate AND gating of multiple J and K inputs. 
The gated JK inputs control transfer of information into the 
master section during clocked operation, Information on the 
JK inputs is transferred to the a and Q outputs on the positive 
edge of the clock pulse. SET and RESET inputs (active high I· 
are provided for asynchronous operation. 

ASYNCHRONOUS OPERATION (J and K = DON'T CAREl 

The CD4095B and CD4096B are supplied in 14-lead dual-in
line plastic packages (CD4095BE, CD4096BEI. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE .•.•.•..•• 
OPERATI NG-TEMPERATU RE RANGE ....•••. 
DC SUPPLY-VOLTAGE RANGE: 

-65 to +1500 C 
-40 to -<85 °c 

(V DO.) .. : .•...•...•••••.••••.....•... -0.5 to +18 V 
DEVICE DISSIPATION (PER PACKAGE) .•.... 
ALL INPUTS ...•..••.••...•.•••.•••••.•.. Vss .;;; VI 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1116 ± 1132 in. (1-.59 ±0.79 mm) 
from case for 10 s max . ................... . 

• All voltage values Bre referenced to V ss terminal. 
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200mW 
';;;VOO 

S R 0/ a 
0 0 

NogT~ 0 1 
1 0 1 0 
1 1 1 1 

0= VSS' 1 = VOO 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliability. nominal operating conditions should he 
selected so that operation is always within the fol/owing ranges 

Characteristic VDO Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
I nput Voltage Swing - 0.2VOO -0.5 V V -
(Recommended VSS to Vee) to to 

0.8 VOO VOO + 
(Anyone 0.5 V 

input) 
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STATIC ELECTRICAL CHARACTERISTICS AT TA = 250 C 

TEST CD4095B. C04096B 
CONDITIONS TYPICAL 

CHARACTERISTIC SYMBOL Vo VOo-VSS 
VALUES UNITS 

5 0.01 
Quiescent Device Current IL p.A 

10 0.02 

Output Device Current: 
0.4 5 O.B 

N·Channel (Sink) ION 
0.5 10 1.B 

mA 
4.6 5 -O.B 

P·Channel (Source) lOP 2.5 5 -loB 
9.5 10 -l.B 

OYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 250 C. CL = 50 pF. Input tr.tt = 20 ns 

TEST C04095B. C04096B 
CONDITIONS TYPICAL 

CHARACTERISTIC SYMBOL Vo VDD'VSS 
VALUES UNITS 

Clocked Operation (Synchronous) 

tpHL· 5 200 
Propagation Delay Time ns 

tpLH 10 100 

tTHL· 5 100 
Transition Time ns 

tTLH 10 50 

twL' 5 75 
Minimum Clock Pulse Width ns 

tWH 10 30 

Maximum Clock Rise trCL. 5 15 
jJ.s 

and Fall Time tfCL 10 5 

tSUHL· 5 150 
Setup Time ns 

tSULH 10 75 

Maximum Clock Frequency 5 6 
fCL MHz 

(Toggle Mode) 10 16 

Set ~nd Reset Operation (Asynchronous) 

tpHL(R)' 5 175 
Propagation Delay Time ns 

tpLH(S) 10 B5 

twH(S)' 5 100 
Minimum Pulse Width ns 

tWH(R) 10 50 

Average Input Capacitance CI Any Input 5 pF 
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Preliminary CD4098BE 

CXI RXI 
Voo 

COSIMOS Dual Monostable 
Multivibrator 

+TR 6 0, Retriggerable/Resettable 
-TR 

RESET 7 -0, Features: Applications: 

10 Q2 

• Trigger propagation delays independent 
of RX.CX • Pulse delay and 

timing 
962 • Triggering from leading or trailing edge 

• Pulse shaping 
• a end Q buffered outputs available 

• Astable Multivibrator 
• Separate resets 

voo 
Functiona_ 

CX' Rx. • Wide range of output-pulse widths 
Diagram 92CS-242S3 • Equal source and sink currents 

-The RCA CD4098BE dual monostable multivibrator provides 
stable retriggerable/resettable one-shot operation for any fixed
voltage timing application. 

An external resistor (RX! and an external capacitor (CX! 
control the timing for the circuit. Adjustment of RX and Cx 
provides a wide range of output pulse widths from the Q and Q 
terminals. The time delay from trigger input to output tran
sition (trigger propagation delay! is independent of RX and CX. 

Leading-edge-triggering (+T R! and trailing-edge-triggering (-T R! 
inputs are provided for triggering from either edge of an input 
pulse. An unused +TR input should be tied to VSS. An unused 
- TR input should be tied to VOO. A RESET (on low leveH is 
provided for immediate termination of the output pulse or to 
prevent output pulses when power is turned on. An unused 
RESET input should be tied to VOO. However. if an entire 

MAXIMUM RATINGS. Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ••.•.•.• -65 to +150 ·C 
OPERATING-TEMPERATURE RANGE ••.••• -40 to +85 ·C 
DC SUPPL Y·VOLTAGE RANGE 

Voo· ..•......••••....•.•.... -O.5to+18 V 
DEVICE DISSIPATION (PER PKG.I ••••••.•• 200 mW 
ALL INPUTS ••••••••••••••••••.•.•••.•••••• Vss ,",vl,",vOD 

OPERATING CONOITIONS AT TA = 25"C 

For maximum reliability, nominal operating conditions' should be 
selected so that operation is alwavs within the following ranges 

a.aracteristic VDD Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -

Input Voltage Swing - 0.2VDD -0.5 V V -
(Recommended Vss to VOO) to to 

O.8VDD VDD + 
(Anyone 0.5 V 

input) 

• All voltage values are referenced to Vss terminal. 
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section of the C04098BE is not used. its RESET should be tied 
to VSS. See Table I. 

In normal operation. the circuit retriggers on the application 
of each new pulse. To prevent retriggeringwhen leading-edge 
triggering is used, Q must be connected to - T R. To prevent 
retriggering when trailing-edge triggering is used. a must be 
connected to + T R: 

The time period (T! for- this multivibrator can be approximated 
by: TX = RXCX. Time periods as a function of RX for values 
of Cx and VOO are given in Fig. 1. 

All outputs are independently buffered to provide equal 
sOurce- and sink-current capabilities.The C04098BE is available 
in a 16·lead dual-in-line plastic package (C04098BE!. This 
device is similar to type MC14528. 

10" AMBIENT TEMPERATURE (TA}-2S-C I: .. I II 10V IIOV 10V IOV 10V ,. 
SUPPLY VOLTAGE (V ). l V ~V 15V 15V 15V 

6 107 DO 5V 5V. 5V 5 5V 

I 
itH<~ ~ ~~.f- H 

~ 10' 11$ ~#..~~~ 
~ 

'jJ; ~ 0' 
§ 0-,/ ~ : 

10' 
r,y,~ o~ 

0: 

== ;i ~~ 
z ",,,, 
0: .¢ 
'" '" S 10' 

IR 
10' A 

- -10-6 10-5 10-4 10-3 10 2 10 I 100 
TIME PERIOD (t) - SECONDS 

92CS-242!!5 

Fig. 1 - R X v.r. time period for variOUB values of V 00 and eX-
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TABLE I 

C04098BE FUNCTIONAL TERMINAL CONNECTIONS 

TOVOO TOVSS INPUT PULSE TO OTHER CONNECTIONS 
FUNCTION 

MONO, MON02 

LEAOING·EDGE 
TRIGGER! 3,5 11,13 
RETRIGGERABLE 

LEADING·EDGE 
TRIGGER! 3 
NON·RETRIGGERABLE 

TRAI LlNG·EDGE 
TRIGGER! 3 
RETRIGGERABLE 

TRAILlNG·EDGE 
TRIGGER! 3 
NON·RETRIGGERABLE 

UNUSED SECTION 5 

NOTES: 

1. A RETRIGGERABLE ONE-5HOT MULTI· 
VIBRATOR HAS A TIME PERIOD TX 
REFERENCED FROM THE APPLICATION 
OF THE LAST INPUT PULSE. 

2. A NON·RETRIGGERABLE ONE-5HOT 
MULTIVIBRATOR HAS A TIME PERIOD 
TX REFERENCED FROM THE APPLlCA· 
TION OF THE FIRST INPUT PULSE. 

4(121 

3(131 

13 

13 

13 

11 

NOTE: SCHEMATIC SHOWN IS 1/2 OF TOTAL 
PACKAGE. TWO SETS OF PIN NUMBERS 
ARE SHOWN. PINS 1.8,15 ARE 
ELECTRICAllY CONNECTED. 

1(15) '0-- Vss 

80-- Vss 

160-- Voo 

MONO, 

4 

3,4 

MON02 MONO, MON02 MONO, 

4 12 

4 12 5·7 

12 5 11 

5 11 4·6 

12,13 

INPUT PULSE TRAIN 

RETRIGGERABLE MODE PULSE WIDTH J 
I+TRMODEI 

NON·RETRIGGERABLE MODE PULSE 
WIDTH 
I+TR MODEl 

RXCX 
+--_--02(14) 

MON02 

11·9 

12·10 

L_-L...)o---r-------<j >------;:)6(10) Q 

~---, ;_----~::>7191 ii 

Vss 92CS-24254 

Fig. 2 - CD4098BE dual monos table multivibraror logic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C 

TEST 

CHARACTERISTIC SYMBOL CONDITIONS TYPICAL VALUES UNITS 

Vo VDD 

VOLTS VOLTS 

Quiescent Device Current IL 5 0.01 p.A 

10 0.02 

Quiescent Device Dissipation! 
Po 

5 0.05 
p.W 

Package 10 0.2 

VNL 
O.B 5 2.25 

Noise ,Immunity (Any Input) 1 10 4.5 V 

VNH 
4.2 5 2.25 

9 10 4.5 

Output Drive Current: ION 0.4 5 O.B mA 
N·Channel (Sink) 0.5 10 1.8 

4.6 5 -O.B 

P·Channel (Source) lOP 9.5 10 -1.B mA 
2.5 5 -l.B 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C. CL m 50 pF.lnput tr.tt = 20 ns 

CHARACTERISTIC SYMBOL 
TEST CONDITIONS VDD TYPICAL VALUES UNITS 

RX(km CX(pFI V 

Trigger Propagation Delay Time 5 15 
5 350 

tpLH' 10 125 
ns 

+TR. -TR to a. Q 
tpHL 5 350 

10 1000 
10 125 

Minimum Trigger 5 15 
5 75 

tWL' 10 30 
Pulse Width tWH ns 

10 1000 
5 75 
10 30 

5 15 
5 100 

Transition TIme tTHL. 
10 50 ns 

tTLH 10 1000 
5 125 
10 75 

5 15 
5 400 

Reset Propagation Delay TIme tpLH' 
10 150 ns 

tpHL 10 1000 
5 1100 
10 700 

5 15 
5 50 

Minimum Reset Pulse Width tWL 
10 25 ns 

10 1000 
5 750 
10 500 

Average Input Capacitance CI Any Input 5 pF 
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APPLICATIONS 

Voo 

f\..+TR 
Voo 

Fig. 3 - Pulse delay. 

Voo 

Fig. 4 - Astable multivibrator. 

Voo 

92CS-24256 

Voo 

12- RX2 CX2 

fa TI~T2 
92CS-24257 
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Preliminary CD4099BE 

COS/MOS a-Bit Addressable Latch 

WRITE DISABLE QO 

DATA QI 
Q. 

AO Q. 

AI Q4 

A. Q. 
Q6 
Q7 

CD4099B Functional Diagram 

The RCA·CD4099B B·bit addressable latch is a serial·input, 
parallel·output storage register that can perform a variety 
of functions. 

Data is input to a particular bit in the latch when that bit is 
addressed (by means of inputs AO, Al, A2) and when WRITE 
DISABLE is at a low level. When WRITE DISABLE is high, 
data entry is inhibited; however, all 8 outputs can be con
tinuously read independent of WRITE DISABLE and address 
inputs. 

A master RESET input is available, which resets all bits to a 
logic "0" level when RESET and WRITE DISABLE are at a 
high level. When RESET is at a high level, and WRITE DISABLE 
is at a low level, the latch acts as a l·of·B demultiplexer; the bit 
that is addressed has an active output which follows the data 
input, while all unaddressed bits are held to a logic "0" level. 

The CD4099B is supplied in a l6·lead dual·in·line plastic 
package (CD4099BE). 

AO,AI. A2 

WRITE 
DISABLE 

DATA 

RESET 

QO 

Q7 

------. 

MOOE SELECTION 

Write 
Disable Reset Addressed Latch Unaddressed Latch 

0 0 Follows Data Holds Previous State 

0 1 Follows Data Reset to "0" 
(Active High a-Channel Demultiplexer) 

1 0 Holds Previous State I Holds Previous State 
1 1 Reset to "0" Reset to "0" 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE •........•... -65 to +1500 C 
OPERATING·TEMPERATURE RANGE •.......... -40 to +85 °c 
OC SUPPLY·VOL TAGE RANGE: 

(VOO)* •...•............••...•..•...... -0.5 to +18 V 
DEVICE DISSIPATION (PER PACKAGE) .... ...••..... 200 mW 
ALL INPUTS .....••.•................•. Vss';; VI .;; VOO 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1,59 ± 0.79 mm) 
from case for 10 s max. ....................... +200oC 

* All voltage values afe referenced to VSS terminal. 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliability. nominal operating conditions should be 
selected so that operation is always within the fol/owing ranges 

Characteristic VOO Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -

Input Voltage Swing - 0.2 VOO -0.5 V V -
(Recommended VSS to V OO ' to to 

0.8 VOO VOO + 
(Anyone 0.5 V 

input) 

NOTE: WRITE DISABLE MUST BE HELD HIGH DURING AN ADDRESS 
CHANGE FOR THE MINIMUM DURATION SPECIFIED BY 'SETUP+ 
'HOLD' 
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Preliminary CD4099BE 

STATIC ELECTRICAL CHARACTERISTICS at TA = 250 C 

TEST CONDITIONS 
CHARACTERISTIC SYMBOL Vo VDD TYPICAL UNITS 

Volts Volts VALUES 

Quiescent Device 
IL 

5 0.D1 IJ.A 
Current 10 0.02 

Output Drive Current: 0.4 5 0.8 

N·Channel ISink) 
ION VI = VDD mA 

0.5 10 1.8 

4.6 5 -0.8 

P·Channel (Source) lOP VI = VSS 2.5 5 -3.2 mA 

9.5 10 -1.8 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C. CL = 50 pF. Input tr.tt = 20 ns 

TEST CONDITIONS 
CHARACTERISTIC SYMBOL . VDD TYPICAL UNITS 

Volts VALUES 

Propagation Delay: 

tpLH' AO. AI. A2 Stable (i) 5 200 
Data to Output 

tpHL Write Disable. Reset = "0" 10 85 

225 
ns 

Write Disable tpLH. AO. AI. A2 Stable 0 
5 

to Output tpHL Reset = "0" 10 100 

@ 5 190 
Reset to Output tpHL 10 85 

Minimum Pulse Width: 

tWL. 0 5 15 
Data 

tWH 10 5 

tWL· 5 a 
Address ns 

tWH 10 a 

® 
5 120 

Reset tWH 10 60 

Setup Time: 
AO. AI. A2 Stable ® 5 235 

Data to Write Disable 
Reset = "0" 10 105 

tsu 80 
ns 

Write Disable e?) 5 
Reset = "0" 

10 35 to Address 

Hold Time: 

® 5 200 
Address to Write Disable tHOLD Reset = "0" 

10 100 

45 
ns 

AO. AI. A2 Stable ® 
5 

Data to Write Disable tHOLD Reset = "0" 10 15 

·Circled numbers refer to times indicated on master timinll diagram. 
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Preliminary CD4502BE 

COS/MOS Strobed Hex Inverter/Buffer 
THREE-STA:AT~E~===::::;-, OUTPUT _4 
DISABLE 

QI 
Special Features: INHIBIT 2';;.2.J.... ...... r-<" 

01 3 
• 2-TTL-Load Output-Drive Capability 

Q2 • 3-8t.18 Outputs 02 6 

03 I 

04 10 

Q3 • Common Output-Disable Control 
• Inhibit Control 

Q4 

OS 13 Q5 Applications: 

IS 
• 3-8ta18 Hex Inverter for Interfacing IC's 

with Data Buses 
• COS/MOS-to-TTL Hex Buffer 

92CS-22.921 

RCA-CD4502B contains six inverter/buffers with 3-state out
puts. When the disable control input is at a logical 1. all six 
outputs become high impedance (> 10 Mn). This feature sim
plifies design by allowing .:ommon bussing of the outputs. 

The CD4502B is also provided with an inhibit control which. 
when at logical 1. switches all six outputs to logical O. 

The CD4502B is supplied in a 16-lead dual-in-line plastic 
package (CD4502BE). 

This device is similar to type MC14502. 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliability, nominal operating conditions should be 
selected $0 that operation is always within the following ranges 

Characteristic VDD Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2VOO -0.5 V V -
(Recommended Vss to Voo) to to 

O.8VOO VOO + 
(Any one 0.5 V 

input) 

MAXIMUM RATINGS. Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ••.••......... -65 to +150"C 
OPERATING-TEMPERATURE RANGE: 

CERAMIC.pACKAGE TYPES ..••...•.••••.•. -55 to +l25oc 
PLASTIC-PACKAGE TYPES. . . . . • • . . • . • . . • •. -40 to +85 °c 

DC SUPPLY-VOLTAGE RANGE 
VOO' .....••...•••...•.....•..•......••. -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE) . . . . .• . .•. . . .. 200 mW 
LEAD TEMPERATURE lOURING SOLDERING): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) 
from case for 10 seconds max. ••.•••.•........... 265°C 

• All voltage values are referenced to Vss terminal. 

DISABLE INHIBIT On On 
0 0 0 1 
0 0 t 0 
0 1 X 0 
1 X X HIGH 

IMPEDANCE 

i-------------l 
I VDD I 

x = DON'T CARE 

3(6.1.IO.13~IS ) 
On" I ~ I 

~I 5(::.9.".'4~ALL INPUTS PROTECTED 8'4--Voo I! COS/MOS STANDARD INHIBIT- 12 

()"'_-+--+--+~L--

DISABLE" 0-+ ... +-1 ::x>+t------l_~ 
4 

9 i PROTECTION NETWORK 

I Vss I Vss 

L - -;O;-6~ - - - - -- _____ 1 Flg.1-SchematicDisgram -Inputcircultand 10'6 
"-'-~--" 

TO ~ OTHER HEX INVERTER/BUFFERS 92CM·24097 identiclIllnverter/bUffers. 
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Preliminary CD4502BE 

STATIC ELECTRICAL CHARACTERISTICS AT TA = 260 C 

CHARACTERISTIC 

CHARACTERISTIC SYMBOL TEST CONDITIONS TYPICAL VALUES UNITS 
CURVES AND 
TEST CIRCUITS 

Va VDD Fig. No. 

Quiescent Device Current IL 
5 0.002 

p.A 
10 0.004 

-

Quiescent Device Dissipation/Package Po 5 0.01 
IlW -

10 0.04 
Output Voltage: 

VI=VOO 5 0 
Low Level VOL 10=0 10 0 

V -

VOH 
VI =VSS 5 5 

High Leve! 
10=0 10 10 V -

VNL 
4.2 5 2.25 

V -
9 10 3.5 

Noise Immunity 10 = 0 
0.8 5 2.25 

VNH 1 10 6.5 V -
Output Drive Current: 

n·Channel (Sink) ION VI=VOO 
0.4 5 5.7 

rnA 4 
0.5 10 12.5 

4.6 5 -0.8 
p·Channel (Source) lOP VI=VSS 2.5 5 -3.2 mA 5 

9.5 10 -l.B 

VDD 

D' VDD 

a. D6 I-~i)-----PULSE GENERATOR 

DI a6 SCOPE 

DISABLE DS 

al INHIBIT 

D2 as 

a2 04 

vss a4 

92CM-24098 

Fig.2 - Data transition times & delay times test circuit & waveforms. 
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DYNAMIC CHARACTERISTICS AT TA = 25"<: AND CL = 50 pF.lnputtr. tf = 20 ns 

CHARACTERISTIC SYMBOL TEST'COND~ 
VDD 

V 

Data or Inhibit 5 
Delay Times: tpH!.. 10 

High to Low 

tpLH 5 Low to High 10 
Disable Delay Times: 

5 
Output 1 to tl-H 10 
High Impedance 
High Impedance 

tH-l 
5 

to Output 1 10 See Fig.3 
Output 0 to 5 

High Impedance t[J.H 10 
High Impedance 5 

to Output 0 tH-O 10 
Transition Times: 

Low to High 
5 

tTLH 10 
5 

High to Low tTHL 10 
Average Input Capacitance CI 

VDD 

D. VDD 

Q' 06 

01 Q6 

PULSE DISABLE os 
GENERATOR 

QI INHIBIT 

0" QS 

Q" D4 

VS. Q4 

CHARACTERISTIC CURVES 
TYPICAL VALUES UNITS AND TEST CIRCUITS 

Fig.No. 

135 
55 ns 

2 295 
130 ns 

65 ns 
30 

260 
105 

ns 
3 

150 
70 

ns 

160 
65 ns 

100 
50 

ns 

40 
2 

20 ns 

5 pF 

TEST CONDITIONS 
TEST PIN 15 POINT A 

t1·H V58 Vss 

to-H VDD V~D 

tH·O VDD VDO 

tH·' Vss V58 

~ 
to-H 

VDD 
VOL-W 

YOH" 2~DD 

92CM-24099. 

Fig.3 - Dissble delay times test circuit and waveforms. 
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AMBIENT TEMPERATURE (TA)-25-C .tttttttLttttttt 
cc TOTAL PACKAGE DISSIPATION < 200 mWJ±±±±±±:±±il-tti+ 
i 150 

¥. 
~ 125 

~ 
~ 100 

.V 

GATE-lO-SOURCE VOLTAGE (VGS'-15V 

IOV 

MAXIMUM OPERATING POWER 
PER OUTPUT 

a 2.5 5 1.5 10 12.5 15 
DRAIN-lO-SOURCE VOLTAGE (Vos)-V 

92CS-24100 

Fig.4 - Typical n-channel drain characteristics. 

Preliminary CD4502BE 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 
-15 -10 -, 

AMBIENT TEMPERATURE ITA 1-2S-C 

GATE-TO-SOURCE VOLTAGE IVGSI=-SV 

MAXIMUM PACKAGE 
DISSIPATION=200 mW 

-ISV 

-lOY 

l'i 
-25 ~ 

~ 
-30 h 

9ZCS-24320 

Fig. 8-Typical output-P-channel drain characteristics. 
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Preliminary CD4511BE 

BC~ 
INPUTS LT 

7-SEGMENT 
OUTPUTS 

COS/MOS BCD-to-Seven-Segment 
Latch Decoder Driver 

I I 

r ] B" . , 
d 

I. I. VOO 

C 15 f 
LT 

" Si 13 
LE 12 

0 " A 10 

vSS 

DISPLAY TOP VIEW 

lal/l.?131t.fISlbllIBI'l1 
LE 

92CS- 25083 
92CS-25084 

C04511 B Functional Diagram 
o 

The RCA-CD4511B is a BCO-to-Seven-Segment Latch Decoder 
Driver constructed with COS/MaS logic and n-p-n bipolar 
transistor output drivers on a single monolithic structure. This 
device combines the low quiescent power dissipation and high 
noise immunity features of RCA COS/MaS with n-p-n bipolar 
output transistors capable of sourcing up to 25 mAo This 
capability allows the CD4511B to drive LED's and other 
displays directly. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ............. -66 to +1500 C 
OPERATING.TEMPERATURE RANGE ........... -40 to +85 °C 
DC SUPPLY-VOLTAGE RANGE 

Voo· ................................... -0.5 to +18 V 
MAXIMUM CONTINUOUS OUTPUT 

DRIVE CURRENTIOUTPUT ...........•.....•...... 25 rnA 
MAXIMUM CONTINUOUS OUTPUT 

POWERIOUTPUT •.........•...............•..... 50 rnW 
ALL INPUTS .••....••........ _ ........... Vss .;; VI .;; V DD 

LEAD TEMPERATURE (DURING SOLDERING), 
At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max. ................... 2moC 

• All voltage values are referenced to Vss terminal. 

398 

92CS-25087 

C04511B 
TERMINAL ASSIGNMENT 

Lamp Test(LT) Blanking (81) and Latch Enable (LE) inputs 
are provided to test the display, shut off or intensity modulate 
it, and store a BCD code, respectively. Several different 
signals may be multiplexed and displayed when external 
mUltiplexing circuitry is used. 

The CD4511B is supplied in a 16-lead dual-in-line plastic 
package (CD4511BE). 

This device is similar to type MC14511. 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges 

Characteristic V DD Min. Max. Units Fig. 

Supply Voltage Range - 3 18 V -

I nput Voltage Swing - 0.2 VDD -0.5 V V -
(Recommended VSS to V OO' to to 

0.8 V DD VOO + 
(Anyone 0.5 V 

input) 

9-74 



_____________________________ Preliminary CD4511B 

STATIC ELECTRICAL CHARACTERISTICS AT TA = 250 C 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL IOH VOL VDD TYPICAL VALUES UNITS 

mA V V 

5 5 
Quiescent Device Current IL nA 

10 10 

Output Drive Voltage 0 5 4.5 

10 5 4.1 

25 5 3.5 
H igh·Level (Source) VOH V 

0 10 9.5 

10 10 9.1 

25 10 8.7 

Output Drive Current 0.4 5 0.8 
(Sink) IOL mA 

0.5 10 2 

DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 250 C. CL = 15 pF.lnputtr.tt = 20 ns 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VDD TYPICAL VALUES UNITS 

V 

·Propagation Delay: 5 720 

High-to·Low tpHL 10 290 
ns 

5 640 
Low·to-High tpLH 

10 250 

Transition Time: 5 30 

High-to-Low 
tTHL 

10 17 
ns 

5 1000 
Low-to·High trLH 10 1000 

5 90 
Setup Time tsu ns 

10 38 

5 -90 
Hold Time 

tHOLD ns 
10 -38 

Minimum Latch Enable 5 260 

Pulse Width 
tW(LE) ns 

10 110 

Average I nput Capacitance CI Any Input 5 pF 
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Preliminary CD45118 ____________________________ _ 

LE BI LT 0 C 

X X 0 X X 

X 0 1 X X 

0 1 1 0 0 

0 1 1 0 0 

0 1 1 0 0 

0 1 1 0 0 

0 1 1 0 1 

0 1 1 0 1 

0 1 1 0 1 

0 1 1 0 1 

0 1 1 1 0 

0 1 1 1 0 

0 1 1 1 0 

0 1 1 1 0 

0 1 1 1 1 

0 1 1 1 1 

0 1 1 1 1 

0 1 1 1 1 

1 1 1 X X 

X == Don't Care 

TRUTH TABLE 

B A a b c d • f g Display 

X X 1 1 1 1 1 1 1 8 
X X 0 0 0 0 0 0 0 Blank 

0 0 1 1 1 1 1 1 0 0 
0 1 0 1 1 0 0 0 0 I 
1 0 1 1 0 1 1 0 1 r 
1 1 1 1 1 1 0 0 1 3 
0 0 0 1 1 0 0 1 1 &.f 
0 1 1 0 1 1 0 1 1 5 
1 0 0 0 1 1 1 1 1 b 
1 1 1 1 1 0 0 0 0 7 
0 0 1 1 1 1 1 1 1 8 
0 1 1 1 1 0 0 1 1 '1 
1 0 0 0 0 0 0 0 0 Blank 

1 1 0 0 0 0 0 0 0 Blank 

0 0 0 0 0 0 0 0 0 Blank 

0 1 0 0 0 0 0 0 0 Blank 

1 0 0 0 0 0 0 0 0 Blank 

1 1 0 0 0 0 0 0 0 Blank 

X X . * 

*Depends on BCD code previously 
applied when LE = 0 

Not.: Display is blank for all illegal input codes (BCD> 1001). 

400 

DYNAMIC WAVEFORMS 

92CS-25085 

20 nsH~= _____ voo 
1#90% 

LE 10% -VI 50% 

r-- tsu ----t-- tHOLD j 

~90% -12 
DATA 50o/,S r 50% INPUTS 10% ______ -' _____ 0 

20 ns FOR SETUP 
voo---,--

o 

voo 

,,/' 

""::::, ~::~J iF-/ -"'-""-. 
5~~~tW(LE)~ 

92CS-2~086 



File No. 814 

OOCIBLm Digital Integrated Circuits 

Solid State 
Division 

Monolithic Silicon 

CD4514B Types 
CD4515B Types 

YOO"24 

VSS-12 
I~ so 
10 51 
B 52 
7 53 
6 54 
5 55 

4 56 
18 57 

COS/MOS 4-Bit Latch/4-to-16 
Line Decoder 

DATA I 2 

DATA 2 3 

DATA 3 21 

OATA4 22 

STROBE I 

CD4514B Output "High" on Select 
CD4515B Output "Low" on Select 

INHIBIT.~2",3~~~~==-~ 
CD4514B. C04515B 
FUNCTIONAL OIAGRAM 

17 ~: 
20 SID 
19 511 
14 512 
13 513 
16 Sl4 
15 SI5 

Features: 
• Strobed input latch 

• Inhibit control 

The RCA·CD4514B'" and .CD4515B"'are monolithic integrated 
circuits consisting of a 4·bit strobed latch and a 4·to·16· 
line decoder. The latches hold the last input data presented 
prior to the strobe transition from 1 to O. Inhibit control 
allows all outputs to be placed at 0 (CD4514B) or 1 (CD4515B) 
regardless of the state of the data or strobe inputs. 

The decode truth table indicates all combinations of data 
inputs and appropriate selected outputs. 

Applications: 
" Digital multiplexing 

.. Address decoding 

.. Hexadecimal/BCD decoding 

• Program·counter decoding 

• Control decoder 

These devices are supplied in 24·lead ceramic packages. They 
are also available in chip form. These devices are similar to 
the types MC14514 and MC14515. 

DECODE TRUTH TABLE (Strobe = 1) 

SE L ECTE 0 OUTPUT 

.. Formerly C04064A and CD4065A. respectively. INHIBIT 
DATA INPUTS 

CD4514B = Logic 1 IHigh) 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE ............. -65 to +1500C 
OPERATING·TEMPERATURE RANGE .•....•.... -55 to+1250C 

DC SUPPLY·VOLTAGE RANGE 
VOO * ................................... -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE) .......•..•... 200 mW 
ALL INPUTS. . • • . . . . . . . . • . . . . . . . . . . . . . .• Vss';;; VI .;;; VDD 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1132 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. • •...•••........... 

* All voltage values are referenced to VSS terminal. 

8·74 

0 C 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 1 
0 0 1 
0 0 1 
0 0 1 

0 1 0 
0 1 0 
0 1 0 
0 1 0 

0 1 1 
0 1 1 
0 1 1 
0 1 1 

1 X X 

x '" Don't Care 

B A CD4515B = Logic 0 (Low) 

0 0 SO 
0 1 51 
1 0 52 
1 1 53 

0 0 54 
0 1 55 
1 0 S6 
1 1 57 

0 0 S8 
0 1 59 
1 0 510 
1 1 SII 

0 0 512 
0 1 513 
1 0 S14 
1 1 S'S 

X X 
All Outputs := O. CD4514B 
All Outputs;; 1. CD4515B 
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CD4514B. CD4515B 

OPERATING CONDITIONS AT T A • 2SoC 

For maximum reliability, nominal optlrating conditions should be 
$IIleered $0 that operation is always within the following ranges. 

Characteristic VDD Min. Max. Units Fig_ 

i Supply Voltage Range - 3 18 V -
Input Voltage Swing - 0.2VOO -0.5 V V -
IRecommended Vss to VOO) to to 

O.8VOO VOO + 

(Anyone 0.5 V 
input) 

Setup Time 5 250 None ns A 
10 100 

Strobe Pulse Width 5 350 None ns A 
10 100 

DATA I 

DATA 3 21 

STROBE 

File No. 814 

92CS-24S9B 

Fig. A-Waveforms for setup time and strobe pulse Width. 

THESE INVERTERS 
USED ONLY ON 

CD45158 

A"A~ll 
II so 

ABeD 
9 51 

ASCD 
10 52 

A BCD • s. 

IBeD 
7 54 

ABCD' 
6 s. 

A 9 CD 
• 56 

A BCU 
57 

ieeD 
I. SS 

ABeD 
17 S9 

A BCD 
20 SID 

A SCD 
19511 

ABCO 
14512 

ABeD 
13513 

i B CD 
16514 

>o>-_-,0,-9::....:.C.:;.°-o5 SI5 

4 
Vss 

* ALL INPUTS PROTECTED BY 
STANDARD COS/MOS 
PROTECTION NETWORK 

Fig. 7-Logic diagram.fo,CD4574BandCD4575B. !t2CL-23770Rl 
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STATIC ELECTRICAL CHARACTERISTICS 

CHARAC· 
TERISTIC 

Quiescent Device 
Current 

Output Voltage 
Low·Level 

High·Level 

Noise Immunity 
Any Input 

Output Drive 
Current: 

N·Channel 
(Sink) 

P·Channel 
(Source) 

I nput Current 

... For CD4514B 

• For CD4515B 

SYMBOL 

IL 

VOL 

VOH 

VNL 

VNH 

ION 

IDP 

II 

(VOD-VNHl 

? 
6 

VNL 

VOLTMETER 

TEST 
CONOI· 
nONS 

Vo(V) Voo 
... • V 

5 
10 

15 

5 
10 
15 

5 
10 
15 

0.8 4.2 5 
1 9 10 

1.5 13.5 15 

4.2 0.8 5 
9 1 10 

13.5 1.5 15 

0.4 5 
0.5 10 
1.5 15 

4.6 5 
2.5 5 
9.5 10 
13.5 15 

Any Input 15 

VDD 

23 

22 

21 

2D 
19 

18 

17 

16 

10 15 
14 

12 13 

92CS-24~39 

Fig. 2-Noise immunity test circuit. 

-550 C 

Min . Typ. 

- -
- -

- -

- -
- -
- -

4.99 -
9.99 -

- -

1.5 -
3 -
- -

1.4 -
2.9 -
- -

0.5 -
1.1 -
- -

-0.25 -

1 
-0.62 -

- -

- -

CD4514B, CD4515B 

CERAMIC PACKAGE LIMITS UIIITS 
FIG. 

Max. Min. 

5 -
10 -

- -

0.01 -
0.01 -

- -
- 4.99 
- 9.99 
- -

- 1.5 
_. 3 
- -

- 1.5 
- 3 
- -

- 0.4 
- 0.9 
- -
- -0.2 

0.8 
- -0.5 
- -
- -

250 C 

Typ. 

0.02 
0.02 

0.02 

0 
0 
0 

5 
10 
15 

2.25 
4.5 

6.75 

2.25 
4.5 
6.75 

0.8 
2 

7.8 
-0.4 

1.6 
-0.9 
-3.5 

±10-5 

TO 
TERMINAL 
12 OR 24 

Max. 

5 
10 
-

0.01 
0.01 

-

-
-
-

-
-
-

-

-
-

-
-
-

-

-

-
±1 

Min. 

-
-

-

-
-
-

4.95 
9.95 

-

1.4 
2.9 
-

1.5 
3 
-

0.3 
0.65 

-

-0.15 
0.60 

-0.35 
-

-

1250 C 

Typ. 

-
-
-

-
-
-

-
-
-

-

-
-
-
-

-

-
-
-

-

-
-

-

19 

18 

17 

16 

Max. 

300 
600 
-

0.05 
0.05 

-

-
-
-

-
-

-
-
-

-

_. 
-
-

-

-

-
-

10 15 

" 12 

14 

13 

92CS-Z4!140 

JJA 

V 

V 

rnA 

rnA 

JJA 

VDD 

Fig. 3-Quisscenr device current test circuit. 

NO. 

3 

-

2 

4,7,8 

4,9,10 

-
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CD4514B. CD4515B ____________________ _ File No. 814 

DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 25"C; Input t"tt = 20 ns, CL = 50 pF 

CHARACTERISTIC 

Propagation 
Delay TIme: 

Strobe or Data 

Inhibit 

Transition Time: 

High·to·Low 

Low·to·High 

Average Input Capacitance 

404 

FOR CD45148 

I. FOR p-CHANNEL; 
INHIBIT· \Iss AND 01 - 04 
CONSTITUTE BINARY CODE 
FOR "OUTPUT UNDER TESTu 

2. FOR n -CHANNEL: 
INHIBIT eVOD 

SYMBOL 

tpHL, 

tpLH 

tTHL 

tTLH 

el 

Voo 

TEST CONDITIONS 

VDD 
Volts 

5 

10 

15 
5 

10 

15 

5 

10 

15 

5 

10 

15 
Any Input 

so 
s,I------~ 

S2~==:l S31-
S41----<> 
S5 
S6 
S7 

S8 
S9 

SIO 
SIII-----< 
SI21--------1 
SI3 I-~---.-.J 
SI41---------.J 
SI. 

12 VSS 

Fig. 4-0rain characteristics test cilCuit. 

CHARAC· 
TERISTIC 

LIMITS UNITS CURVES & 

TYP. 

550 

225 

150 
400 

150 

100 

100 

50 

40 

200 

100 

80 

5 

TESTCKTS. 
MAX. Fig. No. 

1100 

450 6,11,15 

. -
800 

ns 

300 6,12 
-
200 

100 6,14 
80 

ns 
400 

200 6,13 
160 

- pF -

FOR CD45158 

I. FOR p-CHANNEl: 
INHIBIT = VOO 

2. FOR n-CHANNE:.L: 
INHIBIT"VSS AND 01-04 
CONSTITUTE BINARY CODE 
FOR "OUTPUT UNDER TEST" 

92CS-24541 



File No. 814 

... 
E 

I 
z 
o 

H 201-'mH*"'i'~ 

~ a 1!5 

z 

~ 

CD4514B, CD4515B 

Voo 

92CS-24~42 

Fig. 5-Dynamic power dissipation test circuit and waveform. 

Voo 

~~~--~S~O~----~~OUTPUTSO 
Slh--~+-oOUTPUT 51 lr If 

_J, t.;.:o", J [_2::'00 

INPUT~ 
T;:: - j itV::L 

, ~VDD 

L __ --,-__ ~t-1--I-~OUTPUT Sl5 OUTPUT~]+ +~~~~~~:: J I"L LVSS 

1------______ -{1 tTLH L lTHL 

Fig. 6-Switching rime test circuit and waveforms. 92CS-24543 

10 15 20 
DRAIN-TO-SOURCE VOLTAGE (Ves) - V 

DRAIN-lO-SOURCE VOLTAGE (Vos)-V 92CS-24545 

92CS-24544 

Fig. 7-Typical output-N-channel drain characteristics. Fig. 8-Minimum output-N-channel drain characteristics. 
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CD4514B. CD4515B 

DRAIN-fO-SOURCE VOLTAGE (YDS) - y 
-20 -15 -10 -5 o 

AMEUENT TEMPERATURE ITA)· 25-<: e. 
SoURcE ...o\.~~ 

""~£-"{O~~GS\' -~~ 

406 

i! 
I 

-10 ~ 
l!i 

I 
-15 ~ 

9ZCS- 24546 

Fig. 9-Typical ourput-P-channel drain characteristics, 

92CS-24548 

Fig. 11-Typical strobe or data propagation delay 
time v.r. load capacitance. 

I 
LOAD CAPACITANCE (tl) - pF 

Fig. 13-Typicallow-to-high transition rims 
vs. load capacitJmCII. 

92CS-245!50 

File No. 814 

DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

-20 -15 -10 -5 

AMBIENT TEMPERATURE (TA)· ~ ... _lU ~,£. 
MAXIMUM PACKAGE DISSIPATION' ~,~ '4rd 

. ~-i 
~- " G&t~'4G" 

::\O~ 

0 

c 
-I E 

I 
ii: 

-2 oJ .. 
-3 z 

"' .. .. a -. z 
;; 
!!i 

-~ iii 
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-7 
9lCS-24547 

Fig. to-Minimum oUtput-f'.ch8nnel drain characteristics. 

40 100 
LOAD CAPACITANCE tct.)-pF 

120 

92CS- 24549 

Fig. 12-Typical inhibit propagation dtilsy time 
vs. load capacitance. 

I 

LOAD CAPACITANCE (CL)-pF 
92CS-Z4880 

Fig. 14-Typica/ higlHo-low~ransition time 
vs. load CBpIIClrance. 
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[JClCIDLJI] Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4518B Types 
CD4520B Types 

QIA 
Q2A 

Q3A 

COS/MOS Dual Up Counters 

Q4A 

CD451BB Dual BCD Up Counter 
CD4520B Dual Binary Up Counter 
Features: 
• Medium·speed operation - 6-MHz typical clock frequency at 10 V 

QIB • Positive· or negative·edge triggering 
Q2B 
Q3B 

Q4B 

• Standard B-series output drive 

• Synchronous internal carry propagation 
R 

RESE..:.T..:B=----___ ....J Applications: 
92C$-24506 • Multistage synchronous counting 

C04518B/C04520B • Multistage ripple counting 
FUNCTIONAL DIAGRAM 

• Synchronous frequency dividers 

The RCA·CD4518B* Dual BCD Up Counter and CD4520B* 
Dual Binary Up Counter each consist of two identical. internally 
synchronous 4·stage counters. The counter stages are D·type 
flip·flops having interchangeable Clock and Enable lines for 
incrementing on either the positive·going or negative·going 
transition. For single·unit operation the Enable input is main· 
tained '1ligh" and the counter advances on each positive-going 
transition of the Clock. The counters are cleared by high 
levels on their Reset lines. 

The counter can be cascaded in the ripple mode by connecting 
Q4 to the enable input of the subsequent counter while the 
clock input of the latter is held low. 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliability. nominal operating conditions should be 
selected so that operation is a/ways within the following ranges. 

All outputs have equal source· and sink·current capabilities 
and conform to standard B·Series output drive (see Static Elec· 
trical Characteristics). 

Characteristic V DD Min. Max. Units Fig. 

The CD4518B and CD4520B are available in 16-lead dual·in· 
line plastic packages (E). dual·in·line welded·seal ceramic 
packages (D), dual·in·line ceramic packages (F), ceramic flat 
packs (K), and in chip form (H). 

These devices are similar to types MC14518 and MC14520. 

* Formerly CD4083A and C04084A. respectivelv. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE ...........•. -65 to +150°C 
OPERATING·TEMPERATURE RANGE: 

CERAMIC-PACKAGE TYPES •.•...•..••..... -55 to +125oC 
PLASTlC.PACKAGE TYPES. . . . . . . . . . . • . . . .. -40 to +85 0c 

OC SUPPLY·VOLTAGE RANGE 
Voe ...................... ' ............... -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE I . . . . . . . . . .. . .. 200 mW 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. ............••••... 265°C 

... All voltage va'lues are referenced to Vss terminal. 

8·74 

Supply Voltage Range 

Input Voltage Swing 
(Recommended Vss to VOO) 

Enable Pulse Width 

Clock Pulse Width 

Clock Input Frequency 

Clock or Enable Input 
Rise or Fall Time 

Reset Pulse Width 

-

-

5 
10 
15 

5 
10 
15 

5 
10 
15 

4·15 

5 
10 
15 

3 18 V -
0.2VDD -0.5 V V -

to to 
0.8 V DD V DD + 

(Anyone 0.5 V 
input) 

440 
200 None ns -
140 

200 
100 None ns -
70 

1.5 
DC 3 MHz -

4 

None 15 ~s -

250 
110 None ns -
80 

407 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST C0451BBO.BF,BK,BH 
CONOI· C04520BO,BF,BK,BH 

CHARAC· 
SYMBOL TIONS CERAMIC PACKAGE LIMITS UIIITS 

FIG. 

TERISTIC 
Vo VOO -55°C 25°C 125°C 

NO. 

Volts Volts Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

.Quiescent Device 
5 - - 5 - 0.02 5 - - 300 

Current 'L 10 - - 10 - 0.02 10 - - 600 /lA 16 

15 - - - - 0.02 - - - -

Output Voltage 5 - - 0.01 - 0 0.01 - - 0.05 
Low·Level VOL 10 - - 0.01 - 0 0.01 - - 0.05 

15 - - - - 0 - - - -
V -

5 4.99 - - 4.99 5 - 4.95 - -

High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -
15 - - - - 15 - - - -

0.8 4.2 5 1.5 - - 1.5 2.25 - 1.4 - -

VNL 1 9 10 3 - - 3 4.5 - 2.9 - -

Noise Immunity 
1.5 13.5 15 - - - - 6.75 - - - -

V 15 
0.8 4.2 5 1.4 - - 1.5 2.25 - 1.5 - -

VNH 1 9 10 2.9 - - 3 4.5 - 3 - -

1.5 13.5 15 - - - - 6.75 - - - -
Output Drive 

Current: 

N·Channel 
0.4 5 0.5 - - 0.4 0.8 - 0.3 - -

(Sink) 
ION 0.5 10 1.1 - - 0.9 1.8 - 0.65 - - rnA 4,5 

1.5 15 - - - 3 6 - - - -

2.5 5 -2 - - -1.6 -3.2 - -1.2 - -
P·Channel lOP 4.6 5 0.5 0.4 0.8 0.3 rnA 6,7 

(Source) 9.5 10 -1.1 - - -0.9 -1.8 - -0.65 - -
13.5 15 - - - -3 -6 - - - -

I nput Current I, 15 - - - - ±10-5 ±1 - - - /lA -

OYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input t"t, = 20 ns, and CL = 50 pF 

TEST CONOITIONS 
ALL TYPES CHARACTERISTIC 

CHARACTERISTIC SYMBOL 
LIMITS 

UNITS 
CURVES & 

VOO TEST CI RCUITS 
Volts Typ. Max. FIG. NO. 

Propagation Oelay Time: 5 280 560 

aock or Enable 10 115 230 ns 8 

to Output tpHL, 15 80 -
tpLH 5 330 660 

Reset to Output 10 130 260 ns 8 
15 90 -

tTHL, 5 100 200 
Transition Time tTLH 10 50 100 ns 9 

15 40 80 

Average Input Capacitance C, Any Input 5 - pF -
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CaNOl· 

CHARAC· 
SYMBOL TIONS 

TERISTIC Va VO[ -40oC 
Volts Volt! Min. Typ. 

Quiescent Device 
5 - -

IL 10 - -
Current 15 - -

5 - -
Output Voltage: VOL 10 - -

Low·Level 15 - -

5 4.99 -
High·Level VOH 10 9.99 .-

15 - -
O.S 4.2 5 1.5 -

VNL 1 9 10 3 -

Noise Immunity 
1.5 13.5 15 - -
O.S 4.2 5 1.4 -

VNH 1 9 10 2.9 -
1.5 13.5 15 - -

Output Orive 
Current: 

0.4 5 0.45 -

N·Channel 0.5 10 1 -
(Sink) ION 1.5 15 - -

2.5 5 -1.8 -
P·Channel lOP 4.6 5 -0.45 -

(Source) 9.5 10 -1 -
13.5 15 - -

I nput Current II 15 - -

CI 

RESET 

VDD 

'" ,~" _="'." n 
STANDARD COSIMOS PROTEC~ 
NETWORK vss 

CD4518B, CD4520B 

C0451SBE, CP4520BE 

PLASTIC PACKAGE LIMITS FIG. 
UNITS NO. 

250 C S50 C 
Max. Min. Typ. Max. Min. Typ. Max. 

50 - 0.02 50 - - 700 
100 - 0.02 100 - - 1400 IlA 16 
- - 0.02 - - - -

0.01 - 0 0.01 - - 0.05 
0.01 - 0 0,01 - - 0.05 

- - 0 - - - - V -- 4.99 5 - 4.95 - -
- 9.99 10 - 9.95 - -
- - 15 - - - -
- 1.5 2.25 - 1.4 - -
- 3 4.5 - 2.9 - -
- - 6.75 - - - -

V 15 - 1.5 2.25 - 1.5 - -
- 3 4.5 - 3 - -
- - 6.75 - - - -

- 0.4 0.8 - 0.36 - -
- 0.9 1.8 - 0.75 - - rnA 4,5 
- 3 6 - - - -
- -1.6 -3.2 - -1.3 - -
- -0.4 -0.8 - -0.36 - - rnA 6,7 
- -0.9 -1.8 - -0.75 - -
- -3 -6 - - - -

- - ±10-5 ±1 - - - IlA -

02 0' ". 

Fig. I-Decade counter (CD4518BJ logic diagram for one of two identical counters. 
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RESET 

CLOCK 

ENABLE 

RESET 

{

Ol 

C045188 02 

0' 
O. 

{ 

01 

0' CD45208 

0' 

Q4 

-

-
-

-
-

~~ ~1 

" 
3 4 

1 , , . 

----____________________ File No. 808 

TRUTH TABLE 

CLOCK ENABLE RESET 

..r 1 0 

0 , ,,-. 0 

""'\.. X 0 

X .r 0 

..r 0 0 

1 ""'\.. 0 

X X 1 

x = Don't Car. 1 == High State 

01 02 

ACTION 

Increment Counter 

Increment Counter 

No Change 

No Change 

No Change 

No Change 

01 thru Q4= 0 

o == Low State 

03 04 

4 
* ALL INPUTS PROTECTED BY 

STANDARD COS/Mas PROTECTION 
NETWORK 

92r:M-23773RI 

V55 

Fig. 2-Binary counter (CD4520B) logic diagram for one of two identical counters. 

~~ 1~ ~n 
II 12 13 14 1516 17 Ie 

J~ J~ LfJ ~r-
5 6 7 • 9 ° I 

, , 4 • 6 7 • 9 ° 
IL-

r-H- r-
i r 

I--
r- I lL-

• • 7~ 101:.~ 15 ° I 2 , . 
IL-

r- ~f IL-
H-
I I I 

.. 
E 

~ 
" !:! 25 .. 

z .. 
II< B 20 

.. ,. 
15 
g 10 

~ 
~ . 
c 

AMBIENT TEMPERATURE ITA )=2~·C 

'V 

, , II. 
MAXIMUM PACKAGE DISSIPATlON-200 mW 

10 V 

GATE-lO-SOURCE VOLTAGE 
(V~I=15V I 

10 15 

DRAIN-TO-SOURCE VOLTAGE 1VOS)-V 
92'CS-24318 

Fig. 3-Timing diagrams for CD451S8 and CD4520B. Fig. 4-Typical output-N-channel drain characteristics. 
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AMBIENT TEMPERATURE ITA I~Z5·C 

z 
c:( 7,5 

o 
~ 

~ 5 

~ 2.5 ++; 
, Til-

-'+-

10 IS 

DRAIN-IO-SOURCE VOLTAGE (VOS1-V 

Fig. 5-Minimum output-N-channel drain characteristics. 

DRAIN"- TO - SOURCE VOLTAGE ("05)- V 

-15 -10 -5 

Hr-':' 

-ISV t- .• 

-IOV 

+Y+H+ -10 ~ 
H+ ~ 

w 
z 
Z 
4 
Z 
U 

,cH- -tt+i 
-15 ::.. 

92C5-24321 

Fig. l-Minimum output-P-channeJ drain characteristics. 

LOAD CAPACITANCE tel )-pF 
92CS-24322 

Fig. 9-Typical transition time vs. load capacitance. 

DRAIN- TO - SOURCE VOLTAGE (Vosi- v 

-15 -10 -5 

AMBIENT TEMPERATURE ITA '-25-C 

+ GATE-TO-SOURCE .'''~LTAGE IVGS1'· 5\1 

MAX IMUM PACKAGE 
DISSIPATION: 200 mW 

-15\1 

-IOV 

4 
-5 ~ 

~ 
o 

-10 ~ 
~ z 

-15 ~ 

z 
-20 ~ 

~ 
w 
z 
Z 
4 
~ 
U 

:. 

Fig. 6-Typical ourput-P-channel drain characteristics. 

350 
AMBIENT TEMPERATURE {TAl :1~5,~7 ~ _ m I 300 I+If.GE WOOl 

~ it 5UPf'L.'t 'Jo\.. ~--t= 
111 '£ 250 

t 
200 I Ii 11 I! 

w I·' , ,. 
t - + jl I ;:: 

150 11 g i 

11 ~ IOV-

j! z 
a 
Ii 100 l- ,S' 

1: ~ H i-tt 
~ 5011 I. 

oHi--D W m w ~ w m ~ ~ _ 
LOAD CAPACITANCE {ell - pF 

92CS-24501 

Fig. 8-Typical propagation delay vs. load capacitance 

(clock or enable to output). 

AMBIENT TEMPERATURE {TAl = 2S·C 
i LOA~ CAPACITANCE (ct.) "' 50 pF 

t I. 
S 
~ 
~ ,. 
~ 
z 10 

~ 
g 
d 5 

~ 
'" x .. 
'" 

10 IS 
SUPPLY VOLTAGE (Voo)-V 

92C5-24506 

Fig. 10-Typical maximum-clock-frequency V$. supply voltage. 
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CLOCK 
INPUT 
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I 
I 

10' • AMBIENT TEMPERATURE (TA1:25°C 

• I III 1 . .1 ,/ 
2 

10' IIII,.~ ,/ 

~~~o " • ~~~<c, ,0 · ,,0"(, V ., 
2 ~<:?t?.j- /. 

10' r-- .. 
• · ,/ - CL =50 pF 
2 

,/ ,/ --CL",15pF 
10 

• · 
I'V 

/' I III 
0.1 2 468, 2 468 10 2 468'022 4681032 468'04 

FREQUENCY tf) - kHz 
92C5-24509 

Fig. 11-Typical power dissipation characteristics. 

Voo 

Vss 

l t 20
"' jf20 "' 

~
O% Von 

50% L ~ 'O% 
Vss 

VARIABLE 
wroTH 

92C5-24510 

Fig. 12-Power dissipation test circuit and waveform. 

Voo 

-------------l 

I ~~:-!=c-:::±= 
I 
I 
I 
I 
I 
I 
I 

I 

I LT-..:::=r-'::r--":'r-' 

I L ____ CD4518/20B _____ J L ____ ~45IB/20B _____ J 
92CM-24QII 

Fig. 13-Ripple cascading of four counters with positive-edge triggering. 

92CM-24512 

Fig. 14-Synchronous cascading of four binary counters with negative-edge triggering. 
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Fig. 15-Noise immunity testeireuit. 
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" 13 
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Fig. 16-Quiescent device current 
test circuit. 
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Preliminary CD4527BE 

COS/MOS BCD Rate Multiplier 

RATE 

o~~~cr 
OUTJ 

92C5-24913 

CD4527B Functional Diagram 

The RCA-CD4527B is a low·power 4-bit digital rate multiplier 
that provides an output·pulse rate which is the clock·input· 
pulse rate multiplied by 1/10 times the BCD input. For 
example, when the BCD input is 8, there will be 8 output 
pulses for every 10 input pulses. This device may be used to 
perform arithmetic operations (add, subtract, divide, raise to a 
power), solve algebraic and differential equations, generate 
natural logarithms and trigonometric functions, AID and DIA 
conversion, and frequency division. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE ...•.•••••••. -65 to +1500C 
OPERATING·TEMPERATURE RANGE ......•.... -40 to +85 °c 
DC SUPPLY·VOLTAGE RANGE 

VOD ••••...•.•.•..........•............. -0.5 to +18 V 
DEVICE DISSIPATION IPER PACKAGE) .......•...... 200 mW 

ALL INPUTS .....•.•.....•.....•..••..... VSS .;; VI .;; V DD 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. •..•.............•. 265°C 

• All voltage values are referenced to VSS terminal. 

9-74 

For fractional multipliers with more than one digit, CD4527B 
devices may be cascaded in two different modes: the Add 
mode and the MUltiply mode. See Figs. 3 and 4. In the Add 
mode, 

Output Rate = (Clock Ratel 
(0.1 BCD 1 + 0.01 BCD2 + 0.001 BCD3 + •••. 1. 

In the Multiply mode, the fraction programmed into the first 
rate multi pi ier is multiplied by the fraction programmed into 
the second one, 9 4 36 

e.g. 10 x iii = 100' or 36 output 

pulses for every 100 clock input pulses. 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges. 

Characteristic VOO Min. Max. Units Fig. 

Supply Voltage Range 

Input Voltage Swing 
(Recommended VSS to VOO ' 

3 18 V 

0.2 VDD -0.5 V V 
to to 

0.8 V DD VDD + 
(Anyone O.S"V 

input I 
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TRUTH TABLE 

Number of Pulses 

Inputs 
or 

Output Logic Level 
(H or LI 

No. of Pin 6 Pin 5 Pin 7 Pin 1 
D C B A Clock Pulses InhlN Strobe eascade Clear Set OUT OUT InhOUT "9" 

0 0 0 0 10 0 0 0 0 0 L H 1 1 
0 0 0 1 10 0 0 0 0 0 1 1 1 1 
0 0 1 0 10 0 0 0 0 0 2 2 1 1 
0 0 1 1 10 0 0 0 0 0 3 3 1 1 
0 1 0 0 10 0 0 0 0 0 4 4 1 1 
0 1 0 1 10 0 0 0 0 0 5 5 1 1 
0 1 1 0 10 0 0 0 0 0 6 6 1 1 
0 1 1 1 10 0 0 0 0 0 7 7 1 1 

1 0 0 0 10 0 0 0 0 0 8 8 1 1 
1 0 0 1 10 0 0 0 0 0 9 9 1 1 
1 0 1 0 10 0 0 0 0 0 8 8 1 1 
1 0 1 1 10 0 0 0 0 0 9 9 1 1 

1 1 0 0 10 0 0 0 0 0 8 8 1 1 
1 1 0 1 10 0 0 0 0 0 9 9 1 1 
1 1 1 0 10 0 0 0 0 0 8 8 1 1 
1 1 1 1 10 0 0 0 0 0 9 9 1 1 

X X X X 10 1 0 0 0 0 
Depends on internal 

state of counter 
X X X X 10 0 1 0 0 0 L H 1 1 
X X X X 10 0 0 1 0 0 H .. 1 1 

1 X X X 10 0 0 0 1 0 10 10 H L 
0 X X X 10 0 0 0 1 0 L Ii H L 
X X X X 10 0 0 0 0 1 L H L H 

.Output same as the first 16 lines of "this truth table (depending on values of A. B, C, D). 

STATIC ELECTRICAL CHARACTERISTICS AT T A = 250C 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL Vo VOO TYPICAL VALUES UNITS 

V V 

5 0.02 
Ouiescent Device Current IL /lA 

10 0.02 

Output Drive Current: 
All Outputs 0.4 5 0.8 

N-Channel (Sink) IDN 
0.5 10 1.8 

mA 
4.6 5 -0.8 

P-Channel (Source) lOP 2.5 5 -3.2 

9.5 10 -1.8 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 250 C. CL = 50 pF. Inputtr.!t = 20 ns 

CHARACTERISTIC 

Propagation Delay 

Transition Time 

Maximum Clock Frequency 

Maximum Clock Rise 
and Fall Time 

SYMBOL 

tpHL' 

tpLH 

ITLH· 

tTHL 

fCL(Max.) 

tr.tf(Max.) 

INHIBIT IN 
11* 

SET TO NINE 

TEST CONDITIONS 

Clock to 
"Out" 

Clock to 
"I nhibit Out" 

* * .. C B A 

Fig. 1-Logic diagram. 

VDD 
V 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

TYPICAL VALUES UNITS 

180 

90 
ns 

260 

130 

100 
ns 

50 

2 
MHz 

4.5 

15 /Js 

* .. 
STROBE CASCADE 

Voo 

'>--------:..::..----.(i), .g. 

92CL.-24918 

INHIBIT 
OUT 
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CLOCK 

Ca 

Cb 

Cc 

Cd 

R I 

012345678901234 

flIUU1IUUlJlfl. 
nrLruLf1.fL 
~ 

~ 
~----,I 

~ 
RZ~ 

R3~ 

R4~ 

OUTPUT (PIN 61 
A ENABLED 

8 ENABLED 

C ENABLED 

o ENABLED 

IMH. OUT 

OUPUT(PINS) 

(PRESET No· OF 11 

(PRESET No. OF 21 

(PRESET No. OF 31 

(PRESET No· OF 4) 

(PRESET No. OF 51 

(PRESET No. OF 61 

fPRESET No· OF 7) 

(PRESET No. OF 8) 

(PRESET No· OF 9) 
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~ 
~ 

---.ILILJULJlJL 
~ 

u 
~ 
~ 
~ 
~ 

I 

JLJlJlJULJUL 
I 

~ 
I 

-Ilf1JUlJlJ1f1-
JlJlJULJlJ1JUUU 

~ 
I 92C"-2491~ 

Fig. 2-Timing diagram. 

MOST SIGNIFICANT 
DIGIT 

CLOCKo--<l>---------.J 

C 

LEAST SIGNIFICANT 
DIGIT 

A DRM@ 

OUT 

OuT 

012345678901234567890 

ONE OF FOUR OUTPUT PULSES CONTRIBUTED BY I 
DRM ® TO OUTPUT FOR EVERY 100 CLOCK PULSES 
IN FOR PRESET No· 94 

92CS-24917 

Fig. 3-Two CD45278's cascaded in the uAdd" mode 

with a preset number of 94. 

DRM I 
0 

DRM 2 
I 

0 OUT 0 OUT 

0 OuT lJlit 
INH. INH· 

OUT CLOCK OUT 

"" "g" 

CL~o-~----------------~ 

Fig. 4-Two CD45278's cascaded in the "Multiply" mode 
with a preset number of 36. 
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07 
COS/MOS a-Bit Priority Encoder 

DO 

92C5-24595 

CD4532B Functional Diagram 

The RCA-C04532B consists of combinational logic that 
encodes the highest priority input (07-00) to a 3-bit binary 
code_ The eight inputs, 07 through ~O, each have an assigned 
priority; 07 is the highest priority and DO is the lowest. The 
priority encoder is inhibited when the chip-enable input EI is 
low. When EI is high, the binary representation of the highest
priority input appears on output lines 02-00, and the group 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE ......... . -65 to + 150°C 
OPERATING-TEMPERATURE RANGE.: ..... . -40 to +85 °c 
OC SUPPLY-VOLTAGE RANGE: 

(Voo*1 ............................. . 
OEVICE OISSIPATION (PER PACKAGEI ..... . 

-0.5 to +18 V 
200mW 
~ Voo ALL INPUTS ....•........................ VSS .;; VI 

LEAO TEMPERATURE lOURING SOLOERINGI 
At distance 1116 ± 1132 in. 11.59 ±O.79 mm) 

from case for 105 max .............•••••.•• 

• All voltage values are referenced to Vss terminal. 

select line GS is high to indicate that priority inputs are 
present. The enable-out (EO) is high when no priority inputs 
are present. 

The C04532B is available in the 16-lead dual-in-line plastic 
package (C04532BE). 

This device is similar to type MC14532. 

OPERATING CONDITIONS AT TA = 250 C 

For maximum reliability, nominal operating conditions should be 
selected so that operation is a/ways within the fol/owing ranges. 

Characteristic VOO Min. Max. Units Fig. 

Supply Voltage Range 

Input Voltage Swing 
(Recommended Vss to VOOJ 

3 18 V 

0.2 VOO -0.5 V V 
to to 

0.8 VOO VOO + 
(Anyone 0.5 V 

input) 

TRUTH TABLE 

Input Output 

EI 07 06 05 04 03 02 01 DO GS Q2 01 00 EO 

0 X X X X X X X X 0 0 0 0 0 
1 a 0 0 0 0 0 0 0 0 a 0 0 1 

1 1 X X X X X X X 1 1 1 1 0 
1 a 1 X X X X X X 1 1 1 0 0 
1 a a 1 X X X X X 1 1 0 1 0 
1 0 0 0 1 X X X X 1 1 0 0 0 

1 a 0 0 0 1 X X X 1 a 1 1 a 
1 0 a 0 0 0 1 X X 1 0 1 0 0 
1 0 0 0 0 a 0 1 X 1 0 0 1 0 
1 0 0 0 0 0 0 0 1 1 0 0 0 0 

X = Don't Care Logic 1 '" High Logic 0'" Low 

8-74 417 
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STATIC ELECTRICAL CHARACTERISTICS AT TA = 25°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS TYPICAL VALUES UNITS 

Vo VDD 
Volts Volts 

5 0.02 
Quiescent Device Current IL IlA 

10 0.02 

Output Drive Current: 
0.4 5 0.8 

N·Channel (Sink) ION 
0.5 10 1.8 

mA 
4.6 5 -0.8 

P·Channel (Source) lOP 2.5 5 -3.2 

9.5 10. -1.8 

DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 25°C; CL = 15 pF. Input tr.tt = 20ns 

CHARACTERISTIC SYMBOL TEST CONDITIONS TYPICAL VALUES UNITS 

VDD 
Volts 

Propagation Delay Time: 
5 150 

EI to EO 
10 80 

5 120 
EI to GS 

10 60 
tpHL. ns 

5 225 
EI to On tpLH 

10 110 

5 
On to On 

250 

10 120 

5 225 
On to GS 

10 100 

tTHL. 5 60 
Transition Time 

tTLH 
ns 

10 30 

For Operating and Handling Considerations, see RCA Application Note ICAN-SOOO. 
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OOCC5LJI] Digital Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CD4555B Types 
CD4556B Types 

COS/MOS Dual Binary to 1 of 4 
DecoderlDemultiplexers 
CD4555B: Outputs High on Select 
CD4556B: Outputs Low on Select 
Features: 
• Standard "8" series output drive 

- Expandable with mUltiple packages 

Applications: 
- Decoding - Code conversion - Function selection 

Functional Diagrams - Demultiplexing (using Enable input as a data input) 
- Memory chip-enable selection 

The RCA-CD4555B and CD4556B+ are dual one·of·four de
coders/demultiplexers. Each decoder has two select inputs 
(A and B), an Enable input (E), and four mutually exclusive 
outputs. On the CD4555B the outputs are high on select; 
on the CD4556B the outputs are Iowan select. 

When the Enable input is high, the outputs of the CD4555B 
remain low and the outputs of the CD4556B remain high 
regardless of the state of the select inputs A and B. All 
outputs have equal source· and sink·current capabilities and 
conform to standard "B" series output drive (see Static 
Electrical Characteristics). The CD4555B and CD4556B are 
similar to types MC14555 and MC14556, respectively. 

These devices are supplied in 16-lead dual·in·line plastic 
packages (E), welded·seal ceramic packages (D), ceramic 
packages (F), ceramic flat packs (K), and in chip form (H) . 

• Formerly CD4091 A & C04092A, respectively. 

INPUTS 

ENABLE SELECT 

E B A 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 X X 

X = DON'T CARE 

9-74 

TRUTH TABLE 

03 

0 

0 

0 

1 

0 

OUTPUTS OUTPUTS 
C04555B CD4556B 

02 01 CO 0302 01 

0 0 1 1 1 1 

0 1 0 1 1 0 

1 0 0 1 0 1 

0 0 0 0 1 1 

0 0 0 1 1 1 

LOGIC 1 '" HIGH 
LOGIC 0 '" LOW 

00 

0 

1 

1 

1 

1 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE •.•..•.•...•. -65 to +1500 C 
OPERATING·TEMPERATURE RANGE: 

CERAMIC-PACKAGE TYPES •.•.••....••.•.•• -55 to +l2SoC 
PLASTIC·PACKAGE TYPES. . . • . • . • • • . • • • • .• -40 to +85 °c 

DCSUPPLY·VOLTAGE RANGE 
VDD .................................... -0.5 to +18 V 

DEVICE DISSIPATION (PER PACKAGE I .............. 200mW 

ALL INPUTS.· ............................ VSS .;; VI .;; VDO 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) 

from case for 10 seconds max. ....•.•............ 266°C 

• All voltage values are referenced to Vss terminal. 

OPERATING CONDITIONS AT TA = 2SoC 

For maximum reliabiHty, nominal operating conditions should be 
selected so that operation ;s alwavs within the following ranges. 

Characteristic VOO Min. Max. Units Fig. 

Supply Voltage Range 

Input Voltage Swing 

(Recommended Vss to VOO ' 

3 18 V. 

0.2 VDD -0.5 V V 
to to 

0.8 VDD VDD + 
(Anyone 0.5 V 

input I 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONOI· C04555BO.BF.BK.BH C0455680,BF.BK.BH 

CHARAC 
SYMBOL TIONS 

TERISTIC 
Vo VOO -55°C 

Volts Volts Min. Typ. 

Quiescent Device 
5 - -

Current IL 10 - -
15 - -

Output Voltage 5 - -
Low·Level VOL 10 - -

15 - -
5 4.99 -

High·Level VOH 10 9.99 -
15 - -

4.2 5 1.5 -
VNL 9 10 3 -

Noise I rnrnunity 
13.5 15 - -

(Any Input) 0.8 5 1.4 -
VNH 1 10 2.9 -

1.5 15 - -
Output Drive 

Current: 
0.4 5 0.5 -

N·Channel 
ION 0.5 10 1.1 

(Sink) 
-

1.5 15 

2.5 5 -2 -
P-Channel lOP 4.6 5 -0.5 -

(Source) 9.5 10 -1.1 -
13.5 15 - -

I nput Current II 15 - -

* ALL INPUTS PROTECTED BY STANDARD CDSI MOS 

"'='-~-'D; 
vss 9lCS-24221 

Fig. l-C045558 logic diagram (1 of 2 identical circuits). 
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CERAMIC PACKAGE LIMITS 

Max. 

5 
10 

-
om 
0.01 
-
-
-
-
-

-
-
-
-
-

-
-

-
-

-
-
-

25°C 1250C 

Min. Typ. Max. Min. Typ. Max. 

- 0.02 5 - - 300 
- 0.02 10 - - 600 

- 0.02 - - - -
- 0 om - - 0.05 
- 0 0.01 - - 0.05 
- 0 - - - -

4.99 5 - 4.95 - -
9.99 10 - 9.95 - -
- 15 - - - -

1.5 2.25 - 1.4 - -
3 4.5 - 2.9 - -
- 6.75 - -
1.5 2.25 - 1.5 - -
3 4.5 3 
- 6.75 - - - -

0.4 0.8 - 0.3 - -
0.9 1.8 - 0.65 - -
3 6 

-1.6 -3.2 - -1.15 - -
-0.4 -0.8 - -0.3 - -
-0.9 -1.8 - -0.65 - -
-3 6 

- ±10 5 ±1 - - -

* ALL INPUTS PROTECTED BY STANDARD caSI MOS 
PROTECTION NETWORK: 

vss 

UIIITS 
FIG. 
NO. 

p.A 15 

V -

V 16,17 

rnA -

rnA -

p.A -

92CS-24222 

Fig. 2-CD45568 logic diagram (t of 2 identical circuits). 
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STATIC ELECTRICAL CHARACTERISTICS 

TEST 
CONDI· CD4565BE, CD4556BE 

CHARAC· TIONS PLASTIC PACKAGE LIMITS UNITS 
FIG. 

TERISTIC 
SYMBOL NO. 

Vo VDD --400 C 250 C 850 C 
Volu VolU Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

5 - - 50 - 0.02 50 - - 700 
Quiescent Device 

IL 10 - - 100 - 0.02 100 - - 1400 IJA 15 
Current 15 - - - - 0.02 - - - -

5 - - 0.01 - 0 0.01 - - 0.05 
Output Voltage: VOL 10 - - 0.01 - 0 0.01 - - 0.05 

Low·Level 15 - - - - 0 - - - - V -
5 4.99 - - 4.99 5 - 4.95 - -

High·Level VOH 10 9.99 - - 9.99 10 - 9.95 - -
15 - - - - 15 - - - -

4.2 5 1.5 - - 1.5 2.25 - 1.4 - -
VNL 9 10 3 - - 3 4.5 - 2.9 - -

13.5 15 - - - - 6.75 - - - -
Noise Immunity 

1.5 
V 16,17 

(Any Input) 0.8 5 1.4 - - 1.5 2.25 - - -
VNH 1 10 2.9 - - 3 4.5 - 3 - -

1.5 15 - - - - 6.75 - - - -
Output Drive 

Current: 
0.4 5 0.45 - - 0.4 0.8 - 0.36 - -

N-Channel 0.5 10 1 - - 0.9 1.8 - 0.75 - - rnA -
(Sink) ION 1.5 15 - - - 3 6 - - - -

2.5 5 -1.8 - - -1.6 -3.2 - -1.3 - -
P·Channel lOP 4.6 5 -0.45 - - -0.4 -0.8 - -0.35 - - rnA -

(Source) 9.5 10 -1 - - -0.9 -1.8 - -0.75 - -
13.5 15 - - - -3 -6 - -' - -

I nput Current II 15 - - - - ±10-5 ±1 - - - p.A -

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, Input t" tt = 20 ns, and CL = 50 pF 

TEST CONDITIONS ALL TYPES CHARACTERISTIC 
LIMITS CURVES & CHARACTERISTIC SYMBOL 

VDD 
UNITS 

TEST CIRCUITS 
Volu Typ. Max. FIG. NO. 

Propagation Delay -Time: 5 220 440 
A or B Input to 10 95 190 ns 7,9,19,20 

Any Output tpHL, 15 70 140 

tpLH 5 200 400 
E I nput to Any 10 85 170 ns 8,9,19,20 

Output 15 65 130 

tTHL 5 100 200 
Transition Time 10 50 100 ns 10 

tTLH 15 40 80 

Average Input Capacitance CI Any Input 5 - pF -
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DRAIN-YO-SOURCE VOLTAGE 1Vos)-V 
-15 -10 -5 o 

AMBIENT TEMPERATURE (TA )-2S-C 

z 

GATE-lO-SOURCE VOLTAGE (VGS''''· 5V 

MAX I MUM PACKAGE 
DISSIPATlON=200 rnW 

-15V 

-IOV 

92CS-24:s20 

Fig. 3-Typical output-P-channel drain characteristics. 

AMBIENT TEMPERATURE (T A ). 2S-C 

MAXIMUM PACKAGE DISSIPATION" 200 mW 

GATE-lO-SOURCE VOLTAGE 
(\lGS)=15 V 

a 15 

~ 
-' .. 10 
Z 
Z .. 
" y 5 
c 

10 V 

5V 

o 10 15 

DRAIN-lO-SOURCE vOLTAGE (YDsI-V 

Fig. 5-Typica' output-N-channel drain characteristics. 

LOAD CAPACITANCE ~CL)- pF 
92CS-24938 

Fig. 7-Typical propagation delay time vs.load capacirance 
(A or B input to any output). 
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DRAIN-TO-SOURCE VOLTAGE (Yosl-V 
-15 -10 -5 o 

AMBIENT TEMPERATURE (TA )-2S-C 

GATE-lO-SOURCE VOLTAGE (VGS)-- 5 v 

10V 

-15V 

92CS-2432I 

Fig. 4-Minimum output-P-channel drain characteristics. 

AMBIENT TEMPERATURE ITA 1-2S-C 

GATE-TO-$OURCE VOLTAGE (VGS}-15V 

<I: ~.S 

~ 10V 
-' 
~ 5 
z 
~ 
't 2.5 

5V 

o 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDSJ-V 

92CS-24319 

Fig. 6-Minimum output-N channel drain characteristics. 

LOAD CAPACITANCE ICL1- pF 

Fig. 8-Typical propagation delay time vs. load capacitance 
,~ input to any output). 
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;' AMBIENT TEMPEAATUREtTA )-2S-C 

~300 
f 
:250 
j. 
w200 

" ;: 
:; 150 
~ 
:g 
z 100 
o 

ii 
~ .0 

~ 
o 

ANY INPUT 

INPUT 

'0 .. 
SUPPLY VOLTAGE (V001-VOLTS 

20 

92CS-24940 

Fig. 9-Typical propagation delay time vs. supply voltage. 

~IO!!l 
! 
o t I04~ ____ -+ ______ ~ ______ ~ 
~ 
~ I03~ ____ -+ ______ ~ 
iii 
is 
ffi I02~ __ -+: 
~ 
u 
j 10 .. 
j! 0, 

2 4 681 2 4 6 B 2 "6 Ill! 2 "6 B 
I 10 102 10 3 104 
INPUT FREQUENCY (f)-kHz 

92CS-24941 

Fig. It-Typical dynamic power dissipation VI. frequency. 

00 

01 
OZ 

0' 

Q4 

DECODER 0' 
INPUTS 06 

07 

OUTPUTS 

08 

E O' 
010 
Oil 

01Z 
01) 

01' 
01> 

LOAD CAPACITANCE (CLJ-pF 

92CS-24322 

Fig. 10-Typical transition time vs.. load capacitance. 

APPLICATIONS 

[ G~\l2CD'555~0 Q~ 
INPUTS SELECT 8 01 01 

8 _ 02 Q2 OUTPUTS 

DATA E 03 Q3 

116 C040698 

92C5-24229 

TRUTH TABLE 

SELECT 
OUTPUTS INPUTS 

B A au Q1 02 Q3 

0 0 DATA 0 0 0 

0 1 0 DATA 0 0 

1 0 0 0 DATA 0 

1 1 0 0 0 DATA 

Fig. 12-1-of4Iine data demultiplexer using CD4555B. 

TRUTH TABLE 

INPUTS QOUTPUTS 

E 0 C B A 0 1 2 3 • 5 6 7 B 9 10 11 12 13 " o 0 000 1 0 0 0 0 o 0 0 o 0 0 0 0 0 0 

o 0 o 0 1 0 1 0 0 o 0 o 0 o 0 0 0 0 0 0 

0 o 0 1 o 0 0 1 o 0 0 o 0 o 0 0 0 0 0 0 

0 o 0 1 1 0 o 0 1 o 0 o 0 o 0 0 0 0 0 0 

o 0 1 0 0 o 0 o 0 1 0 o 0 o 0 0 0 0 0 0 

o 0 1 0 1 o 0 o 0 0 1 0 o 0 0 0 0 0 0 0 

o 0 1 1 0 o 0 o 0 0 0 1 o 0 0 0 0 0 0 0 

0 o 1 1 1 o 0 o 0 o 0 0 1 o 0 0 0 Q 0 0 

0 1 0 o 0 0 o 0 0 o 0 o 0 1 0 0 0 0 0 0 

0 1 o 0 1 o 0 o 0 0 0 0 0 o 1 0 0 0 0 0 

0 1 0 1 o 0 0 o 0 0 0 0 0 o 0 1 0 0 0 0 

0 1 o 1 1 0 0 0 0 o 0 o 0 0 0 0 1 0 0 0 

0 1 1 0 0 0 0 0 0 o 0 0 o 0 0 0 0 1 0 0 

0 1 1 0 1 0 o 0 o 0 0 o 0 o 0 0 0 0 1 0 

0 1 1 1 0 o 0 0 0 o 0 o 0 o 0 0 0 0 0 1 

0 1 1 1 1 o 0 o 0 o 0 0 o 0 0 0 0 0 0 0 

1 X X X o 0 0 o 0 o 0 0 o 0 0 0 0 0 0 0 

X don't care 

Fig. 13-1·of·16 decoder using C0455581CD4556B. 

15 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 -
1 

0 
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DECODER 
INPUTS 

--------~~~----~~~OO 

1/6CD4069B 
OR EOUIV. 

01 
02 
03 

04 

OS 
06 
07 

92CSw24227 

OUTPUTS 

TRUTHTABL E 

INPUTS QOUTPUTS 

c B A 0 1 2 3 4 5 

0 0 0 1 0 0 0 0 0 

0 0 1 0 1 0 0 0 0 

0 1 o 0 0 1 0 0 0 

0 1 1 0 0 0 1 0 0 

1 0 0 0 0 0 0 1 0 
I 0 1 0 0 0 0 0 1 

1 1 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 

6 7 

0 0 

0 0 
0 0 
0 0 

0 0 

0 0 
1 0 

0 1 

+ 
It. 
-

-1Iii --:= 0---2 IO-
0---' 14-

-4 13-
-5 12,-

-6 II-
-7 10, 

I ~.!..-.J! I-
Xl MEA SURED 

PUTS WITH IN 
HIGH AN D 
INPUTS 

.2 

LOW 
C5-24944 

Fig. 14-1"'Df-8 decoder using C04555S. 
voo 

Fig. 15-Quiescent device current test circuit. 

II 
10 

92C5-24945 

VNL 

• 
5 

VDD 

_ IL .f-

16 
Po- IL 'VDD .. 

" .. 
12 

" 'A 

92(;5-24946 

Fig. 16-CD45558 noise immunity test circuit. Fig. 17-C045568 noise immunity test circuit. Fig. f8-Dynamlc power dissipation test circuit. 

go"4 --+---,,j!:::=~-r-----
50"4 --~~f-------~ 

10 ... ==f-t--------j-,='-_ 

go"4--------t-;F="k'::::r---

50"4 

10"4 ===:f--I--j-----!----'''I<:::'------vss 

03 

fI " I MHz. 50 % DUTY CYCLE 92CS-24223 

Fig. 19-C045558 B input to Q3 output dynamic signal waveforms. 

90"4 

50"4 ---+-,1'----------'1:-

10"4 

90"4 ===~H----+jc 
50"4-------+~---------1f-1 

VOD 

vss 

VDO 

OUTPUT 

03 

Vss 
10"4 -------1--1-==:#=--+ __ _ 

'I 2 1 MHz, 50 % DUTY CYCLE. 92CS-24225 

Fig. 21-CD45558 E input to"03 output dynsmic signsl waveforms. 
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90"4 ___ -I---;.F=~=-T---VDD 

50"4 ----~.f------~~ 

10"4 ==;;/f--j---------+~=----VSS 

90"4 ===~.+-----hl1= 
50"4--------+~--------,f-

VDO 

10"4 ----t-~=Jf.=-_t_-VSS 

fI " I MHz, 50 % DUTY CYCLE 92C5-24224' 

Fig. 2O-CD45568 8 input to 03 output dynamic signal waveforms. 

ga"4 

so "4 

10"4 

90"4 

50"4 
ii3 

10% 
Vss 

fI =1 MHz,50 % DUTY CYCLE 92C$-24226 

Fig.22-C045568 E input to ~ output dynamic signal wavsforms. 
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Appendix 

DRIVE CURRENT TEST CI RCUIT CONNECTIONS To be used as an example of test method. 
Example: 

C04000A lOP 

Type Mt 

CD4000A 'ON 

'oP 
C04001A 'ON 

'oP 
CD4002A 'ON 

'oP 
CD4006A* 'ON 

'oP 
CD4007A 'ON 

'oP 
CD4008A 'ON 

'oP 

CD4009A 'ON 

'oP 
CD4010A 'oN 

'oP 
CD4011A 'ON 

'oP 
CD4012A 'oN 

'oP 
CD4013A 'ON 

'oP 
CD4014A* 'oN 

'oP 
CD4015A* 'oN 

'oP 
CD4017A 'ON 

'oP 
CD4018A 'oN 

'oP 
CD4019A 'ON 

'oP 
CD4020A* 'ON 

'oP 
CD4021 A 'ON 

'oP 
CD4022A· 'ON 

'oP 
CD4023A 'ON 

'oP 

Example: 
l6-Lead Types 

VDD 

Ground Yoo 

1"".7.8.11.13 5.14 

1-5.7.8.11·13 14 

2.5-9.12.13 1.14 

1.2.5-9,12.13 14 

3·5.7.9·12 2,14 

2-5.7,9-12 14 

1.4-7 14 

4·7 1,14 

3.7.10 6.14 

3.6.7.10 14 

1·9.15 16 

8 '-7,9.15.16 

5.7-9,11.14 1,3,16 

3.5.7-9.11.14 1.16 

3,5.7-9.11,14 1.16 

5.7·9.11 .14 1.3.16 

5·9.12.13 1.2.14 

1.5-9.12.13 2,14 

7.9-12 2·5.14 

2.7.9·12 3-5,14 

3.5-11 4.14 

3-5.7-11 6.14 

1,4-8,11,13--15 9.16 

4-8.11,13-15 1.9.16 

1,6-8,14.15 16 

1.6.8.14.15 7.16 

8 13·16 

8 13-16 

1-3.7-10.12 14-16 

1-3.7.8.10 9.12.14-16 

109 14-16 

1·8 9.14-16 

B.l1 16 

8.11 16 

1.4-8,10.11. 9.16 
13-15 

4-8.10.11.13-15 1,9.16 

8,13,15 16 

8.13.15 16 

1.2.7.8.11·13 3-5.14 

1-3,7.8.11-13 4,5.14 

Refer to applicable data sheet for V 0 values. 

I. 
" ~ 
" " " ID 

• 
Yo 

6 

3 

1 

13 

8 

13 

14 

2 

2 

3 

1 

1 

3 

5 

3 

2 

11 

13 

9 

3 

2 

6 

Voltage outputs shall be supplied bV an external power supply. 
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VDD 
-0 

Type Mt Ground VOO 

CD4024A* 
(K.O.E) 

'ON 1.7 2,14 

lOP 2.7 14 

CD4024A* 'ON 1.12 2,3 
(T) 

lOP 3.12 2 

CD4D25A ION 1-4.7.8.11·13 5.14 

lOP 1·5.7.8.11-13 14 

CD4026A ION 1-3.8.15 16 

loP 1.2.8 3.15.16 

CD4027A ION 3.5-13 4.16 

lOP 3-6.8·13 7.16 

CD4028A ION 8.10-13 16 

lOP 8.10·13 16 

C04029A ION 3.4.8.10.12. 1.5.9.16 
13.15 

lOP 5.8.15 1.3.4.9.10.12, 
13.16 

CD4030A ION 1,2.5-9.12.13 14 

lOP 2.5-9,12,13 1.14 

CD4031 A ION 1,2.8,10.15 7.16 

lOP 1.2.7.8.10.15 16 

CD4032A ION 2.3.5-8,10-15 16 

lOP 2.3.5.6.8.10-15 7.16 

CD4033A ION 1-3.8.14 15.16 

lOP 1-3.8.15 14.16 

C04034A ION 1-8.10-12.15 9.13.14.24 

lOP 10-12.15 1-9.13,14.24 

CD4035A ION 2-4.6·12 2.5.16 

lOP 2-4.6-12 5.16 

CD4036A ION 3·12.21·23 1.2.24 

lOP 11.12.21'23 1·10.24 

CD4037A ION 7 1-5.14 

lOP 2·7 14 

C04038A ION 2.3,5-8,10-15 10,11.16 

lOP 2.3.5.6.8.12·15 7.10.11.16 

C04039A ION :!-12.21·23 1.2.24 

lOP 11.12.21·23 1·10.24 

C04040A* ION 8,10 11,16 

ION 8,11 16 

C04041 A 
(TRUE) 

ION 3.6.7.10.13 14 

lOP 6.7.10.13 3.14 

C04041A ION 6.7.10.13 3.14 
(COMP) 

lOP 3.6.7.10.13 14 

• M - Measurement 

• These types must be clocked into the proper state. 

Vo 

12 

11 

6 

10 

1 

2 

3 

6 

3 

6 

9 

10 

16 

1 

13 

10 

9 

13 

9 

1 

2 
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DRIVE-CURRENT TEST-CIRCUIT CONNECTIONS (Cant'd) 

Typo M+ Ground Voo Vo Type M+ Ground VOO Vo 

C04042A IoN 4.7.8.13.14 5.6,16 2 CD4062AK* ION 2-5.8 11.13.16 7 

lOP 7.8.13.14 4-6.16 CLO lOP 3-5.8 2.11.13.16 

CD4043A IoN 4.IHl.ll.12 3.5.16 2 
14.15 

ION 2-5,8 11.13.16 12 

lOP 3.IHl.ll.12 4.5.16 
14.15 

a loP 3-5.8 2.11.13.16 

C04062AP ION 2-5.7 9.11.12 6 
C04044A ION 4,8 3.5-7.11.12. 13 

14-16 CLO loP 3-5.7 2.9.11.12 

loP 3.8 4-7.11.12. IoN 2-5.7 9.11.12 10 
14-16 a lOP 3-5.7 2.9.11.12 

CD4045A ION 
(""016) 

2.14 1.3 8 
C040638 IoN 1.3.4,8-15 3.16 5 

lOP 2.14 1.3 lOP 1-3.8-15 4.16 

C04046A IoN 5.8.9 3.14.16 2 C04066A ~ 
COMPI lOP 5.8.9,14 3.16 lOP NO ION. lOP 

ION 5.8.9.14 3.16 13 C04068B ION 7 2-5.9-12.14 13 

COMP2 loP 5,8.9 3.14.16 
lOP 2-5.7.9-12 14 

CD4047A IoN 5.7.12 4.6.8.9.14 10 
C04069B IoN 7 1.3.5.9.11.13.14 2 

lOP 1.3.5.7.9.11.13 14 
lOP 7.9 3-6.8.12.14 C04071B ION 1.2.5-9.12.13 14 10 

CD4048A IoN 3-14 2.15.16 1 lOP 7 1.2.5-9.12.13.14 

lOP 2-14 15.16 C04072B ION 2-5.7.9-12 14 1 

C04049A ION 5.7-9.11.14 1.3 2 lOP 7 2-5;9-12.14 

lOP 5.7-9.11.14 1 C04073B ION 1-5.7.B.11-13 14 6 

CD4050A IoN 3.5.7-9.11.14 1 2 lOP 7 1-5.8.11-14 

loP 5.7-9.11.14 1.3 
C04075B IoN 1-5.7.B.11-13 14 6 

loP 7 1-5.8.11-14 
C04054A ION 2.7-15 1.16 3 

C0407BB IoN 7 2-5.9-12.14 13 
lOP 2.7-14 1.15.16 lOP 2-5.7.9-12 14 

C04055A IoN 2-4.6-8 5.16 9 C040B1B ION 1.2.5-9.12.13 14 3 

loP 2-8 16 lOP 7 1.2.5.6.8.9. 
12-14 

CD4056A ION 2-4.6-8 1.5.16 9 C04OB2A ION 2-5.7.9-12 14 1 

loP 2-8 1.16 
lOP 7 2-5.9-12.14 

CD4057A ION 1-3.6.7.14.21 8.9.13.15.19. 24 C04085B ION 1.2.5-9.11-13 10-14 3 

23.25.27,28 22.26 loP 1.2.5-13 14 
ZERO INO loP 6.14.21.23 1-3.7-9.13.15. 

25.28 19.20.22.26.27 C04086B IoN 1.2.5-9.11.13 11.14 3 

ION 1-3.6.14.21.23. 7-9.13.15.19 4 loP 1.2.5-10.12.13 11.14 
25.27.28 20.22.26 

NEGINO lOP 1-3.6.7.14.21. 8.9.13.15.19. 
23.25.27.28 20.22.26 

C04093B ION 7 1_2.5.6.8.9. 10 
12-14 

lOP 1.2.5-9.12.13 14 

IoN 1-3.5.7-9.14.19 6.13.15.20. 17 
22.23.25.27.28 21.26 

OVERFLOWINO lOP 5.7-9.14.19.22. 1-3.6.13.15.20. 
23.25.28 21.26.27 

CD4514B ION 2.3.12.21.22 1.2.3.24 11 

loP 2.3.12.21-23 1.24 

C04515B IoN 2.3.12.21-23 1.24 11 

OTHER OUTPUTS ION 6.7.21.25 8.9.13.15.19.20. 1 
22.23.26 

IOP* 2.3.12.21.22 1.23.24 

DATA OUT 1 &3 lOP 6.7.21.22.25 8.9.13.15.19.20. 27 C04518B' ION 1.2.7-10 15.16 14 

23.26 lOP 1.2.7.8.10.15 16 
C04060A' ION 8.11 12.16 7 

CD4520B ION 1.2.7-10 15.16 14 

lOP 8.12 16 lOP 1.2.7.8.10.15 16 

CD4061A' IoN 1-4.6.7.9-12. 5 13 
15.16 • M;= Measurement 

lOP 1-4.6.7,9-11. 
15.16 

5.12 * These types must be clocked into the proper state. 
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TERMINAL ASSIGNMENT DIAGRAMS - Top View 

NC{ 
I. I. VOO A I. I. VOO J.A+ii+C+o I. 

" 
VOO 

• 13 F e 13 A' • 13 K=~ 
A 

" 
E J-A+B 

" 
e 3 

" 
H 

e " 0 K"C+i) M·m 
C 10 K=D+E+'F C 10 L·E+F 10 

HaA+i+c 9 L-G • 9 F NC 

VSS 8 VSS 7 E VSS NC 

92CS-24445 92CS-24446 92C5-24447 

CD4000A CD4001A CD4002A 

0, I. 
" 

VOO 02 (p) SOURCE I. I. VOD,QI8Q28Q3(P) 
SUBSTRATES,OI(P)ORAIN 

NC 13 0,+4 Q2(P)DRAIN • 13 ol(P} SOURCE 

CLOCK 
" 

°2+5 02 GATES 3 
" 

Q3(N) DRAIN,Q3(P} SOURCE 

D. 02+4 Q2(N) SOURCE Q3(P) DRAIN 

03 10 °3+4 Q2(N)DRAIN 10 Q3GATES 

O. 9 °4+ 5 QIGATES • 9 Q3 (N) SOURCE 

VSS °4+4 VSS,QIS 02 SO! (N) 7 QI(N1DRAIN 
SUBSTRATES,OJ(N) 

92CS-24448 SOURCE 
92CS-24449 

CD4006A CD4007A 

A. I. I. VOO VCC I. 16 VOO VCC I. I. VOO 

83 • '" B' G=A • 15 L=F GoA • I. L-F 

A3 I. Co A 3 I. F A 3 I. F 

B' • 13 54 H'-a 13 NC H=8 13 NC 

A. • I. 53 
" 

K=E 
" 

Ko' 

81 • " S. I=C " • I-e " • 
AI 10 51 C 10 J:D C 10 JoO 

Vss CI VSS Vss 

92CS-24450 
92CS_24451 92C5-24452 

CD4008A CD4009A CD4010A 

I. I. VOO J=ABCo I. 
" 

VOO 01 I. 
" 

VOO 

B • 13 H A • 13 K'= Qi • 13 QZ 
J~iB 3 

" 
G I. H CLOCK, 3 

" 
a. 

K-CO " M-GR G RE~ETI Cl.OCK 2 
10 L-U 0 10 0, 10 RESET2 

0 Ne • 9 SET, 9 D. 
VSS Vss 7 8 NC VSS 8 SET2 

92CS-244~ 
92CS-244~4 92C5-244515 

CD4011A CD4012A CD4013A 

PI-8 I. I. VOO CLOCK 8 I. I. VOO 

a" • 15 PI-7 0'8 2 I. DATA a SIG A IN I. I. VOO 

08 3 
" 

PI-6 a3A I. RESET B OUT • ,. CONTROL A 

PI-4 • 13 PI-5 a2A • I. alB 
SIG BO~~ 3 

" 
CONTROL 0 

PI-3 • " 
07 alA • " 

a'B • ~:.rSIG D 
PI-2 " SERIAL IN RESET A " a3B CONTROL B • 10 

Pl-l 10 CLOCK DATA A 10 a.A CONTROL C 9 OUT 

VSS 9 PARALLEL/SERIAL VSS CLOCK A VSS 8 IN 
SIG C 

CONTROL 
92CS_244~6 92CS-244~7 92CS-244~8 

CD4014A CD4015A CD4016A 

428 



TERMINAL ASSIGNMENT DIAGRAMS· Top View 

5 I. I. VOO DATA I. I. VOO 8' I. I. VOO 

I 15 RESET JAMI 2 15 RESET A3 15 A. 
0 I. CLOCK JAM2 3 I. CLOCK 83 

" 
Kb 

13 CLOCK ENABLE ~ • 13 os A2 • 13 04:A4Ka+B4Kb 

12 CARRY OUT QT S 12 JAMS 82 S 12 D3-A3Ka+B3Kb 

7 " • IfJ " 1l'i AI " D2-A2Ko+B2Kb 

3 10 JAM3 10 PRESET ENABLE 81 10 Ol-AI Ka+BI Kb 
VSS • VSS • JAM4 VSS 9 K, 

92C5-24459 92C5-24460 92C5-24461 

C04017A C0401BA CD4019A 

012 I. I. Voo PI-a I. I. Voo I. I. Voo 

013 2 IS all 06 2 IS PI-7 a 2 IS RESET 

01' 3 
" 

QIO OB 3 
" 

PI-6 14 CLOCK 
Q6 • 13 OB PI_4 " PI-5 13 CLOCK ENABLE 
05 S 12 A. PI-3 12 07 12 CARRY OUT 

07 " RESET PI-2 " SERIAL IN NC " A. 10 " PI-I 10 CLOCK 3 10 7 

VSS • QI VSS • PARALLEL/SERIAL VSS NC 
CONTROL 

92C5-24462 92C5-24463 92C5-24464 

CD4020A CD4021A CD4022A 

VSS 

I. 14 Voo I. 14 Voo 

2 13 RESET 2 13 NC 

3 12 V07 3 12 VOl 
Va· • V02 

V03 RESET 
F 10 L",GiTI VaS 10 NC 

K"DEF • J,.ABC Va' • V03 
VSS a VSS NC 

92CS-24465 92C5-24466 

CD4023A CD4024A (D, e; F, KI VaS 

92C5-24467 

CD4024AT 

A I. 14 Voo CLOCK I. I. Voo 

8 2 13 

12 
CLOCK ENABLE 2 IS RESET 

DISPLAY ENABLE IN 3 14 UNGATED "e" SEGMENT OUT 

DISPLAY ENABLE OUT 13 

5. 10 L=G+H+i CARRY OUT 5 12 

K"D+E+F • J-A+B+C f • " VSS C , 10 
VSS 

92CS-24468 

CD4025A 92CS-24469 

CD4D26A 

02 I. I. Voo I. I. Voo PRESET ENABLE I. I. Voo 

Q2 IS 01 2 IS 3 A. 2 IS CLOCK 

CLOCK 2 I. OT a I. JAM4 3 14 0' 
RESET 2 13 CLOCK I 13 JAMI • 13 JAM 3 

K2 12 RESET I 12 CARRY IN 5 12 JAM 2 

J2 • " KI " 01 • " 02 

SET2 7 10 JI • 10 CARRY OUT 10 UP/DOWN 

VSS • SET I VSS VSS • BINARY/DECADE 

9ZCS-24470 92CS-24471 92CS-24472 

CD4027A CD402BA CD4029A 
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TERMINAL ASSIGNMENT DIAGRAMS· Top View 

I. I. Veo 

A • 13 H 
.-AE9B 

" 
G 

'-CE9D • M-GE9H 

• 10 L"EEBF 

0 6 • F 
Vss a 

92CS-24473 

CD4030A 

CLOCK I. I. VDD 

CLOCK ENABLE 2 I. RESET 
RIPPLE BLANKING IN I. LAMP TEST 

RIPPLE BLANKING OUT 13 
CARRY OUT 12 

f II 

• 10 
Vss 

92CS-2447~ 

CD4033A 

430 

AI 
WRITE 

.. nt IN • 

• 
7 
8 

MEMORY 
BYPASS 

GND 

WORD I 
WRITE 

elTst~ IN • 

" 7 
8 

MEMORY 
BYPASS 

GND 

I. 2. VDD 

• •• A. 

2. CHIP INHIBIT 

• 21 READ INHIBIT 

• 20 

J-" 
I. 
18 
17 

'" ~ OUT 

10 
" " II I. 7 

12 13 8 

·92CS-19937RI 

CD4036A 

I. 
4 

10 

" 12 

24 

2' 
22 
21 
.0 
I. 

18 
17 

'" IS 

" I. 

VDD 
WORD 3 

WORD 4 
WORD 2 

}m 5 OUT 

" 7 
8 

92CS-19956RI 

CD4039A 

RECIRCU-
LATION 
IN I. I. 
CL I. 

NC{ 

I. 
13 
12 

a II 
Q 10 

Vss 

CD4031A 

·A- ENABLE 
SERIAL INPUT 

AlB 
VSS 

Vcc I. 
B • 

CI • 
A 

C2 
C. 

VSS 

VDD 
DATA IN 

}NC 

MODE CONTROL 
CLD 

92<:5-20743RI 

10 
II 
12 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

CD4034A 

I. VDD 
13 01 

" 
EI 

" E2 
10 02 

E3 D. 
92CS-20746RI 

CD4037A 

012 I. I" VDD 

a" • .. all 
O' 3 I. OlD 
07 4 13 08 
Q4 S 12 os 

6 II 
02 10 

IIss 01 

92CS-20747RI 

CD4040A 

a' I. '" VDD 
01 • 15 O. 
01 • I • 04 
01 4 13 D. 

CLOCK S 12 O'! 
POLARITY 6 " a. 

D2 10 Q2 

Vss Q2 

92C5-20756RI 

CD4042A 

...... I • I. VDD 

INVERT 3 2 I. A' 
CLOCK • " 

B. 
SUM2 • 13 A2 

INVERTZ • 12 B2 
CARRY RESET • " BI 

INVERT I 7 10 AI 
Vss e SUM I 

92CS_24414 

CD4032A 

alllil I. '" VDD 
8 VOO 

7 '" ... TRUE/COMP. 2 I. a'/a2 z 
5 ::::; 
4 .. 
3 \i 
2.° 
Itt 

CLOCK 
AlS 
PIS 

9ZCS-20744A1 

..... 3 
INVERT 3 

CLOCK 
SUM2 

INVERTZ 
CARRY RESET 

INVERT I 
Vss 

E-A 

F"A 
A 

G-B 
H-i!" 

Vss 

a. 
al 
RI 
SI 

ENABLE 
s. 

R' 
VSS 

K • 14 ' a3lii • 
• 13 04/04 

RESET 12 PI-' 
CLOCK " PI-' 

PIS 10 PI-2 

IIss PI-I 

92CS-2074SRI 

CD4035A 

I. Ie VDD 
2 

" 
A' • 14 B. 

4 
" 

A. 
12 B2 

• " BI 
10 AI 

• SUMl 

92CS-24474 

CD4038A 

I. ' I. vDD 
2 13 0 

" 
N"O 
M-D 

'S 10 C 

• L-t 
K"C 

92CS- 20755RI 

CD4041A 

I. '" VDD 

IS R' 
I. S. 

4 13 NC 

" 
53 

" R3 
10 03 

• A • 

92C$-24476 

CD4043A 



Vce 

G""A 
A 

H=B 

" I-C 
C 

Vss 

TERMINAL ASSIGNMENT DIAGRAMS· Top View 

04 I. I. VOO 

NC 2 15 54 
51 3 I. R4 

RI • 13 01 
ENABLE 12 R3 

R2 " 53 
52 10 03 

Vss 9 02 

9ZCS-Z4417 

R-C COMMON 

ASTABLE 
ASTABLE 

-TRIGGER 

Vss 

I. 
2 
3 

CD4044A 

92CS-21431RI 

CD4047A 

I. NC 
15 L=F 
I. F 

13 NC 
12 K-E 

" E 
10 J=D 

92CS-24481 

CD4050A 

I. 
IN/OUT (:~ 

l" 
OUTIIN ex or CY - 4 

IN/OUT ex 
INH 

VEE 

VSS 

CHANNELSJ4 
IN/QUT 6 

COMMON OUTIIN 

CHANNELS J 7 
IN/OUT 5 

INH 
VEE 

Vss 

I. 
15 

" 13 
12 

" 10 

9 

PHASE 
PULSES 

PHASE COMP 
lOUT 

COMPARATO 
Sp I. I. ., IN 
SN 15 j;, veo OUT 

VOO I. Vss 

No{ 

13 

}c 

INHIBIT 
12 

" 
Cilil 

10 C1(2) ,+, 9 V __ 

92CS~24478 

CD4045A 

I. I. VOO VCC 

K, 15 EXPAND G=it 

H I. 0 A 

" H-~ 

12 " E " 1-1r 

K. 10 K. C 
Vss 9 K, Vss 

92CS-24479 

CD4048A 

I. I. VOO Y CHANNELS J 0 
2 15 ~ ~ CHANNELS 

IN/QUT 2 

3 I. COMMON wY" OUT/IN 

13 o IN/OUT Y CHANNELS J 3 
12 3 IN/OUT J 

" INH 
10 VEE 
9 Vss 

92CS_24482 

CD4051A 

VDD STROBE 4 I. 
OUTIIN bltorby DISPLAY FREQ.IN 2 

OUT/IN exaroy OUT4 3 

:: I IN/OUT 
OUT 3 
OUT2 

A OUT I 

VEE 
VSS 

92CS-24464 

I. I. VOO 

15 ZENER 

14 SIGNAL IN 

• 13 PHASE COMP 
II OUT 

12 R2 TO Vss 

RI TO Vss 

10 DEMODULATOR 
OUT 

veo IN 

CD4046A 

I. I. NC 
15 L=F 
I. F 
13 NC 
12 K'~ 

" E 
10 J.1l" 

92CS-24480 

CD4049A 

I. I. VOO 

2 15 2 t X CHANNELS 
I. I IN/OUT 

13 COMMON"X"OUT/IN 
12 0, X CHANNELS 

" :3 INIOUT 
10 A 
9 

92CS-24483 

CD4052A 

I. VOD 

15 IN4 
I. STROBE :3 
13 IN3 
12 STROBE2 

" IN2 
10 STROBE I 

INI 

92CS_24485 

CD4053A CD4054A 

STROBE I. 16 VOD 

{"' 
2 15 

:1 ,.~'" BCD 21 I. 

INPUTS 23 13 

2° '2 : OUTPUTS 
DISPLAY FREQ.IN " VEE 10 • 

VSS 9 ., 

DISPLAY FREQ.OUT I. I. VOD 

\ 2' 
2 15 

"CD 2' 3 14 g. 

INPUTS t 23 13 
: ( 7·SEGMENT 

2° '2 
DISPLAY FREQ. IN " 

c OUTPUTS 

VEE 10 • 
VSS 

92CS-24466 
92CS-24487 

CD4055A CD4056A 

431 



TERMINAL ASSIGNMENT DIAGRAMS - Top View 

PARALLEL DATA I I. 

PARAllEL DATA 4 

PARALLEL DATA 2 

NEGATIVE INDICATOR 

Z1 INPUT 

INPUT c 

INPUT d 

CONDITIONAL INPUT A 

CONDITIONAL INPUT C 

RIGHT SERIAL DATA 10 
LINE 

BYPASS II 

NC 12 

MODE-CONTROL INPUT 13 
LINE CI 

28 

27 

26 

25 

24 

23 

22 

21 

20 

I" 

18 

17 

IS 

I' Rol ~I~' ________ ~ 

R02 

PARALLEL DATA 3 

*VDD 

* Vss 

5ij~~J~DICATOR 
"DATA OUT II CONTROL 

INPUT Q 

INPUT b 

CLOCK 

CON DITIONAL INPUT B 

LEFT SERIAL DATA LINE 

OVERFLOW INDICATOR 

OVERFLOW 1/ a 
MODE-CONTROL INPUT 
LINE C2 

* NOTE: NON-STANDARD TERMINAL LOCATIONS FOR 
VSS AND YDO' MOST OTHER COS/MOS TYPES 
USE CORNER TERMINALS FOR POWER
SUPPLY CONNECTIONS 

92CS- 202!l'SRI 
CD4057A 

16 
AO • CHIP ENABLE 

AI 
I' READ/WRITE 

A2 
14 'iiiiA OUT 

RC 

* • 13 DATA OUT Vss 

* • 12 
DATA IN VDO 

A3 A7 

CL 

l 

JI 

J2 

J3 

J' 

JI6 

JI, 

JI4 

Jl3 

K, 

Vss 

VOD 

CLZD 

Ie 24 VDD 

23 OUT 

22 J' 

21 J6 010 I. IS VDD 

20 J7 013 '" 010 

I. J8 
010 14 08 
OS 13 O' 

18 J' 05 12 R 
17 JIO 07 II ~I 

IS JII O. 7 10 +0 
Vss 8 " ~O 0 I. JI2 

II 14 Ko CD4060A 

12 13 .b 92CS-2!76IRl 

CD4059A 
92CS-22212RI 

Cl I. 16 . Voo 
0 15 NC 

RC 14 NC 

REC • TOP 13 CM 

Cl2 5 VIEW 12 

NC II Cll 

Cll CL2D 10 CLIO 

Vss NC 

Cll = PHASE I Of 2-PHASE CLOCK 
CLIO" DELAYED CLI 
Cl2 = PHASE 2 OF 2-PHASE CLOCK 
CL2D • DELAYED CL2 

A4 
10 

AS CD4062AT 
CD4062AK 

NC A. 92CS-2269! 92CS-22694 

92CS-21526 
CD4061A COMMON VDD 

OUTIIN I. 24 

~-t 
23 

I 
22 " 21 10 

B3 l- IS VDO 
SIG A IN I. 14 VDD 20 " CHANNEL IA<B1IN 2 15 A3 

IA-BIIN I. B2 
OUT 2 13 CONTROL A IN/OUT 3 I. 12 IN/OUT 

SIG BO~~ 3 12 CONTROL 0 
IA>BlIN 13 A2 II 

:T SIGD 

2 18 13 

(A>810 UT I. AI 
CONTROL B 10 I 17 14 

IA'BIOUT II BI 
CONTROL C S OUT 0 16 I. 

IA<B)OUT 10 AD Vss 7 IN 
SIG C 

Vss BO 10 I. INHIBIT 

CD4063B 92CS-244~8 
14 C 

Vss 12 13 
92CS-24!523 

CD4066A CD4067B 

92CS-24978 

0 I- 14 VDO • NC I. 14 VDO G=A 2 13 F I. 14 VDD 

• 13 J-A·B·C·D·E·F·G·H B 12 L"F' 
B 2 13 

12 H=B E 
J-OGlB 12 

10 K"E' 
K-CEllO M-G(f)H 

10 I-e " 0 
10 L"'EQ)F 

Nt • Vss J=D 
6 F 

Vss 8 NC Vss 7 E 
CD4069B 

CD406BB 
92c5-24444 CD4070B 92CS-24496 

92CS-24!578 
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TERMINAL ASSIGNMENT DIAGRAMS - Top View 

" " 

VDD J-A+B+C+O I. I. VDD I. 
" 

VDD 

2 13 H A 2 13 K=E+F+G+H 13 G 

J:A+B 12 12 12 

K:C+O M::G+H 

C 10 L=E+F 10 10 L=G'H'I 
NC 9 K=D'E ·F J=A'B'C 

VSS 7 8 Vss NC VSS 7 C 

CD4071B CD4072B CD4073B 
92C5-24494 92C5-24496 

92CS-245J8 

I. 
" 

VD D OUTPUT 1M I. I. VDD 

B 2 13 G DISABLE N 15 RESET I. 
" 

VDD 

0 12 01 I. DATA I 13 

02 13 DATA 2 
J::A(±)B 12 G 

10 L=G+H+I 03 12 DATA :3 K:CCi)D MaG$H 

K"'D+E+F J '"A+B+C D' " DATA 4 10 LsE(±)F 

VSS 7 B CLOCK 10 G~?~~~T 9 

CD4075B VSS 9 G I DISABLE VSS 

92C5-24495 

CD4076B CD4077B 

92CS-£4887 92C5-24499 

NC '" " 
VDO 

2 13 J. A+B+C+O+F+G+H 
" 

I. VOD J:A·B·C·D I. I. VDO 

12 " 
2 13 2 13 K=E·F·G·H 

G 
J=A'B 3 12 12 

10 K=C'D M:G'H 

NC 9 10 L=E' F 10 

VSS NC 0 9 NC • E 

VSS 7 B VSS 7 B NC 

CD4078B CD4081B CD4082B 
92C5-24536 

92C5-24537 

92C5-24593 

A VOO 
"rS"OUT I. I. VOO 

AI '0 I. VDO 2 15 B 13 0 A 
BI 2 13 01 J·INH+ENABLE+ a 3 

" EI" INHI+AIBI+CIDI 12 CI AB+CO+EF+GH 12 
SETTO"15" 

E2=INH2+A282+C2D2 
NC ENABlE/EXP 

13 CLEAR 

INHIBIT 2 our 12 CASCADE 

A2 10 INHIBIT I E 10 INHIBIT/EXP OUT " 
INHIBIT IN 

B2 02 9 H INHIBIT OUT (CARRY) 

(CARRY) 10 STROBE 

Vss C2 VSS V5S 9 CLOCK 

CD4085B CD4086B 
CD4089B 

92CS-238S9Ri 
92CS-20005 

STROBE I. I. VOD 

I. 
" 

VDD DATA 2 15 OUTPUT NC I. I. VOO 

13 CLOCK I. 
ENABLE RESET 13 SET 05 

J:t;:B 12 01 • 13 06 JI 12 CLOCK 

K:c.n M:G-H 02 5 12 07 J2 " KI 

10 L: "'(':"F 03 " DB J3 10 K2 

9 O. 10 Os 
9 K3 

Vss B Vss 0'5 V5S 0 

CD4093B CD4094B CD4095B 

92CS- 24835 92CS- 24565 92CS-24428 
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TERMINAL ASSIGNMENT DIAGRAMS· Top View 

COMMON I. 24 VDD X OUT/IN 

~ 
23 

} S 22 I 
CXI I. IS VDD 

NC I. 14 Yoo RX CXII1 2 15 CX2 

RESET 2 13 SET 5 21 2 Y CHAN. RESET III 14 RX CX(2) 

JI 3 12 CLOCK CHAN. X 4 20 : IN lOUT +TR (I) 4 13 RESET (2) 

J2 " KI 
IN lOUT : 19 

-TR (I) 12 +TR (2) 

J3 10 K2 01 " -TA (21 

Q • K3 ·'8 or 10 02 

11 COMMON 
VSS 9 02 IIss Y OUTIIN 

IS ~}y CHAN. 92CS-24848 
92CS-24429 

10 15 7 IN lOUT 
CD4098B CD4096B 

I. e 
VSS 12 13 INHIBIT 

92CS-24979 

CD4097B 

01 I. IS VOD 03 I. IS VDO I. IS VDO 

RESET 2 15 OS 03 2 15 OS e 2 '" DATA 14 05 01 3 14 OS rr 3 I. 
WRITE 13 04 3-5TATE 13 05 "' 13 DISABLE OUTPUT DISABLE 

AD 12 03 01 • 12 INHIBIT LE 12 

AI " 02 02 S " 05 0 " A2 10 01 02 10 04 A 10 

Vss 00 VSS 00 VSS 

92CS-24426 92CS-25128 92CS-25084 

CD4099B CD4502B CD4511B 

STROBE I. 2. VOD 
DATA I 2 23 INHIBIT 

DATA 2 22 DATA 4 CLOCK A I. IS VDD 

S1 21 DATA 3 ENABLE A 2 15 RESET B "g" OUT I. IS VOO 

SS 20 SID 
OIA I. COB 2 15 8 

S. 19 SII 
02A 13 03B 14 

S4 IB S8 
03. 12 02B SET TO"9" 13 CLEAR 

S3 11 S9 
04A " OIB mIT 12 CASCADE 

SI 9 I. SI4 RESET A 10 ENABLE B OUT " INHIBIT IN 
(CARRY) 

S2 10 15 SI5 VSS CLOCK B INHIBIT OUT 10 STROBE 

92CS-2451!5 
(CARRY) 

9 CLOCK SO 
" 

SI2 VSS 

VSS 12 13 SI3 CD4518B, CD4520B 92CS -24914 

92CS-24554 CD4527B 

CD4514B, CD4515B 

04 I. IS VDD 

""li 
I. IS VDD 

""'{i 
I. IS VDD 

05 2 15 EO 15 

J'" 
2 15 '} OS 3 14 G5 I. 3 14 A 

01 13 03 DUAL 00 13 " B 112 OF DUAL 
EI 12 02 01 12 00 DUAL or 12 ~ "CUAL 
02 " 01 02 " 01 ~ " 01 

01 10 DO 03 10 02 03 10 02" 
VSS 00 VSS 03 VSS O! 

92CS-24942 92CS-24943 

CD4532B CD4555B CD4556B 
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__________________________________________________________________ Ap~ndix 

DIMENSIONAL OUTLINES 
Ceramic Flat Packs 

TERMINAL. "N" 

NOTES: 

OPTIONAL. END 
CONFIG. TYPICAL 
BOTH ENOS 

1. Refer to Rules for Dimensioning Peripheral Lead Outlines. 

2. Leads within .005" (.12 mm) radius 0/ True Position (TP) at 
maximum material condition. 

3. N is the maximum quantity of lead positions. 

4. Z and Zl determine a zone within which all body and lead 
irregularities lie; 

24-LEAD 

SYMBOL 
tNCHES 

NOTE 
MtLLlMETERS 

MtN. MAX. MIN. MAX. 

A 0.075 0.120 1.91 3.04 
B 0.018 0.022 1 0.458 0.558 
C 0.004 0.007 1 0.102 0.177 
e 0.050 TP 2 1.27TP 
E 0.600 1 0.700 15.24 117.78 
H 1.150 1.350 29.21 34.29 
L 0.225 0.325 5.72 8.25 
N 24 3 24 
Q 0.035 0.070 0.89 1.77 
S 0.060 0.110 1 1.53 2.79 
Z 0.700 4 17.78 

ZI 0.750 4 19.05 

92CS-19949 

JEDEC MO'()04-AF 14-LEAD 

SYMBOL 
INCHES MtLLlMETERS 

NOTE 
MIN. MAX. MtN. MAX. 

A 0.008 0.100 0.21 2.54 

B 0.Q15 0.019 1 0.381 0.482 

C 0.003 0.006 1 0.077 0.152 

e 0.050 TP 2 1.27 TP 

E 0.200 0.300 5.1 7.6 

H 0.600 1.000 15.3 25.4 

L 0.150 1 0.350 3.9 .1. 8.8 
N 14 3 14 
Q 0.005 0.050 0.13 1.27 

S 0.000 0.050 0.00 1.27 

Z 0.300 4 7.62 

ZI 0.400 4 10.16 

92SS-4300RI 

JEDEC MO'()04-AG 16-LEAD 

INCHES NOTE I MILLIMETERS SYMBOL 
MIN. MAX. I MIN. MAX. 

A 0.008 0.100 10.21 2.54 

B 0.Q15 0.019 1 0.381 0.482 

C 0.003 0.006 1 0.077 0.152 

e 0.050 TP 2 1.27TP 

E 0.200 0.300 5.1 7.6 

H 0.600 1.000 15.3 25.4 

L 0.150 1 0.350 3.9 p.8 
N 16 3 16 
Q 0.005 0.050 0.13 1.27 

5 0.000 0.025 0.00 0.63 

Z 0.300 4 7.62 

ZI 0.400 4 10.16 

92CS-I727IRI 

28-LEAD 

SYMBOL INCHES NOTE MILLIMETERS 
MIN. MAX. MIN. MAX. 

A 0.075. ,Q,@l - 1.91 3.04 
B 0.018 0.022 0.458 0.558 . , 

0.004 0.007 0.102 0.177 
i 1.27 TP 

15.24 17.78 
29.21 34.29 

L 0.225 0.325 5.72 8.25 
N' '-'28 3 '28 

0.89 1.77 
1 0 1.53 

f---;0o.--+-"O.035j ~0070 
5 _....!!.. ... I ,<1.060 
Z 0.700 4 17.78 
ZI 0.750 4 19.05 

92CS-20972 

When these devices are supplied solder-dipped. the maximum lead thickness (narrow portion) will not exceed 0.013". 
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DIMENSIONAL OUTLINES 
Ceramic Dual-in-Line Packages 

BASE PLANE 

--t I 0 lL, 
\P~T.A 

I'ATING PLAN' L~1f1tW~ 
G~AUG'PLAN~' II l--j" f- JL ~ 

--I LB, B L, 

JEDEC MO-OO1-AD 
14-Lead Welded-Seal 

SYMBOL 
INCHES 

MIN. MAX. 
A 0.120 0.160 
AI 0.020 0.066 

B 0.014 0.020 
Bl 0.050 0.065 

C 0.008 0.012 
0 0.745 0.770 
E 0.300 0.325 
El 0.240 0.260 

el 0.100 TP 

eA 0.300TP 

L 0.125 0.150 

L2 0.000 0.030 

a 00 1150 
N 14 
Nl 0 

01 0.050 0.085 

S 0.065 0.090 

NOTE 
MILLIMETERS 
MIN. MAX. 
3.05 4.06 
0.51 1.65 

0.356 0.508 
1.27 1.65 

0.204 0.304 
18.93 19.55 
7.62 8.25 
6.10 6.60 

2 2.54 TP 

2,3 7.62 TP 

3.18 3.81 
0.000 0.76 

4 00 I 150 
5 14 
6 0 

1.27 2.15 

1.66 2.28 

92SS-4411RI 

NOTES: 
to Refer to Rules for Dimensioning (JEDEC Publication No. 13) 

for Axial Lead Product Outlines. 

2. lead. within 0.005" (0.12 mml radius of True Position (TPlat 
gauge plane with maximum material condition and unit installed. 

3. eA applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

S. N is the maximum quantity of lead positions. 

6. N 1 is the quantity of allowable missing leads. 

JEDEC MO-001-AE 
16-Lead Welded-Seal 

~MBOL 
INCHES 

MIN. MAX. 
A 0.120 0.160 

AI 0.020 0.065 

8 0.014 0.020 
81 0.035 0.065 

C 0.008 0.012 
0 0.745 0.785 
E 0.300 0.325 

El 0.240 0.260 

·1 O.looTP 

eA 0.3OOTP 

L 0.125 0.150 

L2 0.000 0.300 

a 00 I 150 

N 16 

Nl 0 

°1 0.050 0.085 

S 0.015 0.060 

NOTE 
MILLIMETERS 
MIN. MAX. 
3.05 4.06 
0.51 1.65 

0.356 0.508 
0.89 1.65 

0.204 0.304 
18.93 19.93 

7.62 8.25 
6.10 6.60 

2 2.54 TP 

2,3 7.62 TP 

3.18 3.81 
0.000 0.76 

4 00 I 150 

5 16 
6 0 

1.27 2.15 

0.39 1.52 

92SS-4286R2 

When these devices are supplied solder-dipped, the maximum lead thickness (narrow portion) will not exceed 0.013", 
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24-Lead Welded-Seal 

SYMBOL 
INCHES 

NOTE 
MIN. MAX. 

A 0.090 0.150 
Al 0.020 0.065 2 
B 0.D15 0.020 
Bl 0.045 0.055 
C O.OOB 0.012 
0 1.15 1.22 
E 0.600 0.625 

El 0.480 0.520 

·1 O.I00TP 3 
OA 0.600TP 3 
L 0.100 0.180 

L2 0.000 0.030 3 
a 00 150 4 
N 24 5 
Nl 0 6 

01 0.020 0.080 
S 0.020 0.060 

Appendix 

DIMENSIONAL OUTLINES 
Ceramic Dual-in-Line Packages (Cont'd) 

MILLIMETERS 
MIN. MAX. 

2.29 3.81 
0.51 1.65 
0.381 0.5OB 
1:143 1.397 
0.204 0.304 

29.21 30.98 
15.24 15.87 
12.20 13.20 

2.54 TP' 
15.24 TP 

2.54 4.57 
0.00 0.76 
00 150 

24 
0 

0.51 2.03 
0.51 1.52 

92CS-19948 

NOTES: 

1. REFER TO RULES FOR DIMENSIONING 
(JEDEC PUBLICATION No. 131 AXIAL LEAD 
PRODUCT OUTLINES. 

2. WHEN BASE OF BODY IS TO BE ATTACHED 
TO HEAT SINK, TERMINAL LEAD STAND
OFFS ARE NOTREQUIRED AND A, = O. 
WHEN A, = O. THE LEADS EMERGE FROM 
THE BODY WITH THE B, DIMENSION AND 
REDUCE TOTHE B DIMENSION ABOVE THE 
SEATING PLANE_ 

3. e, AND,eA APPL Y'IN ZONE L2 WHEN UNIT 
INSTALLED. LEADS WITHIN .005" RADIUS 
OF TRUE POSITION (TPI AT GAUGE PLANE 
WITH MAXIMUM MATERIAL CONDITION. 

4. APPLIES TO SPREAD LEADS PRIOR TO 
INSTALLATION. 

5. N IS THE MAXIMUM QUANTITY OF LEAD 
POSITIONS. 

6. N, IS THE QUANTITY OF ALLOWABLE 
MISSING LEADS. 

JEDEC MO-O'5-AH 
28-Lead Welded.seal 

SYMBOL 
INCHES 

MIN. MAX. 

A .100 .200 
Al ,000 .070 

B .015 .020 
81 .015 ,055 

C .008 .012 
0 1.380 1.420 
E .600 ,625 
El .485 .515 

01 ,100TP 
SA .600TP 

L .100 .200 
L2 .000 .030 
a 0 15 
N 28 
Nl 0 

01 .020 .070 
5 .040 .070 

See Note 1 

MILLIMETERS 
NOTES 

MIN. MAX. 

2.6 5.0 2 0 1.77 
,381 ,508 
.39 1.39 
,204 .304 
35,06 36.06 
16.24 15.87 
12.32 13.08 

2.54 TP 3 
.15,24 TP 3 

2.6 5.0 
0 ,76 

00 150 4 
28 5 
0 6 

.51 1.77 
1,02 1.77 

92CM-20250 

When these devices are supplied solder-dipped, the maximum lead thickness (narrow portion) will not exceed 0.013". 
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DIMENSIONAL OUTLINES 
Ceramic Dual-in-Line Packages (Cont'd) 

BAse PLANE 

--f s 0 "II. 
\~mT.A SEAnNG PLANE L ~ 

G~'~UG~.~PL~'~N.;===J I I "1 L 
. L.~" f--.jL L, 

NOTES 

1_ Refer to Rules for Oimensioning (JEOEC 
Publication No. 13) for Axial Lead Pro
duct Outlines. 

2. Leads within 0.005" (0.12 mm) radius 
of True Position (TP) at gauge plane with 
maximum material condition and unit 
installed. 

3. eA applies in zone L2 when unit installed. 
4. a applies to spread leads prior to installation. 
5. N is the maximum quantity of lead positions. 
6. N1 is the quantity of allowable missing leads. 
7. B1 applie. to all lead. except the four end 

lead. which have one-half the normal width 
(B, min. = 0.025 in.) 

JEDEC MO-001-AS 
14-Lead 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. 
NOTE 

MIN. MAX. 

A 0.155 0.200 3.94 5.08 

A1 0.020 0.050 0.51 1.27 

B 0.014 0.020 0.356 0.508 

Bl 0.050 0.065 1.27 1.65 

C 0.008 ·'0.012 0.204 0.304 
0 0.745 0.770 18.93 19.55 
E 0.300 0.325 7.62 8.25 

El 0.240 0.260 6.10 6.60 

el 0.100TP 2 2.54 TP 

eA 0.300TP 2.3 7.62 TP 

L 0.125 0.150 3.18 3.81 

L2 0.000 0.030 0.000 0.76 

a 00 1150 4 00 150 

N 14 5 14 

Nl 0 6 0 

01 0.040 0.075 1.02 1.90 

S 0.065 0.090 1.66 2.28 
92SS-4296RI 

JEDEC MO-001-AC 
16-Lead 
(except types CD4026AF, CD4029AF, 

CD4031AF CD4033AF) 

SYMBOL 
INCHES 

MIN. MAX. 
A 0.155 0.200 

Al 0.020 0.050 

B 0.014 0.020 

Bl 0.035 0.065 

C 0.008 ·0.012 
0 0.745 0.7B5 
E 0.300 0.325 

El 0.240 0.260 

"I O.l00TP 

"A 0.300TP 

L 0.125 0.150 

L2 0.000 0.030 

a 00 I 150 

N 16 

Nl 0 

°1 0.040 0.075 

S 0.015 0.060 

JEDEC MO-001-AG 
16-Lead 

MILLIMETERS 
NOTE 

MIN. MAX. 
3.94 5.08 
0.51 1.27 

0.356 0.508 
0.B9 1.65 

0.204 0.304 
18.93 19.93 
7.62 8.25 
6.10 6.60 

2 2.54 TP 

2.3 7.62 TP 

3.18 3.81 
0.000 0.76 

4 001 150 

5 16 
6 0 

1.02 1.90 

0.39 1.52 

92CM-15967RI 

(Types CD4026AF, CD4029AF, 
CD4031AF, CD4033AF) 

INCHES MILLIMETERS 
SYMBOL 

MIN. MAX. 
NOTE 

MIN. MAX. 

A ar65 0.210 4.20 5.33 

Al 0.015 0.045 0.387 1.1" 

• 0.015 0.020 0.387 0.508 
·1 0.045 0.070 7 7.75 t.77 

c 0.009 ·0.01' 0.229 0.279 
D 0.750 0.795 79.05 20.79 

E 0.295 0.325 7.50 8.25 

·1 0.245 0.300 6.23 7.62 

°1 Q.100TP 2 2.54 TP 

°A O.300TP 2.3 7.62TP 

L 0.120 0.160 3.05 4.05 

L2 0.000 0.030 0.000 0.76 

a 2D I 15· 4 2D 15" 
N 16 5 16 

Nl 0 6 0 

°1 0.050 0.080 1.27 2.03 

S O.Ota 0.060 0.254 1.52 

92CM-22284 

This outline differs from the standard 16-
Lead frit-seal ceramic package MO-O01-AC 
as indicated by the values in italics shown 
in the chart above. 

When these devices are supplied solder-dipped, the maximum lead thickness (narrow portion) will not exceed 0.013". 
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DIMENSIONAL OUTLINES 
Ceramic Dual-in-Line Welded Seal 

IS-Lead Side-Brazed 

.830 MAX. ~ .020 MAX. !BRAZE) 
(21.08) (.501 

~~~~ANICAL. ,~~8 MAX. (BRAZE) 

I I 
.310!.OIS V 
(~i~-) 

l,b.....~""""'===~=L1 
.020 MIN. 
(.51] 

200 MAX. , 15.0;' 
.125-.150 
(3.18-3.811 , 

'32C5-21219 

_WHEN THIS DEVICE IS SUPPLIED SOLDER-DIPPED, THE MAX. LEAD 
THICKNESS (NARROW PORTION) WILL NOT EXCEED 0.013 (Q33mml 

NOTE: DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS AND 
ARE DERIVED FROM THE BASIC INCH DIMENSIONS 

JEDEC MO-001-AB 
l4-Lead 

INCHES 
SYMBOL 

MIN. MAX. 
A 0.155 0.200 
Al 0.020 0.050 

B 0.014 0.020 
Bl 0.050 0.065 

C 0.008 ·0.012 
0 0.745 0.770 
E 0.300 0.325 
El 0.240 0.260 

·1 0.100 TP 

8A 0.300TP 

L 0.125 0.150 
L2 0.000 0.030 
a ()O 1150 
N 14 
Nl a 
Ql 0.040 0.075 

S 0.065 0.090 

MILLIMETERS 
NOTE 

MIN. MAX. 

3.94 5.08 
0.51 1.27 

0.356 0.508 
1.27 1.65 

0.204 0.304 
18.93 19.55 
7.62 8.25 
6.10 6.60 

2 2.54 TP 

2.3 7.62TP 

3.18 3.81 
0.000 ·0.76 

4 ()O I 150 
5 14 
6 a 

1.02 1.90 

1.66 2.28 

~2SS-4296RI 

Plastic Dual-in-Line Packages 

~', D "IL. 
'eATING PLANe l r-E-J~:::!i A ;;GA;UG~e;;p;:LA;N;e==Jm1tltltt~ 
BASE PUNE 

L.~·,f-.jL ~ 

NOTES: 
1. Refer to Rules for Dimensioning (JEOEC Publication No. 13) 

for Axial Lead Product Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 

3. eA applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

S. N is the maximum quantity of lead positions. 

6. N1 is the quantity of allowable missing leads. 

JEDEC MO-001-AC 
l6-Lead 

SYMBOL 
INCHES 

MIN. MAX. 
A 0.155 0.200 

Al 0.020 ·0.050 

8 0.014 0.020 

81 0.035 0.065 

C 0.008 ·0.012 

D 0.745 0.785 
E 0.300 0.325 

El 0.240 0.260 

"I 0.100 TP 

"A 0.300TP 

L 0.125 0.150 

L2 0.000 0.030 

a 00 I 15° 
N 16 

Nl a 
Ql 0.040 0.075 

S 0.Q15 0.060 

NOTE 
MILLIMETERS 
MIN. MAX. 
3.94 5.08 
0.51 1.27 

0.356 0.508 
0.89 1.65 

0.204 0.304 
18.93 19.93 
7.62 8.25 
6.10 6.60 

2 2.54 TP 

2.3 7.62 TP 

3.18 3.81 
0.000 0.76 

4 00 150 

5 16 
6 a 

1.02 1.90 

0.39 1.52 

92CM~ 15967RI 

When these devices are supplied solder-<lipped, the maximum lead thickness (narrow portion) will not exceed 0.013". 
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TO-5-Style Package 

JEDEC MO-OO6-AG 
12-Lead 

SYMBOL 
INCHES 

MIN. MAX. 

a 0.230TP 
AI 0 '0 
A2 0.165 0.185 

"B 0.016 0.019 

.Bl 0 0 

.B2 0.016 0.021 

.D 0.335 0.370 

.Dl 0.305 0.335 

Fl 0.020 0.040 
j 0.028 0.034 
k 0.029 0.045 

Ll 0.000 0.050 

L2 0.250 0.500 

L3 0.500 0.562 
a 36DTP 
N 12 
Nl 1 

NOTES: 

NOTE 

2 

3 

3 

4 
3 
3 
3 

6 
5 

MILLIMETERS 
MIN. MAX. 

5.B4TP 
0 0 

4.19 4.70 
0.407 0.482 

0 0 
OA07 0.533 
8.51 9.39 
7.75 8.50 
0.51 1.01 
0.712 0.863 
0.74 1.14 
0.00 1.27 
6.4 12.7 

12.7 14.27 
36DTP 

12 
1 

1. Refer to Rules for Dimensioning Axial Lead Product Out
lines. 

2. Leads at gauge plane within 0.007" (0.178 mm) radius of 
True Position (TP) at maximum material condition. 

3. <l>B applies between L 1 and L2. <l>B2 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diamerer is 
uncontrolled in L1 and beyond 0.500" (12.70 mm). 

4. Measure from Max. <1>0. 

5. N 1 is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 
92CS-19774 
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oornLJD 
Solid State 
Division 

Solid State Devices 

Operating Considerations 
1CE-402 

Operating Considerations for 
RCA Solid State Devices 

Solid state devices are being designed into an increasing 
variety of electronic equipment because of their high 
standards of reliability and performance. However, it is 
essential that equipment designers be mindful of good 
engineering practices in the use of these devices to achieve 
the desired performance. 

This Note summarizes important operating recommen
dations and precautions which should be followed in the 
interest of maintaining the high standards of performance of 
solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 
System, which is defined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of opera
ting and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi
bility for equipment variations, environmental variations, and 
the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply
voltage variation, equipment component variation, equip
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual electrical, 
mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 
The design flexibility provided by these devices makes 

possible their use in a broad range of applications and under 

442 

many different operating conditions. When incorporating 
these devices in equipment, therefore, designers should 
anticipate the rare possibility of device failure and make 
certain that no safety hazard would result from such an 
occurrence. 

The small size of most solid state products provides 
obvious advantages to the designers of electronic equipment. 
However, it should be recognized that these compact devices 
usually provide only relatively small insulation area between 
adjacent leads and the metal envelope. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provided to prevent the 
development of electrical conductive paths across the 
relatively small insulating surfaces. For specific information 
on voltage creepage, the user should consult references such 
as the JEDEC Standard No. 7 "Suggested Standard on 
Thyristors," and JEDEC Standard RS282 "Standards for 
Silicon Rectifier Diodes and Stacks". 

The metal shells of some solid state devices operate at the 
collector voltage and for some rectifiers and thyristors at the 
anode voltage. Therefore, consideration should be given to 
.the possibility of shock hazard if the shells are to operate at 
voltages appreciably above or below ground potential. In 
general, in any application in which devices are operated at 
voltages which may be dangerous to personnel, suitable 
precautionary measures should be taken to prevent direct 
contact with these devices. 

Devices should not be connected into or disconnected 
from circuits with the power on because high transient 
voltages may cause permanent damage to the devices. 

TESTING PRECAUTIONS 

In common with many electronic components, solid-state 
devices should be operated and tested in circuits which have 
reasonable values of current limiting resistance, or other 
forms of effective current overload protection. Failure to 
observe these precautions can cause excessive internal heating 
of the device resulting in destruction and/or possible 
shattering of the enclosure. 
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TRANSISTORS AND THYRISTORS 
WITH FLEXIBLE LEADS 

Flexible leads are usually soldered to the circuit elements. 
It is desirable in all soldering operatings to provide some 
slack or an expansion elbow in each lead to prevent 
excessive tension on the leads. It is important during the 
soldering operation to avoid excessive heat in order to 
prevent possible damage to the devices. Some of the heat can 
be absorbed if the flexible lead of the device is grasped 
between the case and the soldering point with a pair of pliers. 

TRANSISTORS AND THYRISTORS 
WITH MOUNTING FLANGES 

The mounting flanges of JEDEC-type packages such as 
the TO-3 or TO-66 often serve as the collector or anode 
terminal. In such cases, it is essential that the mounting 
flange be securely fastened to the heat sink, which may be 
the ~quipment chassis. Under no circumstances, however, 
should the mounting flange of a transistor be soldered 
directly to the heat sink or chassis because the heat of the 
soldering operation could permanently damage the device. 
Soldering is the preferred method for mounting thyristors; 
see HRectifiers and Thyristors," below. Devices which cannot 
be soldered can be installed in commercially available 
sockets. Electrical connections may also be made by 
soldering directly to the terminal pins. Such connections may 
be soldered to the pins close to the pin seals provided care is 
taken to conduct excessive heat away from the seals; 
otherwise the heat of the soldering operation could crack the 
pin seals and damage the device. 

During operation, the mounting-flange temperature is 
higher than the ambient temperature by an amount which 
depends on the heat sink used. The heat sink must have 
sufficient thermal capacity to assure that the heat dissipated 
in the heat sink itself does not raise the device mounting
flange temperature above the rated value. The heat sink or 
chassis may be connected to either the positive or negative 
supply. 

In many applications the chassis is connected to the 
voltage-supply terminal. If the recommended mounting 
hardware shown in the data bulletin for the specific 
solid-state device is not available, it is necessary to use either 
an anodized aluminum insulator having high thermal con
ductivity or a mica insulator between the mounting-flange 
and the chassis. If an insulating aluminum washer is required, 
it should be drilled or punched to provide the two mounting 
holes for the terminal pins. The burrs should then be 
removed from the washer and the washer anodized. To insure 
that the anodized insulating layer is not destroyed, during 
mounting, it is necessary to remove the burrs from the holes 
in the chassis. 

It is also important that an insulating bushing, such as 
glass-filled nylon, be used between each mounting bolt and 
the chassis to prevent a short circuit. However, the insulating 
bushing should not exhibit shrinkage or softening under the 
operating temperatures encountered. Otherwise the thermal 
resistance at the interface between device and heat sink 
may increase as a result of decreasing pressure. 

PLASTIC POWER TRANSISTORS AND THYRISTORS 
RCA power transistors and thyristors (SCR's and triacs) 

in molded-silicone-plastic packages are available in a wide 
range of power-dissipation ratings and a variety of package 
configurations. The following paragraphs provide guidelines 
for handling and mounting of these plastic-package devices, 
recommend forming of leads to meet specific mounting 
requirements, and describe various mounting arrangements, 
thermal considerations, and cleaning methods. This informa
tion is intended to augment the data on electrical character
istics, safe operating area, and performance capabilities in the 
technical bulletin for each type of plastic-package transistor 
or thyristor. 

Lead-Forming Techniques 
The leads of the RCA VERSAWATT in-line plastiC 

packages can be formed to a custom shape, provided they are 
not indiscriminately twisted or bent. Although these leads 
can be formed, they are not flexible in the general sense, nor 
are they sufficiently rigid for unrestrained wire wrapping 

Before an attempt is made to form the leads of an in-line 
package to meet the requirements of a specific application, 
the desired lead configuration should be determined, and a 
lead-bending fixture should be designed and constructed. The 
use of a properly designed fixture for this operation 
eliminates the need for repeated lead bending. When the use 
of a special bending fixture is not practical, a pair of 
long-nosed pliers may be used. The pliers should hold the 
lead firmly between the bending point and the case, but 
should not touch the case. 

When the leads of an in-line plastic package are to be 
formed, whether by use of long-nosed pliers or a special 
bending fIXture, tl,e following precautions must be observed 
to avoid internal damage to the device: 

1. Restrain the le,d between the bending point and the 
plastic case to prevent relative movement between the 
lead and the case. 

2. When the bend is made in the plane of the lead 
(spreading), bend only the narrOW part of the lead. 

3. When the bend is made in the plane perpendicular to that 
of tl,e leads, make the bend at least 1/8 inch from the 
plastic case. 

4. Do not use a lead-bend radius of less than 1/16 inch'. 
5. Avoid repeated bending ofleads. 

The leads of the TO-220AB VERSAWATT in-line 
package are not designed to withstand excessive axial pull. 
Force in this direction greater than 4 pounds may result in 
permanent damage to the device. If the mounting arrange
ment tends to intpose axial stress on the leads, some method 
of strain relief should be devised. 

Wire wrapping of the leads is permissible, proVided that 
the lead is restrained between the plastic case and the point 
of the wrapping. Soldering to the leads is also allowed. The 
maximum soldering temperature, however, must not exceed 
27SoC and must be applied for not more than 5 seconds at a 
distance not less than 1/8 inch from the plastic case. When 
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wires are used for connections, care should be exercised to 
assure that movement of the wire does not cause movement 
of the lead at the lead-to-plastic junctions. 

The :leads of RCA molded-plastic high-power 'packages 
are not designed to be reshaped. However, simple bending of 
the leads is permitted to change them from a standard 
vertical to a standard horizontal configuration, or conversely. 
Bending of the leads in this manner is restricted to three 
90-degree bends; repeated bendings should be avoided. 

Mounting 
Recommended mounting arrangements and suggested 

hardward for the VERSA WATT package are given in the data 
bulletins for specific devices and in RCA Application Note 
AN-4l42. When the package is fastened to a heat sink, a 
rectangular washer (RCA Part No. NR231 A) is recommended 
to minimize distortion of the mounting flange. Excessive 
distortion of the flange could cause damage to the package. 
The washer is particularly important when the size of the 
mounting hole exceeds 0.140 inch (6-32 clearance). Larger 
holes are needed to accommodate insulating bushings; 
however, the holes should not be larger than necessary to 
provide hardware clearance and, in any case, should not 
exceed a diameter of 0.250 inch; 

Flange distortion is also possible if excessive torque is 
used during mounting. A maximum torque of 8 inch-pounds 
is specified. Care should be exercised to assure that the tool 
used to drive the mounting screw never comes in contact 
with the plastic body during the driving operation. Such 
contact can result in damage to the plastic body and internal 
device connections. An excellent method of avoiding this 
problem is to use a spacer or combination spacer-isolating 
bushing which raises the screw head or nut above the top 
surface of the plastic body. The material used for such a 
spacer or spacer-isolating bushing should, of course, be 
carefully selected to avoid "cold flow" and consequent 
reduction in mounting force. Suggested materials for these 
bushings are diallphtalate, fiberglass-filled nylon, or 
fiberglass-filled polycarbonate. Unfilled nylon should be 
avoided. 

Modification of the flange can also result in flange 
distortion and should not be attempted. The package should 
not be soldered to the heat sink by use of lead-tin solder 
because the heat required with this type of solder will cause 
the junction temperature of the device to become excessively 
high. 

The TO-220AA plastic package can be mounted in 
commercially available TO-66 sockets, such as ,UID 
Electronics Corp. Socket No. PTS-4 or equivalent. 'For 
testing purposes, the TO-220AB in-line package can be 
mounted in a Jetron Socket No. DC74-104 or equivalent. 
Regardless of the mounting method, the following 
precautions should be taken: 

I. Use appropriate hardware. 
2. Always fasten the package to the heat sink before the 

leads are soldered to fixed terminals. 
3. Never allow the mounting tool to come in contact with 

the plastic case. 
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4. Never exceed a torque of 8 inch-pounds. 
5. Avoid oversize mounting holes. 
6. Provide strain relief if there is any probability that axial 

stress will be applied to the leads. 
7. Use insulating bushings to prevent hot-<:reep problems. 

Such bushings should be made of diallphthalate, fiber
g1as~filled nylon, or fiberglass-filled polycarbonate. 

The maximum allowable power dissipation in a solid 
state device is limited by the junction temperature. An 
important factor in assuring that the junction temperature 
remains below the speCified maximum value is the ability of 
the associated thermal circuit to conduct heat away from the 
device. 

When a solid state device is operated in free air, without a 
heat sink, the steady-state thermal circuit is defined by the 
junction-to-free-air thermal resistance given in the published 
data for the device. Thermal considerations require that a 
free flow of air around the device is always present and that 
the power dissipation be maintained below the level which 
would cause the junction temperature to rise above the 
maximum rating. However, when the device is mounted on a 
heat sink, care must be taken to assure that all portions of 
the thermal circuit are considered. 

To assure efficient heat transfer from case to heat sink 
when mounting RCA molded-plastic solid state power 
devices, the following special precautions should be 
observed: . 

1. Mounting torque should be between 4 and 8 inch
pounds. 

2. The mounting holes should be kept as small as possible. 
3. Holes should be drilled or punched clean with no burrs or 

ridges, and chamfered to a maximum radius of 0.010 
inch. 

4. The mounting surface should be flat within 0.002 
inch/inch. 

5. Thermal grease (Dow Corning 340 or equivalent) should 
always be used on both sides of the insulating washer if 
one is employed. 

6. Thin insulating washers should be used. (Thickness of 
factory-supplied mica washers range from 2 to 4 mils). 

7. A lock washer or torque washer, made of material having 
sufficient creep strength, should be used to prevent 
degradation of heat sink efficiency dpring life. 

A wide variety of solvents is available for degreasing and 
flux removal. The usual practice is to submerge components 
in a solvent bath for a specified time. However, from a 
reliability stand point it is extremely important that the 
solvent, together with other chemicals in the solder-<:Ieaning 
system (such as flux and solder covers), do not adversely 
affect the life of the component. This consideration applies 
to all non-hermetic and molded-plastic components. 

It is, of course, impractical to evaluate the effect on 
long-term device life of all cleaning solvents, which 're 
marketed with numerous additives under a variety of brand 
names. These solvents can, however. be classified with 
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respect to their component parts as either acceptable or 
unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos
phere unreliable. Gasoline and other hydrocarbons cause the 
inner encapsulant to swell and damage the transistor. Alcohol 
is an acceptable solvent. Examples of specific, acceptable 
alehols are isopropanol, methanol, and special denatured 
alcohols, such as SDAI, SDA30, SDA34, and SDA44. 

Care must also be used in the selection of fluxes for lead 
soldering. Rosin or activated rosin fluxes are recommended, 
while organic or acid fluxes are not. Examples of acceptable 
fluxes are: 
I. Alpha Reliaros No. 320-33 
2. Alpha Reliaros No. 346 
3. Alpha Reliaros No. 711 
4. A1plia Reliafoam No. 807 
5. Alpha Reliafoam No. 809 
6. Alpha Reliafoam No. 811-13 
7. Alpha Reliafoam No. 815-35 
8. Kester No. 44 

If the completed assembly is to be encapsulated, the 
effect on the molded-plastic transistor must be studied from 
both a chemical and a physical standpoint. 

RECTIFIERS AND THYRISTORS 
A surge-limiting impedance should always be used in 

series with silicon rectifiers and thyristors. The impedance 
value must be sufficient to limit the surge current to the 
value specified under the maximum ratings. This impedance 
may be provided by the power transformer winding, or by an 
external resistor or choke. 

A very efficient method for mounting thyristors utilizing 
the "modified TO-5" package is to provide intimate contact 
between the heat sink and at least one half of the base of the 
device opposite the leads. This package can be mounted to 
the heat sink mechanically with glue or an expoxy adhesive, 
or by soldering, the most efficient method. 

The use of a "self-jigging" arrangement and a solder 
preform is recommended. If each unit is soldered individ
ually, the heat source should be held on the heat sink and the 
solder on the unit. Heat should be applied only long enough 
to permit solder to flow freely. For more detailed thyristor 
mounting considerations, refer to Application Note AN3822, 
"Thermal Considerations in Mounting of RCA Thyristors". 

MOS FIELD-EFFECT TRANSISTORS 
Insulated-Gate Metal Oxide-Semiconductor Field-Effect 

Transistors (MOS FETs), like bipolar high-frequency 
transistors, are susceptible to gate insulation damage by the 
electrostatic discharge of energy through the devices. 
Electrostatic discharges can occur in an MOS FET if a type 
with an unprotected gate is picked up and the static charge, 
built in the handler's body capacitance, is discharged through 
the device. With proper handling and applications 
procedures, however, MOS transistors are currently being 
extensively used in production by numerous equipment 
manufacturers in military, industrial, and consumer applica-

*Trade Mark: Emerson and Cumming, Inc. 

tions, with virtually no problems of damage due to 
electrostatic discharge. 

In some MOS FETs, diodes are electrically connected 
between each insulated gate and the transistor's source. 
These diodes offer protection against static discharge and 
in-circuit transients without the need for external shorting 
mechanisms. MOS FETs which do not include gate
protection diodes can be handled safely if the foIlowing basic 
precautions are taken: 

1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as "ECCOSORB* 
LD26" or eqUivalent. 
(NOTE: Polystyrene illsulatillg "SNOW" is not suffi
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means, for example, with a metallic wristband. 

3. Tips of soldering irons should be grounded. 
4. Devices should never be inserted into or removed from 

circuits with power on. 

RF POWER TRANSISTORS 
Mounting and Handling 

Stripline rf devices should be mounted so that the leads 
are not bent or pulled away from the stud (heat sink) side of 
the device. When leads are formed, they should be supported 
to avoid transmitting the bending or cutting stress to the 
ceramic portion of the device. Excessive stresses may destroy 
the hermeticity of the package without displaying visible 
damage. 

Devices employing silver leads are susceptible to 
tarnishing; these parts should not be removed from the 
original tarnish-preventive containers and wrappings until 
ready for use. Lead solderability is retarded by the presence 
of silver tarnish; the tarnish can be removed with a silver 
cleaning solution, such as thiourea. 

The ceramic bodies of many rf devices contain beryllium 
oxide as a major ingredient. These portions of the transistors 
should not be crushed, ground, or abraded in any way 
because the dust created could be hazardous if inhaled. 

Operating 
Forward-Biased Operatio". For Class A or AB operation, 

the allowable quiescent bias point is determined by reference 
to the infrared safe-area curve in the appropriate data 
bulletin. This curve depicts the safe current/voltage combina
tions for extended continuous operation. 

Load VSWR. Excessive collector load or tuning mismatch 
can cause device destruction by over-<iissipation or secopdary 
breakdown. Mismatch capability is generally included on the 
data bulletins for the more recent rf transistors. 

See RCA RF Power Transitor Manual, Technical Series 
RMF·430, pp 39-41, for additional information concerning 
the handling and mounting of rf power transistors. 
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INTEGRATED CIRCUITS 
Handing 

All COS/MOS gate inputs have a resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and output 
interfaces protect COS/MOS devices from gate-oxide failure 
in handling environments where static discharge is not 
excessive. In low-temperature, low-humidity environments, 
improper handling may result in device damage. See 
ICAN-6000, "Handling and Operating Considerations for 
MOS Integrated Circuits", for proper handling procedures. 

Mounting 
Integrated circuits are normally supplied with lead-tin 

plated leads to facilitate soldering into circuit boards. In 
those relatively few applications requiring welding of the 
device leads, rather than soldering, the devices may be 
obtained with gold or nickel plated Kovar leads. * It should be 
recognized that this type of plating will not provide complete 
protection against lead corrosion in the presence of high 
humidity and mechanical stress. The aluminum-foil-lined 
cardboard "sandwich pack" employed for static protection 
of the flat-pack also provides some additional protection 
against lead corrosion, and it is recommended that the 
devices be stored in this package until used. 

When integrated circuits are welded ·onto printed circuit 
boards or equipment, the presence of moisture between the 
elosely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance appli
cations. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 
should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads, such as those used in 
RCA 14-lead and 16-1ead flat-packages, less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

Operating 

Unused Inputs 
All unused input leads must be connected to either VSS 

or VOO, whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type, such as the 
C04049 or C04050, not only can result in faulty logic 
operation, but can cause the maximum powe~ dissipation of 
200 milliwatts to be exceeded and may result in damage to 
the device. Inputs to these types, which are mounted on 
printed-circuit boards that may temporarily become 
unterminated, should have a pull-up resistor to VSS or VOO· 
A useful range of values for such resistors is from 10 kilohms 
to 1 megohm. 
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Input Signals 
Signals shall not be applied to the inputs while the device 

power supply is off unless the input current is limited to a 
steady state value of less than 10 milliamperes. Input 
currents of less than 10 milliamperes prevent device damage; 
however, proper operation may be impaired as a result of 
current flow through structural diode junctions. 

Output Short Circuits 
Shorting of outputs to VSS or VOO can damage many of 

the higher-output-current COS/MaS types, such as the 
C04007, C0404 I, C04049, and C04050. In general, these 
types can all be safely shorted for supplies up to 5 volts, but 
will be damaged (depending on type) at higher power-supply 
voltages. For cases in which a short-circuit load, such as the 
base of a p-n-p or an n-p-n bipolar transistor, is directly 
driven, the device output characteristics given in the 
published data should be consulted to determine the 
requirements for a safe operation below 200 milliwatts. 

For detailed COS/MaS IC operating and handling 
considerations, refer to Application Note ICAN-6000 
"Handling and Operating Considerations for MOS Integrated 
Circuits". 

SOLID STATE CHIPS 
Solid state chips, unlike packaged devices, are non

hermetic devices, normally fragile and small in physical size, 
and therefore, require special handling considerations as 
follows: 

I. Chlps must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contam
inated atmosphere that could alter their electrical, 
physical, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 
follOWing conditions: 

A. Storage temperatmc, 400 C max. 
B. Relative humidity, 50% max. 
C. Clean, dust-free environment. 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 

3. During mounting and lead bonding of chips the user must 
use proper assembly techniques to obtain proper elec
trical, thermal, and mechanical performance. 

4. After the chip has. been· mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected to 
moist or contaminated atmosphere which might cause 
the development of electrical conductive paths across the 
relatively small insulating surfaces. In addition, proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect their proper performance~ 

*MiI~M..a8510A. paragraph 3.5.6.1 (a), lead material. 
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This Note describes practices for handling and operating 
MOS integrated circuits that will guard against device damage 
and assure optimum performance. 

Handling Considerations 

The input protection networks incorporated in all RCA 
COS/MaS devices arc effective in a wide variety of device 
llandling situations. To be totally safe, however, it is 
desirable to restate the general conditions for eliminating all 

possibilities of device damage. 

Table I - General Handling Considerations 

Handl ing Equ ipment 

Metal Parts of Fixtures 
and Tools 

Handling Trays 

Soldering Irons 

Should be 
conductive 

x 

x 

Should be 
grounded to 

common point 

Because MOS devices have extremely high input rcsist<ltlce, Table Tops 

they are susceptible to damage when exposed to extremely Transport Carts 
high static electrical charges. To avoid possihle damage 10 

X 

x 
X 

X 

X 

(Static Dis
charge Straps) 

the devices duriIlg handling. testing. or actual operation. Manufacturing Operating 
therefore, the following procedures should be followed: Personnel 

• (Utilize 
grounded metal 
wrist straps) 

1. The leads of devices should be in contact with a 
conductive material, except when being tested or in 
actual operation, to avoid build·up of static charge. 

2. Soldering·iron tips, metal parts of fixtures and tools, 
and handling facilities should be grounded. 

3. Devices should not be inserted into or removed from 
circuits with the power on because transient voltages 
may cause permanent damage. 

4. Signals should not be applied to the inputs while the 

device power supply is off. 
5. All unused input leads must be connected to either 

VSS (ground) or VDO (device supply), whichever is 
appropriate for the logic circuit involved. 

Table I indicates general handling procedures recommended 
to prevent damage from static electrical charges. 

Handling of Unmounted Chips 
In handling of unmounted chips, care should be taken to 

avoid differences in voltage potential. A conductive carrier, 
a! a carrier having a conductive overlay, should be used. 

Another important consideration is the sequence in 
which bonds are made; the VDD (device supply) connection 
should always be made before the VSS (ground) bond. 

Handling of Subassembly Boards 
After COS/MaS units have been mounted on circuit 

boards, proper handling precautions should still be observed. 
Until these subassemblies arc inserted into a complete system 
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General Handling of Devices • (Utilize 
grounded metal 
wrist straps) 

Total protection results when personnel and materials are all at 
the same or ground potential. 

Dry weather (relative humidity less than 30%) tends to multiply 
the accumulation of static charges on any surface. Conversely, 
higher humidity levels tend to reduce the magnitude of the 
static voltage generated. I n a low-humidity environment, the 
handling precautions listed above take on added importance and 
should be adhered to without exceptions. 

• l-megohm series resistor. 

in which the proper voltages are applied, the board is no 
morc than an extension of the leads of the device mounted 
on the board. 

It is good practice to put conductive clips or conductive 
tapel on the circuit-board terminals. This precaution prevents 
static charges from being transmitted through the board 
wiring to the devices moun tcd on the board. 

Automatic Handling Equipment 

When automatic handling equipment is used! static 
electricity may not always be eliminated through grounding 

1 See Table II for sources of anti-static materials. 
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techniques alone. Automatic feed mechanisms must be 
insulated from the devices under test at the point where the 
devices are connected to the test set. The device-insulated 
part of the automatic handling mechanism (anvil transport) 
can generate very high levels of static electricity which are 
developed by the continuous flow of devices sliding over and 
then separating from the anvil. Total control of these static 
voltages is critical because of the high throughputs associated 
with automatic handling. 

Fortunately, the resolution of this problem is simple, 
practical, and inexpensive. Ionized-air blowers, which supply 

large volumes of ionized air to objects that are to be charge 
neutralized, are commercially available from many supply 
sources. Field experience with ionized-air techniques reveals 
this method to be extremely effective in eliminating static 
electricity when grounding techniques cannot be used. 

Lead Bending and Forming Considerations 
Other problems that can occur in handling COS/MOS 

devices relate to the proper handling of leads during 
mounting of devices. In any method of mounting integrated 
circuits that involves bending or forming of the device leads, 
it is extremely important that the leads be supported and 
clamped between the bend and the package seal, and that 
bends be made with extreme care to avoid damage to lead 
plating. In no case should the radius of the bend be less than 
the diameter of the lead, or in the case of rectangular leads, 
such as those used in RCA 14-lead flat-packaged integrated 
circuits, less than the lead thickness. It is also extremely 
important that the ends of the bent leads be perfecdy 
straight and parallel to assure easy insertion through the holes 
in the printed-circuit board. 

Bending, forming, and clinching of integrated·circuit 
leads produce stresses in the leads and can cause stresses in 
the seals if the above precautions are not taken. In addition, 
wide variations in temperature during norma) use result in 
stresses in the device leads. Tests of 14-lead flat-pack 
integrated circuits, conducted under worst-case conditions in 
which the,packages were rigidly attached to posts extending 
from the printed-circuit board, showed that over a tempera
ture swing of ISOOC (from -55OC to +1250 C) the stress 
developed in the leads, the tensile pull on the leads, the shear 
stress introduced on the seal, and the tensile stress developed 
in the seal were all well within the limits for these materials. 
The use of thermal- stress-relief bends is, therefore, not 
necessary . 

Soldering Time and Temperature 
All device leads can withstand exposure to temperatures 

as high as 2650 C for as long as ten seconds, and as close as 
1/16 ± 1/32 inch from the body of the device. 

Storing of COS/MOS Chips 
COS/MOS chips, unlike most packaged devices, are 

non-hermetic devices, fragile and small in physical size, and 
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therefore require the following special handling considera
tions: 

I. Chips must be stored under proper conditions to 
assure that they are not subjected to a moist and/or 
contaminated atmosphere that could alter their 
electrical, physical, or mechanical characteristics. 
After the shipping container is opened, the storage 
temperature should not exceed 400C and the 
environment should be clean, dust-free, and less than 
50% relative humidity. 

2. After mounting and bonding, these non-hermetic 
chips should not be subjected to moist or contam
inated atmospheres that might cause the development 

of electrical conductive paths across the relatively 
small insulating surfaces. In addition, proper consid
eration must be given to the protection of these 
devices from other harmful environments which 
could conceivably adversely affect their proper 
performance. 

For further information on COS/MOS chip handling, refer to 
File No. 517, "CD4000AH Series COS/MOS Chips". 

Storing of Printed-Circuit Boards 
Excessive humidity (greater than 60%) should be avoided 

during circuit-board check-out to prevent the false impres
sion of excessive device internal leakage. High relative 
humidity may cause leakage paths between closely spaced 
elements of the circuit boards, such as the terminals and 
insulated metallized connection strips. Normally this added 
leakage is not significant in non-COS/MOS devi!'es. However, 
when the nanoampere-Ieakage advantages of COS/MOS 
devices are desired, leakage currents on circuit boards or 
non-hermetic modules which are affected by high humidity 
become of major concern and must be controlled by coating, 
cleaning, or better environmental con trois. 

Effects of Humidity on Static Electricity 
Dry weather (relative humidity less than 30%) tends to 

multiply the accumulation of static charges on any surface. 
Conversely, higher humidity levels tend to reduce the 
magnitude of the static voltage generated. In a low-humidity 
environment. the handling precautions listed in Table I take 
on added importance and should be adhered to without 
exceptions. 

Electrical Failure Modes Due To Improper Handling 
When the possibilities exist for appreciable static-energy 

discharge, and proper handling techniques are not used, 
electrical damage can result as follows: 

(a) shorted input protection diodes, 
(b) shorted or open gates, 
(c) opening in metal paths fwm the device input. 

The presence of this type of device damage can be detected 
by curve-tracer checks of the input protection diodes of the 
gate-oxide protection circuits described on page 3, and also 
by a check of the device characteristics, especially mutual 
transconductance (gm). 
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Operating Considerations 

Maximum Ratings 

Storage'l"emperature Range 

Operating-Temperature Range: 

Ceramic·Package Types 

Plastic·Package Types 

DC Supply· Voltage Range: 

VDD - VSS 

VDD - VEE 

VCC- VSS 

DC Input·Voltage Range 

for CD4009A, CD4010A 
for CD4049A, CD4050A 

for CD4051A, CD4052A, CD4053A: 

Controls 

Signals 

Device Dissipation (per package) 

Lead Temperature (during soldering) 

at a distance 1116 ± 1/32 inch 

(1.59 ± 0.79 mml from case for 

10 seconds maximum 

Operating Voltage 
When operating near the maximum supply-voltage range 

of IS volts, care should be taken to avoid or suppress 
power-supply turn·on or turn·off transients, power-supply 
ripple or regulation, and ground noise: any of the above 
conditions must not cause (VDD - V SS) to exceed the 
absolute maximum rating. 

Power supplies should have a current compliance 
compatible with ·actual COS/MaS current drain. 

Another good power·supply practice is to use a zener 
protection diode in parallel with the power bus. The zener 
value should be above the expected maximum regulation 
excursion, but should not exceed 15 volts. Fig. I illustrates a 
practical zener shunt circuit. A current·limiting resistor is 
included if the supply-current compliance is higher than the 
zener power-dissipation rating for a given zener voltage. The 
shunt capacitance value is chosen to supply required peak 
currerit switching transients. 

SUPPLY~VDD 

Fig. 1 - Zener·diode shunt circuit. 

Unused Inputs 
All unused input leads must be connected to either Vss 

or VDD, whichever is appropriate for the logic circuit 

CD4000A Series 

-65 to +150°C 

-55 to +125°C 

-40 to + 85°C 

-0.5 to +15 V 

-0.5to + 15 V 

-0.5 to +15 V 

VSS< VI < VDD 

VSS<VI<VDD>VCC 
VSS< VI < 15 V 

VSS< VI < VDD 

VEE <VI <VDD 

200mW 

+ 265°C 

involved. A floating input on a high-current type (such as the 
CD4009A,CD4010A.CD404IA,CD4049A,CD40S0A) not 
only can result in faulty logic operation, but can cause the 
maximum power dissipation of 200 milliwatts to be 
exceeded and may result in damage to the device. Another 
consideration with these high·current types is that a pull·up 
resistor from their inputs to Yss or VDD should be used if 
there is any possibility that the device may become 
temporarily unterminated (e.g., if the printed circuit board 
driving the high·current types is removed from the chassis). 
A useful range of values for such resistors is from 0.2 to I 
megohm. 

I nput Signals 
Signals shall not be applied to the inputs while the device 

power supply is off unless the input current is limited to a 
steady-state value of typically less than 10 milliamperes. Input 
signal interfaces having the allowable 0.5 volt above VDD or 
below Vss, respectively, should be current-limited to 
typically 10 milliamperes or less. 

Whenever the possibility of exceeding 10 milliamperes of 
input current exists, a resistor in series with the input is 
recommended. The value of this resistor can be as high as 
10 kilohms without affecting static electrical characteristics. 
Speed, however, will be reduced due to the added RC delay. 
Particular attention should be given to long input-signal lines 
where high inductance can increase the likelihood of large 
signal pickup in noisy environments. In these cases, series 
resistance with shunt capacitance at the IC input terminals is 
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recommended. The shunt capacitance should be made as 
large as possible consistent with the system speed 
requirements. 

Interfacing with T2 l Devices 
The COS/MaS hex buffers (CD4009A, CD40IOA, 

CD4049A, and CD4050A) are designed to drive two 
normal-power T2L loads. Other device types (such as the 
CD404IA, CD4048A, and CD403IA) can also directly drive 
at least one T2 L load. Always consult the published data on 
the particular COS/MaS type for this capability. Most gates 
and inverters and some MSI types can drive one or more 
low-power T2 L loads. To provide a good noise margin in the 
logic '"I" state, T2 L devices that drive COS/MaS devices 
require a pull-up resistor at the COS/MaS input. The 
COS/MaS hex buffers can al,o convert COS/MaS logic levels 
(5 to IS volts) to T2L logic levels (5 volts), i.e., down-level 
conversion. 

Rules for safe system design when COS/MaS interfaces 
with T2L and both logic systems have independent power 
supplies of the same voltage level but possibly on at different 
times are as follows: 

a) T2 L driving COS/MaS - use I kilohm in series 
with COS/MaS input 

b) COS/MaS driving T2L - connect directly 

Interfacing with p-MOS Devices 
COS/MaS devices can operate at Voo = 0 and Vss =-3 

to -IS volts to interface directly with p-MOS devices with no 
degradation in noise immunity or other characteristics. 

Interfacing with noMOS Devices 
COS/MaS devices can be interfaced directly with .]-MOS 

devices over the +3 to +15 volt range of power supplies. 

Fan-Out - COS/MaS to COS/MaS 
All RCA COS/MaS devices have a dc fan-out capability of 

SO. The reduction in COS/MaS switching speed caused by 
added capacitive loading should, however, be consistent with 
high-speed system design. The input capacitance is typically 
5 pF for most types; the CD4009 A and CD4049 A buffers 
have an input capacitance of typically IS pF. 

Maximum Clock Rise and Fall Time 
Ali COS/MaS clocked devices show maximum clock rise

and fall-time ratings (normally 5 to IS microseconds). With 
longer rise or fall times, a device may not function properly. 

Parallel Clocking 
When two or more different COS/MaS devices use a 

common clock, the clock rise time must be kept at a value 
less than the sum of the propagation delay time, the output 
transition time, and the setup time. Most flip-flop and 
shift-register types are included in this rule and are so noted 
in the indiv' :lual data sheets. 

Noise Immunity 
COS/MOS inputs normally switch at 30 to 70 per cent of 

the power-supply voltage. For example, for a 10-volt supply, 
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a logic '"0" is 0 to 3 volts, and a logic "I" is 7 to 10 volts. 
For 5-volt operation, a logic "0" is 0 to 1.5 volts, and a logic 
'"I" is 3.5 to 5 volts. COS/MaS noise immunity is 
30 per cent of the supply voltage for the range from +3 to 
+IS volts. 

The inherent 30-per-cent noise immunity of COS/MaS 
also permits a I-volt noise margin when interfaced with T2 L 

. or DTL. For example, standard T2L and DTL interfacing 
with COS/MaS at a nominal Voo = Vee = 5 volts provides 
at least I-volt noise margin; Le., VOLmax(T2L) = 0.4 volt 
and VOLmin(DTL) = 0.45 volt; 30% of 5 volts = 1.5 volts. 

This example applies typically to the 5400/7400 series, 
the 9000 series, and the 8000 series. HI NIL (300 series) can 
interface with COS/MaS at a nominal Voo = Vee = 12 volts 
with a worst-case noise margin of 2.1 volts. 

Because COS/MaS voltage-transfer switching 
characteristics vary from 30 to 70 per cent of the supply 
voltage, system designers employing COS/MaS 
multivibrators, level detectors, and RC networks must 
consider this variation. Application Note ICAN-6267 
illustrates an accurate multivibrator design technique which 
minimizes the switching-point variation. 

Output Short Circuits 
Shorting of outputs to Vss or Voo can cause the device 

power dissipation to exceed the safe value of 200 milliwatts 
for high-output-current types such as the CD4007 A, 
CD4009A. CD4010A, CD404IA, CD4049A, and CD4050A. 
In general, outputs of these types can all be safely shorted 
when operated with Voo - Vss .;;; 5 volts, but may exceed 
the 200-milliwatt dissipation rating at higher power-supply 
voltages. For cases in which a short-circuited load, such as 
the base of a p-n-p or n-p-n bipolar transistor, is directly 
driven, the device output characteristics given in the 
published data should be consulted to determine the 
requirements for safe operation below 200 milliwatts. 

COS/MaS Characteristics 
Quiescent Device Leakage Current (Id: 

Quiescent device leakage is measured for inputs tied high 
(100) and also for all inputs tied low (IsS), as illustrated 
below: 

92CS-22886 

Quiescent Device Dissipation (Po): 
Quiescent device dissipation is given by 

Po = (Voo - VSS) IL 
where IL = 100 orIss 
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Output Voltage Levels (COS/MOS driving COS/MOS): 

VOL = Low-Level("O")Output = 10 mY· at 25°C 
VOH = High-Level("1 ")Output = VDD - IO mY· at +2S oC 

Noise Immunity: 
VNL = the maximum noise voltage that can be applied to 

a logic "0" input (added to Vss) before the 
output changes state. 

VNH = the maximum noise voltage that can be applied to 
a logic "I" input (subtracted from VDD ) before 
the output changes state. 

Output Drive Current: 
Sink Current (IDN) = the output sink current provided by 

the n-channel transistor without exceeding a given 
output voltage (Vo) as shown on each data sheet. 

Source Current (IDP) = the output source current 
provided by the p-channel transistor without 
dropping below a given output voltage (Vo) as 
shown on each data sheet. 

Input Current (I,): 
Input current is typically 10 picoamperes (3 to 15 volts) 

at TA = 25°C. Maximum input currents for COS/MOS 
devices are normally below 10 nanoamperes at 15 volts. and 
below 50 nanoamperes at T A = + 125°C. 

AC (Dynamic) Characteristics: 
Test parameters shown in the published data are 

measured at T A = 25°C with a IS-pF load and an 
input-signal rise or fall time of 20 nanoseconds. Actual 
system delays and transition times may be increased due to 
longer input rise and fall times. Graphs are included in the 
individual data sheets to illustrate typical variation of delays 
and transition times with capacitive loading. The designer 
should use a typical temperature coefficient of O.3%/"C for 
estimating speeds at temperatures other than +2So C. 
Propagation delays and transition tiuies increase with rising 
temperature; maximum clock input frequencies decrease 
with rising temperatures. 

Dynamic power dissipation for each device type is shown 
graphically in the published data as a function of device 
operating frequency. 

* This voltage may be difficult to measure depending on accuracy, 
resolution, and offset voltage of test equipment used. Although 
device output "I" or "0" limits to which RCA tests in manufacture 
are 10 millivolts, a value of SO millivolts may be used for customer 
measurements without compromise of device quality or system 
performance. 

Gate-Oxide Protection Circuits 
Most COS/MOS gate inputs have the protection shown in 

Fig. 2. An exception to this statement is the input network 
for the CD4049A and CD40S0A shown in Fig. 3. Figs. 4 
and 5 illustrate the protection diodes inherently present at all 
transmission-gate input/output terminals and all inverter 
outputs. ICAN-62l8 gives further information on protection 
circuits. 

The protection networks can typically protect against 
1-2 kilovolts of energy discharge from a 2S0-pF source. 

~
VOD 

02 02 
GATES 

R 01 

Vss 

01 ~ 25 V 
D2' 50 V 
R ::;:: 200 TO 2000 n 

9ZCS-ZZ887 

Fig. 2 - Normal gate-input-protection circuit. 

tro:E GATES 

03 03 

'--_ ........... VS5 
03 =- 25 V 

Fig. 3 - CD4049AICD4050A gate-input-pratection circuit. 

n'" n+-
D2* p-WELl 

INPUT 

DI" 

p' 
DI = 25 V 
D2- 50V 

9ZCS-ZZ883 

Fig. 4 - Transmission gate-input-output protection. 

01 
(MOST 1~VOO. 02 

.......... * DI OUTPUTS) 

DJ =- 25 V 
02 = 5D V 

Vss 
92CS- 22884 

Fig. 5 - Active (inverter) output protection. 

* THESE DIODES ARE 
INHERENTLY PART Of 
THE MANUfACTURING 
PROC(SS 
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Company 

Custom Material Inc. 
Chelmsford, Mass. 

3M Company 
St. Paul, Minn. 

Scientific Enterprises, Inc. 
Bloomfield, Colo. 

Emerson & Cuming, Inc. 
Canton, Mass. 
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Table II - Partial List of Materials and Equipment Available 
for the Control of Static Charge 

Static 
Conductive Conductive Neutralizing Anti-Static 

Foam Envelopes Air Blowers Sprays 

Velofoam Velobags TEC Oynastat 
#7672 #1798M OS120 

Ionized Air See Technical 
Blower #905 Bulletins 

Micro Stat 
575 Portable 
Ionizer 

ECCOSORB See Technical 
L026 Bulletins 

Conductive 
Tape 

P.C. 
. Contab Shunt 

Scotch 
Shielding Tapes 
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Digital- to-Analog Conversion 
Using the RCA- CD4007A 
COS/iiiOS ;C 

By O. H. Schade, Jr. 

RCA COS/MOS integrated circuits have demonstrated 
outstanding performance in a wide variety of DIGITAL 
applications. Simplified circuitry, design flexibility, low 
power consumption, moderate speed, and high noise im
munity of these devices can complement the' high trans
conductance of bipolar IC's in an extension toUNEAR signal 
processing applications. This Note demonstrates, the use of 
The RCA-CD4007 A + COS/MOS Dual Complementary Pair 
Pius Inverter as the Digital-to-Analog (0/ A) switch; the 
op-amp output stage for a Digital-ta-Analog Converter 
(DAC) uses COS/MOS and bipolar transistor-array IC's. 

Ceneral Considerations 
In combination with a p-channel input pair (two 

p-channels of the CD4007 A), a buffer-follower COS/MOS
bipolar op-amp has been designed with the capability to 
attain essentially the negative supply voltage at both the 
input and output terminals. Therefore, to consider inex
pensive single-supply operation becomes possible without the 
sacrifice of speed and bandwidth that results with many 
monolithic bipolar IC op-amps. An additional advantage is 
the use of an MOS input stage to provide exceptionally high 
input resistance and low input current. 

A 9-bit DAC is described in this, Note to illustrate this 
design approach_ This system combines the concepts of 
multiple-switch COS/MOS IC's, a low-cost ladder network of 
discrete metal-oxide fJim resistors, a COS/MOS-bipolar 
op-amp follower, and an inexpensive monolithic regulator in 
a simple single-supply system. An additional feature which 
complements the ever-increasing use of COS/MOS IC's for 
digital signal processing is the readily interfaced COS/MOS
DAC input logic. 

Although the accuracy of a DAC system depends on 
many factors, it is the ladder network which must initiate 
properly-proportioned current or voltage outputs_ Reco~
nition of various ladder types and an appreciation of the 

,design flexibility and constraints are paramount to a well' 
executed DAC development. 

Resistance Networks for DAC's 
Ladder networks for DAC's can take many forms, 

although three types are most generally encountered. Among 
the best-known .v,ariations' is the current ladder shown in 
Fig. I. This network is frequently used in combination with 
bipolar current switches which utilize a reference potential at 
the transistor base terminals to establish emitter currents 
having binary proportions. Because current summing is 
accomplished at the collectors of theSe transistors, the extent 
of VBE- and beta-matching of these transistors depends on 
the degree of accuracy and temperature-range requirements. 
The use of a 10/20/40/80 -kn network in conjunction with 
a "quad" switch, a follower amplifier, and dual power supplies 
is common. 

+For data, see bulletin File No_ 479.. 

SCALE ADJUST 

9ZCS-Z0424 

Fig. 1- Current laddeHlerwork for bipolar DAC. 
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Fig. 2 shows an R/2R current ladder commonly 
employed in monolithic DAC's. Similar resistance values can 
simplify the problem of meeting ratio-match accuracy 
requirements. This ladder must be terminated in a single 
potential (or at least invariable values) to maintain proper 
current proportions. Although the absolute resistance values 
of the circuit in Fig. I must temperature track the summing 
resistor (or additional compensation must be employed), the 
R/2R current ladder must maintain only a resistance ratio; it 
is the current sink which must remain stable under ellternal 
influences. 

Fig. 3 shows a less common voltage ladder suitable for 
DAC's using COS/MOS switches. Output potentials are 
obtained directly by terminating the ladder arms at either the 
positive or the negative power supply. Each COS/MOS 
inverter output pair functions as a double·throw switch. If 
the switch (channel) resistance is kept small compared to the 
ladder·arm resistance value, accuracy becomes a function of 
ladder supply voltage and resistance ratios alone. Operation 
of this ladder is dynamic; the current in an arm reverses as 
the logic state changes. Therefore, stray capacitances (or the 
inductance of a wirewound resistor) can limit speed as a 
result. of typical. settling times of several microseconds. 

SCALE ADJUST 

Fig. 2- R12R current ladder-network for monolithic DAC. 

However, the proper selection of parallel connection of 
switches for the most significant bit (MSB) to minimize 
channel resistance can result in COS/MOS-DAC speeds which 
approach those of the best bipolar systems, particularly when 
consideration is.given to follower·amplifier speed limitations. 

In the illustrative 9·bit application, a modified voltage· 
ladder design is employed. The use of I %-tolerance metal
ollide film resistors can result in inellpensive networks 
suitable to about the IO-bit level. Such networks are readily 
constructed for system evaluations and may also prove to be 
suitable for production. Practical tolerance considerations 
call for variations from the "pure" R/2R configuration, as 
discussed later. 

Fig. 3- R12R voltage ladder-network for COS/MOS DAC. 
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The COS/MaS Switch 
A typical COS/MOS switch (CD4007A) is shown in 

Fig. 4. A change in input logic level causes the output to 
swing to eitr.~r the positive or the negative supply voltage. 
Power consumption is low, typically a few microwatts to a 
few milliwatts, depending on the ladder resistance and 
voltage choice. Large OAC ladder resistance values can be 
used to minimize the effects of switch resistance. Fig. 5 
shows the minimum ladder resistance value for a given 
saturation resistance to produce an accuracy of 1/2 LSB 
(Least Significant Bit), with bit number as a parameter. For 
example, the C04007 A which has a channel resistance of 
approximately 250-0hms (VOO = 10 V), requires a minimum 
ladder resistance of 100 kU to maintain a 9-bit accuracy 
level. Reference to the dashed "settling time" line and the 
rightside ordinate shows that the approximate settling time 
of such a network having a 100pF node capacitance is 6 IlS. 
This settling time has been based on six time constants for 
settling to 1/2 LSB, an average value for the bit range 
illustrated. If a faster settling time is required, circuits 
employing the RCA-C04041 A can be used. 

The CD4041A 0 can drive (in a theoretical example) a 
4-kU, 6-bit ladder network which has a settling time of 
approximately 250 ns. This is as fast as the best presently 
available monolithic bipolar switches. High-slew-rate voltage
fonower amplifiers are needed to maintain these speed levels; 
when a COS/MOS bipolar op-amp is used, the slew rate is ap
proximately 30 V/1.lS and the settling time is several hundred 
nanoseconds for a IO-V full-scale signal. This performance ap
proaches the state-of-the-art for monolithic op-amps, especially 
in low-cost systems. In fact, high-speed op-amps capable of 
swinging to the negative supply have not generally been 
available. 

A Voltage-Follower Amplifier for Single-Supply Operation 
It is practical to utilize commercially available COS/MOS 

and bipolar transistor-array IC's to provide a composite 
op-amp suitable for singl.,.supply DAC systems. Fig. 6 shows 
a unity-gain follower amplifier having a COS/MOS p-channel 
input, an n-p-n second· gain stage, and a COS/MOS inverter 
output. The IC building blocks are two CA3600E's'" 
(COS/MOS Transistor Pairs) and a CA3046D n-p-n transistor 
array. A zener-regulated leg provides bias for a 400-1lA 
p-channel current source feeding the input stage, which is ter
minated in an n-p-n current mirror. Amplifier voltage-offset is 
nulled with the 10-kU balance potentiometer. The second
stage current level is established by the 20-kU load, and is 
selected to approximate the first-stage current level, to assure 
similar positive and negative slew rates. The COS/MOS inverter 
portion forms the final output stage and is terminated in a 
2-kU load, a typical value used with monolithic op-amps. 
Voltage gain is affected by the choice of load resistance 
value. The output stage of this amplifier is easily driven to 
within I m V of the negative supply voltage. 

• COS/MOS Quad True/Complement Buffer 
"'For data, see bulletin File No. 619. 

-For data, see bulletin File No. 341. 

10008 

c: 
~ z 

~ 
in 

Torminal No. 14 = Voe 

Tormlnal No.7"" VSS 

Fig.4- CD4001A schematic diagram. 

~ IOO~~~~~~ 
1i .FY~-:++--h~ 

~ )4~q-~ 

~ 

• •• 10K lOOK 
MINIMUM MS9 NETWORK RESISTANCE-.n 

0·1 

9ZCS·20421 

·Fig. 5- COS/MOS-DAC voltage-network requirements. 
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+15V 

r-------, 
I L _______________ , 

CA3600E 

r------- I 
I 
I 
I 

7.5 K 
1% 

300pF~ .; 

I 

10 K 
(10 Tl 

OFFSET NULL 

2 -CD40Q7AD PACKAGES 
I - CA3046 PACKAGE 

R -2 K{OL-GAIN: 7' dB 
L OL- BW: 60 kHz 

ALL RESISTANCES IN OHMS 
METAL-OXIDE FILM. 

2K 
LOAD 

92:CM-20428RI 

Fig. 6- Voltage-follower amplifier for single-supply opera
tion. 

Compensation for the unity-gain non-inverting mode is 
provided by Miller feedback of 39 pF and a 30().pF by-pass 
capacitor shunting one-half the driving current (1-2 MHz). 
Unity-gain bandwidth is just under 10 MHz and the 
open-loop gain is 75 dB. Fig. 7 shows the gain·bandwidth 
characteristics for this circuit. A potential latch situation at 
the bipolar mirror is avoided by use of resistor-capacitor 
network (R = 1 k n, C = 150 pF), which limits the dc 
feedback through the p-channel gate-protective diode. '" i 
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The amplifier response to 4-V input pulses is shown in 
Fig. 8. Although the slew rate is approximately 30 V/p.s, the 
settling time is significantly prolonged (approximately 2 p.s) 
as a result of the method of second-stage biasing when the 
output swings near the negative supply. For many applica
tions, this speed loss is not significant. If a faster amplifier is 
desired, the load resistor can be replaced with a p-channel 
CA3600E current source similar to that used for the first 
stage. In fact, it may be desirable to change the current and 
resistance values to optimize the gain/speed trade-off for a 
particular application. For example, if higher gain is desired 
for less follower offset, the 2()'kn resistance value can be 
increased. The choice of output load resistance also affects 
the gain/speed compromise. 

2 ." 2: 468 2: 4 681 . 2 4 681 2 468 2: 468 2 4681 

10 100 IK 10K lOOK 1M 10M 100M 
FREQUENCY (fl-Hz 

92CS-20429 

Fig. 7- Voltage-follower open-loop gain characteristics. 
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A 9oBi! COS/MaS DAC 
An example of a 9-bit DAC is shown in Fig. 9. Three 

CD4007 A IC packages perform the switch function using a 
100V logic level. A single IS-V supply provides a positive bus 
for the follower amplifier and feeds the CA308S 4 voltage 
regulator. The "scale-adjust" function is provided by the 
regulator output control which is set to a nominal 10 V in 
this system. The line-voltage regulation (approximately 0.2%) 
permits 9-bit accuracy to be maintained with a variation of 
several volts in the supply. System power consumption 
ranges between 70 and 200 mW; a major portion is disSipated 
in the load resistor and op-amp. The regulated supply 
provides a maximum current of 4401lA of which 370llA 
flows through the scale-adjust leg. 

The resistor ladder is composed of loper-cent tolerance 
metal-oxide film resistors available from several manu
facturers at modest cost. The five arms requiring the highest 
accuracy are built of series and parallel combinations of 
806-kU resistors from the same manufacturing lot. The ratio 
match between resistance values is in the order of 0.2%, 
usually withou t need for special selection. The construction 
of a "standard" with eight parallel resistors assures a high 
probability that ratio matching will be satisfactory. If the 
usual assumption that tolerances can be improved with the 
square-root of the sample number is adopted, the loss of 

10 V LOGIC INPUTS 
+10.010 , 

tolerance is slower than the increase of resistance value 
toward the LSB. Once the most critical match has been 
attained, therefore, subsequent ratio matches should be more 
than adequate. An impedance-matching resistor is used 
between the fifth and sixth bits to permit ladder completion 
with individual resistors of the most desirable values where a 
1% tolerance is adequate. This resistor value is chosen as 
RS-l/2R6, to terminate the first five bits in a fifth-bit value 
(the impedance is 1/2R6100king left into that node). 

z -·8V 
0 

'" > 
<5 -4V 

':; 
~ -ov 

0.5 ~$I DIVI SION 
92C5-20430 

Fig. 8- Amplifier response to 4- V input pulses. 

+15V 

(8\ 
806 K 
1% 

REQUIRED 
BIT RATIO-MATCH 

STANDARD 

fO,1 % 

± 0.2 % 

±0.4 % 

±o.s % 

6-9 ±I%ABS. 

ALL RESISTANCES 
IN OHMS 

OUTPUT 
} 

SEE FIG.6 
FOR COMPLETE 
DIAGRAM OF 
VOLTAGE FOLLOWER 

"FOR DATA, SEE BULLETIN FILE NO. 491 

2 K 
LOAD 

Fig. 9- 9-bit DAC using COS/MOS CD4007 A. 

92CM-20431 
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The follower amplifier has the offset adjustment nulled 
at approximately a I-volt output level. System operating 
potentials are shown in Table I, where each bit is set "low" 
individually to observe the progression of output values. The 
positive ladder-supply voltage was adjusted to 10.010 V to 
provide a small compensation for the MSB switch resistance. 
A high·impedance 5·digit multimeter, such as the DANA 
5330 or equivalent, is needed for direct measurement of the 
ladder output, and is invaluable during system development 
and evaluation. Table I shows ideal potential values, system 
output, and ladder output and illustrates the sources of 
system inaccuracy. The system output maintains propor
tional accuracy within ± 5.6 mV, or'± 1/4LSB; 

Fig. 10 shows the system output response to a 4-V logic 
pulse. The ringing is caused by' the voltage follower, and the 
more gradual transients are caused by voltage·follower and 
ladder time constants. Settling time to 1/2 LSD is 5 p.s. 

This 9-bit COS/MOS-DAC demonstrates accuracy and 
simplicity with economical components and modest power· 
supply requirements. In addition, the design flexibility 
afforded by the COS/MOS building blocks simplifies the 
generation of DAC systems tailored to individual needs. 
COS/MOS switches used in conjunction with COS/MOS 
counters also f'md application in Analog-to-Digital Con
version Systems. The low-power and high noise·immunity 
features of these devices make them attractive A/D system 
components. 

2pS/OlVISION 

92CS-20432 

Fig. 10- System response to most-signiFicant-bit logic pulse. 

When incorporating RCA Solid State Devices in equipment, it is 
recommended that the designe, refer to "Operating Considerations for 
RCA Solid State Devices", Form No. 1 CE-402. available on request 
from RCA Solid State Division. Box 3200. Somerville. N.J. 08876. 

Table I. Set Of Values For 10.010-V RegUlated Supply Voltage 

VOLTAGE 
IDEAL SYSTEM LADDER SYSTEM FOLLOWER LADDER & POSITIVE 

BINARY POTENTIAL OUTPUT OUTPUT ERROR OFFSET SWITCH ERROR SWITCH DROP 
WORD (V) (V) IV) (mV) (mV) (mV) (mV) 

000000000 9.9802 9.9856 9.9915 +5.4 - 5.9 + 11.3 

011111111 5.0000 4.9959 4.9997 ,-4.1 - 3.8 - 0.3 14.8 

101111111 2.5000 2.4996 2.5023 -0.4 - 2.6 + 2.3 11.0 

110111111 1.2500 1.2~ 1.2565 + 5.4 - 1.0 + 6.5 6.5 

111011111 0.6250 0.6233 0.6226 -2.7 + 0.7 - 2.4 3.2 

111101111 0.3125 0.3133 0.3113 +0.8 + 2.1 - 1.2 1.7 

111110111 0.1568 0.1603 0.1571 +3.5 + 3.2 + 0.3 14.0 

111111011 0.0784 0.0826 0.0786 +4.2 + 4.0 + 0.2 11.8 

111111101 0.0397 0.0439 0.0393 +4.2 + 4.6 - 0.4 6.8 

111111110 0.0198 0.0245 0.Q195 +4.7 + 5.0 - 0.3 3.6 

111111111 0.0000 0.0056 0.0000 +5.6 + 5.6 0.0 
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Timekeeping Advances 
Through COS/MOS Technology 

by 5.5. Eaton 

Most COS/MaS timing circuits consist of three basic 
parts: an oscillator, or main timing standard; some digital 
processing logic, usually in the form of frequency-dividing 
circuits; and logic.circuit drivers for mechanical or electrical 
output devices controlled by the digital processing logic. The 
oscillator is perhaps the most important because the accuracy 
of the total COS/MaS timing system is entirely dependent 
upon the accuracy of the oscillator. This Note discusses basic 
oscillator design considerations, practical COS/MaS oscil
lator circuits, and some typical COS/MaS timing-circuit 
applications. 

BASIC OSCILLATOR DESIGN CONSIDERATIONS 
A basic oscillator circuit consists of an amplifier and a 

feedback section, as shown in Fig. I. For oscillation to occur, 
the gain of the amplifier times the attenuation of the 
feedback network must be greater than one. In addition, the 
total phase shift through the amplifier and feedback network 
must be equal to n times 360 degrees, where n is an integer. 
These conditions imply that oscillations occur in any system 
in which an amplified signal is returned in phase to the 
amplifier input after being attenuated less than it was 
originally amplified. In such a system, any noise present at 

92CS-20S0!5 

Fig. 1- Basic oscillator circuit. 

10-72 

the amplifier input causes oscillation to build up at a rate 
determined by the loop gain, or aj3 product, of the over-aU 
circuit. 

The frequency stability of an oscillator is primarily 
dependent upon the phase-changing properties of the 
feedback network. For high stability, quartz crystals and 
tuning forks are commonly used as feedback network 
elements. The quartz crystal is the more popular because of 
its higher Q or greater inherent frequency stability. 

Selection of Crystal Operating Mode 
Fig. 2 shows the eqUivalent circuit of a quartz crystal, 

and Table I lists typical component values of the elements 
included in the equivalent circuit for different crystal cuts 
and operating frequencies. The basic circuit can be resolved 
into eqUivalent resistive (Re) and reactive (Xe) components. 
Fig. 3 shows curves of these components as functions of 
frequency for a typical 32.76S-kHz crystal. Fig. 3(b) shows 
two points at which the crystal appears purely resistive, (i.e., 
points at which Xe = 0). These points are defined as the 
resonant (fr) and antiresonant (fa> frequencies. Series
resonant oscillator circuits are designed to oscillate at or near 
fro Parallel·resonant circuits oscillate between fr and fa, 
depending upon the value of a parallel loading capacitor, as 
discussed later. In contrast to series-resonant circuits, parallel 
resonant·circuits work best with amplifiers that have high 
input impedances. The parallel·resonant circuit, therefore, is 
most applicable to crystal oscillators that employ COS/MaS 
amplifiers. I 

Feedback·Circuit Configuration 
A feedback circuit suitable for use with a parallel· 

resonant oscillator circuit is shown in Fig. 4. This circuit, 
known as a crystal pi network, is intended for use after an 
amplifier that provides a' ISO·degree phase shift. The pi 
network is designed to provide the additional lSD-degree 
phase shift required for oscillation. The phase angle for this 
type of feedback circuit is extremely sensitive to a change in 
frequency, a condition necessary for stable oscillation. If the 
equivalent resistance of the crystal were in fact-zero (infmite 
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Fig. 2- Equivalent circuit for a Quartz crystal. 

Table I - Typical Component Values for Common Cuts 
of Quartz Oscillator Crystals 

FREQUENCY 32kHz 280kHz 525kHz 2MHz 

Cut XYBar DT DT AT 
Rs (ohms) 40K 1820 1400 B2 

L (Hy) 4800 25.9 12.7 0.52 

C1 (pF) 0.00491 0.0125 0.00724 0.0122 

Co (pF) 2.85 5.62 3.44 4.27 

Co/C1 580 450 475 350 

Q 25000 25000 30000 80000 

Q), a change in the phase angle of the feedback circuit would 
not cause any change in oscillator frequency; the frequency, 
therefore, .. would be insensitive to any phase change in the 
amplifier. Though practical crystals allow only a slight 
change in .frequency for large variations in phase angle, the 
amplifier phase angle should, to the extent possible, be made 
independent of temperature and supply·voltage variations in 
order to minimize the phase compensation required of the 
feedback network. Any required phase compensation will, of 
course, dictate a corresponding change in the frequency of 
oscillation consistent with practical values of crystal Q. For 
this reason, the equivalent resistance of the crystal should be 
maintained as low as possible,. and the amplifier should be 
designed to roll off at frequencies greater than the crystal 
frequency. 

Oscillator Amplifier 
Fig. 5 shows a COS/MOS amplifier circuit that may be 

used to provide the amplification function in a crystal· 
controlled oscillator. The amplifier is biased so that the 
output voltage VOUT is equal to the input voltage VIN or 
typically is equal to one-half the supply voltage VDD, (i.e., 
VOUT = VIN = VDD!2). Biasing is accomplished by means 
of a resistor that has a value high enough to prevent loading 
of the feedback network, yet that is low in comparison to 
the amplifier input resistance. Resistor values of 10 to 500 
megohms will satisfy these criteria; however, lower values in 
the order of 15 megohms are generally used to allow greater 
input leakage without. any severe change in bias point. The 
gain of the amplifier. varies with supply voltage, the size of 
the n- and p-channel MOS transistors, and the sum of the 
threshold voltages of the n- and p-channel transistors. When 
an oscillator amplifier is designed to roll off at frequencies 
greater than the crystal frequencY, care must be taken to 
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assure that the transistor sizes are large enough for the 
particular supply voltage used and range of threshold voltages 
expected_ For any circuit, though, the sum of the threshold 
voltages of the n- and p-channel transistors must always be 
less than the supply voltage_ 

The oscillator amplifier governs, to a certain extent, the 
selection of the components for the feedback network. The 
amplifier current consumption is strongly dependent upon 
the attenuation across the feedback network. As the 
attenuation becomes greater, the signal at the amplifier input 
becomes smaller, which, in turn, increases the amplifier 
current consumption. Large voltage swings at the amplifier 
input cause little current to flow because the resistance of 
either the n- or p·channel transistor is high during a large 
portion of the cycle. On the basis of power considerations, 
it is best to design the feedback network for a small attenu
ation. 

Equivalent Crystal Resistance 
The equivalent resistance Rs of the crystal should be 

maintained as small as possible in order to obtain minimum 
attenuation across the feedback network. For any given 
circuit, the oscillator current always increases with a rise in 
crystal resistance. This factor and stability considerations 
provide strong arguments for the purchase of crystals that 
have low series resistance, although the usual cost tradeoffs 
prevail. 

Crystal Load Capacitance 
Another factor that influences the over-all power 

consumption is the size of the pi-network capacitor at the 
amplifier output. For minimum current consumption, this 
capacitor, obviously, should be kept small. This condition, 
however, does not always imply high frequency stability. The 
choice of the capacitor value first involves a determination Ofl 
the over-all crystal load capacitance. The phase angle of the 
feedback network applOaches 180 degrees when the crystal 
equivalent reactive component Xe is equal to the reactance 
(XCD of a capacitor placed in parallel with the crystal. 
Fig. 4 shows that the effective capacitance across the crystal· 
consists of the two pi-network capacitors in series. If the 
value of the eqUivalent reactance Xe at the crystal frequency, 
as may be determined from Fig. 3(b), is equal to the value of 
the crystal load capacitance CL' then the equivalent value 
of the two series-connected pi-network capacitors can be 
calculated from the following relationship: 

CL= I/wXe (I) 

The value of the load capacitance CL, in general, is chosen 
first, and the crystal manufacturer is required to cut the 
crystal to oscillate at the desired frequency for the specified 
value ofload capacitance. 

The choice of a load capacitance is important in terms of 
over-all power consumption and frequency stability. Higher 
values of CL generally· improve frequency stability, but also 
increase power dissipation. The timing industry presently 
seems to have standardized on values of CL between 10 and 
20 picofarads. 

The choice of the total equivalent load capacitance CL 
ouly fIXes the series sum of the two pi-network capacitors. 
The individual capacitors themselves can be found from the 
following equations: 

CT = 4CrJ(I - 5fReCL) (2) 

Cs = 4CrJ(3 + 5fReCD (3) 

The actual value of Cs used in the feedback circuit 
should be about 3 picofarads less than the calculated value to 
allow for the amplifier input capacitance. The value of the 
amplifier output capacitor CT should not normally be fIXed. 
A trimmer capacitor should be placed in parallel with, or 
used in place of, a fIXed output capacitor to allow for 
variations in stray capacitance and circuit components. The 
mid-range value of the output capacitor combination should 
be equal to the calculated value of CT. 

Frequency-Trimming Capability 
The required capacitance range for the oscillator trimmer 

capacitor is determined by the variation in oscillation 
frequency with a change in load capacitance.2 The total 
frequency-trimming range of a crystal-controlled oscillator 
circuit is mainly a function of the crystal characteristics, or 
more explicity, is inversely proportional to the slope of the 
crystal reactance curve, shown in Fig. 3(b). The slope of this 
curve is a function of the difference between the resonant 
frequency fr and the antiresonant frequency fa. This 
frequency diff~rence, in turn, is a function of the crystal 
capacitance ratio Co/C I, where Co and C I are the inherent 
shunt and series capacitances, respectively, of the cIYstal 
structure, as shown in Fig. 2. The slope of the reactance 
curve is also a function of the total external crystal load 
capacitance CL. As shown in Fig. 3(b), this slope decreases as 
the equivalent reactance increases, (i.e., for smaller values of 
the capacitance CL). Fig. 6 and Table II show trimming-range 
data for a typical 32.768·kHz crystal that has a capacitance 
ratio Co/C I of 580. These data show that smaller values of 
load capacitance result in greater trimming-range capability. 

Temperature Stability 
Another important oscillator consideration is tempera

ture stability. Most crystals have a negative parabolic 
temperature coefficient.2 Fig. 7 shows a typical curve of the 
variation in crystal frequency as a function of temperature. 
The frequency of the total oscillator circuit also exhibits a 
similar temperature dependence. Temperature compensation 
of the over-all oscillator circuit can be achieved by use of a 
capacitor that has a positive parabolic temperature coef
ficient in the pi feedback network} For comparison, Fig. 7 
also shows a typical resultant curve for the over-all circuit. 

The temperature characteristics of a crystal are deter
mined to a large extent by the crystal cut. Popular 
low-frequency cuts include the NT and XV Bar. The XV Bar 
is the more popular of the two types because it can be made 
smaller for a given Q and is easier to trim. The disadvantage 
of a slightly lower shock resistance of XV Bar crystals is 
compensated by the superior aging chacteristics of this type. 
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Fig. 6- Frequency as a function of load capacitance fa, a 
typical 32·kHz crystal. 

AT-cut crystals, when used at frequencies greater than I MHz, 
are characterized by excellent temperature stabiiity and 
ruggedness. Temperature characteristics for this type of 
crystal cut as well as for the XY Bar and NT types are shown 
in Fig. 8. 

Crystal Dimensions 
Size is also an important consideration in the design of 

oscillator crystals. The length of quartz required for any 
given cut is inversely proportional to the square root of 
frequency. Dimensions for a typical packaged 32-kHz, XY 
Bar crystal are 0.6 inch by 0.2 inch by 0.11 inch. The 
smallest XY Bar crystals currently available have dimensions 
in the order of 0.53 inch by 0.2 inch by 0.11 inch. A I-MHz 
AT-cut crystal is significantly larger; however, dimensions 
again decrease with frequency. Crystal manufacturers are 
currently working to develop wristwatch·size AT-cut crystals 
with the anticipation of circuit improvements that will allow 
low-current operation at high frequencies. 

Crystal Shock Resistance and Aging Rate 
A prime concern of the timing industry today is that of 

crystal shock resistance and aging. The aging of a crystal 
results primarily from aging of the mounting material rather 

Table II - Trimming Data for a Typical 32-kHz 
Quartz Oscillator Crystal 

LOAD CAPACITANCE, CL 

TRIM 5pF 11.5 pF 20pF 32pF 

±20PPM -0.45 -1.6 -3.7 -8.0 
pf pf . pf pf 

+0.51 +2.0 +5.5 +14.7 

± 25 PPM -.55 -1.9 -4.5 -9.4 
. pf pf pf 

+20.5 pf +.65 +2.6 +7.3 

± 30 PPM -0.66 -2.3 -5.2 -10.7 
pf pf 

+9.3 pf pi' 
+0.79 +3.3 +27.9 
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than from aging of the quartz itself. The mounting material 
enters into the crystal eqUivalent circuit, and the slowest 
aging rate results when the mount consists of the least 
amount of supporting material. This condition of course, 
results in lower shock resistance, and an optimum trade-off 
must be achieved. At present, 32-kHz crystals can be made 
that can withstand a mechanical shock of about 1500 G's 
applied for 0.5 millisecond and that have aging rates that 
result in a frequency change of 2 to 5 parts per million for 
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the first year and essentially no aging thereafter. Any 
mechanical or thermal shock, however, will interrupt the 
normal aging process. The aging rate of 2 to 5 parts per 
million presently appears acceptable to the timing industry, 
although shock resistances of 3,000 to 5,000 G's are desired. 
This shock level corresponds approximately to the shock 
experienced by dropping the crystal from a height of one 
meter onto a hardwood floor. 

PRACTICAL OSCILLATOR CIRCUITS 
The basic amplifier, feedback-network, and crystal 

considerations discussed in the preceding paragraphs can be 
combined in the design of COS/MaS oscillator circuits. In 
the circuits, the crystal selected has an equivalent resistance 
Re of 50 kilohms and is cut to operate at a frequency of 
32.768 kHz with a load capacitance CL of 10 picofarads. The 
values of pi feedback-network capacitors CT and Cs can be 
calculated by use of Eqs. (2) and (3) as CT = 43 picofarads 
and Cs = 13 picofarads. The value of the feedback-network 
resistance R can be calculated as follows: 

(3Xe + 0.27 Re) (Xe - 0.8 Re) 
R= 16Re 

"'IMQ 

This value is the maximum value of resistance allowd for a 
minimum feedback-network attenuation of 0.75, a value 
chosen on the basis of power and stability considerations. I 
The calculated value of R includes any fixed resistance plus 
the amplifier output resistance. Because the output resistance 
is often appreciable and varies with supply voltage, transistor 
size, and threshold voltages, it is generally best to add 
resistance experimentally until the desired power consump
tion and frequency stability are reached. The effect of this 
resistance on operating current and frequency stability can 
be predicted from data given in Table JIJ for the three 
different COS/MaS crystal oscillator circuits shown in Fig. 9. 
In each circuit, the pi-network capacitors CT and Cs are 39 
picofarads and 10 picofarads, respectively. These capaci
tances are slightly less than the calculated values because of 
stray and amplifier capacitances. 

The circuit shown in Fig. 9(a) combines the amplifier and 
feedback circuits shown in Fig. 4 and 5. Although theory 
predicts that an increase in the values of the feedback
network resistor R will result in increased frequency 
stability, the circuit performance data given in Table IJI show 
no significant improvement in this characteristic. This result 
indicates that the circuit instability can be attributed almost 
entirely to phase instabilities of the amplifier. This assump
tion is verified by data taken from the circuits shown in 
Figs.9(b) and 9(c) in which the required feedback-network 
resistance is incorporated into the amplifier as a fixed value. 
The resistors essentially fix the amplifier phase shift so that 
greater stability res.ults. As the data show, use of these 
resistors also results in a decrease in the total current 
consumption. Because of the two fIXed resistors, the circuit 
of Fig. 9(b) shows the least current consumption and also the 
greatest stability. 

Table III - Typical Oscillator Data 

Frequency 

Circuit 
Value of VDD Current Stability 

R(Q) (Volts) (IlA) VDD=I.45V 
tol.6V 

9(a) 0 1.60 4.0 
2.8 .. 0 1.45 3.1 .. lOOK 1.60 3.1 
2.6 .. .. 1.45 2.4 .. 200K 1.60 2.9 
2.6 .. .. 1.45 2.1 

9(b) lOOK 1.60 2.3 .. .. 1.45 2.0 .3 .. .. 1.1 1.5 .. 150K 1.60 1.8 .. .. 1.45 1.6 .2 .. .. 1.1 .95 

9(c) 200K 1.60 5.0 
.6 .. .. 1.45 4.4 .. 300K 1.60 3.5 
.5 .. .. 1.45 3.0 

As mentioned previously, the amplifier feedback resistor 
should not significantly load the crystal feedback network. 
The resistor value at which loading begins to occur can be 
determined from a curve of circuit operating frequency as a 
function of feedback resistance. Fig. 10 shows such a curve 
for the circuit shown in Fig. 9(b). This curve indicates that 
15 megohms is a suitable value for the feedback resistor. 

FREQUENCY DIVIDERS 
Because of restrictions on crystal size and cost, oscillator 

frequencies of 8192 Hz, or higher, are generally used for 
electronic timing circuits. The use of such high crystal 
frequencies usually requires division of the oscillator fre
quency to a more convenient value. Synchronous motors, for 
example, are often driven by frequencies between 0.5 Hz and 
64 Hz. Numeric readouts for digital clocks or wristwatches 
require pulses at least every second, minute, and hour. The 
necessity for frequency division becomes clear if one 
considers the wide variety of timing intervals that may be 
required for certain applications. 

The basic frequency-dividing· circuit, shown in Fig. II, 
consists of a master-slave D-type flip-flop connected as a 
binary counter stage. N stages may be cascaded with thefmal 
output frequency equal to 2-N times the input frequency. 
Division by integers other than powers of 2 can also be 
accomplished by use of gating techniques. For example, a 
divide-by-60 counter implemented as shown in Fig. 12, can 
be used to obtain minutes from seconds. 
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Fig. 9- Typical COS/MOS crystal·oscillator circuits. 

A basic block diagram of a typical digital clock that 
employs divide-by-60 counters is shown in Fig. 13. The 
display for the clock is designed to be multiplexed in that 
new information is provided to only one of the six readout 
characters, while the eye itself holds the previous state of the 
other five. The multiplexing unit consists of COS/MOS 
transmission gates controlled by a six·stage ring counter that 
also addresses each character sequentially. This type of 
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Fig. 10- Oscillator frequency as a function of amplifier 
feedback resistance. 
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Fig. 11- Basic frequency-dividing stage. 

circuit is particularly applicable for driving light-emitting 
diode displays. 

Light-emitting diodes, as well as other readout devices, 
require some form of driving circuitry which is often unique 
to the driven device. Other typical readout devices include 
stepping motors, balance-wheel motors, tuning-fork motors, 
and liquid-crystal displays. 

Motors are frequently driven by low-impedance MOS 
transistor drivers. The waveforms required depend upon the 
particular type of motor. Rotary stepping motors require a 
pulsed waveform such as that shown in Fig. 14{a). The motor 
advances one position (for example 180 degrees) on each 
pulse. Fig. 14(b) shows a COS/MOS circuit that may be used 
to generate this type of waveform. The crystal frequency and 
the number of countdown stages for this circuit determine 
the pulse frequency. The duty factor is controlled by two 
resettable flip-flops that are clocked inversely by the last 
counting stage and reset by an intermediate stage. The 
output waveform from this circuit will have a duty factor 
that is exactly given by 2 I - I - N where I is the number of 
the intermediate stage used to reset the shaping flip·flops and 
N is the total number of frequency·divider stages. 

A tuning-fork motor consists of two coils wired in series 
and wound on either side of the fork. A subdivision of the 
crystal frequency drives the coils which electromagnetically 
vibrate the fork. The fork can be linked to· an index wheel 
that, in tum, can drive the hands of a watch. 

A balance-wheel motor consists of a coil fIXed near the 
periphery of a pivoted balance wheel. Permanent magnets· are 
attached to one side of the wheel and counterweights to the 
other. The coil can be energized by pulses supplied to the 
gate of an n-channel MOS transistor with the coil connected 
between the drain and the supply voltage of the transistor. 
When the coil is energized, the balance wheel swings toward 
the coil. The momentum of the wheel moves it beyond the 
coil, and spring action then forces it back. Repeated cycles 
generate a back-and-forth type motion which can be linked 
to a wheel for driving the hands of a watch or clock. 

Seven-segment liquid-crystal numerals can be driven as 
shown in Fig. 15. An ac voltage is required across each 
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Fig. 13- Typical COS/MaS digital clock. 

segment of the display to assure long life. For this purpose, a 
60-Hz square wave is applied to one input of each of seven 
exclusive-OR gates. The logic state present at the other input 
determines whether the segment will transmit or scatter light. 

Liquid·crystal displays can be made for operation in 
either transmissive or reflective modes. The transmissive· 
mode type requires a light source behind the display. The 
light will either be transmitted or not depending upon the 
voltage across the segment. In the reflective-mode type, 
ambient light can be scattered by the liquid crystal material, 
or reflected from a mirrored surface placed behind the 
numeral. If displayed correctly, excellent contrast between 
"on" and "off' segments can be obtained when reflecting or 
scattering only ambient light. 

The light scattering property of liquid·crystal displays 
offers two major advantages. First, the problem of washout in 
high intensity light is prevented. Washout has always been a 
problem with light generating displays. Second, because the 
displays do not generate light, they require negligible power. 

In fact, liqUid crystals require the least amount of power of 
any currently available type of display.4 

Light·emitting diodes are somewhat simpler to drive than 
liquid crystals because signals to individual segment and/or 
numelals can be easily multiplexed. Fig. 16 shows a typical 
multiplexed driving circuit. The n-p·n transistor, which is 
common to the cathode of all segments in each numeral, can 
be turned on to address only one particular numeral. The eye 
will hold the reading from all off segments long enough for at 
least six numerals to be mUltiplexed. 

COS/MaS TIMING-CIRCUIT APPLICATIONS 
The choice of a readout device depends, of course, upon 

the application involved and to a certain extent upon the 
individual characteristics of the device itself. Special 
considerations for readout devices are perhaps best treated in 
a discussion of special requirements for three important 
timing-circuit applications, namely, wristwatches, wall 
clocks, and automobile clocks. 
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Fig. 14- Generation of required stepping-motor waveforms: fa) required driving 
waveform across stepping motor; fb) COSIMOS driving circuit and output 
waveforms applied to motor control winding. 

In any wristwatch application, size and total operating 
current are perhaps the two most important considerations. 
The total timing circuitry, together with the battery and 
readout device, must fit into a relatively fIXed size and have a 
current consumption small enough to allow at least one year 
of life. Size and power considerations also become important 
in crystal selection. The size and cost of a crystal decreases 
with increases in frequency up to about 1 MHz. The power 
consumption of the oscillator and counter increases with 
frequency. On the basis of these considerations, the most 

popular crystal frequency for wristwatches at present is 
32.768 kHz. Typical packaged sizes for this crystal and 
various available crystal oscillator circuits were discussed in 
an earlier section of this Note. 

The choice of a readout device also involves considera· 
tions of size and power as well as, of course, marketing 
considerations. If conventional-hand movements are chosen, 
a motor type of drive must be selected. No great size 
advantage exists over any of the various motor types used in 
this type of application. In addition, all types can be 
designed to operate from 1.1 to 1.6 volts with average 
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Fig. 15- COSIMOS /iquid-crystal driving circuit 
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Fig. 16- Multiplexing driving circuit for light-emitting diodes. 

current consumptions of about 10 microamperes. Sensitivity 
to vibration, however, is one separating characteristic. 
Although balance·wheel motors can be designed to compen
sate to a certain extent for speed variations produced by 
vibrations, the stepping motor, which is insensitive to 
vibration, remains superior in this respect. At present, 
however, the stepping motor is the more expensive of the 
two types. 

Light·emitting diodes require a minimum of two battery 
cells for proper operation. The required current can be kept 
to about 2 milliamperes per segment when the diodes are 
pulsed from a six-stage ring counter, as show" in Fig. 13. A 
duty factor of 16 per cent is achieved with this arrangement. 
Because of the high current, however, a continuously 
operating battery-powered display is not possible, and a 
"readout on demand" watch is then necessary. 

Continuously operating liquid-crystal displays are 
possible and practical. RCA wristwatch displays employ 
liquid·crystal material having resistivities of about 5 x 109 
ohms per centimeter, which at a 0.5-mil spacing results in a 
resistance of 6.3 megohms per square centimer. With all 
segments energized, the display consumes only about 1 
microampere of current at 15 volts. Liquid crystals, however, 
require a minimum supply of 12 volts to assure good contrast 
between on and off segments. For single-cell operation, a 
dc-te-dc converter must be used to step the voltage up to the 
required 12·to·15·volt level. Transformer and capacitor 
voltage·doubling circuits with conversion efficiencies of 
about 75 per cent are typically used for this purpose. 

Because current consumption is such an important 
consideration for wristwatch circuits, the careful considera
tion given to the choice of a battery is easily understood. 
Small silver·oxide and mercury cells are presently popular for 
wristwatch use. Pertinent information on these types of 

Mallory cells is shown in Table IV. Most of the cells listed 
will last at least one year with a motor current of 10 
microamperes and a total oscillator and divider current less 
than 5 microamperes at an oscillator frequency of 32.768 
kHz. The voltage for both types of cells is relatively constant 
during the active life listed and falls off rapidly thereafter. 
Typical end·of-life voltages at 1.1 volts for mercury cells and 
1.45 volts for silver·oxide cells. Either type of cell works 
equally well with RCA silicon.gate COS/MOS circuits which 
operate from supply voltages as low as 1.1 volts. 

Wall Clocks 
Size and power limitations for clocks are not as 

restrictive as those for wristwatches. For this reason, 
lower-cost, higher·frequency crystals may be used. The 
optimum range of crystal frequencies presently appears to be 
from 131 kHz to 524 kHz. All the oscillator considerations 
given previously for operation at 32 kHz apply equally well 
to this higher frequency range. The oscillator circuit 
configuration shown in Fig. 9(b) is still the optimum type; 
however, the value of the source resistors must be decreased 
to assure adequate gain at the higher frequencies. Source 
resistors are often best chosen experimentally by gradually 
increasing the resistance until an output voltage swing of 30 
to 70 per cent of the supply voltage VDD is reached. Data 
t3ken from a typical 262·kHz oscillator circuit that employs 
two IO-kilohm source resistors and a DT -cut, 262·kHz crystal 
are shown in Table V. The table also shows typical counter 
current. 

The most popular readout devices for clocks are 
conventional-hand movements and liquid-crystal displays. 
Continuously operating light-emitting-diode numerals con
sume too much current even for long life of C- and D-size 
batteries. In contrast, a typical RCA four-digit liquid·crystal 
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Table IV - Typical Data for Mallory Watch Cells 

Type Voltage 
Capacity Height Diameter 
JlAyrs_ (in_) (in.) 

WH3 1.35 25 0.20B 0.455 

WS14 
1.55 19 0.210 

Type A 
0.455 

W4 1.35 11 0.139 0.455 

WSll 1.55 11 0.164 0.455 

10Rl0l 
1.35 36 0.190 

(EXP) 
0.610 

10 L 19 
1.55 27 0.190 

(EXP) 
0.610 

WD4 1.36 14 0.149 0.594 

WD5 1.36 23 0.110 1.003 

display having a 0.4-inch-by-0.6-inch numeral consumes only 
100 microamperes of current with all segments energized. 

Motors for driving the clock hands are typically of the 
balance-wheel or continuously rotating synchronous types. 
Sensitivity to vibration is usually not a restriction; hence, the 
balance wheel motor can be successfully used in place of the 
more expensive stepping motor. Clock motors typically 
require about 300 to 450 microwatts of power, or average 
currents of 200 to 300 microamperes at 1.5 volts. 

These currents, together with the oscillator and counter 
currents given in Table V, can now be compared with 
typical battery capacities. Battery information extrapolated 
from published Eveready data on popular AA-, Co, and D-size 
cells is listed in Table VI. 5 Most of the battery current is 
consumed by the motor, and if a total current of 250 
microamperes is assumed, the data show a carbon-zinc C cell 
as the minimum size battery required for one year of life. 

A~to Clocks 
Auto clock circuits are somewhat unique in that power 

considerations are not nearly as restrictive as in other 
portable applications. Although the low-power feature of 
COS/MaS circuits is helpful, the main advantages obtained 

Table V - Typical Data for 262-kHz Oscillator 
and Counter Circuits 

VDD 
Oscillator Counter Freq. 

Product 
(Volts) 

Current Current Stability 
(1lA) (1lA) (ppm) 

Silicon-Gate 1.1V 7 7 .. 1.3V 9.5 9 
2.0 ppm 

1.4 .. 1.5V 11.5 10 
1.2 .. 1.6V 12_5 11 

Low-Voltage 2.2V 21 10 
1.B .. 3.0V 35 13 
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Table VI - Life Data for Typical Batteries 

Eveready Mallory 
Size Typ,8 

Life 
Typef/ Typeii' (Days) 

915 M15F AA Carbon- 150 
Zinc 

E91 MN1500 AA Alkaline 200 

935 M14F C Carbon- 3B5 
Zinc 

E93 MN1400 C Alkaline 575 

950 M13F 0 Carbon- BOO 
Zinc 

E95 MN1300 0 Alkaline 1100 

All life data assumes a continuous drain of 250 JlA and an 
end-of-life voltage of 1.1V. 

from the use of COS/MaS in automobile clocks, or in any 
automotive application, are those of wide operating voltage 
and temperature range and high noise immunity. 

With little restriction on power, the choice of a crystal 
depends mainly on cost. Crystals typically used for auto
mobile timing applications are AT-cut types that operate at 
frequencies between 1 MHz and 4.2 MHz. The oscillator 
considerations discussed earlier also apply to these frequen
cies; however, as the frequency increases, it becomes 
increasingly difficult to maintain a low starting voltage at a 
low current. At high frequencies, the starting voltage and 
current are inversely proportional and are controlled mainly 
by the values of the capacitors on the pi-type feedback 
network and the size of the COS/MaS amplifier transistors. 
For minimum starting voltage, relatively small capacitors 
should be used in the pi-feedback network, and no source 
resistors should be added to the amplifier. As indicated by 
data taken on the circuit shown in Fig. 9(b) and shown in 
Table VII, low power can still be maintained even when the 
Source resistors are not used. 

The upper limit of the crystal frequency depends not so 
much on power consumption as on the minimum supply 
voltage allowed for circuit operation. The minimum auto
mobile battery voltage is generally considered to be 5 volts; 

however, the supply voltage for the timing circuit can be 
considerably less than this value depending upon the design 
of the transient protection circuit, as discussed later. Table 
VIII lists minimum COS/MaS supply voltages for typical 
oscillator circuits. The values shown permit design at two 
temperatures. The lower temperature is often considered 
adequate by auto companies· with the opinion that the 
minimum battery voltage of 5 volts rarely, if ever, occurs at 
high temperatures . 

The oscillator in a typical auto clock circuit is followed 
by a number of frequeney-dividing stages, the last stage of 
which is frequently used to drive a motor. Long counter 
chains are required because of the high oscillator frequency; 
however, the. power diSsipation of COS/MOS circuits is so 
low that the number of stages is only restricted. by chip size 
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Table VII - Typical High-Frequency Oata for 
COS/MOS Oscillator and Counter 
Circuits (Low-Voltage Productl 

VOO Freq. 
Oscillator Counter Motor 

(Voltsl (MHzl 
Current Current Current 
(mAl (mAl (mAl 

5 1 0.2B 0.125 5V 
12 1 1.3 0.275 2-5mA 

5 2 0.37 0.250 12V 

12 2 1.5 0.550 5-10mA 

5 3 0.40 0.375 5V 
12 3 1.9 0.B25 3-BmA 

5 4 0.43 0.500 12V 

12 4 2.3 1.1 B-20mA 

limitations. Because COS/MaS circuits consume current only 
during switching transitions, each counter stage averages 
one-half the current of the previous stage. The first counter 
stage, therefore, consumes as much current as all of the 
following stages combined for a counter of infinite length. 
Little difference, then, exists between the power consump
tion of a ten-stage or thirty-stage COS/MaS counter. Table 
VII lists, in addition to the oscillator current, typical values 
of counter current, as well as some typical ranges of peak and 
average motor currents. 

Current data, such as that shown in Table VII, are 
necessary for a proper design of the transient protection 
circuit, an essential part of any automobile digital logic 
system. Automobile manufacturers disagree on the maximum 
amplitude and decay of transient voltage; however, values 
often used are maximum transients of + 120 volts and -90 
volts. each decaying exponentially with a maximum time 
constant of 45 milliseconds. Because standard COS/MaS 
circuits are rated for a maximum supply of 15 volts, a 
protection circuit must be included between the battery and 
the COS/MaS logic. 

Fig. 17 shows a transient-voltage protection circuit that is 
frequently used. The zener diode regulates the voltage supply 

Table VIII - Minimum Operating Voltages for 
COS/MOS Integrated Circuits 

Low-Voltage Product Silicon-Gate Product 

Freq. 
1 2 3 4 1 2 

(MHzl 
3 4 

Min. 
Voltage 2.9 3.1 3.5 4.0 1.6 2.0 2.6 3.0 
at 250 C 

Min. 
Voltage 

3.0 3_3 4.0 5.0 I.B 2.6 
atB20 C 

3.4 4.0 

lBOoF 

BATilTERY R TIMING 
CIRCUIT 
SUPPLY 

10 p.F TO 

= I'OOI'F TVP. 

92CS-2051Z 

Fig. 17- Automobile transient-protection circuit. 

for the clock circuits, and the capacitor and series diode 
prevent timing losses during negative transients. For mini
mum zener current during transients, the maximum value of 
R should be based on the minimum circuit operating voltage 
and the peak current drawn by the logic circuit and motor at 
the minimum battery voltage. The minimum zener break
down voltage is then determined by subtraction of the 
product of the minimum current drain at the normal battery 
voltage and the value of R just chosen from the battery 
voltage. A zener breakdown greater than this voltage assures 
that no unnecessary current will be drawn by the zener 
during normal automobile operation. 

Another important zener characteristic is dynamic 
impedance. During a current surge, the voltage across the 
zener must not rise to a damaging level. A value of 22 volts 
for the 45-millisecond time constant appears safe for 
standard COS/MaS circuits. 

In the design of a typical transient-voltage protection 
circuit, it is assumed that the minimum battery voltage is 5 
volts, that the minimum circuit operating voltage is 3.5 volts 
at a crystal frequency of 3.145728 MHz, and that a peak 
current of 3 milliamperes is obtained at 5 volts. The value of 
the resistance R is then found as (5 - 3.5 + 0.7)/3""250 
ohms. With a minimum current of 5 milliamperes at 12 volts, 
the minimum zener voltage becomes 12 - 5(0.250) = 11.75 
volts. For a + l2O-volt transient, the zener could then 
consume a peak current of (120 - 11.8)/250 = 0.4 ampere. 
For a maximum zener voltage of 13 volts, the dynamic 
impedance of the zener must be less than (22V - 13V)/.4A = 
22 ohms. Components chosen in this manner will provide 
adequate protection for anticipated transients. 

Both protection-circuit diodes can be integrated onto the 
COS/MaS chip. When located as shown in Fig. 17, the series 
diode need only have a breakdown rating of about 12 volts. 
Zener diodes that· have breakdown ratings of 4.5 to 6.0 volts 
or any multiple thereof can also be integrated onto the 
COS/MaS chip. The breakdown rating can also be increased 
in 0.7-volt steps by addition of forward-biased diodes in 
series. Characteristics of two typical zener diodes integrated 
in series are shown in Fig. 18. Fig. 18(a) shows the area 
around the "knee" of the breakdown region, and Fig. 18(b) 
shows the higher-current region useful for determining the 
dYnamic resistance. From the slope of the line, the typical 
dynamic resistance for two diodes is found to be 17.6 ohms 
total, or 8.8 ohms per diode. The diodes are rated to 
withstand a 0.5-ampere surge current that decays with an 
80-millisecond time constant. The zener diode, then, is 
compatible with present automobile protection requirements, 
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Fig. 18- Oscillograph tracings showing characteristics of an 
integrated zener diode: (a) low-current region; (b) 
high-current region. 

and integration of this component should represent a 
considerable cost saving, especially when integrated with the 
series diode. 

Other Applications 
Although wristwatches and clocks of various types are 

important applications of COS/MOS timing circuits, they are 
certainly not the only timing applications which can benefit 
from the unique features of COS/MaS logic. Applications 
such as fuze timers, feeding systems, automatic sprinklers, 
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incubator timers, and other similar systems can be designed 
from information provided on the oscillator and counter 
with only the output device unique to the particular 
application. Automobile applications for COS/MaS circuits 
are almost endless. One can think of speed controllers, digital 
speedometers, miles per gallon indicators, and perhaps even 
estimated-time:of-arrival indicators that, on the basis of the 
given total mileage, would update the time on a dynamic 
basis from information provided by the speedometer, 
odometer, and "clock. 

CONCLUSIONS 
The primary advantage of electronic timing circuits over 

conventional mechanical methods of timekeeping lies in the 
greatly increased accuracy permitted by the highly stable 
crystal-controlled oscillator circuit. Although crystal oscil
lator circuits have existed for some time, their usefulness in 
portable applications has been somewhat limited because of 
the high current consumption required by the following 
digital logic. The advent of COS/MOS integrated circuits now 
permits the design of complete low-power timing systems. 
The impact of COS/MaS on timing applications is perhaps 
equalled by the recent development of liquid-crystal displays 
and dc-to-dc converters that allow low.power continuously 
operating digital displays. Certainly, no great technological 
barriers now exist for the use of electronic timing circuits in 
a wide variety of applications. The search, no doubt, will 
always continue for the ideal timekeeping device; however, it 
should be apparent from the information presented that the 
ideal timekeeping unit can now be more closely approached 
than ever before. 
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INTRODUCTION 
Phase·locked·loops (PLL's), especially in monolithic 

)fm, a~e finding significantly increased usage in signal· 
rocessing and digital systems. FM demodulation, FSK 
emodulation, tone decoding, frequency multiplication, 
ignal conditioning, clock synchronization, and frequency 
ynthesis are some of the many applications of a PLL. The 
'LL described in this Note is the eOS/MOS eD4046A, 
,hich consumes only 600 microwatts of power at 10kHz, a 
eduction in power consumption of 160 times when 
ompared to the 100 milliwatts required by similar mono· 
ithic bipolar PLL's. This power reduction has particular 
ignificance for portable battery.operated equipment. This 
~ote discusses the basic fundamentals of phase·locked·loops, 
I11d presents a detailed technical description of the COS/ 
.1.0S PLL as well as some of its applications. 

REVIEW OF PLL FUNDAMENTALS 
The basic phase·locked·loop system is shown in Fig. 1; it 

:onsists of three parts: phase comparator, low·pass mter, and 
IOltage·controlled oscillator (VeO); all are connected to 
form a closed·loop frequency·feedback system. 

With no signal input applied to the PLL system, the error 
mltage at the output of the phase comparator is zero. The 
voltage, Vd(t), from the low·pass mter is also zero, which 
causes the veo to operate at a set frequency, fa, called the 
center frequency. When an input signal is applied to the PLL, 
the phase comparator compares the phase and frequency of 
the signal input with the veo frequency and generates an 
error voltage proportional to the phase and frequency 

11·73 

Volt) COMPARATOR 
10 INPUT 

Vd{t) 
veo CONTROL 

VOLTAGE 

Fig. 1- Block diagram of PLL. 

difference of the input signal and the veo. The error 
voltage, Ve(t), is mtered and applied to the control input of 
the veo; Vd(t) varies in a direction that reduces the 
frequency difference between the veo and signal·input 
frequency. When the input frequency is sufficiently close to 
the veo frequency, the closed·loop nature of the PLL forces 
the veo to lock in frequency with the signal input; i.e., 
when the PLL is in lock, the veo frequency is identical to 
the signal input except for a finite phase difference. The 
range of frequencies over which the PLL can maintain this 
locked condition is defined as the lock range of the system. 
The lock range is always larger than the band of frequencies 
over which the PLL can acquire a locked condition with the 
signal input. This latter band of frequencies is defined as the 
capture range of the PLL system. 

TECHNICAL DESCRIPTION OF COS/MOS PLL 
Fig. 2 shows a block diagram of the eos/Mos 

eD4046A, which has been implemented on a single 

., 

I---.--H ~------4l;2ts 
FILTER 

C2TtsEE FIG.IOI 

V5S 

Fig. 2- COS/MOS PLL block diagram. 
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monolithic integrated circuit. The PLL structure consists of a 
low-power, linear, voltage-controlled oscillator (YCO), and 
two different phase comparators having a common signal
input amplifier and a common comparator input. A 5.2-volt 
zener is provided for supply regulation if necessary. The YCO 
can be connected either directly or through frequency 
dividers to the comparator input of the phase comparators. 
The low-pass fdter is implemented through external parts 
because of the radical configuration changes from application 
to application and because some of the components are 
non-integrable. The CD4046A is supplied in a 16-lead, 
dual-in-line, ceramic package (CD4046AD); a 16-lead, dual· 
in·line, plastic package (CD4046AE); or a 16-lead f1at.pack 
(CD4046AK). It is also available in chip form (CD4046AH). 

Phase Comparators 
Most PLL systems utilize a balanced mixer composed of 

well·controlled analog amplifiers for the phase-comparator 
section. Analog amplifiers with well·controlled gain charac
teristics cannot easily be realized using COS/MOS tech· 
nology. Hence, the COS/MOS design shown in Fig. 3 
employs digital-type phase comparators. Both phase com
parators are driven by a common-input amplifier configura· 
tion composed of a bias stage and four inverting-amplifier 
stages. The phase·comparator signal input (terminal 14) can 
be direct.coupled provided the signal swing is within 
COS/MOS logic levels [logic 0';; 30% (VDD·YSS), logic 
1 ;;. 70% (VDD-YSS) J. For smaller input signal swings, 
the signal must be capacitively coupled to the self.biasing 
amplifier at the signal input to insure an over-driven digital 
signal into the phase comparators. 

Phase-comparator I is an exclusive-OR network; it 
operates analagously to an over-driven balanced mixer. To 
maximize the lock range, the signal and comparator input fre
quencies must have 50-percent duty cycle. With no signal 
or noise on the signal input, this phase comparator has 

COMPARATOR 
INPUT 

em , 

PHASE COMPARATOR 
>-----.... 01 OUT 

2 
PHASE COMPARATOR 1 

Fig.3- Schematic of COS/MaS PLL phase-comparator 
section. 
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an average output voltage equal to VDD/2. The low-pass 
fdter connected to the output of phase-compa~ator I supplies 
the averaged voltage to the YCO input, and causes the YCO 
to oscillate at the center frequency (fo)' With phase-com· 
parator I, the range of frequencies over which the PLL can 
acquire lock (capture range) is dependent on the low-pass-fdter 
characteristics, and can be made as large as the lock range. 
Phase-comparator I enables a PLL system to remain in lock in 
spite of high amounts of noise in the input signal. 

One characteristic of this type of phase comparator is 
that it may lock onto input frequencies that are close to 
harmonics of the YCO center-frequency. it second charac
teristic is that the phase angle between the signal and the 
comparator input varies between 00 and 1800 , and is 900 at 
the center frequency. Fig. 4 shows the typical, triangular, 
phase-to.output, response characteristic of phase-comparator 
I. Typical waveforms for a COS/MOS phase-locked-loop 
employing phase-comparator I in locked condition of fo is 
shown in Fig. 5. 

Phase-comparator II is an edge-controlled digital memory 
network. It consists of four flip-flop stages, control gating, 
and a three-state output circuit comprising p and n drivers 

. having a common output ·node as snown In rig. 3. When the 
p-MOS or noMOS drivers are ON, they pull the output up to 
YDD_ or down to Y1iS, ",spectively. This type of phase 
comparator acts Only on the pUSItive edges of the signal
and comparator-input signals. The duty cycles of the signal 
and comparator inputs are not important since positive 
transitions control the PLL system utilizing this type of 
comparator. If the signal-input frequency is higher than the 
comparator·input frequency, the p-MOSoutput driver is 
maintained ON continuously. If the signal-input frequency is 
lower than the comparator-input frequency, the noMOS 
output driver is maintained ON continuously. If the signal· 
and comparator-input frequencies are the same, but the 
signal input lags the comparator input in phase, the noMOS 
output driver is maintained ON for a time corresponding to the 
phase difference. If the signal- and comparator-input fre
quencies are· the same, but the signal input leads the com
parator input in phase, the p-MOS output driver is maintained 
ON for time corresponding to the phase difference. Sub
sequently, the capacitor voltage of the low-pass fdter con
nected to this type of phase comparator is adjusted until the 
signal and comparator input are equal in both phase and fre
quency. At this stable operating point, both p- and noMOS 
output drivers remain OFF, and thus the phase-comparator 

VDD k?'.PUT 
:o~ 
oJ VODI2 . 

a 90 180 
$IGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 

Fig. 4- PhaSIHXJmparator I characteristics at 
low-pass filter output 
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Fig_ 5- Typical waveforms for COS/MOS phase
locked loop employing phase-comparator I 
in locked condition of fa-

output becomes an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. Moreover, the signal 
at the "phase pulses" output is at a high level, and can be used 
for indicating a locked condition. Thus, for phase-comparator 
II, no phase difference exists between signal and comparator 
input over the full VCO frequency range. Moreover, the power 
dissipation due to the low-pass filter is reduced when this 
type of phase comparator is used because both the p- and n
MOS output drivers are OFF for most of the signal-input 
cycle. It slioiil«(be~rlOted that the PLL lock range for this 
type of phase comparator is equal to the capture range, 
independent of the low-pass filter. With no signal present at 
the signal input, the VCO is adjusted to its lowest frequency 
for phase-comparator II. Fig. 6 shows typical waveforms for 
a COS/MOS PLL employing phase-comparator II in a locked 
condition. 

Fig. 7 shows the state diagram for phase-comparator II; 
each circle represents a state of the comparator. The number 
at the top inside each circle represents the state of the 
comparator, while the logic state of the signal and 
comparator inputs, represented by a 0 or a I, are given by 
the left and right numbers, respectively, at the bottom of 
each circle. The transitions from one state to another result 
from either a logic change on the signal input (I) or the 
comparator input (C). A positive transition and a negative . 
transition are shown by an arrow pointing up or down, 
respectively. The state diagram assumes that only one 
transition on either the signal input or the comparator input 
occurs at any instant. States 3, 5, 9, and II represent the 
condition at the output of phase-comparator II when the 
p-MOS driver is ON, while states 2, 4, 10, and 12 determine 
the condition when the noMOS driver is ON. States 1,6,7, 
and 8 represent the condition when the output of phase- ~ 

comparator II is in its high impedance state; i.e., both p- and 
n·devices are OFF, and the phase-pulses output (terminal I) 
is high. The condition at the phase-pulses output for all other 
states is low. 

As an example of how one may use the state diagram 
shown in Fig. 7, consider the operation of phase-comparator 
II in the locked condition shown in Fig. 6. The waveforms 
shown in Fig. 6 are broken up into three sections: section I 
corresponds to the condition in which the signal input leads 
the comparator input in phase, while section II corresponds 
,to a finite phase difference. Section III depicts the condition 
when the comparator input leads the signal input in phase. 
These three sections all correspond to a locked condition for 
the COS/MaS PLL; i.e., both signal- and comparator-input 
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Fig.6 - TYPical waveforms for COS/MOS phase-locked loop 
employing phase-comparator " in locked condition. 

signals are of the same frequency but differ slightly in phase. 
Assume that both the signal inputs begin in the 0 state, and 
that phase-comparator II is initially in its high-impedance 
output condition (state I), as shown in Figs. 7 and 6, 
respectively. The signal input makes a positive transition 
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Fig. 7- State diagram of phase-comparator /I. 

first, which brings phase-comparator II to state 3. State 3 
corresponds to the condition of the comparator in which the 
signal input is a I, the comparator input is a 0, and the 
output p-device is ON. The comparator input goes high next, 
while the signal input is high, thus bringing the comparator 
to state 6, a high-impedance output condition. The signal 
input goes to zero next, while the comparator input is high, 
which corresponds to state 7. The comparator input goes low 

next, bringing phase-comparator lIoack to state 1. As shown 
for section I, the p·device stays on for a time corresponding to 
the phase difference ~ between the signal input and 'he 
comparator input. Starting in state I at the beginning of 
section III, the compru:ai~riiiput goes high'nrsi, while the 
signal input is low, bringing the comparator to state 2. 
Following the example given for section I, the comparator 
proceeds from state 2 to states 6 and 8 and then back to I. 
The output of phase-comparator II for section III corres
ponds to the n-device being on for ~ time corresponding to the 
phase difference betweel) the signal and comparator inputs. 

The state diagram of phase-comparator II completely 
describes all modes of operation of the comparator for any 
input condition in a phase-locked-loop. 

473 



ICAN-6101 ____________________________ ~---------------------------

Voltage-Controlled Oscillator 
Fig. 8 shows the schematic diagram of the voltage

controlled oscillator (VCO). To assure low system-power 
dissipation, it is desirable that the low·pass filter consume 
little power. For example, in an RC filter, this requirement 
dictates that a high·value R and a low-value C be utilized. 
The VCO input must not, however, load down or modify the 
characteristics of the low-pass filter. Since the VCO design 
shown utilizes an noMOS input configuration having prac
tically infmite input resistance, a great degree of freedom is 
allowed in selection of the low-pass filter components. 

The VCO circuit shown in Fig. 8 operates as follows: 
when the inhibit input is low, P3 is turned full ON, 
effectively connecting the sources of P I and P2 to VDD; and 
gates I and 2 are permitted to function as NOR-gate 
flip-flops. NI together with external-resistor RI form a 
source-follower configuration. As long as the resistance of R I 
is at least an order of magnitude greater than ON resistance 
of N I (greater than 10 kilohms), the current through RI is 
linearly dependent on the VCO input voltage. This current 
flows through PI, which, together with P2, forms a 
current-mirror network. External resistor R2 adds an 
additional constant current through PI; this current offsets 
the VCO operating frequency for VCO input signals of 0 
volts. In the current·mirror network, the current of P2 is 
effectively equal to the current through PI independent of 
the drain voltage at P2. (This condition is true provided P2 is 
maintained in saturation; in the circuit shown, P2 is saturated 
under all possible operating conditions and modes). The 
set/reset flip·flop composed of gates I and 2 turns ON either 
P4 and N3, or PS and N2. One side of the external capacitor 
C I is, therefore, held at ground, while the other side is 
charged by the constant current supplied by P2. As soon as 
CI charges to the point at which the transfer point of 
inverters I or 5 is reached, the flip·flop changes state. The 

IN~HIBIT tvoo 

'"' I" cb; 

:Y,r 
l Vss . Vss 

vDD 

~II"' 
i P6 

DEMODULATED il ". 
OUTPUT .~RS veo 

veo lvss 
OUT 

Fig. 8- Schematic of COS/MOS veo section. 
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charged side of the capacitor is now pulled to ground. The 
other side of the capacitor goes negative, and discharges 
rapidly through the drain diode of the OFF n·device. 
SUbsequently, a new half-cycle starts. Since inverters I and 5 
have the same transfer points, the VCO has a 50·percent 
duty·cycle. Inverters I through 4 and 5 through 8 serve 
several purposes: (I) they shape the slow-input ramp from 
capacitor C I to a fast waveform at the flip· flop input stage, 
(2) they maintain low power dissipation through the use of 
high-impedance devices at inverters I and 5 (slow·input 
wave-forms), and (3) they provide four inverter delays before 
removal of the set/reset flip-flop triggering pulse to assure 
proper toggling action. 

In order not to load the low-pass filter, a source·follower 
ouput of the VCO input voltage is provided (demodulated 
output). If this output is used, a load resistor (Rs) of 10 
kilohms or more should be connected from this terminal to 
ground. If unused, this terminal should be left open. A logic 
o on the inhibit input enables the VCO and the source 
follower, while a logic I turns off both to minimize stand-by 
power consumption. 

Performance Summary of COS/MOS PLL 
The maximum ratings for the CD4046A COS/MOS PLL, 

as well as its general operating-performance characteristics 
are outlined in Table I. The VCO and comparator 
characteristics are shown in Tables II and III, respectively. 
Table IV summarizes some use[ulfoiinUla.-asaguide for 
approximating the values of external components for the 
CD4046A in a phase-Iocked·loop system. When using Table IV, 
one should keep in mind that frequency values are in 
kilohertz, resistance values are in kilohms, and capacitance 
values are in microfarads. The selected external components 
must be within the following rar\8.es: 

10 Kn";RJ. R2,Rs"; I Mn 

CI ;;. 100 pF at VDD;;' 5 V 

CI ;;. 50 pF at VDD;;' 10 V 

In addition to the given design information, refer to Fig. 9 
forRI,R2,and CI component selections. The use of Table IV 
in designing a COS/MOS PLL system for some familiar appli
cations is discussed below. 

APPLICATIONS OF THE COS/MOS PLL 
The COS/MOS phase-locked-loop is a versatile building 

block suitable for a wide variety of applications, such as FM 
demodulators, frequency synthesizers, split·phase data 
synchronization and decodittg, and phase-Iocked·loop lock 
detection. 

FM Demodulation 
When a phase-locked-loop is locked on an FM signal, the 

voltage-controlled oscillator (VCO) tracks the instantaneous 
frequency of that signal. The VCO input voltage, which is the 
filtered error voltage from the phase detector, corresponds to 
the demodulated output. Fig. II shows the connections for 
the. COS/MOS CD4046A PLL as an FM demodulator. For 
this example, an FM signal consisting of a IO-kilohertz carrier 
frequency was modulated by a 400-Hz audio signal. The total 
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Table 1- Maximum ratings and general operating character
istics 

MAXIMUM RATINGS. Absolute-Maximum Values: 

Storage Temperature Range ........ --6SoC to +150 DC 

Operating Temperature Range: 

Ceramic Package Tvpes ... -5SoC to +125 ·C 

Plastic Package Types .. -40D C to +85 'c 
DC Supply Voltage Range 

(VDD - VSS) ........ -0.5 V to +15 V 

Device Dissipation (Per PkgJ . 200 rnW 

All Inputs VSS"VI"VDD 

Recommended 

DC SupplV Voltage (VDD - VSSI. 5 to 15 

Recommended 

I nput Voltage SWing VOO to VSS 

General Characteristics (TVpical Values at Vee - VSS 

= 10 V and TA = 25'C) 

V 

Operating SupplV Voltage (VOO - VSSI . 5 to 15 V 

Operating SupplV Current: 

Inhibit'" "0" fa;; 10 kH.l, Voo "'. 5V 70pW 

@C, - 0.000' "F 6OO .. W 
R1 =lMn '0' lOkHl.VDD "'OV.. ~ 

Inhibit = "1" . 

Table 11- VCO electrical characteristics 

VCO Characteristics (TVPical Values at Vee - VSS 
= 10 V and TA = 25°C) 

Maximum Frequency. 

Temperature Stability 

. .......... 1.2 MHz 

.... 600ppm/°C 

Linearity (VVCO in = 5 V;!: 2.5 V) , .... 1% 

Center Frequency ......... Programmable with 
R, and C, 

Frequency Range ......... Programmable with 
R1• R2• and C1 

Input Resistance ................. 1012 n 

Output Voltage... .. . .. 10 Vp_p 

Duty Cycle ...................... 50% 

Rise & Fall Times ................. SO ns 

Output Current Capability 

"1" Drive@Va = 9.S V. 

"0" Sink@ VO ' 0.5 V. 

Demodulated Output: 

Of1set Voltage 

. -1.8 mA 

2.6 rnA 

(VVCO in - VDEMDD ou,) @ 1 rnA. 1.5 V 

Table III - Comparator electrical characteristics 
Comparator Characteristics (TVpical Values at Vee" Vss 

= 10 V and TA = 25'C) 

Signal Input: 

Input Impedance 

Input Sensitivity: 

ac coupled 

..... 400 Kn 

.. 400mV 

dc coupled. . { "0" 'C 30% (VOD - VSSI 

"'" .. 70% (Vee - V SS ) 

Comparator Input Levels (term. 3). "0" <; 30% 1VOO - VSSI 

"'" .. 70% (VDD - VSS) 

Output Current Capability 

Comparator I (term. 2) and C;:omparator II herm. 13): 

"1" Drive@VO =.9.5 V ..... -1.8 mA 

"0" Sink @ Va '" 0.5 V .. 2.6mA 

Comparator II Phase Pulses (term. 1): 

"'" Drive@VO '9.5V ..... -0.5 mA 

"0" Sink @VO ' 0.5 V.. 1.4 mA 

FM signal amplitude is 500 millivolts, therefore the signal 
must be ac coupled to the signal input (terminal 14). 
Phase-comparator I is used for this application because a PLL 
system with a center frequency equal to the FM carrier 
frequency is needed. Phase comparator I lends itself to this 
application also because of its high signal-input-noise
rejection characteristics. 

The formulas shown in Table IV for phase-comparator I 
with R2 = 00 are used in the following considerations. The 
center frequency of the VCO is designed to be equal to the 
carrierfrequency,10 kHz. The value of capacitor CI,'SOO pF, 
was found by assuming an. RI = 100 KSl for a supply voltage 
VDD = 5 volts. 

These values detennined the center Irequency: 
fo = 10kHz 

The PLL was set for a capture-range of 

f '" ±...L. 2rrfl = ±0.4 kHz 
c 2rr R3C2 

92CS-21883 

Fig. 9(8)- Typical center frequency vs. C, for 
R, = 'OKSl, 'OOKSl,and' Mn. 
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15V 
10V 

b-____ ~----~----+_----~~ __ ~~5V 
15V 
10V 
5V 

2 468 2 468 2 468 2 468 2 468 2 468 
4 ,. 

0.1 
468 468 

10-5 10- 4 10'"3 10-2 10-' I 0.01 

veo TIMING CAPACITOR len -f'F 
92CS-21884 

Fig. 9(b)- Typical frequency offset vs. C 1 for 
R2 = 10 Kn, 100 Kn, and 1 Mn. 
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LOW PASS FILTER ., 

VOO=+5V 

'0.10 KHz 
TOTAL CURRENT CRAIN 

IT' '32 p.A FOR 4 dB SIN 92CS.22248 
IT '90",.A FOR 10 dB SIN 

Fig. 10- FM demodulator. 

to allow for the deviation of the carrier frequency due to the 
audio signal. The components shown in Fig. 10 for the 
low·pass filter (R3 = 100 kn,C2 = 0.1 IlF) determine the 
above capture frequency. 

The total current drain at a supply voltage of 5 volts for 
this FM-demodulator application is 132 microamperes for a 4 
dB S/N·ratio on the signal input, and 90 microamperes for a 
IOdB SIN ratio. The power consumption decreases because 
the signal-input amplifier goes into saturation at higher input 
levels. 

Fig. 11. shows the performance of the FM/demodulator 
circuit of Fig. 10 at a 4 dB SIN·ratio. The demodulated 
output is taken off the VCO,input source follower using a 
resistor Rs (Rs = 100 kn).The demodulation gain for this 
circuit is 250 mY/kHz. 

Frequency Synthesizer 
The PLL system can function as a frequency·selective 

frequency multiplier by inserting a frequency divider into the 
feedback loop between the VCO output and the comparator 
input. Fig. 12 shows a COS/MaS low-frequency synthesizer 
with a programmable divider consisting of three decades. N, 
the frequency-divider modulus, can vary from 3 to 999 in 
steps of I. When the PLL system is in lock, the signal and 
comparator inputs are at the same frequency and 

f=NX1kHz 

Therefore, the frequency range of this synthesizer is 3 to 999 
kHz in l·kHz increments, which is programmable by the 
switch position of the Divide-by·N counter. 

0.1 V/cm -
0.5 V/cm 

10 V/cm 

0.1 V/cm I .......... Y 

l-

f-

400 Hz AUDIO 
TRANSMITTED 

FM+ 
NOISE 

veo OUTPUT 

DEMODULATED 
OUTPUT 

Fig. 11- Voltage waveforms of FM demodulator. 

Phase·comparator II is used for this application because it 
will not lock on harmonics of the signal·input reference 
frequency (phase·comparator 1 does lock on harmonics). 
Since the duty cycle of the output of the Divide·by-N 
frequency divider is not SO percent, phase·comparator II 
lends itself directly to this application. 

Using the formulas for phase-comparator II shown in 
Table IV, the veo is set up to cover a range of 0 to l.l MHz. 
The low.pass filter for this application is a two-pole, lag·lead 
filter which enables faster locking for step changes in 
frequency. Fig. 13 shows the waveforms during switching 
between output frequencies of 3 and 903 kHz. The figure 
shows that the transient going towards 3 kHz on the veo 
control voltage is overdamped, while the transient to 903 
kHz is underdamped. This condition could be improved by 
changing the value of R3 in the low·pass filter by means of 
adjustment of the switch-position hundreds in the Divide· 
by·N counter. 

Split·Phase Data Synchronization and Decoding 
Fig.14 shows another application of eos/Mos PLL, 

split·phase data synchronization and decoding. A split
phase data signal consists of a series of binary digits that 
occur at a periodic rate, as shown in waveform A in Fig. 14, 
The weight of each bit, 0 or I, is random, but the duration of 
each bit, and therefore the periodic bit-rate, is essentially 
constant. To detect and process the incoming signal, it is 
necessary to have a clock that is synchronous with the 
data-bit rate. This clock signal must be derived from the 
incoming data signal. Phase·lock techniques can be utilized to 
recover the clock and the data. Timing information is 
contained in the data transitions, which can be positive or 
negative in direction, but both polarities have the same 
meaning for timing recovery. The phase of the signal 
determines the binary bit weight. A binary 0 or 1 is a positive 
or negative transition, respectively, during a bit interval in 
split·phase data signals. 

Fig. 12- Low-frequency synthesizer with three
decade programmable divider. 
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Fig. 13- FrtJquency-synthesizet' wallt1form .. 

Fig. 14- Split-phase data synchronization and decoding. 

As shown in Fig. 14, the split.phase data·input (A) is first 
differentiated to mark the locations of the data transitions. 
The differentiated signal, (B), which is twice the bit rate, is 
gated into the eOS/MOS PLL. Phase-comparator II in the 
PLL is used because of its insensitivity to duty cycle on both 
the signal and comparator inputs. The veo output is fed 
into the clock input of FF I which divides the veo 
frequency by two. During the ON intervals, the PLL tracks 
the differentiated signal (B); during the OFF intervals the 
PLL remembers the last frequency present and still provides 
a clock output. The veo output is inverted and fed into the 
clock input of FF2 whose data input is the inverted output 
of FFI. FF2 provides the necessary phase shift in signal (C) 
to obtain signal (D), the recovered clock signal from the 
split·phase data transmission. The output of FF3, (E), is the 
recovered binary information from the phase information 
contained in the split·phase data. Initial synchroni2ation of 
this PLL system is accomplished by a string of alternating O's 
and l's that precede the data transmission. 

Phase-Locked-Loop Lock Detection 
In some applications that' utili2e a PLL, it is sometimes 

necessary to have an output indication of when the PLL is in 
lock. One of the simplest forms oflock-condition indicator is 
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a binary signal. For example, a I or a 0 output from a 
lock-detection circuit would correspond to a locked or 
unlocked condition, respectively. This signal could, in tum, 
activate circuitry utili2ing a locked PLL signal. This detection 
could also be used in frequency.shift-keyed (FSK) data 
transmissions in which digital information is transmitted by 
switching the input frequency between either oftwo discrete 
input frequencies, one corresponding to a digital I and the 
other to a digital O. . 

Fig. 15 shows a lock·detection scheme for the eos/Mos 
PLL. The signal input is switched between two discrete 
frequencies of 20 kHz and 10kHz. The PLLsystem uses 
phase-comparator II; the veo bandwidth is set up for an 
fmin of 9.5 kHz and an fmax of 10.5 kHz. Therefore, the 
PLL locks and unlocks on the I ()'kHz and 2()'kHz signals, 
respectively. When the PLL is in lock, the output of 
phase-comparator I is low except for some very short pulses 
that result from the inherent phase difference between the 
signal and comparator inputs; the phase-pulses output 
(terminal I) is high except for some very small pulses 
resulting from the same phase difference. This low condition 
of phase comparator I is detected by the lock-detection' 
circuit shown in Fig. 15. Fig. 16 shows the performance of 
this circuit when the input signal is switched between 20 and 
10 kHz. It can be seen that after about five input cycles the 
lock detection signal goes high. 

Fig. 15- Lock-delrlCtiqn circuit 

VERT. 5 V/DIV 
HORIZ: I ms/OIV 

-

} SIGNAL INPUT 
20-10-20 KHz 

}vco OUTPUT 

}
LOCK 
DETECTION 
OUTPUT 

} gg~~~ZI~~OS~~ANG:L 
INPUT FREQUENCY 

Fig. 16- Lock-delrlCtion-circuit waveforms. 



OOCIBLJD 
Solid State 
Division 

Digital Integrated Circuits 

Application Note 
ICAN-6166 

COSIMOS MSI Counter and 
Register Design 
and Applications 

by R. Heuner, J. Litus, Jr., A. Havasy 

COS/MOS (ComplementaryoSymmetry Metal.()xide
Semiconductor) technology offers econoniical MSI 
(Medium.scale Integration) arrays on a single monolithic 
silicon chip. Added performance benefits are derived from 
micropower quiescent power dissipation; moderately. fast 
operation; excellent dc and dynamic noise immunity; high dc 
fanout; stable performance over wide ranges of supply 
voltage, temperature, and device parameter variation; simple 
circuit and subsystem design; and compatible logic and 
memory circuitry from simple gates and flip-flops to 
complex MSI circuits. 

In the COS/MOS MSI area, RCA !las. several counter and 
register types presently available commercially. These devices 
are available in both plastic and ceramic packages intended 
for military, commercial and industrial uses. Devices with the 
suffIX "E" are plastic package types; suffIX "0" are ceramic 
package types. 

CD4006A - EighteenoStage Static Shift Register 
CD4014A - EightoStage Synchronous Parallel-Input/Serial

Output Static Shift Register 
CD4015A - Dual FouroStage Serial-Input/parallel.()utput 

Static Shift Register 
C04017 A - Decade Counter/Divider Plus 10 Oecoded 

D!lcimal Outputs 
CD4018A - Presettable Oivide-by-"N" Counter 
CD4020A - FourteenoStage Ripple.{;arry Binary Counter 
CD402IA - Eight Stage Asynchronous Parallel-Input/Serial-

Output Static Shift Register 
CD4022A- Divide-by-8 Counter Plus 8 Oecoded Outputs 
C04024A - SevenoStage Ripple.{;arry Binary Counter 

This Note shows logic and schematic diagrams for each of 
the counter and register types listed above, outlines circuit 
designs, and discusses device·design tradeoffs. Performance 
criteria are summarized, and applications' by type are 
outlined by logic or subsystems diagrams and waveform 
photographs. Possible extensions of design into other areas of 
application are given. 

The applications shown also utilize other RCA COS/MOS 
family types such as the CD4000A'{;D4002A "NOR" gate 
types; CD4013A Oual-O Flip-Flop type; CD4007A Dual 

6-72 

Complementary Pair Plus Inverter; CD4009Aand CD40IOA 
Hex-Buffer/Logic-Level Converter types; and the CD4011A 
and CD4012A Quad-2 and Dual4 "NANO" gate types. 

GeneraICOS/MOS Design 
The COS/MOS counter and register types described 

consist of between 100 and 300 MOS devices, supporting 
interconnect tunnels and metal runs, and bond pads, all on a 
single monolithic pellet. 

Table I sutiunarizes the major operating characteristics of 
the counter and register types. A complete description of the 
advantages and operating characteristics of the RCA COS/ 
MOS line is given in Refs. 1. 2, 3 and 4. The applications 
shown in this Note for each type are not intended to be 
all-inclusive, but rather to highlight sample uses. ' 

Fig. 'I illustrates the basic static master-slave flip-flop 

CLo-!>r1>---o~ 
. ~CL 

SHAPING 

"'G.TR.t.NSMISSOIIIGATE+ 

INPUT TO OUTPUT IS: 
• .1 Abidirectional.hortcireuit 

when control Input 1 i, "Low" 
IIIId conuel input 2 i. "Hi,hOl 

bl An open circuil 
III"hencontrol inpul 1 
i,"HI,h" and 
coiltrol input 2 i. "Low" 

• D 0 ii 

__ "'VA/.IDcor«KTJON 

.·lEVELO<AAIGf: 
r-DQN"TCAAECASE 

Fig. 1 . Basic COS/MOS master-slave flip·flop stage. 
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--circuit configuration utilized in all the designs described. The 
logic level present at the "0" (Data) input is transferred to 
the "Q" output during the positive-going transition of the 
clock pulse. DC "Reset" or "Set" is accomplished by a high 
level at the respective input. 

loosely specified input waveshape requirement. As shown in 
Table I, the basic flip-flop configuration operates from a 
non-critical single-phase clock input signal. Both "I" and "0" 
_ clock-pulse durations can go to infinity, and rise and fall 
times of 5 microseconds or less are permissible. 

Table I - Typical Features and CharaCteristics of COS/MOS Counters 
and Registers - All Types. 

FEATURES: 

Operating Temperature Range -55 to +125OC (Ceramic) 
-40 to + 850C (PlaStic) 

Operating Voltage Range 3.5 to 15V 
Full MOS Gate Oxide Protection at all Tenninals 
Output Buffers Provided 
Full Static Operation 

TYPICAL CHARACTERISTICS (T A = 25°C) 

Clock Pulse Frequency 

Clock Rise & Fall Times 

Quiescent Power Oissipation/package 

Noise Immunity - All Inputs 

Drive Capability 

Sink Capability 

Both "Reset" and/or "Set" functions are easily omitted, 
as shown for some of the designs. Output lead isolation at 
the "Q" and/or ''fl' outputs is realized by use of inverters. 
These inverters eliminate all possibility of MOS gate oxide 
damage at the output leads, and also improve circuit speed, 
noise immunity, and drive capability. The sizes of the 
p-channel and n-channel MOS devices in the output inverters 
are tailored to meet the desired drive and sink current 
requirements. The internal clock shaping shown pennits a 

VOO=10V 

5MHz 

~ 51'S 

45% ofVOO 

10= 0.5 to 3mA@ 
VI =7V 

10= 0.5 to 3mA@ 
VO=3V 

VOO=5V 

2.5MHz 

10= 0.1 to ImA@ 
VI =4V 

10= 0.1 to IrnA @ 

VO= IV 

CD4024A Seven-Stage Ripple-Carry Binary Counter 
Fig. 2 shows the logic diagram of the CD4024A, a 

7-stage ripple-carry binary counter. Fig. 3 -illustrates in 
more detail the schematic and logic diagrams for one of the 
seven counter stages. Operation is similar to that of the basic 
master-slave flip-flop, with the following exceptions: the 
"0" -\ine connection is derived from the Q output of that 
stage so that it complements tile stage at the negative 
clock-pulse -transition. The clocking ofa stage is derived from 

TERMINAL No, 2 Voo 
TERMINAL No.12 GND. 

Fig. 2 - Logic diagram of CD4024A binary counter. 
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the previous counter stage (ripple~arry). The dc "Reset" 
function is realized by raising the ground return path of the 
Q outputs of all seven stages (both master and slave sections). 
This mode of resetting saves four devices a,nd associated 
intercolU\ections per counter stage. 

CIRCUITRY r
~~B~~~ION 

~voo~ J: -=~QTO 
,.-tt- . STAGE 2 

OTO 
STAGE 2 

RESET TO 
-ALL STAGES 

INPUT 
PULSE 

ICAN·6166 

Fig. 4 illustrates the use of the CD4024A as a binary 
frequency-divider. Multiple CD4024A units can be stacked 
for added frequency division. .The clock input of a 
subsequent CD4024A is derived directly from the last output 
~tage of the previous CD4024A. 

NOTE: SUBSTRATES FOR ALL .p. UNITS 
ARE CONNECTED TO Voo SUB
STRATES FOR ALL MN- UNITS, 
UNLESS OTHERWISE SHOWN, ARE 
CONNECTED TO GROUND. 
RESET 11lFUT HAS SAME PRO
TECTION CIRCUITRY AS THAT 
SHOWN FOR THE • INPUT. . 

EQUATIONS FOR STAGES 2 TO 7 
- < -020UT. (Q2){Ql)(~(R) 

0lOUT = (QJ)(Q,1{D2)(;)(Ih 

Q40U1 = ID4)(Ql)(Q21(Q3)(~dh 
QSOUT '" (Qs)(QI)(QZ)(Q3)(Q~J(;;I(ih 
Q60UT = (Q6)(O,HDz)(Q]I(Q4)(Qsxilcji) 

070UT'" (Q7)(QI)(QZ)(Q]J(D4)(Qsl(D6)(i)(R) 

- ~ -a, OUT"IO,II</>IIRI 

~
SH.PER _ 

</> </> 

</> 

INPUTS TO a} 
2nd STAGE 

0, 

R·o-----~_+--~~-+~_1----~ 

Nota: Reset line drive impedance must be such that the 
specified conditions are met. For example. with Voo ... 
10 V the reset line voltage must not exceed 1 volt. 
For 8 typical peak current of 2 rnA this requires that the 
drive impedance be < 500 fi. 

• R" HIGH DOMINATES (RESETS All STAGES). 

·ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT PULSE. 
COUNTER ADVANCES ONE BINARY COUNT ON EACH NEGATIVE ClTRANSITION 
(128 TOTAL BINARY COUNTS) 

Fig. 3 . Schematic and logic diagrams for one of the seven 
counter stages i{l the CD4024A. 

~ - --~S~'~';Q;·----i 

I CD4Q02A I 

I ' 
I 13 : , ~~~~~~ 
I 
I 
I 
I 
I '------'-----' I 
L ___________ ..J 

·SEE REF. 6 

(bllclld)'ellfllg)lhl ~ 
'~FREQ IN- (al 

1/2'" (b) 

114 "I c) 

1 IS'" Id) 

1/16" lei 

fl32" (f) 

1/64 R (g) 

flJ2S- (hI 

Fig. 4 . CD4024A "Binary frequency.tJivider" application. 
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Fig. S shows how the CD4024A is used to derive a 
desired pul5eo()utput delay time. Varied ·delay times can be 
realized by detecting different CD4024A outputs. A fmer 
control of delay time is possible if more than one CD4024A 
output is detected. Extremely long and accurate delay times 
can be realized by use of an accurate oscillator* and multiple 
CD4024A units. 

Fig. 6 illustrates the use of the CD4024A to derive 
various divide-by-N counter configurations. Fig. 6a & 6b 
illustrate 2 reliable reset methods for counting to the number 
N, (N=60). Reset mode 1 is shown in Fig. 6a. The type 
D-F1ip-F1op is set at the coincidence of count S9 and the 
positive clock transition. . At the next negative clock 
transition, a reset pulse is generated, whose duration is 

COMMON 
RESET 

*FOUR CD400IA'S FOR GATING AND INVERSION 

one-half the clock cycle time. This resets the CD4024A to 
zero. Note that only count S9 needs to be detected for the 
reset operation, and no N+l count occurs. 

Reset mode 2 is ~own in Fig. 6b. The N+ 1 count (60) is 
detected, sets the R-S Flip-Flop, which in tum resets the 
CD4024A to the zero state. The reset pulse width is one-half 
the clock cycle time, and is removed by gating count zero 
with the positive clock transition to reset the R-S Flip-Flop. 

Fig. 6c illustrates a divide-by~O, djyjde-by~O and 
divide-by-24 timer system using the reset scheme (mode I) of 
Fig. 6a. Similar use of one CD4024A unit pennits any 
divide-by-N from 2 to 128. In applications where decimal 
display outputs are required, the RCA type CD4017 A can be 
used to advantage, as described later in this Note. 

TRACE (a). PULSE 
IN 

STAGE{'ST VARIABLE 
DElAY 2ND . :~f~ 3RD 

(TRACE b) 

TRACE (a)-PULSE IN 

STAGE {4TH VARIABLE 
DELAY 6 TH 

~~}T~ 7TH 

(TRACE b) 

Fig. 5 - CD4024A "Pulse-delay-control" application. 

* See Ref. S 
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PACKAGE COUNT 

I-CD400IA 
I-CD4012A 

: I-CD4013A 
I-CD4Q24A 

V2 OJ4012A 

CLOCK (a) 

DATA (b) 

ale) 
fold) 

CLOCK (a) 

DATAlb) 

aCc) 

foCd} 

--------------
'-'-'-- ..... '--- .... '-'- ..... '--'-

- - --

-~---~- -

------
---------

Fig. 6a - Counter of 60 using reset mode 1. 

Fig. 6 - CD4024A used to derive various divide-by·N counter 
configurations. 



CLOCK 

113 
CD4QOOA 

CLOCK IN 
'oJ 

I 
CL 

I 
CL 

PACKAGE COUNT 

~ 
2-C04013A 
3-CD4Qt2A 
3-C04001A 
2-CD4009A 

1- CD4000A 
1- C04001 A 
1- C04024A 
1- C04012 A 

CLOCK (a) 

SET (b) 
RESET lei 

fo (dl 

COUNT "0" (e' 

CLOCK (0) 

SET(b) 

RESET Ie} 

'old) 
COUNT "0· lei 
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- --
'--- '---

- ---- ----

Fig. 6b - Counter of 60 using reset mode 2. 

*ALL INVERTERS SHOWN ARE 1/6-CD40Q9A 

TRACE 

CLOCK IN=(oJ 

SAME 
CLOCK {I IN 24~rb} 

(d) INTO 
.;.. 24 AND I IN 60"(c) 

-:- 60 SECTIONS 

TRACE 

CLOCK IN={o) 

liN 60=(c) 

I IN 3600~(dl 
(CLOCK IN 

DERIVED FROM 
.1 IN 60) 

-
1 • , , 

. . 

Fig. 6c - CD4024A "Divide-by-N counter" configuration; 
diagram shows divide-by-60, divide-by-60 and divide-by-24 
configurations. 
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Fig. 7a shows how the CD4024A is used with a weighted 
, resistor network to realize analog to digital conversion (A to 

D). The CD40IOA (Hex-Buffer, Non-Inverting) is used 'to 
reduce the more significant counter output "I" level 
impedances' (which have, poor tolerances) to well below the 
precision resistor network values. 

Varied ranges of analog signals can be handled by control 
<;>f the resistor network and comparator. 

As the CD4024A counter advances, the voltage input to 
the comparator rises until it equals the analog input. The 
comparator then switches and inhibits further counter 
advancement, thus holding the digital representation of the 
analog signal in the counter. Because the CD4024A can 

~ ! CLOCK·'a) 

ANALOG *** 
INPUT STAIRCASE-Cbl 
·IV 

COMPARATOR-tel 

!!lag ---

ANALOG ***. .' !r."J STAI~·'b) l CLOCK· to) 

~---, MPARATOR· te) - -

"lTlftllIla!TClla.> ... ISOIITOP!bIT RtI'!Tnl'lE 
III'III.T1CItI"laIP'r:tlSl'LAY." 

""OPPD!IIT-.aGYClU_RAllGUbIIRIlEWZEI! 
'TDIf'!lllMT1II5IITm.~n._~-.1. 

-1¥IILTfIII'I'IBTICAl.SCAUo 

Fig. 7a • Weighted resistor network. 

CLOCK CD4024A 

0 , 02 O. 04 0 5 ' 06 07 

100 100 100 100 100 100 
K K K K K K 

50K 50K 50K 50K 50K 50K 

100 
K 

100 
K 

Va 

count to 27, or 128, division of an analog voltage range into 
100 parts is easily realized. (The example shows a loVolt 
range broken into 100millivoit steps.) 

Fig. 7b shows the CD4024A used with an R-2R ladder 
network for A to D conversion. The R-2R network, while 
requiring added resistors, utilizes only 2 resistor values, 
permits ready expansion to greater than 7 stages, and 
provides better resistor temperature tracking and allows 
elimination of the CD40IOA's. The photographs, for the 
R-ZR ,network, show a stepping input from zero to 12.8 
volts, divided into IO().millivolt steps. The CD401 OA Buffers 
may be used to permit lower R-2R values, if desired. 

lal 

VOUT (S.OVlcn 

Ibl 

VOUT IO.5V/cm 

---- ----------------

INTENSIFIED ZONE OF PHOTO (0) 

Fig. 7b· Analog-to-digital conversion-resistor ladder network. 

Fig. 7· CD4024A "Analog'to-digiral conversion" application. 
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Fig. 8 shows the Logic Diagram of the CD4020A, a 
140Stage Binary Counter. Applications are similar to the 
CD4024A. 

Fig. 8 - Logic diagram of CD4020A 14-stage binary counter. 

RCA CD4017A Decade Counter/Divider 
Plus 10 Decoded Decimal Outputs 

. Fig. 9 shows the logic diagram of the CD4017 A a decade 
counter plus 10 decoded decimal outputs. A five-stage 
"Johnson· Counter" configuration is used to implement the 
decade counter. The basic flip-flop stages are similar to that 
described in Fig. 1. "Clock", "Reset", "Inhibit", and "Carry 
Out" signals are provided. The decade counter advances one 
count at the positive clock-signal transition provided the 
inhibit signal is low. Counter advancement by way of the 
clock line is inhibited when the inhibit signal is high. A high 

TERMINAL. No. 16-VOO 
TERMINAL No. 8 • GND 

Fig. 9 - Logic diagram of CD40 17 A-decade counter. 
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reset signal clears tjl~, decade counter to its zero count. Use 
of the "Johnson", decade counter configuration permits 
high~peed opera#I!Il, two-input decimal decode gating, and 
spike-free .decoded output. Anti-lock gating is provided to 
permit only the . proper counting sequence. The ten decimal 
outputs are normally low and go high only at their respective. 
decoded decimal time sIot. Each decimal output rentains high 

.. for one full clock cycle. The carry-out signal completes one 
cycle for every ten clock input cycles, and is used to clock 
the follOWing decade directly in any multi- decalle applica
tion. 

Fig. 10 shows the use of the CD4017 A in a "Multi
Decade Counter/Decimal Display" application. Two typical 
lamp-driver interface circuits are shown. When one-sixth of a 
CD4009A is used as the lamp driver, current ranges up to 
2(}.mUliamperes and 7.5-rnilliamperes can be realized for 
COS/MOS supply voltages of 10 volts and 5.0 volts, 
respectively. 

CLOCK WPUT (a) 

16 " 14 13 12 II 10 9 

CD4017A 
10'S DECADE 

1234:i678 

...... "tf"t'"fI''7''"5' 
(bl 

TO CUlCK 
IN NEXT 
STAGE 

CD4017A 
1000S DECADE 

12345678 

.~:. ri~AMP 
'r.~~-r <>-Ii OR ~9A 

2 TYPICAL LAMP DRIVER CIRCUITS 

:!!!,!g . 

CLOCK INPUT· (01 

(o'.{ COUNT"C" ·ebl 
COUNT "9" .. eel 

IOO"{ COUNT "0" .. Cd) 

COUNT "9" ·ee) 

- - - -

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

Fig. 10- CD4017A "Multi-decade counter/decimal display" 
application. 

Fig. Il illustrates the use of the CD4017A in a 
"Multi-Decade· Frequency Division" application; decimal 
display is optional. Fig. 12 shows the use of the CD4017 A to 
obtain various divide-by-N counter configUrations. Figs. 12a 
& 12b illustrate two reset methods in counting· to the 
number 60. Fig. 12c shows an example of divide-by-60, 
divide-by-60 and divide-by-24. The CD4017 A permits easy 
decimal display of each divide-by-N section. The CD4017A 
can also be used in applications requiring multiplexing, de
multiplexing and commutation of signals. 

485 



ICAN-6166 

RCA CD4022A Divide-by-8 Counter Plus 8 Decoded Outputs FREQ. 
INPUT 

(0) fllOIbl flIOOIC) fllOOOtdl Fig. 13 shows the logic diagram. of the CD4022A, a 
divide-by-S counter and S decoded outputs. A four-<ltage 
"Johnson Counter" is used to implement the divide-by-8 
counter. The basic flip-flop stages are similar to that 
described in Fig. 1. "Clock",. "Clock-Enable", "Reset" and 
"Carry-Out" signals are provided on the divide-by-8 counter. 

16 15 14 13 12 11 10 9 16 15 14 13 12 II 10 9 16 I!I 14 13 12 II 109 

The divide-by-S counter is advanced One count at the 
positive clock-signal transistion. A high reset signal returns 
the divide-by-S counter to its zero count. Use of the 
"Johnson" divide-by-8 counter configuration permits high
,speed oper~tion, two-input decode gating, and spike-free 
decoded output. Anti-lock gating is provided to permit only 
the proper counting sequence. The eight d~oded outputs are 
normally low and go high only at .their respective decoded 
time slot. Each decoded output remains high for one full 
clock cycle. The carry-out signal completes one cycle for. 
every eight clock input cycles, and is used to clock the 
following counter stage directly, in multi-:stage applications. 

CD4017A C04017A 
.... 10 +100 

~ 
f-FREQ.iNPUT-(a) 

flIO-(b) 

fIlOO-(el 

ffIOOO-Cd) 

CD4017A 
';'1000 

Fig. 14 shows the CD4022A used in a "Divide-by-8 
Counter/Decoder" application. One CD4022A unit provides 
the counting as well as the decoding function. Fig. 11 - CD401 7 A "Multi·decade frequency division" 

PACKAGE COUNT: 
I-CD400IA 
I-CD4012A 
2-CD4017A 

<'------'~ 

application. 

PACkAGE COUNT: 
I-C04001A I-CD4012A 
1-CD40I!A 2-C04017A 

Fig. 12a - Counter of 60-using reset modo 1. 

CLOCK (a) 

DATA (bl 

Q Ie) 

'oed) 

CLOCK (01 

DATA (b) 

Ole) 

fa Cd) 

CLOCK (01 

SET (bl 

RESET (e) 

CLOCK (a) 

SET (b) 

RESET tel 

fa (d) 

Fig. 12b - Counter of 6O-using reset mode 2. 

Fig. 12 - CD4017A "Divide-by-N counter" configurations. 

___ -.=-0;:0- ___ _ 

'--~I...-I.......; ...... ___ i-,--
~ 

-- ~-- --

-- ---- '-----

-----,.--, 
--- -----



TERMINAL No. 16" Voo 
TERMINAL No. 8 " GND 

leAN·61S6 

·DIVIDE BY N COUNTER WITH DECIMAL DISPLAY· 
fEXAMPLE SHOWN +60. +60, +24) 

~ 
CLOCK IN-(a) 

f' IN So-eel 

LIIN 24-(b) 

SAME CLOCK INTO 
+24 ANO"'SO 
SECTIONS 

~ 
CLOCK IH"(al 

liN SO-eel 

lIN 3600"(d) 
(CLOCK IN 

DERIVED FRO", 
I IN 60) 

--------
----------
----------

" " , 

----------------------
PACKAGE COUNT 

6-CD4017A 
2-CD401lA 
2-CD4001A 
2-CD4013A 
2-CD4009A 

Fig. 12c· Dividr:-by-60, dividr:-by·60and dividr:-by-24 configuration. 

112) 

TRACE 

CLOCI" ~~": \~\ 
-,".(el 

"2"· Cd) 
DECODED "3"" (a) 
OUTPUTS ·4 "" (tl 

"5""(9) 
"6". (hI 
"7". (il 

CO!JT" 0) 

2137114510 

- - - - - - - - -
>=----------- -
~ -- --- -- -
----- -
------- ---------

------ --

Fig. 14· CD4022A ""Divide·by-B counter/decoder" 
Fig. 13· Logic diagram of the CD4022A-dividr:-by-B counter. application. 
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Fig. IS shows a "DiVide:by-64 Counter/Decoder" appli
cation. The partial decode function performed by the 
CD4022A Significantly simplifies the external gating to 
complete the 1~in-64 ,decode function. Other binary 
counter/decoder applications can also be realized. 

CLO.OC WPUT (01 

Fig. 168· Block diagram •. 

~-----------:p 
+8-"0" ~Ibl' ~ ~6" 

.... 64- . ":"'64-"'" ..... 64.!':s"~ ...;..&4.!'T' 

I I I I64OOXXlEOOUTPUTS l ! ! !I2OCD400IAUNIT'SI 

I I I I 

~,~~,,_ rt::::::--------=:-----1r..::.----li ~ 
. '~7·ICI QJ".,"ldi LU-"3I"C" ""ClJ"63"(f1 

Fig. 15b· Logic diagram. 

~ 
CLOCK IN- (0) 

Fig. 15c· Waveforms. 

·0·. Ib) 

"r·. Ie) 
"'S". Cd) 

"3'"'' Ce) 
"63". (t) 

-

----------
-------------

---------

Fig. 15· CD4022A "Divide-by.IJ4· counter/decoder" 
application. 

RCA CD4018A Pr_ttable Divide-by·N Counter 
Fig. 16 shows the logic diagram of the CD4018A, a 

presettable divide-by-N counter. The CD4018A consists of 
five flip·flops which can be conflgllred as as·, 4·, 3-, or 
2-stage Johnson counter with buffered 0 outputs from each 
stage, and counter preset control gating. "Clock", "Reset", 
"Data", "Preset", and 5 "Jam" inputs are provided. Q 
outputs are provided from each of the five counter stages. 
The basic flip-flop stages are similar to that shown in Fig. I. 

Divide-by~IO, 8, 6,4, or 2 counter configurations can be 
implemented by feeding th~ Os; <14, <13, Q2' or QI' signals, 
respectively, back to the data input. Divide-by-9, 7, 5, or 3 
counter configurations can be implemented by use of the 
CD4011A .gate package.' to gate the proper feedback 
connection to the data input. Divide-by-functions greater 
than 10 can be achieved by use of multiple CD4018A 
packages. The counter configuration is advanced one count 
at the positive clock-signal transition. A high reset signal 
clears the counter to an all-zero condition. A high preset 
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signal allows information on the Jam inputs to preset the 
counter configuration. Anti-lock gating is provided to assure 
the proper counting sequence. 

Fig. 17 shows the CD4018A utilized in constructing 
fIXed counters of divide-by-9, 7, 5 or 3. Operation in a 
divide-by-7 configuration is shown in detail in Fig. 18. 

Fig. 16· Logic diagram of the CD401BA-presettable divide-' 
by-N counter. 

EXTERNAL CONNECTIONS FOR DIVIDE 
BY IO.9.8,7.G.S.4.3 OPERATION 

DIVIDE BY 10 
DIVIDE BY B 
DIVIDE BY 6 

DIVIDE BY 4 

DIVIDE BY 9 

g:] CONNECTEJ NO EXTERNAL 
Q BACK TO COMPONENTS 

,nOATAft REQUIRED 
Q, 

1/2 CD40llA 

~
4 r-----------"'] 

FROM I I CONNECTED BACK TO "DATA" 
CD4018A _ I (SKIPS -ALL-I',- STATE) 

Q5 L. ____________ J OF CD4018A 

DIVIDE BY 7 
112 CD401lA - r------------, 

~' , 
FROM I I CONNECTED BACK TO "DATA· 
CD4018A 0 I (SKIPS -ALL-I',- STATE) 

4 L ___________ J OF CD40IBA 

DIVIDE BY 5 
112 C04011A _ ,------------, 

FROM Q~: : CONNECTED BACK TO -DATA" 
C040lBA _ . I (SKIPS "ALL-I',- STATE) 

Q3 L ___________ J OF CD40lBA 

DIVIDE BY 3 
1/2 CD40IIA 

il~r----------i 
FROM I I CONNECTED BACK TO -DATA· 
C04018A _ I (SKIPS ·ALL-I',· STATE) 

02 L. __________ J OF C040lBA 

Fig. 17· Extemal connections for divide-by· 10, 9, 8; 7, 6, 5, 
4, 3 operation. 
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CLOCK 

01 

ilz 

is, 

04 

DATA 

Fig. 18 - CD4018A "Fixed divide-by-l" configuration. 

:OST:I~CHES ARE L---....jl---I-------------+-...... --t>--f::....-j 
SET FOR N-5!5S 

2-RESISTORS ARE 
TTPICALLY IOKn 
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lal 

(c) FIG.19a 
TEST PO..,. 

CLOCK A 

PRESET STROBE C 

COUNT DECODED 0 

+N OUTPUT 

t N IS SET FOR 002) 

I12C0400ZA 

Idl 
. CLOCK-[TP"A", FlG,190] 

1009 

JAM-IN fOR 019 
SWITCHES 
PROGRAMMED esa 
FOR .. N OO EQUALS: 

[TP ·.·.FlG.19.] 090 

099 

~. 

"" 
· · , · , · , , , , 

Ibl 
~. 

"" · · · , · , · , , , , 

~. 

"'" · · · , · , · , , , · 

FlIISTDtCADt 
IUNITS1 

eo..ma, 02 03 
, , , , , , , , , , , , , , , , · , , , , , , , 

a.~ , , , , , , , , , , , , · , , ~IJ~. , , , · , , · , , 
SECOND DECADE 

ITl~SI 

'"'"' 01 02 ~ , , , , , , , , , , , , , , , , · , , , , , , , · , , , 
~~ 
, , , , , , , , , , , , , , , , , 

: IJ ~. · , , · , , THIAOOECADE 
IIlUNDAEDSJ 

""'Ill 01 ., .. , , , , , , , , , , , , , , , , · , , , · , , , · , , , , , , . · , , , · , , , 

0. Os , , , , , , , , , , , , . . . 
n!J-

·These digits. representative of 
count "9" in each decade, are 
decoded to give the preset strobe. 

Fig. 19 - Three-decade, programmable, divide-by-N counter with frequency division from 2 to 999: (a) logic diagram; (b) 
counting sequence; (c) timing waveforms at various points in the circuit; (d) divide-by·N output for various values of N; 
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·'1" (1)0, 

• >. 

7 , 

• 4 
5 

NOTES: 

I. SWITCH SET TO 
SHOW COIJNT 4 
WITH LOGIC lEVEL: 

2. THIS SWITCH IS A 
ID-POSITION 

(SINGLE WAFER) 
CENTRALAS PA-160, 
OR EQUIVALENT. 
IT CAN ALSO BE 
MADE FROM A KIT 

BREAK BEFORE MAKE 
r---l-+-+~ 

REAR 

CD40lBA 

3. SINGLE WAFER (NON-STANDARD) PER 
DECADE; TO ENABLE THE ELIMINATION 
OF RESISTORS. WHICH REDUCES COMPONENT 
COUNT AND POWER DISSIPATION. 

Fig. 19 (e) alternative decade switch configuration. 

TERMINAL Na.l4 = Voo 
TERMINAL No. 7 ~ GNO. 

Fig. 19 illustrates the use of the CD4018A in a 
programmable divide-by-N counter, where N is any number 
from 2 to 999 for the example shown. Extension to higher N 
ranges is realized by use of additional CD4018A units. The 
Johnson-(;Ounter configuration of the CD4018A permits 
simpler switch arrangements at the Jam inputs controlling 
the programmable preset state. The programmable divide
by-N configuration can be utilized in frequency-synthesis 
applications. . 

The CD4018A can also be utilized as a five stage parallel 
input/output holding register. "Holding Register" parallel 
entry can be controned by means of the "Preset Enable 
line", resulting in a five stage latch operation. 

CD4006A 18-518ge Static Shift Register 
Fig. 20 shows the logic diagram of the CD4006A, an 

IS-stage static shift register. The register stages are similar to 
those shown in Fig. 1. The CD4006A consists of four 
separate shift-register sections, two four-stage sections and 
two five-stage sections with output taps at the fourth stage. 
Each register section has independent "Data" inputs to the 
first stage. The clock input is common to all 18 register 
stages. Through appropriate connection of inputs and 
outputs, multiple register sections of 4,5,8, and 9 stages or 
single register sections of 10, 12, 13, 14, 16, 17, and 18 
stages can be implemented using one CD4006A. Longer 
shift-register sections can be assembled by use of more than 
one CD4006A. 

Fig. 20· Logic diagram of the CD4006A - 18-stage static 
shift register. 
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Fig. 21 shows in more detail the schematic and logiC 
~grams for one of the 18 register stages. Register shifting 
occurs on the negative clock-pulse transition. 

NOTE: Al.L ~P"-UNIT SUBSTRATES 
ARE CONNECTED TO Voo 

ALL MN°-UNIT SUBSTRATES 
ARE CONNECTED TO Vss 

TG-~~:7.:~_~;~_. 
Io> ... _ ......... __ ''' ..... ~ ___ 1,,_. 

aT! 

a TO 

NEXT 
STAGE 

Fig. 21 - Schematic and logic diagrams for one of the 18 
register sections of the CD4006A. 

RCA CD4015A Dual 4-Stage Serial-Input/Parallel-Output 
Static Shift Register 

Fig. 22 shows the logic diagram of the CD4015A. The 
CD4015A consists of two identical, independent; four-stage 
serial-input{parallel-output registers. Each register has 
independent "Clock" and "Reset" inputs, as well as a serial 
"Data" input. "Q" outputs are available from each of the 
four stages on both registers. All register stages are similar to 
that shown in Fig. 1. The logic level present at the data input 
is transferred into the first register stage and shifted over one 
stage at each p·ositive clock transition. Reset of a four-stage 
section is accomplished by a· high level on the reset line. 
Register expansion to 8 stages with one CD40 15 A or to more 
than 8 stages with multiple CD4015A packages, is possible. 
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Fig. 23 shows the use of. the CD4015A in an 8-stage 
serial-input{parallel-output register application. This circuit 
operates as follows: The CD4015A connected as an 8-stage 
register is reset and "I"s are shifted through the register. The 
scope trace shows the "I" pattem loading into the register 
until a "I" reaches the eighth stage and initiates reset. After 
two clock pulses, the reset is. removed and "I "s again shift 
into the register. Low-speed-to-high-speed data queueing and 
serial/parallel data conversion are typical applications. 

Fig. 22 - Logic diagram of the CD4015A - dual 4-stage 
serial-inputlparallel-output register. 

RCA CD4014A S-5tage Synchronous 
Parallel-lnput!Serial-Output Static Shift Register 

Fig. 24 shows the logic diagram. of the CD4014A, an 
8-stage synchronous parallel-input{serial-output register. A 
"Clock" input and a single serial "Data" input along with 
individual paralIel "Jam" inputs to each register stage and a 
common "Parallel/Serial" control signal are provided. "Q" 
outputs from the 6th, 7th, and 8th siages are available. All 
register stages are ·similar to that shown in Fig. I, except that 
extra transmission gates permit parallel or serial entry. 
Parallel or serial entry is made into the register synchronous 
with the positive clock transition and under control of the 
parallel/serial input. When the parallel/serial input is low, 
data is serially shifted into the 8-stage register synchronous 
with the positive clock transition. When the parallel/serial 
input is high, data is jammed into the 8-stage register by way 
of the parallel input lines and synchronous with the positive 
clock transition. Register expansion with multiple CD4014A 
packages is possible. 
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Fig. 23· CD4015A 8·stage serial·input!parallel-output regis
ter application. 
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Fig. 24· Logic diagram of the CD4014A 8-stage synchronous 
parallel-input!serial-output register. 
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Fig. 25 shows the use of the CD4014A in an 8-stage 
synchronous parallel·input/serial-output register application. 
In -this configuration, the CD4013A allows a parallel transfer 
to be made into the CD4014A register once every 8 clock 
pulses. Use of the divide-by-2 outputs of the CD4013A as 
parallel inputs to alternate CD4014A stages permits change
over from a 10101010 to a 01010101 parallel input pattern 
every 8 pulses. The scope trace shows the parallel transfer of 
the 01010101 pattern into the register followed by eight 
shift pulses and subsequently another parallel transfer of 
10101010 and eight shift pulses. High-speed-to-Iow-speed 
data queueing and parallel/serial data conversion are typical 
applications. 

Fig. 25· CD4014A 8-stage synchronous parallel·input/serial
output register application. 

The CD4014A can be utilized in pseudo-randon-<:ode 
generation applications via combined control of the parallel 
input conditions and gating of the 6th, 7th, and 8th stage 
register feedback to the serial input. Fig. 26 shows the 
photomicrograph of the CD40 14A pellet. 

Fig. 26 - Photomicrograph of the CD4014A pellet. 



RCA CD4021A 8-Stage Asynchronous 
Parallel-Input/Serial-Output Static Shift Register 

Fig. 27 shows the logic diagram of the CD4021 A 8-stage 
asynchronous parallel-input/serial-output register. Operation 
is basically the same as that of the CD4014A except that 
parallel transfers are made as soon as the parallel/serial 
control input goes high. Parallel transfers are thus made 
asynchronous with the clock input. Serial shifting is still 
performed synchronously with the clock input. The 
CD4014A thus permits the parallel transfer to be synchro
nized with a different clocking signal than that of the serial 
transfer. Thus, in high-speed-to,low-speed data queueing, for 
example, an externally gated high-speed clock may control 
the parallel transfer while the low-speed clock may control 
the serial shifting. 

Fig. 27 - Logic diagram of the CD4021A 8-stage asynchro
nous parallel-inputlserial:output register. 

Fig. 28 shows the use of the CD4021 A in an 8-stage 
asynchronous high-speed parallel-input/low-speed serial
output application. For the example shown, the high-speed 

. portion of the system is simulated by simplified control 
logic. A 10kHz slow-speed clock and I MHz high-speed clock 
are assumed. Signal lines "a" . and "b", as well as the eight 
data lines, are representative of the information transfer 
requirements, between the high-and-low-speed systems. At 
the s1ow-speed output sections, the CD4021A shifts out 
stored information at a 10kHz clock rate. The CD4022A 
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counts to eight at the 10kHz rate and at count zero, sends a 
high "Flag" signal to the high-speed system over line "a", 
indicating that the low-speed section is ready to accept eight 
bits on the data lines. 

In the simulated high-speed section, a high on line "a", 
allows Flip-Flop "A" to set on the positive transition of the 
IMHz clock. The Q output of Flip-Flop "A" is gated with 
the IMHz clock to form a gated IMHz clock signal on line 
"b". This clock signal along with count zero at the slow 
speed section puts a single I MHz gated clock pulse at the 
Parallel/Serial Control of the CD4021A to permit an eight bit 
parallel transfer of data from the high-speed system to the 
low-speed system. 

R-S Flip-Flops I & 2 remove the "Flag" signal "a" after a 
IMHz gated clock pulse on line "b" has generated the 
parallel transfer signal. These flip-flops also prevent any 
further activation of line "a" (and line "b") and subsequent 
parallel transfers until the CD4022A counts back to zero. 
Thus, the eight bits transferredinto the CD4021 A are shifted 
out at the 10kHz clock rate before a new set of data is 
transferred into the CD4021A. Note that the extra pulse 
edge generated at line "b" (one clock pulse after the gated 
IMHz clock pulse) is ignored. (See the Logic of the 
s1ow-speed section.) For Scope Display purposes, Flip-Flop 
B, in the high-speed system is used to change the pattern 
transferred every eight 10kHz clock pulses from a 10101010 
to a 01010101 pattern. 

In an actual system the high signal at line "a" would 
represent a "Flag" bit, enabling the high-speed system to 
transfer eight bits of new data, any time during the count 
zero. (10kHz clock cycle duration.) This allows the 
high-speed system time to service its many other input and 
output lines and to satisfy internal process requirements at 
the IMHz rate. At the same time, the high-speed system is 
still conditioning the eight transfer lines Gust prior to 
activation of line "b") with a pulse to enable the parallel 
transfer of data. The re-sync Flip-Flop in the slow-speed 
section helps avoid any gap in the output data due to the 
variable delay possible in line servicing between the eighth 
shifted bit out of the CD4021A and the next parallel transfer 
of the eight valid bits of information. 

Conclusions 

This note has shown the use of several COS/MaS MSI 
counters and static shift registers in systems designs. The 
designs described are useful in a variety of applications. 

The availability of an increasing number of standard 
low-cost COS/MaS devices now permits the systems designer 
greater freedom and versatility as well as increased reliability 
in his designs. 
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Noise Immunity of 
COS/MOS Integrated· Circuit 
Logic Gates 
by S.S. Eaton 

The immunity of a COS/MaS integrated-<:ircuit logic gate to 
noise signals is a function of many variables, such as 
individual chip differences, fan-in and fano{)ut, stray 
inductance and capacitance, supply voltage, location of the 
noise, shape of the noise signal, and temperature. Moreover, 
the immunity of a system of gates usually differs from that 
of any individual gate. Because of the many variables 
involved, a generalized analysis of the noise immunity of a 
logic circuit is a complex process. In general, it is more 
practical to analyze immunity of a system for a specific set 
of conditions and then to generalize or extrapolate the 
results to make them applicable to other sets of conditions. 

This Note describes the types of noise usually encountered in 
a logic system and evaluates the noise immunity of a 
COS/MaS integrated-<:ircuit logic·gate test setup in relation 
to system variables. The evaluation is performed on a setup 
that includes a CD4000A dual 3-input gate plus inverter and a 
CD400lA quad 2·input gate connected in cascade to drive a 
CD4013A flip·flop. Measurement of the voltage required at 
various gate leads to switch the flip-flop defines the 
noise-immunity threshold of the gate circuits. 

TYPES OF NOISE 

The following listing indicates dnd briefly explains the types 
of noise usually encountered in logic systems: 

I. External noise - noise that is generated externally 
by electric motors, arcing relay contacts, circuit 
breakers, and other similar types of devices. Such 
noise is usually inductively coupled into the logic 
system. 

11·73 

2. Crosstalk - noise that results froin coupling (usu
ally capacitive) between adjacent signal lines. 

3. Transmission-line reflections - noise introduced 
into the logic system when an impedance mismatch 
exists at the receiving end of the line. The energy 
reflected back along the line causes ringing, and 
voltage levels produced may exceed. the noise
immunity threshold of the receiving gate. This 
type of noise is most prevalent when the switching 
time of the gate is short in comparison to the time 
delay of the line. 

4. Power-line noise - noise that results from tran
sient currents produced in the supply line by cou
pling from external sources or by stray or junction 
capacitarices at the gate outputs. 

5. Ground-line noise - noise that is produced on the 
ground line because of improper ground returns. 

This Note evaluates the noise immunity of the CD4000A and 
CD4001 A COS/MaS integrated-<:ircuit logic gates with respect 
to each type of noise listed above with the exception of that 
produced by transmission·line reflections. Because this type 
of noise is specifically a function of the transmission line, a 
generalized analysis is not as effective as in the case of the 
other types of noise. However, transmission-line reflections 
are not significant in COS/MaS circuit systems because the 
switching speed of a COS/MaS circuit is generally slow in 
comparison to the time delay of a line. The schematic and 
logic diagrams of the CD4000A and CD40OJA· gates are 
shown in Figs. 1 and 2, respectively. 
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" Ne 1 14 VDD 

• 

Fig. 1 • Schematic and fogic diagrams of the CD4000A dual 
~input gate plus inverter. 

14 VDD 

GND 7 

(b) 

(a) 

Fig. 2· Schematic and logic diagrams of the CD4001A quad 
2-input gate. 

SIGNAL·LlNE EXTERNAL NOISE IMMUNITY 

The following analysis Was used to determine the immunity 
of a COS/MaS gate to noise on the input line at both the "0" 
Oow·level) and "I" (high·level) states. 

·'O"·State Analysis 

The signal·line noise immunity of COS/MaS gates was 
evaluated by use of the test circuit shown in Fig. 3(a). The 
COS/MaS gate under test was the inverter section of a 
CD4000A. Fig. 3(b) shows the resUlts obtained. The test setup 
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is designed to measure the voltage required at the input of 
the inverter to trigger a CD40!3A flip·flop. The logic diagram 
of the CD40!3A is shown in Fig. 4. 

During test, a noise pulse is introduced on the signal line of 
the CD4000A inverter. At some voltage level, depending on 
the width of the pulse and the gate thresholds, this pulse 
causes the flip·flop to be "set" because of the rising voltage 
on the set input that results from the decreasing voltage at 
the output of the inverter. This level defines the permissible 
input range for a logical "0." The measured value for a 
supply voltage of 10 volts was 4.4 volts. For a supply voltage 
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Fig. 3 . (a) Test circuit and (b) measured results for "O"-state 
signal·line noise·immunity test. 

of 14 volts, the measured value of the voltage required to 
trigger the flip-flop was approximately 6.2 volts. 

A de analysis of the transfer characteristics of the 
components included in the test setup, shown in Fig. 5, can 
also be used to determine the noise level required to set the 
flip-flop. Fig. 5(a) shows that an input of 5.5 volts is required 

'19 

a CL 

3/11- ~- t ~- t 
~ 

TERMINAL 14 " Voo 

TERMINAL 7 .. GND 

to trigger the CD40l3A flip-flop at a supply voltage VnD of 
10 volts. Fig. 5(b) shows that a signal of 5.45 volts is 
required at the illJlut to the CD400lA gate to produce an 
output of 5.5 volts. 0 

Similarly, Fig. 5(c) shows that the CD4000A inverter requires 
an input of 4.45 volts to provide 5.45 volts to the input of the 

o CD400lA gate. An input of 4.45 volts to the CD4000A in
verter, therefore, should trigger the CD4013A flip-flop. The 
actual measured value of the voltage required to trigger the 
flip· flop, as shown in the curve for VDD = 10 V in Fig~ 3(b), 
is 4.4 volts. (All measured values shown on all graphs are 
typical, obtained from measurements on gates that have 
typical threshold switching characteristics.) 

"I "-State Analysis 

Fig. 6 shows the test setup used and the resuits obtained 
from noise-immunity measurements on the COS{MOS logic 
gates when the input to the CD4000A inverter gate is high and 
a negative·going pulse is superimposed on the signal line. As 
in the case of the "O" .. tate evaluation, a de analysis of the 
component transfer characteristics may be made to verify the 
measured noise immunity. Fig. 5(c) shows that the input to 
the CD4000A must decrease from 10 volts to 4.5 volts (a 
margin of 5.5 volts) to provide the 5.5-volt output required 
to trigger the flip-flop. The measured value of the required 
decrease in voltage, as shown in Fig. 6(b), is 53 volts. 

POWER·SUPPL Y NOISE IMMUNITY 

The test configuration shown in Fig. 7(a) measures the 
ability of the CD4000A inverter to withstand a negative-going 
noise pulse on the supply line without a change in state. A 
puise of sufficient amplitude causes the output of the gate to 
decrease so that,at some point, the CD40l3A flip-flop will be 
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Fig. 4 - Logic diagram and truth table for the CD4013A 
COS/MOS integrated circuit flip-flop. 
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Fig. 6 . (a) Test circuit and (b) measured results for the 
#1"-state signa/-line noise immunity test. 

triggered from the rising voltage at the output of the driving 
inverter stage. The curves in Fig. 7(b) show the noise 
inununity level for noise pulses on the power supply to be 
4.2 volts at 10 volts and 5.7 volts at 14 volts. 
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Fig. 7 . (a) Test circuit and (b) measured results for the 
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GROUND-LINE NOISE IMMUNITY 

Noise on the power line may be effectively reduced or 
eliminated by use of decoupling capacitors; ground-line 
noise, however, cannot be reduced so easily and, therefore, is 
more objectionable. Fig. 8(a) shows the test circuit used to 
measure the ground·line noise immunity of the COS/MOS 
gate, and Fig. 8(b) shows curves of the measured results 
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Fig. 8 - (a) Test circuit and (b) measured results for the 
ground immunity rest. 

obtained. The noise pulse introduced on the ground line of 
the CD4000A inverter raises the potential of the output of the 
gate until the flip·flop is triggered. The close similarity of the 
COS/MOS flip-flop switching curves shown in Fig. 9(b) and 
the noise-immunity curves shown in Fig. 8(b) confirms a 
volt-for·volt change at the gate output with a change in 
ground potential for the COS/MOS circuit. 

CROSSTALK NOISE IMMUNITY 

A test circuit that may be used to evaluate crosstalk is shown 
in Fig. 10. A noise pulse from a pulse generator is coupled to 
the signal line of the CD4000A gate through a capacitor. The 
noise voltage necessary to trigger the flip· flop is then 
measured for different values of capacitance under "high" 
and "low" input conditions. Fig. II shows the results of 
these tests. As expected, the noise amplitudes required to 
trigger the flip-flop are higher for lower capacitance values. A 
more meaningful evaluation of the circuit is provided by the 
curves in Fig. 12, which show the noise amplitude as a 
percentage of the supply voltage. Because crosstalk is caused 

ovJL 

(a) 

6 

2 \ 
~ 

8 
,"-.. VDO~ 14V 

"-
Voo= IOV 

4 

200 400 600 800 1000 1200 
PULSE WIDTH - ns 

(b) 

Fig. 9 - Switching curves for the CD4013A COS/MOS flip-flop. 
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Fig. 10 - Circuit used for test of noise voltage as a function 
coupling capacitance. 
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Fig. 12 . Noise immunity in terms of percentage of supply 
voltage. 

by varying signals coupled from adjacent lines and the logic 
swing of these signals is limited and approaches the supply 
voltage, the percentage of the supply voltage coupled at the 
time when the flip-flop is set is a more meaningful value than 
the actual value of the voltage at this instant. For example, if 
the amplitude of crosstalk noise required to trigger the 
CD4013A flip-flop at a supply voltage of 10 volts is less than 
that required at a supply voltage of 14 volts, this condition 
does not imply that a COS/MaS logic circuit operated at 14 
volts is more immune to crosstalk than a similar circuit 
operated at JO volts because of the different logic swings 
involved. 

The results shown in Figs. II and 12 also provide a 
meaningful comparison between low- and high-state 
operation of the COS/MaS gates. In general, a greater noise 
immunity is achieved in the low state. 

Although the test circuit shown in Fig. 10 yields reliable 
data, the measured values are not entirely representative of 
actual operating conditions. The circ~it shown in Fig. 13 

fLIP-FLOP 

INVEATE 
No.1 

INVERTER INVERTER 
No.3 No.4 

Fig. 13 . Test circuit used to determine crosstalk noise 
susceptibility. 
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more closely approximates crosstalk caused by adjacent 
signal lines. In this circuit, CD400lA gates are used as the 
driving inverters for the CD4013A flip-flop. The output of 
inverter No. I can be made either high or low for crosstalk 
tests in both logic states. The response of this test circuit to a 
noise pulse may be explained by analysis of the response of a 
high-pass RC circuit to a ramp input of Vi = at. The output 
voltage Vo may be expressed by the following equation: 

Yo = a RC (1 _ .-t/RC) (1) 

The equivalent circuit for the part of the test configuration 
used in this analysis is shown in Fig. 14. On the basis of this 
equivalent circuit, Eq. (I) may be rewritten as follows: 

(2) 

If Vi is assumed to be at (where t is the rise time) during the 
period in which the output voltage switches from JO to 90 
per cent of its total value, this change in output voltage can 
be expressed as follows: 

Vi (Zo I I Zin) C 
6 Y ~ [1 _ ._tl (Zo I I Zin) C J (3) 

Om ax 

Vo 

'''H '"~'" f Ic 
1"" I TEST) = (NEXl GATE' 

V'N 

Fig. 14 - Equivalent circuit for noise analysis of the test 
configuration shown in Fig. 13. 

The results of this analysis may be applied to the various 
crosstalk waveforms obtained. Fig. 15 shows photographs of 
Vo with the output of inverter No. I in the high state. Fig. 
15(a) shows the crosstalk pulses obtained for the CD4001A 
COS/MaS gate for a capacitance C of 100 picofarads. Noise 
pulses are obtained only at certain time intervals which 
correspond to the rising and falling edges of the voltage Vi. 
Only the falling pulses are considered in the following 
analysis _ because they are responsible for triggering the 
flip-flop. 

Eq. (3) may be used to calculate the amplitude of the pulses. 
The noise pulse introduced to the test circuit switches from 
90 to 10 per cent of its final value in 17 nanoseconds (fall 
time). Because of the 100-picofarad capacitance C at the 
output of inverter No.3, the fall time at this point should be 
somewhat greater thon 17 nanoseconds. The actual measured 
value is 130 nanoseconds. In Eq. (3), therefore, t = 130 
nanoseconds, tNi = (0.090) (10) - (0.10) (10) = 8 volts, 
Zin"'10 120hms, Zo'" 550 ohms (for the COS/MOS 
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integrated-circuit gate used), and C = 100 picofarads. The 
output voltage swing 6Vomax is then calculated as follows: 

(8 V) (55011) (10-' 0 F) 

II Vomax "" 130 ~ 10.9 S 

130 x 10'" s I. 
[1·. / (55011) (10-. 0 F)] 

=3.1 V 

Fig. 15(a) shows that the measured value of the fall voltage 
(about 2.9 volts) is in close agreement with the calculated 
value. Fig. 15(b) shows the crosstalk pulse for the same 
COS/MOS circuit with a noise pulse rate of 500 kHz rather 
than 54 kHz. As Eq. (3) implies, the pulse rate does not seem 
to change the noise amplitudes. 

(a) 

(b) 

Fig. 15 - "1 "-state crosstalk waveforms: (aJ frequency = 54 
kHz, pulse width = 5 fJSlcm, and pulse amplitude = 5 V Icm; 
(bJ frequency = 500 kHz, pulse width = 1 fJS/em and pulse 
amplitude = 5 V /em. 

In the low state, the output impedances of the COS/MOS 
logic circuit are low enough (550 ohms) and the rise times 
sufficiently slow that the flip-flop could not be triggered at 
any value of capacitance used (up to 10 microfarads). 

Crosstalk measurements that simulate actual operation are 
made by use of the test circuit shown in Fig. 16. In this 

FROM 

GEN~~~ ~>o-f~~~~~~1 INVERTER INVERTER 
No.1 No.2 

___ 7' __ _ 

Fig. 16 - Crosstalk test circuit which uses tightly coupled 
cable to simulate actual operating conditions. 

circuit, a sense line is placed tightly within five surrounding 
wires (No. 22 gauge) to form a 7·foot-Iong cable which has a 
capacitance of 30 picofarads per foot (determined by 
measurement). The cable is used to simulate a worst-case 
cable with 5 gates switching on lines adjacent to one wire. 
The results of this iest are shown by the photographs in Figs. 
17 and 18. Fig. 17 shows the effect of the capacitive loading 

Fig. 17 - Crosstalk waveform showing effect of load 
capacitance (output of CD4001A inverter No.3; frequency = 
500 kHz, pulse width = 1 fJS/em, and pulse amplitude = 2 
V/emJ. 
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IOV-
lAC COUPLED) 

(a) 

(b) 

Fig. 18 - Crosstalk waveforms for (a) "0" state and (b) "1" 
state (frequency = 500 kHz, pulse width = 1 ps/cm, and pulse 
amplitude =1 V/cm for "0" state waveformsor.O.2 V/cm for 
"1 "-state waveforms). 

on the fall time of the inverted output waveform. Fig. 18 
shows the "O"-and "I "-state crosstalk coupled to the sense 
line. In both cases, the forward crosstalk, or noise, at the 
receiver end of the cable (the input to inverter No.2 in Fig. 
16) matched back crosstalk, or noise at the driver end of the 
cable (the output of inverter No. I). The crosstalk does not 
trigger the flip-flop in either the ''0'' or "I" state. Even with 
a tightly coupled 7-foot cable, the COS/MOS gate does not 
change state falsely. 

CONCLUSIONS 

The results of all tests show exceptionally high noise 
immunity for COS/MOS integrated-circuit gates. Typical 
noise-immunity values range from 4.5 to 5.5 volts for a 
supply voltage VOO of 10 volts, and 5.5 to 8.5 volts for a 
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Voo of 14 volts. These high values are achieved with gate 
power consumptions in the microwatt range, as compared 
with much higher (milliwatt) consumptions and much lower 
noise immunities (about I volt) for saturated bipolar logic. 
Factors contributing to the high noise immuoity of 
COS/MOS gates are the relatively slow speeds and relatively 
low (500 ohms) output impedances. 

Because it is impossible to study all cases of noise immunity, 
the cases chosen are meant only to be representative. Noise 
pulses are certainly not all rectangular in shape, ·and the same 
type of integrated circuit may have widely differing 
characteristics. It is hoped, however, that enough 
information is presented to permit generalization to other 
cases not specifically studied. 
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INTRODUCTION 

The broad line of COS/MaS standard parts in the 
CD4000A series,l including many MSI functions not available 
in other logic families, provides the design engineer with the 
tools to implement a large number of digital functions. 
The well·known characteristics of COS/MaS circuits,2 such 
as low power dissipation, wide supply·voltage range, high 
noise immunity, and excellent temperature stability, can make 
possible cost·effective systems for a variety of applications, 
and have opened up. new areas where electronic controls 
were not previously suitable for a variety of reasons. 

This Note considers the area of data gathering and pro· 
cessing, and is developed in terms of a typical system for 
process controls. Emphasis is placed on applications of the 
newer parts in the CD4000A line. Also stressed are the flexi· 
bility of system design and common data·bus architecture 
made possible by the three·state outputs and bidirectional 
input/outputs incorporated in many COS/MaS circuits and 
the ease of system design for data handling in increments of 
4 bits made possible by the careful planning of the CD4000A 
family. 

The implementation of the system described is shown in 
terms of the COS/MaS standard parts which can be used to 
perform the desired system functions. Specific details, such as 
pin numbers, are not provided; rather attention is focused on 
the multiplicity of applications which can be handled' by a 
single product and the scope of information processing which 
can be covered by standard parts. 

The fine points of circuit design, which would have to be 
dealt with in any real·world design, are not treated here. The 
approach adopted is one of "fIlling in the blocks" to show 
which COS/MaS standard parts can be used to implement a 
particular function, and how these blocks tie together \0 
create a system. 

SYSTEM DESCRIPTION 

The over·all system described is one which accepts 
asynchronous inputs of analog or digital data and ,operates on 
that data; the output is display and control information. Fig. 1 
shows a block diagram of the entire system. It is assumed that 
the input signals from remote sensors are digit,ally encoded 
and transmitted to the central Processor Unit for 'data manipu· 

OIGITA"L 
PROCESSOR 

ANALOG 
SIGNALS 

92CS-21494RI 

Fig. 1 - Block diagram of the Data·Gathering and Processing System. 
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lation. It is also assumed that the controlled functions are at a 
distance from the Processor and that data is transmitted from 
the Processor to the Controller by frequency-modulation 
techniques, At the Controller, data is reconstructed to an NRZ 
data-word format which can then be used for direct digital 
control or converted to an analog voltage for proportional 
control of.set:Vos, etc. 

The display output at the Processor is a 4-digit, Iiquid
crystal display located in reasonable proximity to the rest of 
the logic. Thus, the areas to be considered for COS/MaS 
implementation include A/D and D/ A conversion, data trans
mission and reception, and data processing. Serial-to-parallel 
and parallel-to-serial conversion are included since a common 
data bus architecture is assumed in the Processor Unit. 

Two power supplies, + \0 volts and -5 volts, are used in 
the system. All COS/MaS parts require only a single power 
supply and single-phase clock, and logic levels in the system 
will be from VSS = 0 volts to VDD = \0 volts. However, the 
negative supply can be used to advantage, as examples in this 
Note will show, to permit transmission of signal levels above 
and below ground, and to develop 15 volts across the Iiquid
crystal display for good readability. 

INPUT SIGNAL CONDITIONING AND TRANSMISSION 

Fig. 2 shows the conversion of analog input voltages to a 
serial-data stream. The CD4051A's are used as multiplexers to 
connect, one at a time, each of the 16 analog input voltages to 
the AID converter. When the conversion is completed, a signal 
from the converter gates an oscillator ON which causes the 
8-bit result of the A/D conversion to be multiplexed into -a 
serial-data stream. This data, along with a clock, is transmitted 
to the Processor Unit. A CD4047A used in the negative-trigger, 
astable mode provides a reset pulse to the AID converter on 
the negative transition of Q3. The pulse indicates that the B-bit 
data stream has been transmitted and that the input multi-

SENSOR 
INPUTS 

+IOV-----

GN.-M 
-5V----·-

+IOV 

plexer has been stepped to the next address. By taking ad
vantage of the capability of the CD4051A's to operate from 
two power supplies, analog voltages above and below ground 
can be switched by control-signal inputs of 0 to 10 volts. 
Note that the CD4051 A ii SUitable for both analog and digital 
multiplexing applications and that, because of the Inhibit 
input, which entirely disconnects the common outputs, two 
or more units can be wire-OR'ed. 

The A/D c'onverter c~h also be assembled with COS/MaS 
standard parts, as shown ,in Fig. 3(a). The CD4040A binary 
counter, used in conjunction with an R/2R resistor ladder 
network, gerierates a staircase ramp at the negative input to 

·the comparator as shown in Fig .. 3(b). When the ladder voltage 
matches the analog input, -the comparator output goes low. 
This signal is inverted by ilie CIi4007 A and becomes a logic I 
latched into the flip-flop. This action inhibits additional clocks 
to the counter and indicates that 'the conversion is complete. 
The output of the counter, which is buffered by high-current 
CD404IA's to minimize switch impedance effects on the re
sistor ladder, is the digital equivalent of the analog input 
voltage. A reset clears the flip-flop and resets the counter so 
that the next conversion can begin. 

To generate a staircase from -5 volts to 10 volts, one end 
of the resistor ladder is connected to -5 volts, and the counter 
is connected with a VDD of 10 volts and a VSS of -5 volts. 
Since the clock and reset signals to the counter must then 
swing from -5 volts to \0 volts, a CD4054A is used as a level 
translator. 

A micropower op-amp, the CA3080A, is used as a voltage 
comparator for the D/ A converter. The op-amp is gated off 
after the conversion is completed by turning off a p-device of 
the CD4007 A supplying bias current to the unit. In this way, 
power dissipation is reduced to a few microwatts in the standby 
state during those times in which a conversion is not actually 
being performed. With the active bias current (Jabc) set at 
15 microamperes, typical power dissipation for the CA3080 is 

Fig. 2 - The conversion of analog input voltages to a serial-data stream. 
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about 500 microwatts with a V+ of 10 volts and a V~ of'::'5 
volts. Dissipation during a conversion would be approximately 
20 milliwatts at a clock rate of 100kHz for the circuit shown in 
Fig.3. Standby dissipation, however, would typically bdess 
than 50 micro watts. Care must be taken not to exceed the 
common-mode input voltage of the op-amp. 

+IOV n 
- 5V ..J L 

+rov 

DIGITAL PROCESSOR UNIT 

A block diagram of the Processor Unit is shown in Fig. 4. 
Four internal bus systems are used. The Control Bus carries 

"discrete contiol:and timing signals from the Control Unit to 
the various sub-units; the other three bus systems are 8-bit, 
parallel transfer" buses. The Memory Bus (M) carries memory 

C04013A 

L-----------------~~~~----------------------------------~---------+RESET 
92CM-2232:1 

IOV 

ANALOG INPUT 
VOLTAGE LEVEL 

OP. AMP. 
OUTPUT 

+IOVf------1 

-5V 

+IOVf----., 
CONVERSION 
DONE SIGNAL 0 

RESET 

1.1 

92CS-22315 

(b) 

Fig. 3 - fa) The A/D converter assembled with COS/MOS standard parts, fb) staircase ramp generated by the 

CD4040A binary counter. 
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Fig. 4 - Block diagram of the Processor Unit. 

address information from the Control Unitto the Memory and 
Output Buffer, while tlie Data Bus (D) is used for common 
data transfers between all subsystems. The third parallel bus is 
internal to the Arithmetic Unit and i~ used for high-speed 
transfer of data between registers in that unit. It is assumed 
that, because of bandwidth limitations, data input and output 
rates are asynchronous with respect to the system internal 
clocking and, therefore, that the I/O's are interfaced with the 
D bus under command of the Control Unit. 

RECEIVER 

Fig. 5 shows the Receiver portion of the Processor. A 
CD4034A is used in the serial-in/parallel.out mode for data 
serial-to·parallel conversion, and also functions as a holding 
register for input data until the Control Unit calls for it to be 
strobed onto the D bus. A CD4017 A associated with each 
register counts input clocks and, when output number "s" 
goes high, indicates that its associated register is fun. A 
scanner, consisting of a CD4052A dual4-channel multiplexer, 

DATA BUS 92CS-21493RI 

Fig. 5 - Receiver portion of the Processor. 
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sequentially examines each counter and reports to the Control 
Unit when any register is ready to be read out. A pulse from the 
Control Unit back through the CD4052A resets the counter and 
strobes the appropriate register onto the 0 bus. 

MEMORY 

The Memory portion of the Processor is shown in 
Fig. 6(a}. Eight CD406lA's are paralleled to form the g·bit 

MEMORV 
ADDRESS 8pS 

/c---'---, 

FROM 

MEMORY 

ADDRESS 

BUS 

AO 
AI 

~! >=::.jM"MO'>V 
A5 
A6 
A7 

(oj 

I.J 

structure required for the 0 bus. A chip enable feature 
allows the Data Input and Data Output terminals of these 
units to be tied together since both are disconnected when 
the Chip Enable input is high. (The Chip Enable input must be 
high prior to any change of address.) The Read/Write control 
determines whether parallel data will be written from or read 
onto the Data Bus when the memory is enabled. With reason· 
able capacitive loading, read access times of about 400 nano-

92CM-21501RI 

DATA BUS 
I 

ADDRESS 
DECODERS 

Fig. 6 - (a) Memory portion of the Processor, (b) an exp mded memory organization to 4096 words. 
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seconds are achievable. The C04042A's, which are quad
clocked latches, are used as a memory address register. 

An expanded memory organization to 4096 words is 
shown in Fig. 6(b). Here the eight-package organization of 
Fig. 6(a) is taken as a basic building block and repeated 16 
times. Four more address bits on the M Bus can be decoded 
into 16 discrete block-enabling signals by using a CD4028A. 
The decoded outputs rimst be inverted to provide the "low" 
enabling signal required by the C04061A memories. The en· 
'tire memory can be disabled, i.e., effectively disconnected 
from the D Bus, by maintaining the Memory Disable signal low. 

The memory could be used in this system to store pro· 
gramming instructions for the Control Unit, parameter limits 
against which new inputs are to be compared, instruction 
words which are to be sent to the remote controller, etc. 

ARITHMETIC UNIT 

An extremely flexible Arithmetic Unit can be configured 
by using two C04057 A 4-bit arithmetic arrays and three 
CD4034A shift registers, as shown in Fig. 7. The C04057 A;. 
have a 16-instruction repertoire', as shown in Table I. The ad
dition of four operational modes which control iransfer of 
information, either serial data or arithmetic carries, and the 
I/Ocontrol, makes the C04057A a powerful tool for arithmetic 
operations. The results of these operations are fed back to the 
Control Unit of the D bus and overflow indicator, and are used 
to determine the next sequence of operations. 

CLOCK 
REGISTER A MODES 

,'The" bidirectional data ,input/output capability of, the 
C04Q57 A's and C04034A's enables units to be arrayed on 
iheir own Arithmetic Bus A and to communicate directly with 
all other subsystems. 

Register A contains two C04057 A's for arithmetic 
operations and a C04034A to allow left shifting of results as 

Table I - The 16-lnstruction Repertoire of the CD4057 A 

NO·OP (Operational Inhibit) 

AND 

Count down 

Count up 

Subtract from zero (SMZ) (Stored number) 

Subtract from memory (SM) (Stored number from memory) 

Add (AD) 

Subtract (SUB) (Memory from stored number) 

Set to one 

Clear to zero 

Exclusive-OR 

OR 

Input Data (From parallel data lines) 

Left shift 

Right shift 

Rotate (cycle) right 

INSTRUCTIONS 
TRUE/COMPLEMENT 

CONTROL 

REJi~~~'r=-B ______ "-<4 ~~4030A 

Ilr: PI C::~:4A PB I"'" LI+ _~ .. i=l-r~ :"',.'"h II '; .. ·lli " 1 
41-...;0i'1""T'"-rA::.;::SI,OE'-r-r'0:;.:..,....J Ye 01 04 I Lje o. O~~: 01 U,DJ O • 

•. J:!~ {1't11~~REnGISTEnR A ~1~1l:n~1~11P1Jr'";;-=GISTER=B 

D "- 0 
01 B SIDE 08 AE 

~} , ., RECIRCULATE ZEROS ;/'" 
PIS I-- MODE . 

C04034A AIS 1==, CONTROL 
CLOCK REGISTER C e AlB 

01 A SIDE O. 

~ 

OATA~~~~ 101 
.US 

92CM-22:323 

Fig. 7 - The Arithmetic ,Unit. 
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would be required in a multiplication algorithm. Parallel data 
entry or access to the A bus is possible for the shift register 
from the A side of the CD4034A. When all inputs on the B side 
are grounded, the shift register can be reset by performing a 
parallel·input operation on the B side. 

Register B is a general.purpose register which could be 
used to hold intermediate results, a multiplicand, or for shift
right expansion of register A. With the configuration shown, 
Le., with the output of Q8 connected to the input of Q7 and 
so forth, register B can be made to shift left as well as right, 
its normal mode of shifting. Left shifting is accomplished by 
enabling synchronous data entry on the B side and clocking 
the register. The· ad.dition of a CD4030A exclusive·OR gate 
causes .the register to be complemented when the True/ 
Complement Control signal is high and data is right shifted 
around once. With the control signal low, data is recirculated 
without modification. Here again, the three·state outputs on 
the A side of the B register allow parallel or serial data transfer 
to and from the A bus. 

The C register is used as an interface buffer between 
the A and D buses and for data storage or right·hand expansion 
of the A register. Table II shows the modes of operation for 
buffering and the required control·signallevels. The one mode 
which is not realizable directly from Table II could be ac
complished by putting two CD40 l6A transmission-gate pack· 
ages between the B side of the CD4034A and the A bus. 
Register C can be cleared by setting the Recirculate-Zeros 
contromne low and shifting data around once. Of course, a 
parallel entry of zeros from either the A or D bus would also 
serve as a reset for this register. 

DISPLAY OUTPUT 

The display unit for numerical outputs is shown in Fig. 8. 
The CD4056A is used as interface with a 4-digit Iiquid-crystal 
display, the TA8054R. Each CD4056A contains a 4-bit latch, 
a BCD-to-7 ·segment decoder, level shifters, and display drivers. 
When a square wave is applied to the Display-Frequency input 
of the CD4056A and as a common to one side of the display, 
the selected segment outputs consist of a square wave 1800 

Table II - Modes of Operation for Buffering and the 
Required Control,Signal Levels for the C 
Register 

Control Lines 

AE AlB AlS PIS 

1.lnpul from 0, disconnect from A-' - - - -
2. Input from D. cooneellO A H H H H 

3. Disconnect from 0, connect to A L H H H 

4. Disconnect from D. disconnect from A L L L X 

5. Input from A, di&CQnnect from 0 L L H H 

6. Input from A, connect 10 0 H L H H 

7. Disconnect from A, connect to 0 H L L H 

8. Oisconnect from A, disconnect from 0 L L L X 

-Note: 

C 

-
L 

j 
These "A's" refer to the A {Arithmetic} Bus, not to the "A side" of the CD4034A. 

92CS-22324 

mit of phase with the common. The signal causes the ap
propriate segment to become visible. Unselected outputs are 
in phase with the common, and the appropriate segment is then 
not visible. The two voltage·supply terminals of the CD4056A 
pennit a higher voltage to be used across the display than 
appears on the control inputs to the device and allows for 
maximum contrast ratio on the display. At 15 volts and a 
frequency of 60 Hz, typical operating current for the display 
is only 125 microamperes. 

Assuming that the normal data·bus information is in 
standard binary notation, conversion to BCD for the display 
can be handled in the Arithmetic Unit by using the Couleur3 
technique or hard-wired, IC·implemented schemes.4,S Since 
the D bus is 8 bits, two transfers are necessary to display all 
4 digits. 

DISPLAY INTERFACE 

DATA~ • • us~ 

4 -DIGIT l.IQUID CRYSTAl. 'J2CS·ZI4'J5RI 

Fig. 8 - Display unit for numerical outputs. 
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OUTPUT BUFFER 

The Output·Buffer circuitry, shown inFig. 9, is realized 
by using a memory in a parallel·write/serial·read mode. The 
CD40S 1 A is used as a multiplexer to enable one CD4061 A 
memory circuit at a time when the Read/Write control line is 
low (for Read) and the Inhibit input of the CD40SlA is also 
low. If the Inhibit input were high in the read mode, then all 
multiplexer outputs would be off since, with both inputs 
low to each gate, all NOR outputs will be high, and the 
memory will be disabled. Note that pull·down resistors are 
used to define a logic 0 level to the NOR gate since the 
tri·state outputs of the CD40S 1 A would otherwise lea ... those 
inputs floating. Whenever the Read/Write control line goes 
high, all NOR gate outputs will be forced low and a 
parallel Write operation will be enabled. 

For the greatest flexibility in this buffer application, 
CD4029A up/down preseltable counters have been used for the 
address register. A starting address is strobed into the register 
by using the Preset Enable inputs of the CD4029A's. The clock 
is then enabled to provide a serial·memory readout where the 
address is automatically advanced or decremented at a rate 
suitable for the transmission medium. A faster clock can be 
used to fill the memory initially from the D Bus in the 
Write Mode. A CD4019A AND/OR select gate is used to 
sWitch between the two clocks. By disabling the clock 
entirely, the CD4029A can be made to perform as a simple, 
4·bit latch to randomly access any particular memory location. 

As an example of the use and operation of the entire 
Control Unit, consider the case where one of the system 

READ CLOCK 

analog inputs represents water pressure being monitored in a 
pipe. The digitized pressure reading would be entered into the 
Arithmetic Unit and then subtracted from a maximum or 
minimum limit number brought from memory. In addition, 
the present reading could be compared against the last reading 
stored in memory and the result compared with yet another 
stored"parameter to determine whether the difference in two 
readings lay within expected bounds. A rapid pressure drop, 
for instance, could indicate a leak in the line and would 
require a warning message to be generated and special action 
to be taken by the controls. 

OUTPUT TRANSMITTER 

The Transmitter portion of the system, shown in 
Fig; 1 O(a), consists of an NRZ·to·biphase data converter 
(CD4037A) and a VCO (CD4046A), so that output data wUl 
be in the form of biphase FSK. This type of modulation is 
preferred in many applications since one zero-crossing is 
generated during each bit period; this arrangement simplifies 
clock [ecovery. However, this technique is relatively wasteful 
of ba~dwidth. The CD4037 A generates biphase data, as 
shown in Fig. IO(b), when supplied with a clock and clock at 
twice the bit tate. The output of the circuit is used to control 
a transmission gate (CD4016A) which switches R3 in parallel 
with R2, thus changing the input voltage· to the VCO. The 
VCO output, then, is two discrete frequencies determined by 
the ratios of RI and R2 for a logic I and RI to R2/R3 for a 
logic O. 

CD40SIA 

IN 

+ VOD 

SERIAL DATA 
TO TRANSMITTER 

I 
DATA BUS 

Fig. 9 - Output· Buffer circuit. 
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~~~UT{LOCK 
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IN 

(a' 

(bl 

........ 
BIPHASE 

FSK 
CATA 

:::::::1 BIPHASE 
SIGNALS ENCODER 

OUTPUT 

Fig. 10 - (al Transmitter, (bl biphase data generated by the 
CD4037A. 

RECEIVER 

The block diagram of the Receiver is shown in Fig. ll(a). 
After amplification, the FSK signal is detected in a phase· 
locked loop using the CD4046A and a threshold detector 
(Fig. ll(b». Clock and data reconstruction is accomplished 
by the circuit shown in Fig. Il(c). 

The flexibility of COS/MaS devices is demonstrated in 
Fig. 12 in which an op·amp circuit that can be used to 
amplify the incoming signal to the Receiver is configured. The 
op-amp consists of two CA3600E packages, which are 
CD4007 A units specially tested for linear applications, and 
one CA3046 bipolar-transistor array. This circuit is unusual in 
that it is responsive to small-signal, ground·referenced inputs, 
and the output stage can easily be driven to within 10 milli
volts ofVDD or VSS when RL is very high. 

In Fig. 11 (b), the phase·locked loop locks onto the 
incoming frequency. The voltage controlling the VCO then 
assumes two discrete values corresponding to whether the 
loop is locked onto fl' representing a binary 1, or f2' repre
senting a binary O. A Schmitt trigger, constructed of a 
CD4007 A and used here for threshold detection, discriminates 
between the two voltages and produces a clean 1 or 0 output. 
This action completes the demodulation of FSK into a biphase 
data stream. 

The next step is to reconvert the data in the biphase 
data stream to the original NRZ and recover the clock signal; 
Fig. 1 I (c) shows how this can be done. The biphase data CA) is 

differentiated to mark the locations of data transitions. )his 
'differentiation provides a reference frequency at twice the bit 
rate of the phase-locked loop. However, some of the pulses will 
be missing where transitions occurred in the original data 
stream (B). To provide a reliable clock, the VCO is forced to 

COS/MOS 
OP. AMP. 

(SEE FIG. 13) 

FRONT END 

@ 

® 

®--I.....J......J......J 

DEMODULATOR 

(FIG. liB) 

(a' 

(b' 

(,' 

CLOCK RECOVERY 
a DATA TRANSLATOR 

(FIG.IICI 

92CS-22318 

PHASE LOCKED LOOP 
LOW-PASS FILTER 

Fig. 11 - (al Receiver, (bl phase·locked loop consisting of a 
CD4046A and a threshold detector, (cl circuit for 

clock and data reconstruction. 
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run at twice the bit rate by FFI, which divides the VCO out
put by two before returning it to the phase comparator (D). 
The differentiated signal is ga~ed such that only every other 
pulse is permitted through to the phase comparator (C). In 
this way, the PPL does not see the missing pulses; and the VCO 
output remains constant at twice the bit rate. FF2 provides the 
necessary 90° phase. shift to geherate a clock signal for 
incoming data (E). The output of !,F3 is the recovered binary 
information (F). Initial synchronization of the system is ac
complished . by preceding actual data transmission with a 
string of alternating O's and l's.6 

Typical data rates up to 600 kHz can be realized within 
the frequency range of the VCO incorporated in the CD4046A 
with the VCO operating at 10 volts. 

CONTROL UNIT 

Binary information recovered at the Control Unit can be 
used directly to control on/off functions by a particular bit in 
the data word, or a complete word can be converted to an 
equivalent analog voltage for proportional control of servos, 
for example. An AID converter realizable with COS/MOS 
standard parts is shown in Fig. 13, In a configuratiol) analogous 
to the Receiver portion of the Control Unit, a data word is 
clocked into a CD4034A register and, after all 8 bits have 

r-------, 
I 

~o~~~---~========~----, 
DATA 

COS/MOS 
Of! AMP. 

(FIG. 131 

Fig. 13 - A D/A converter that can be made up of COS/MOS 
standard parts. 

been received, the output of a CD4017 A (connected in a 
divide·by·8 mode) strobes the word into a CD4042A holding 
register. Register outputs are buffered by CD404IA's to an 
R/2R resistor ladder and a Voltage follower. The COS/MOS 
op-amp shown in Fig. 12 can be used as the follower. 
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Fig. 12 - Op"ilmp circuit that can be used to amplify the incoming signal to the Receiver or as a voltage 
follower in the Control Unit. 



SUMMARY 

The wide range of logic functions available as standard 
parts in the ever-expanding CD4000A line provides the design 
engineer with the building blocks for a wide variety of digital 
functions. Complex logic functions realized on a single IC 
permit the designer to think in large.scale system terms. The 
flexibility of design made possible by such features as bi
directional inputs and outputs and three-stage logic results in 
a minimum package count, even for complex systems. These 
features, coupled with the well-known advantages of COS/MOS 
circuits in the areas of noise immunity, low power, high 
fanout, power·supply tolerance, temperature stability, and off
the·shelf availability of parts for both bread-boarding and 
production, make a very attractive combination for the de· 
signer. 

ICAN·6210 
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Gate-Oxide Protection Circuit 
in RCA COS/MOS 
Digital Integrated Circuits 
by R.R. Painter 

One of the most frequently encountered handling and testing 
problems with early MOS devices was failure of the gate 
oxide. Although this problem existed during handling and 
testing of devices prior to their installation in a circuit 
(because normal circuit impedances and voltages make 
damage of this nature less likely), a solution to the problein 
w&s necessary to reduce failure of MOS devices and inte
grated circuits during manufacture, reliability testing, 
shipping, incoming inapection, and assembly by equipment 
designers. 

The breakdown voltage of an MOS gate oxide is generally in 
the order of 10 to 100 volts, and the dc resistance is in the 
order of 1012 ohms. In contrast to other semiconductor 
diodes, in which the breakdown can be tested any number of 
timeswl,thout damage, the MOS gate oxide will be shorted as a 
.result of only one voltage excursion to the breakdown limit. 
Because of the extremely high resistance of the gate oxide, 
even 11 very-low-energy source (such as a static charge) is 
capable of developing this voltage. 

Fig. I shows a protection circuit developed by RCA which is 
incorporated in COS/MOS integrated circuits to minimize 
this problem. The results to date have shown that this 
approach is effective in minimizing occurrences of gate-oxide 

INPUT I 
PIN I 

I I 

. failure; when the handling guidance contained in ICAN·6000· 
is followed, the problem is eliminated. 

A value of 200 to 2000 ohms (depending on design and pro
cess variations) is used for the input resistor R in Fig. I. 'fhis 
value is chosen, In conjunction with the capacitance of the 
gate and the associated protective diodes, to integrate and 
clamp the device voltages at a safe level. The diagrams 
shown in Fig. 2 demonstrate that the input circuit limits 
extraneous voltages to safe levels for all operating conditions. 
Because of its low RC time constant, this network has no 
noticeable effect on circuit speed. 

Because of the presence of this integral protection circuit, 
the VOO power supply should not be turned off while a 
signal from a low-impedance generator is applied at an input 
of a COS/MOS integrated circuit. If the VOO supply is 
turned off while a low-impedance pulse generator is connec
ted to an input. the VOO line is essentially grounded and a 
positive voltage from the pulse generator is impressed across 
diode 02' This voltage of up to 15 volts can cause 
permanent damage to the diode or can bum out the V 00 
metallization. If any input excursion exceeds +VOO or goes 
below -VSS. the current through the input diodes should be 
limited to 10 milliamperes for safe operation. 

• "Handling Considerations for MOS Integrated Circuits" 

p. 

OUTPUT 
PIN 

t _ '-- ADDED PROTECTION CIRCUITRY AT 
I GRoUND PIN I EACH EXTERNAL GATE LEAD. 
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Fig. ,. Gllte-oxide protection circuit used in COS/MOS integrated circuits. 
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Fig. 2 - Circuits used to provide: (a) protection between input pin and V DD pin; 
(b) protection between input pin and ground pin; (e) protection between input 
pin and output pin. 
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Radiation Resistance of the 
COS/MOS CD4000A Series 

by M. N. Vincoff 

Complementary MOS (COS/MOS) integrated circuits 
possess many advantages which recommend their use in 
radiation·susceptible space and military environments. 
Several of the most significant of these advantages are: 
ultra·low standby·power consumption, high noise im
munity,I extremely high packaging density, and inherently 
high reliability.2 These advantages, along with the improved 
radiation resistance of the RCA CD4000A series over the 
CD4000 series described in earlier radiation studies,3 exhibit 
the maturity reached by the MOS technology since 1971. 

A number of studies of the radiation resistance of 
complementary MOS devices by NASA, the Navy and various 
companies in the space industry have revealed two areas of 
prime concern.4~lS The first, permanent radiation exposure, 
as experienced in a space environment, causes a shift in 
threshold or switching voltage and a possible increase in 
leakage current, IL. The second, transient radiation exposure, 
as experienced in an atomic environment, causes the output
voltage levels to respond to a pulse of ionizing radiation; this 
effect could change the state of the logic circuitry and 
require resetting of that circuitry for proper equipment or 
system operation. 

Permanent-Radiation Resistance 
The' CD4000 series was resistant to permanent radiation 

levels of 2 x J04 rads (approximately JOl2 e/cm2). Now, 
however, RCA CD4000A'series devices without special 
shielding have been found to be resistant to radiation levels 
up to 2 x J05 rads (approximately JOl3 e/cm2), as shown in 
Fig. 1.3 In this figure the change in switching voltage LNS is 
plotted as a function of dose. The value of 6VS was 
calculated from the average value of 6VTN and 6VTP for the 
devices mentioned. The new radiation level of the CD4000A 
series represents a significant improvement over the CD4000 
series. In addition, with minimal shielding (for example, 
1/16·inch of aluminum) the CD4000A series can be used in 
application with levels of radiation up to 3 x J06 rads 
(approximately JOl4 e/cm2).15 
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Voo = 10 VOLTS', DOSAGE: CoGO GAMMA SOURCE 

I CQ4Q07A * 
2 CD4QIIA "* 
3 CQ4QI6A * 
4 CQ4013A * 
5 CD40QIA * 
6 CD4004A"· 
7 CQ4QQ7 .. -
B CQ4QOI "* 

(RADS) 

(e/cm Z ) 

* BIAS APPLIED 100 "' .. OF THE TIME 
•• BIAS APPL lEO 50"' .. OF THE TIME 

92CS-22496 

Fig. 1 - Permanent radiation resistance of CD4000A- and CD4000· 
series devices. 

Transient-Radiation Resistance 
The resistance of the CD4000A series to transient 

radiation is expected to be ten times better than that of the 
CD4000 series, which can withstand pulses of radiation of 
approximately JOIO rads/s.5 

Design Considerations 
The resistance of the CD4000A·series devices to either 

permanent- or transient-radiation exposure can be increased 
by providing either minimal shielding through the design of 
the equipment enclosure containing the devices or by 
locating the devices deep within the equipment in which they 
are used. In any case, the action taken will depend on the 
constraints dictated by the radiation environment imposed 
by the system or program. Each. application must be tested 
and the results analyzed with the data in this Note as criteria. 
Test items to be considered are radiation environment, which 
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will vary greatly depending on dosage rate; time of exposure; 
amount of normal shielding; distance of the device from the 
radiation source; shielding afforded by the atmosphere; 
power-supply voltage selection; and switching cycles used 
during exposure. For example, consider the effects of 
permanent radiation on two spacecraft in 90-degree orbits at 
600 and 1500 nautical miles from the earth, respectively. 
The dose·depth is determined as shown in the curves of 
Fig. 2. In these curves the dose in rads(AI)/day is plotted as 
a function of the thickness of spacecraft aluminum required 
to shield the devices from trapped electrons and protons.4 
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(b) 150C-MILE, 90· ORBIT 

Fig. 2 - Oose-depth curves for trapped electrons and protons in space
craft in orbit. 

Conclusion 
The RCA COS/MOS C04000A series exhibits improved 

radiation resistance over the C04000 series, and is well suited 
for use in many applications in which permanent and 
transient radiation effects are factors. When stringent 
radiation requirements are imposed, additional shielding can 
be employed to increase the radiation life of COS/MOS 
C04000A-series devices to any desired level, i.e., to make 
their radiation resistarice eqUivalent to that of bipolar 
devices. 

Custom COS/MOS devices that can resist a radiation level 
of 106 rads are now being developed by means of an 
aluminum implantation process which re~uires one 
additional masking step in the production line. I 1- 4 
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Using the CD4047 A in COS/MOS 
Timing Applications 

by J. Paradise 

Many applications exist today for COS/MaS multivi
brators- both oscillators and one-shots-in analog and digital 
circuits. The requirements for these applications vary widely 
in such parameters as voltage range, temperature stability, 
power dissipation, drive capability, and external·component 
cost. No design is optimum for all of the above considerations. 
However, the RCA·C0404 7 A Monostable/ Astable Multivi· 
brator fulfills the needs of most applications in this timing 
area. It can function as either an oscillator or one·shot with 
many additional features, and will meet the power dissipation, 
stability, and speed requirements of most COS/MaS systems. 

This Note compares some simpler types of oscillator circuits 
with the CD4047 A in both theoretical and actual performance, 
and provides application information on the C04047 A which 
should prove useful to COS/MaS circuit and system designers. 

COS/MOS DISCRETE RC OSCILLATOR 

The simplest type of RC-oscillator is shown in Fig. I. It 
consists of two inverters (which may be taken from standard 

92CS-22662 

Fig. 1 - Simplest COS/MOS RC oscillator. 

RCA COS/MaS parts, Le., CD4007A, C0400IA, CD4011A, 
etc.) and a single resistor and capacitor. The operating wave· 
forms for this circuit are shown in Fig. 2. 

The circuit operates as follows: depending on the output 
levels of inverters A and B, at any instant C will be charging or 
discharging through R. When the waveform at point (2) in the 
circuit passes through the transfer voltage of inverter A, this 
inverter will switch and cause inverter B to switch. Subse· 
quently, the waveform at point (2) would be exponentially 
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Fig. 2 - RC-oscillator operating waveforms. 

increasing or decreasing with discontinuities equal in magnitude 
to VOO during the instant of switching. However, since 
point (2) is protected by a standard input'protection circuit 
common to COS/MaS devices, the waveform is clamped at one 
diodevoltage drop above VOO and below VSS' (Refer to wave· 
forms in Figs. 2 and AI). The calculations for the period of this 
multivibrator circuit are shown in Appendix A; the final 
equation for the period T is 

T = -RC In (,-V...:.T:..:.R)_(_VO::,:O=-,.-_VT.:.,:R=.) 

(VOO+VO)2 
(I) 

where VTR.is the switching or transfer point of the inverter, 
and Vo is the diode forward voltage drop. 

Equation (I) shows that the period of the multivibrator, T, 
is sensitive to changes in VOO, as illustrated by the graph of 
time period, T, vs transfer voltage as a function of VOO in 
Fig. 3. In addition to the strong dependence of actual time 
period on the VOO chosen, the graph also illustrates that, for 
a given VOD, a full transfer voltage spread of 30 to 70 per cent 
of VOO (unit·to-unit worst .. ase Variations) yields a change in 
time period of about 10 per cent from the nominal SO-per .. ent 
transfer-voltage percentage values. 

The above analysis is valid only at low frequenCies (Le., less 
than SO kHz). As the multivibrator frequency approaches this 
value, other considerations must be taken into account: 
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Fig. 3 - Discrete RC-oscillator time period as a function of transfer 
liD/rage. 

I. The input protection circuit has a VOO diode with a 

Appendix B; the equation for the period. T. for this circuit is 
shown in Eq. 2. 

Rs 
When K = R' Tis: 

(VTR)(VOO - VTR) 

{

T= - RC In (VOO· VO)2 1 
(K) K lVoo • Vol 

--(K-'-I-) RC In K~[V::-o':::o"-.7:V"'T:';R;--1 +-;-:[v....-T-R---:V,...o~1 (2) 

(I') K[Voo'Vol J 
- (K' I) RC In K [2 VOO - VTRI' [VOO- VTR - Vol 

[n this form it is easy to see that when K approaches zero, the 
circuit and associated waveforms are eqUivalent to those of 
Fig. A-I. On the other hand, as K approaches infinity, the vari
ation in period as a function of VOO is reduced to zero. This 
result is shown in Fig. 5, where period as a function of trans-

2.40',--,--__,_-~-__,--,__-_,__-__,_-_,-__,-__, 

finite resistance and capacitance; the diode will discharge at :g 2.3' 
the rate associated with this smalltime constant. Ii 

2. In the negative direction, there is a diode as well as a i:l 2.30 
series protection resistor (I to 3 kilohms); the time constant of ~ 
this diode is even longer than that of the VOO diode. • 2.2'''''-T-''-' 

3. The propagation delay of the inverters used is added to g 
the time period during each charge and discharge cycle. Since ~ 2.201----"'''',,-+ 
the delay is a function of VOO, small changes in VOO at high !l! 
frequencies will cause the time period to vary. ;: 2.1. 

4. There is a finite output impedance associated with the 
inverter which is· in series with the external timing resistor. 
Since this outpu t impedance also changes with VOO, at high 
frequencies where the external resistor becomes small, the 
multivibrator stability decreases with small variations in VOO' 

The negative features of the input protection circuit can be 
partially compensated for by the addition of a resistor, RS, in 
series with the input protection circuit, as shown in Fig. 4. 
Although the input inverter A is still clamped at one diode drop 
above VOO or one diode drop below VSS, the waveform at 
point (4) is allowed to swing well above VOO and below VSS' 
The larger swing reduces the dependency of transfer-voltage 
variations upon stability; the variable characteristics of the 
input protection circuit and their effect upon stability are 
greatly reduced. An analysis of this circuit is presented in 

RS 

92CS-22678 

Fig. 4 - RC-oscillator with the addition of RS-

:g 
z 

TRANSFER VOLTAGE (VTR'-PER CENT OF voo 
Fig. 5 - Discrete RC-oscillaror time period as a fUnction of transfer 

lIo/tage. 

fer voltage is plaited for different value of VDO and K, and 
Fig. 6, which shows period as a function of K for different 
values of VOO' Variation in period with transfer voltage is 
also reduced as K increases. This variation decreases from 
10 per cent for K = 0 to about 5 per cent as K gets large. 

There are some obviou! limitations in the value of RS that 
can be used. Besides the disadvantages in this circuit if R is to 
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Fig. 6 - Discrete RC·oscillator time period as a function of constant; k. 
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be made adjustable, the user must be careful with component 
layout, if RS is made very large, to take advantage of the im
provement in stability. A time c('nstant and phase shift is pro
duced by RS and stray wiring and breadboard capacitance, 
see Fig. 7. This shift creates a switching delay in the circuit which 
changes the time period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator circuit. A reason
able value for K would be anywhere from 2 to 10, with maxi
mum and minimum value, for RS determined by the above 
considerations. 

RS 

92C5-22617 

Fig. 7 - RC-oscillator circuit with stray capacitance. 

COS/MOS INTEGRATED RC OSCILLATORS 

The RCA-C04047 A is an integrated RC oscillator that 
eliminates most of the disadvantages of the discrete circuits 
previously discussed. The primary reason for this improved 
performance is the special input-protection circuit which 
allows the capacitor charging waveform to swing above VOO 
and below VSS without the need for. an external resistor. This 
circuit, shown in Fig. 8, has the same time period and stability 
as the circuit in Fig. 4 for the case where the value of RS is 
infinite. However, a resistor is eliminated, as well as the dis
advantages of a time constant caused by the resistor. 

92C5-22676 
Fig. 8 - CD4047A meillator sectiun 

There are two additional reasons for expected improvement 
with the CD4047A. First, the transfer-voltage point of the 
input inverter, A, is tested between 33 and 67 per cent ofVOO 
instead of between 30 and 70 per cent; this narrower test range 
improves stability by reducing unit-to-unit variations. In ad
dition, large buffers are used for inverters 0 and E; this practice 
reduces the effect of changes of device output impedance with 
period stability. A derivation of period, T, for this circuit is 
presented in the Appendix C; the final equation for T becomes: 

(VTR) (VOO - VTR) 
T = -RC In =-o..::;_:=,-~.:..::...--:_-:

(VOO + VTR) (2 VOO - VTR) 
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(3) 

Figure 9 sllOWS a graph of stability as a function of transfer 
voltage based on this equation: 

The graph of Fig. 9 shows a maximum variation of 5 per 
cent between minimum (2.197 RC) and maximum (2.307 RC) 
time periods. A value of 2.25 RC yields a ± 2.5 per..:ent vari
atIOn. Typical values of period variations at high frequencies 
and temperature extremes are included in the published data 
for the CD404 7 A.I 
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Fig. 9 - CD4047 time period as a function of transfer IIo/tage. 

An additional advantage of the CD4047 A is a reduction in 
power dissipation as compared to the discrete multi vibrators 
discussed previously. Inverter A in Fig. 8 is designed with high
impedance components that limit power dissipation during the 
time that the inverter operates in the middle of its transfer 
region. Four additional inverters are used to gradually shift from 
a very-high-impedance inverter at the input to a very-Iow
impedance driver in series with the external timing resistor. 
Calculations for power dissipation and a comparison of P diss 
for the C04047 A and a disCrete oscillator are presented in 
Appendix 0; the result is 

Pdiss = 2 CV2 f (4) 

This equation specifies the power dissipated in the externll 
components only. At low frequencies, where most of the 
power will be dissipated in R, power can be minimized by 
using a small value of C, since the formula shows the power 
is a function of C and not R. 

Additional power is consumed in the C04047 A chip as a 
function of frequency. Fig. 10 shows curves for theoretical 
minimum power dissipation, actual CD4047 A oscillator-power 
dissipation, and discrete oscillator-power dissipation as a 
function of frequency. 

CMOS DISCRETE ONE-SHOTS 

Fig. II illustrates one of several simple monostable circuits 
which can be employed in non-critical timing circuits.2 The 
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Fig. 11 - COS/MOS monos table circuit. 

circuit pulse width is dependent upon the transfer voltage of 
inverter B as time constant RC charges to VOO from VSS' The 
pulse width is defined as 

(Voo- VTR) 
T = -RC In ( VOO ) (5) 

Fig. 12 shows the variation in pulse width as a function of 
transfer voltage for this device. 

There are several alternatives to the circuit shown in 
Fig. 12.2 These alternatives have the advantage of greater 
stability. but at the expense of two time constants required in 
circuit and. in some cases, the addition of a diode_ 
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Fig. 12 - Simple one-shot time period as a function of transfer VOltage. 

COS/MOS INTEGRATED ONE-SHOTS 

The C04047A, when used in the monostable mode, again 
has several advantages over discrete designs. A high degree of 
accuracy can be achieved with one time constant, and power 
dissipation is lower than with discrete designs_ Fig. 13 shows 
that many functions can be achieved with the C04047 A, in
cluding leading and trailing-edge triggering. and retriggering. 

The pulse width, TM. is expressed below: its derivation is 
given in Appendix E_ 

(VTR) (VOO) - VTR) 
TM=-RCIn 

(2 VOO) (2 VOO - VTR) 
(6) 

Fig. 14 is a graph of pulse width versus transfer voltage based 
on the above equation. 

The equations for monostable-mode power dissipation are 
also derived in Appendix E. For a repetitive output on the 
C04047A,power dissipation can be expressed by the following 
equation: 

2.875 CV002 
Pdiss = x (duty cycle) 

TM 
(7) 

USING THE CD4047A - SPECIAL CONSIDERATIONS 

A number of circuit considerations are explained below 
which will aid the user of the C0404 7 A_ 

A clamping circuit is provided on the chip to reduce the 
recovery time (tr) that would normally exist in other mono
stable circuits; see Figs. 15 and 16. Fig. 17 shows.a plot of 
monostable-pulse-width stability as a function of duty cycle 
for specific Rand C external components. Note that there is 
no appreciable change in pulse width until the dutv cvcle 
approaches 100 per cent. A disadvantage to the clamping circuit is 
that it introduces additional capacitance at the RC common 
node (Fig. 16), which may be noticeable for short pulse widths 
in the monostable mode only. Some diffusion capacitance 
present at the base of the n-p-n transistor is used to quickly 
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* ASTABLE 5i}----------, 

c 0 

Al R2 

* INPUTS PROTECTED By 
STANDARD CDSIMOS 
RESISTOR- alODE NETWORK 

Bfi 
Vss 

** MODIFIED INPUT PROTECTION 
CIRCUIT TO PERMIT LARGER 
INPUT- VOLTAGE SWINGS 

Vss 

CTC* 

* 
~(p-oC~_r--~----------__{IJ2 

RETRIGGER 

* '-------,----{9 
EXTERNAL 

nCM-21432 
RESET 

Fig. 13 - CD4047A logic diagram . 
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Fig. 14 - CD4047 A one-shot pulse width as a function of transfer voltage. 

2VOD-~----------------

VTR+VOD --+-'<----------,.---------

voo--L-~~-----~~-~~~--

VTR------~~--~~---1_--

Vss-------+-~~-~---~--

VTR-VOO --------"----~---~--

92CS-22666 

Fig. 76 - CD4D47 A one-shot RC walleform. 
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CDIFFUSION :::F: 
I 

? 

Voo 

92CS-22667 

Fig. 16 - CD4047A clamping circuit . 

OUTY CYCLE -PERCENT 

Fig. 17 - CD4047 A monmtable accuracy as a function of duty cycle. 



charge C to VDD after the one-shot cycle has terminated_ This 
capacitance is multiplied by the beta of the transistor, and is in 
parallel with the external C during the time interval that the 
transistor ison(VDD - VBE < t <VBE)- Thus,when values of 
C less than 1000 picofarads are used, the actual width will be 
longer than that predicted by the formula. Fig. 18 is a graph of 
actual, typical pulse widths as a function of external C used 
under these conditions. Note that the minimum values of C 
used in the graph are the smallest that can be used in the 
CD4047A to assure proper operation of the circuit. 

The waveform in Fig. 15 shows that two positive transitions 
are encountered by the control circuitry in the CD4047 A. 
These transitions are necessary to make the output flip-flop at 
pin 10 toggle properly to produce the single pulse needed in 
monostable operation. However, at pin 13, the waveform of 

100 0 , 
, 

· 
2 

R"'OOI!. / 

0 , , / 

· 
R=3X 

14 / RS1IOk 
2 

MEASURE o~ I-- /~ L.,.,V 
0 " · , /" 

MEASURE oF" / · MEALR~O I " 1--1-" " " ~ " 2 

THEO~ /~~EORY" V 
I 

THEOR'(" 

2 . , . 2 . , . 10 roo 2 4 6 81000 

CAPACITANCE- PICOFARADS 

Fig. 18 - CD4047A pulse width as a function of capacitance. 

Fig. 19 results; the pulse width of the spike is equivalent to 
the propagation delay of the circuit. This spike will normally 
prevent the user from using pin 13 in the monostable mode. [n 
the astable mode, however, pin 13 can be used whenever a 
50-per-cent duty cycle and higher drive capability are not 

J '--------+-1-t--- 'M-----! 92C5-22661 

Fig. 19 - CD4047A one-shot output at pin 13. 

required. TIle advantage to the use of pin 13 under these 
conditions is that the frequency of the waveform at pin 13 is 
twice that of pin 10 for the same external timing components_ 

When the CD4047 A is used in the retrigger mode, the 
retrigger input is connected directly to the set input of FF4, 

ICAN-6230 

as shown in Fig. 13. This connection means that the output at 
pin 10 will be high during the time that a high level is present 
on pin 12. Thus. if normal one-shot operation is required at 
any time that the circuit is in the ret rigger mode. the input 
pulse should be shorter than the expected pulse at the output. 
Note that in the retrigger mode the output pulse width is not 
referenced to the last positive-going edge produced at the 
input because of the asynchronous nature of the circuit. The 
output actually terminates when two internal-oscillator leading 
edges have been received by FF4, after the high level present 
on pin 12 has been removed. The output width variation will 
then be between one and two time constants referenced to the 
trailing edge of the input at pin 12, see Fig. 20. 

INPUT 

CASE I ~~o~~ 

CASE 2 ~~Of: : 
t-'RE--I I 
r--'RE---I 

92CS-22674 

Fig. 20 - CD4047A retrigger-mode waveforms. 

A section on timing-component limitations is presented in 
the CD4047A data sheet. 1 It should be emphasized that it is 
desirable to use a small value of capacitance wherever possible. 
The circuit will work well even when the value of R approaches 
or exceeds I megohm. For very low frequencies, where a large 
value of capacitance is needed, the selection of the capacitor is 
very important. It must be nonpolarized because there is no 
reference ground at either of the two pins to which C is con
nected. The capacitor parallel resistance (i.e_, leakage) must 
also be at least an order of magnitude higher than the external 
R used. This criterion generally eliminates electrolytic ca
pacitors and those made of materials which could produce 
greater leakage current than that permitted for proper circuit 
operation_ 

Because of the internal circuit construction, there is no 
guarantee as to what dc level will be present on the output at 
pin 10 or II when power is first turned on. If this condition 
must be guaranteed, a system-power on pulse input to pin 9 
can be made to assure that pin 10 will initially be at a low logic 
level. The pulse can be generated from one of the circuits 
shown in Fig. 21. 

VOD 

1M 
TO PIN 9 
OF C04047 

VDD 

D.o.1 TO PI" 9 

e
F1-_=r 

fM 
Vss 

92CS-22669 

Fig. 21 - CD4047A power-up reset circuits. 
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Although the CD404 7 A data sheet calls for a minimum 
input pulse duration of 200 nanoseconds at 10 volts and 500 
nanoseconds at 5 valts, shorter pulses (due to transients, etc.) 
occur frequently in system applicatians where the CD4047 A is 
used. Such narrow pulses may not be ignored by the CD4047 A, 
but may instead cause Q to go high permanently or until a reset 
input occurs. The circuit shown in Fig. 22 eliminates this 
problem by essentially "lengthening" the trigger pulse by 
feeding back through RA and C A a current pulse when Q goes 
from 0 ta a I. The particular values shown have been tried and 
found to work well, even for extremely short input pulses 
(less than 20 nanoseconds). 

20pF IOKfi 92C5-23404 

Fig. 22 - Input-pulse stretcher circuit. 

APPLICATIONS 

NOISE DISCRIMINATOR 

Fig. 23 illustrates an application af the CD4047 A in a noise
discriminator circuit. By adjusting the external time constant, 
a pulse width narrower than that determined by the time 
canstant will be rejected by the circuit. The output pulse will 

VIN CD 
ij ® 
QOUT®~L _____ nL ___ _ 

1/4 CQ4001 

Fig. 23 - Noise-discriminator circuit. 

follow the desired input, but the leading edge will be delayed 
by the selected time constant. Fig. 24 shows typical waveforms 
with the circuit in operation. 

500,us/DIV 

TCD4047A s 50/'-$ 
92C5-22653 

Fig. 24 - Noise~iscrim;nator circuit waveforms. 
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FREQUENCY DISCRIMINATOR 

The CD4047 A can be used as a frequency-to-voltage con
verter, as shown in Fig. 25. Awavefofm of varying frequency is 
applied to the +TR input. The one-shot will produce a pulse of 
constant width for each positive transition on the input. The 

92C5- 22612 

Fig. 25 - Frequency-discriminator circuit. 

resultant pulse train is integrated to produce a waveform whose 
amplitude is proportional to the input frequency. The wave
forms of Fig. 26 were taken with the circuit in operation. 

CD4047 
R= 22 kfl 
C=470pF 

INTEGRATOR 
R= 100 kfl 
C=0.0022fL F 

RANGE 
TO Ims 

92C5-22652 

Fig. 26 - Frequency-discriminator-circuit waveforms. 

LOW-PASS FI L TER 

A simple circuit using the CD4047 A as a low-pass filter is 
shown in Fig. 27. The time constant chosen for the multi
vibrator will determine the upper cutoff frequency for the 
filter. The circuit essentially compares the input frequency 

92C5-22671 

Fig. 27 - Low-pass filter circuit. 

with its own reference, and produces an output which follows 
the input for frequencies less than fcutoff. and a low output 
for frequencies greater than fcutoff' Figs. 28 and 29 show 
waveforms with the low-pass filter circuit in operation. 

BANDPASS FI L TER 

Two CD4047 A low-pass filters can be employed to con
struct a bandpass filter, as illustrated by the clfcuit in Fig. 30. 



The pass band is determined by the time constants of the two 
filters. If the output of filter No.2 is delayed by C I, the 
CD4013A flip-flop will clock high only when the cutoff fre
quency of filter No.2 has been exceeded; t'!!.s point is illus
trated in the timing diagram in Fig. 30. The Q output of the 
CD4013A is gated with the output of filter No. I to produce 

'" 

500""s/DIV 

TC0 4047 :50ps 
R= 22 kn 
c" 0.001 

FREQ. RANGE 
40 Jo'S TO 100,u.s 

92C5-22651 

Fig. 28 - Low-pass filter-circuit waveforms. 

TC04047 =50",,5 

R" 22 k 
C zO,OOI 

92C5-22650 

Fig. 29 - Low-pass-circuit waveforms. 

:~~~,"~~r~~~~~~~~~~~~~~~I~~~~ 
C04013 %=======~ 

VOUT _______ _ 

Fig. 30 - Bandpass filter circuit and waveforms. 
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the desired output. Typical operation of the circuit is shown in 
Fig. 31, where the input frequency is swept through the pass 
band. 

TFILTER 1=50",5 
R' 22 k 
C'IOOOpF 

TFILTER 2 ;IOOf'S 
R -47 k 
C= IOOOpF 

92C5-22649 

Fig. 31 - Bandpass-filter-circuir waveforms. 

ENVELOPE DETECTOR 

The CD4047 A can be used as an envelope detector by 
employing it in the retrigger mode, as shown in Fig. 32_ The 
time constant is selected so that the circuit will retrigger at the 

92C5-22670 

Fig. 32 - Envelope-detector circuit. 

frequency of the input pulse burst. A de level appears at the 
output for the duration of the input pulse train. Fig_ 33 shows 
waveforms taken with the circuit in operation. 

TCD4047 • 120",,5 
R =56k 
C=IOOOpF 92C5-22648 

Fig. 33 - Envelope-detector-circuit waveforms. 

PULSE GENERATOR 

Several CD4047 A units can be connected together to pro
duce a general-purpose laboratory pulse generator, as shown in 
Fig. 34_ The circuit shown has variable-frequency and pulse
width control, as well as gating and delayed sync capability. 
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92CM-221;<;6 

Fig. 34 - Pulse-generator circuit. 

Gating can be controlled from a high- or low-level input. 
Automatic 50-per-cent duty-cycle capability is included, as 
normal or inverted output. 

CD4047 A No. I is connected as a gated, astable multi
vibrator, and, with the RC values shown, can produce over
lapping ranges of frequencies from 2 Hz ·to I MHz. For free
running operation, the Gate/Free-Run switch is closed, and 
the Gate Level switch is placed in the. high-level position. 
Standby operation can be acbieved with the Gate Level 
switch in the low-level position. When gating, the Gate/Free
Run switch is open, and the Gate Level switch is set to the 
appropriate position. The gate signal is applied to the Gate In 
jack. 

CD4047 A No.2 is triggered from the gated, astable multi
vibrator, and produces a narrow sync pulse which can trigger an 
oscilloscope or generator. The sync pulse is obtained from the 
Sync Out jack. 

If a 50-per-cent duty cycle is desired, the Duty Cycle switch 
is set in the 50-per-cent position, and the output is obtained 
from CD4047 A No. I. The Signal Polarity switch determines 
whether the Q and Q output is used. 

CD4047 A No. 3 produces a variable, delayed (from 1.5 
microseconds to 250 milliseconds) output with respect to the 
sync pulse when the Delay switch is in the IN position. This 
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one-shot is bypassed when the Delay switch is in the OUT 
position (the inherent delay is approximately 400 nanoseconds). 

CD4047A No.4 is a monostable multivibrator which re
ceives trigger pulses from CD4047 A No. I or No.3. It can 
produce overlapping ranges of pulse widths from 1.5 micro
seconds to 200 milliseconds with the values shown. 

The signal output is buffered with the CD4041A to 
allow the pulse generator to drive any required load. The 
circuit shown has the advantages of being compact, battery
powered, and COS/MOS compatible. In addition, it is capable 
of being run from the same power supply as the device under 
test to assure that the input levels are the same as VDD when 
the power-supply voltage is vkried. 

MISCELLANEOUS APPLICATIONS 

The basic properties of good stability in the astable mode, 
and stable pulse delay and width ·control in the monostablc 
mode, make the CD4047 A a useful building block in many 
systems, such as PMOS clock generation, audio tone gener
ation, semiconductor memory systems, semiconductor memory 
exercisers, and general-purpose functional-testing systems. This 
Application Note will serve as a guideline in incorporating the 
CD4047 A in a system design. 
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Appendix A-

Calculation of the Period of an Astable Multivibrator Using a Single RC Time Constant 

VDD+VD-~--------------

Voo-~~--------------

VTR---L----~~------~r_ 

VSS-~-----~~-----~--

In Fig. A-I: 

tI: VTR = (VOO + Vo) eJI/RC 

VTR 
t I = -RC In --=.~-

VOO+VO 

VOO-VTR 
t, = RC In V 
- OO+VO 

Vss-Vo -~!--~:-;,-;-, ===~.fl.;:::::==--;;'2;::==~·I--
And the period of an astable multivibrator using a single RC 
time constant is: 

~I·----- -------~., 

92CS-2i!657 

Fig. A-I - RC oscillator waveform for the circuit of Fig. 1. 

Appendix B-

Analysis of Circuit Shown in Fig. 4 

VOD+VTR---~------------,__-

voo+vo---l--..:!O"""-----------I-
VOD'----I--.+II.-----------!--

VTR---~-~----..:~-----~~-

VSS-VTR ----I----L----¥~-f._---_!_
I-- , • ..j...- " ----I"- '. -+- '2 ----I 
" T '1 

9ZCS-22664 

Fig. B·1 - RC waveform for the circuit of Fig. 4: 

In Fig. B-1: 

tl: VTR = (VOO+ VO) e -tI/RC 

VTR 
tl = -RC In --.:..::.-

VOO+VO 

t2: VOO - VTR = (VOO + VO) e -t2/RC 

VOO-VTR 
t2= -RCln 

VOO+VO 
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92CS-22665 

Fig. B·2 - Initial condition' for sol"ing period fA' 

Circuit initial conditions are shown in Fig. B-2. In the 
figure 

_t8 __ 

-4 

-VD~f=-oVSS 

r ' ___ ., 
vDD 

Fig. B·3 - Initial conditions fo, soltling period tEt 

Circuit initial conditions as shown in Fig. 8-3. In the 
figure 

dv VOO - V Vo + V 
C-=------

dt R RS 

Solving Eq. (B-3) for V the final voltage across the 
capacitor, yields 

(B-1) 

(B-3) 

(B-4) 

where C2 = VTR - VOO = initial voltage across capacitor 

KI' K2 are same values as for above for tA-
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Eq. (B-1) is solved for V; the final voltage across the 
capacitor is 

-K t K2 
V=CI e 1 A+_ (B-2) 

Kl 

where C1 = VTR = initial voltage across capacitor 

RS+R 
KI=-

RSRC 

VOR- RSVOO 

K2= RSRC 

By inserting thesevalues into Eq. (B-2) and setting the 
final voltage across the capacitor, V. to VO, tA becomes 

[
RSRC ] RS [VO~ + VO) 

tA=- -- In 
RS + R RS [VO~ + VTR) + R [VTR - Vo ) 

Insertion of these values into Eq. (B4), with 
V = - Vo yields 

to= [
RSRC] RS IVoo+Vol 
-- In -=:...;.....=:......-=:-----------:-
RS + R RS I~ VOO VTRI + R IVoo - VTR - Vol 

andT=tl +t2+tA+tB 

The equations for tA, tB, and T can be simplified by 
expressing RS as a multiple of R. Let 

K = RS and combining the expressions for t 1 and t2' The 
R 

resulting expression for T is 

(VTR)(VOO _. VTR) 
T = -RC In .......;;.:..:..-=--

(Voo+ VO)2 

( K) _K...:I_VO:;:::D::::-+_V.:::.D::..) ____ _ 
- - RCln 

K+ 1 K IVoo+ VTR) + [VTR - VO) 

(K) K [Voo + Vol 
- -- Rein 

K+ 1 K [2 Voo - VTRI + [Voo - vTR - Vol 
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Appendix C-

Calculation for Period of Astable Multivibrator Using Integrated Techniques 

VOO+VTR--.------------.--

VDD-1--~----------~-

VTR-~-----~-----~t_-

vss-;-------+-,f----+--

VTR-VOD --:;;::=:-;-;==::::::;~==:-;-;-==:;:--I"-- " '2--1 
I- -t 

92CS-22656 

Fig. C-1 - CD4047A Re oscillator waveform. 

In Fig. C-I 

tl: VTR = (VOO + VVTR) e -tI/RC 

VTR 
t I = RC In -'-'"'--

VOO+VTR 

t2: VOO - VTR = (VOO + VTR) e -tI/RC 

VOO-VTR 
t2 = -RC In -:-':-7'--:-:-'--

2 VOO- VTR 

And the period of the astable multivibratar using integrated 
techniques is 

(VTR) (VOO - VTR) 
T = -RC In ,-----,...,-__ ---"'"" 

(VOO + VTR) (2 VOO - VTR) 

Appendix 0-

Power Needed for Charge and Discharge of an External Capacitor During One Cyct. 

VDO+VTR--~------------

Voo--~--~~--------

;.-

92C5-22655 

Fig. D-1- Waveform for calculsting pOwer diss;pat;on. 

Assume for this calculation that VTR = SO-per..,ent VOO. 
and that T = 2.2 RC. Since charge and discharge cycles are 
symmetrical. the calculation can be performed by analyzing 
a discharge cycle only. See Fig. 0-1. 

v = I.S VOO e -t/RC 

~ = - ( ~c)(I.s Voo) (e -t/RC) 

T/2 
P 1 J CVdv 

= (T/2) 0 dt dt 

2C rT/2 ) 
= T J ~ (1.5 Voo e -t/RC 

o (~c)(I.5VDo)e-t/RCdt 

=- --.lliL e -2t/RC dt 
4.5C V 2JT/2 

T RC 0 

2 IT/2 = _ 2.2SC VOO e -2t/RC 

T 0 

Substituting T = 2.2 RC 

. 2.0C 
P=-f(2.2S)Vo02 [e-2.2 _1] = :rVo02 
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Appendix E-

Equations for Pulse Width T M of CD4047 A in Monostable Mode 

2Voo---r-----------------------

VDO --+----'",.,.-----------------

VTR---r--------~r_------~r_---

Vos --+--.-----+--~=---_+--
I 

~11--~--12~ 

1-1-------- TM -------.I-I 92C5-22654 

Fig. E-' - CD4047A RCwaveform, monosrablemode. 

Note that the waveform in Fig. E-I is not symmetrical because 
the timing capacitor is initially charged to VOO' In the 
monostable mode, the circuit goes through one cycle only. 

Monostable Power Dissipation 

To calculate the power dissipation for the circuit in the 
monostable mode, refer to Fig. E-I. If it is assumed that 
VTR = 50-per..,ent VOO, Fig. 14 shows that TM = 2.485 RC. 
t2 is the same as in the astable calculation, i.e., t2 = 1.10 RC 
and Pt2 = CV2f for VTR = 50-pe«ent VOO' Thus. t I in the 
monostable mode = 2.485 RC - 1.10 RC = 1.385 RC. 

CVdv Jt2 
-dt+ 
dt 

tl 

CVdv ] -dv 
dt 

CVdv I 
dt+ - CV2 

dt TM 

where V = 2 VOO e -t/RC and 

- = - -- (2 VOO)e -t/RC dv (I ) 
dt RC 
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t I: VTR = 2 VOO e -t I/RC 

VTR 
tl =-RCln--

2VOO 

t2: VOO - VTR = (2 VDD - VTR) e -t2/RC 

VOO-VTR 
t2 = -RC In~:=:--=--

2VOO-VTR 

And the equation for the pulse width, TM, of a C04047 A in 
the monostable mode is: 

Substituting t I = 1.385 RC 

C 
Pu = -- 2 Vdd2 [e -2.77 - II 

TM 

For a repetitive output from the C04047 A 

2.875 C Vdd2 
P = x duty cycle 

TM 

ACKNOWLEDGMENTS 

The assistance of R. Vaccarella in the designing of some of 
the application circuits shown and in obtaining laboratory 
measurements used in plotting the curves shown in this Note is 
acknowledged. 



rnlC18LJ1J 
Solid State 
Division 

Digital Integrated Circuits 

Application Note 
ICAN-6267 

Astable and Monostable Oscillators 
Using RCA COS/MOS 
D5g5tQB B;'Ilt~g;"Qt~d C5;,,&~5t~ 
by J. A. Dean and J. P. Rupley 

COS/MOS integrated logic circuits are being widely used in 
digital and other applications because of their inherent 
advantages of high noise immunity, extremely low power 
dissipation, and tolerance to wide variations in power.supply 
voltages and operating-temperature ranges_ In addition to 
these features, COS/MaS gates and inverters can provide cost 
and size reductions in multivibrator circuits because their high 
input impedance makes it possible to obtain large time con
stants without the use oflarge capacitors. This Note describes 
several techniques which may be used to compensate for the 
normal threshold variation of MOS devices in the design of 
stable multivibrator circuits for operation at frequencies up 

. to 1 MHz. The circuits shown can be formed by use of 
COS/MaS inverters and NAND or NOR gates connected in -an 
inverter configuration. NAND and NOR gates perform the 
inverter function when all of the gate inputs are tied together_ 
This Nole also describes various applications for COS/MOS 
multivibrator circuits, (i.e., voltage-controlled oscillators, 
voltage controlled-pulse-width circuits, phased-locked voltage 
controlled oscillators, frequency multipliers, and modulator! 
demodulator (envelope detectors). (Note: COS/MOS Hex 
Buffers CD4009A and CD4049A and Quad Buffer CD4041A 
are not recommended for use as multivibrators because of the 
vely high power consumption in the linear mode for long 
time constants. In addition, the Hex Buffers have large im
balance. between source and sink current capability which 
makes oscillator start-up more unpredictable. The COS/MOS 
General-Purpose Hex Inverter CD4069B is recommended for 
use in the multivibrator applications illustrated in this Note. 
The CD4069B is well adapted to MV applications, having 
balanced output drive capability of ±O.4 milliampere for 5 V 
operation at an output voltage level of ±O.4 volt. Specific data 
in this Note relate to the use of "A" series gates as shown; 
performance using the CD4069B may differ slightly from the 
data shown herein. 
ASTABLE CIRCUITS 

Fig. I(a) shows an astable multivibrator circuit that.uses two 
COS/MOS inverters, and Fig. J (b) shows the related wave
forms. This simple circuit requires only two resistors and one 
capacitor, and operates in the following manner. When the 
waveform I at the output of inverter B is in a high or "one" 
state, capacitor Ctc becomes charged positive. As a result, the 
input to inverter A is high and its output is low or "zero". 
Resistor Rtc is returned to the output of inverter A to 
provide a path to ground for discharge of capacitor Ctc' 

11-73 

As long as the output of A is low, the output of inverter B is 
high. As capacitor Ctc discharges, however, the voltage 
generated [waveform 2 in Fig. J(b») approaches and passes 
through the transfer voltage point of inverter A. At the 
instant that this crossover occurs, the output of A becomes 
high; as a result, the output of B becomes low and the 
capacitor Ctc is charged negative (or low). The resistor Ittc 
connected to the output of A then provides a charge path to 
a supply voltage. Capacitor Ctc begins to charge to this 
voltage, and again the voltage approaches and passes through 
the transfer voltage point of inverter A. At that instant, the 
circuit again changes state (the output of A becomes low and 
that of B high) and the cycle repeats. 

Because of the input-diode protection circuits included in the 
COS/MOS IC, shown in Fig. 2, the generated drive waveform 

Voo 

"x 

1/2 CD400lA r---------------------l 
I I 

: : 
I 

I 
I 
I 
I 

---------' 

"" c,. 

> IVoo-Vssl 02"-2286' 
Rx 5 mA . 

CD Voo-n n I 
vss-! H ~ 

I I I I 
VOO-~I ® - - - Vt, (TRANFER 

Vss-:--- I VOLTAGE POINT 
I , I I 
I I I I 

VOD-I r"1 rI 
Q) LJLJL 

vOO -I."-\..'2-1 

Fig. 1 - Circuit diagram and voltage waveforms for astable 
multivibrator circuit that uses two COS/MOS Inverters. 
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is clamped between VDD and VSS' Consequently, the time 
to complete one cycle is approximately 1.4 times the RC 
time constant because one time constant is used to control 
the switching of both states of the multivibrator circuit. 
Resistor RX (Fig.l) limits the current through DI (Fig.2) 
to a safe level. Switching occurs when the charge or dis
charge reaches the transfer voltage level, or when the time. 
period reaches 70.7 per cent of its discharge. As shown in 
waveform 2 of Fig.l(b), the transfer voltage point Vtr is the 
same for t I and t2. The time period T for one cycle can be 
computed as follows: 

T=t1 +t2 

(VDD -Vtr ) 
t1 = -RC 1n VDD 

DI 

D2 

92CS-22871 

VDD 

Vss 

Fig. 2 - Diode protection circuit. 

If the time constant is assumed to be I x 10-6 second and the 
transfer voltage Vtr is allowed to vary from 33 to 67 per cent 
of VDD,the period T varies from 1.4 microseconds at a value 
of Vtr equal to half of VDD to 1.5 .microseconds at either 
the 33 or 67 per cent value of VDD. Therefore, the maximum 
variation in the time period T is only 9 per cent with a 
±33-per-cent variation in transfer voltage from unit to unit. 

The oscillator can be made independent of supply-voltage 
variations by use of a large resistance in series with the input 
lead to inverter A, shown in F ig.3( a). This resistor Rs should be 
at least twice as large as the resistor Rtc of the time constant 
to allow the voltage waveform generated at the junction of 
Rg, Rtc' and Ctc to rise to vDD + Vtr. The waveform is 
still clamped at the input between VDD and V SS' as shown 
by the waveforms in Fig. 3(b). The use of resistor Rg 
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provides several advantages in the circuit. First, because the 
RC time constant controls the frequency, the over-all 
maximum variations in the time period are reduced to less 
than 5 per cent with variations in transfer voltage, as 
determined by the following equation: 

[ 
Vtr (VDD - Vtr)] 

T. =-RC .1n(VDD +Vtr) +1n 2VDD - Vtr (2) 

'The resistor Rg also makes the frequency independent of 
supply·voltage variations. Table I shows data measured on 
typical units with and without the resistor 

VDD 

en 
RS -'" 

,.) 
92CS- 22870 

CD 

VDD-~ . "" r-
® Vss -----V V 

VDO --f""".... f""'., .r-
Q) vss-----I./ L../" 

(0) 

Fig. 3 - Addition of resistor in series with input to one 
COSMOS inverter to make ollCillator circuit independent of 
supply-voltage variations: fa) circuit diagram; fb) voltage 
waveforms. 

Fig. 4 shows • typical transfer characteristic as a function of 
temperature. it can be seen that there.is very little change in 
the characteristic from low to high temperature. Because the 
oscillator can also tolerate. changes in the transfer charac· 
teristic without frequency instability, it requires no thermal 
compensation. The frequency at -5S·C is the same as at 
+125°C. Table II shows data measured on typical units at 
temperature extremes. 
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Table I - Frequency variations 01 astable multivibratar with and without series re.istar. 

Vtr@ Period Without Rs . (ms) Period With Rs . (ms) 

Unit No. VOO = 10V VOO - 6V VOO = 10V 
(V) 

2 4.77 0.735 0.66 

6 5.78 0.715 0.665 

11 5.58 0.695 0.66 

13 5.00 0.70 0.665 

20 5.56 0.70 0.665 

Rtc= 0.4 megohm, Ctc= 1000pF, Rs= 0.8 megohm 

> 
I .. .. 
c 
!:l 

,. 

, ... 
10 

I I 
O.AIJ SUPPLyl 

VOLTAGE·+IOV 

~ 7.~,I--.... --1-\\--+_-_+---'f__-+-_l 
S :: 
il 
u 

" 
•.• t---t---i .... -+---+--i--+---I 

10 I. 
" DC INPUT VOLTAGE-Y 

Fig. 4 - Transfer chsrscteristic as a function of temperature. 

The astable multivibrator shown in Fig.l can be gated on 
the off by use of a NOR gate as the first inverter, as shown 
in Fig.S. 

Tabl. II • Frequency variations 01 astable multivibratar 
at temperature extremes. 

Period· (ms) 

VOO=6V VOO= 10V VOO= 14V 
Unit No. -55°C +1250C -55°C +1250C -55°C +1250C 

2 1.04 1.04 1.02 1.01 1.03 1.02 

6 1.06 1.07 1.06 1.04 1.04 1.03 

11 1.03 1.03 1.04 1.02 1.04 1.01 

13 1.02 1.02 1.02 1.02 1.03 1.01 

2-0 1.04 1.03 1.04 1.03 1.04 1.02 

Rtc= 0.4 megohm, Ctc=IOOOpF, Rs= 0.8 megohm 

VOO -14V VOO - 6V Voo = 10V Voo -14V 

0.645 1.04 1.00 1.02 

0.63 1.06 1.04 1.03 

0.625 1.03 1.02 1.03 

0.64 103 1.01 1.02 

0.64 1.04 1.03 1.03 

IVDD 

HIGH /, ... Y-o "(OFFI 

'ONIIY LOW 

= 
~Itc 

" GATING OF OSCILLATOR 

92CS-22&12 

Fig.5 - Astable multivibrator in which a NOR gate is used as the 
first inllerter to permit gating of the multivibrator. The NOR and 
NAND gates can also be reversed with suitable change in control 
polarity. . 

COMPENSATION FOR 50-PER-CENT DUTY CYCLES 

The variation in transfer voltage described above affects the 
output-pulse duty cycle, as shown in Fig. 6. A true 
square·wave pulse is obtained only when the transfer voltage 

<D 
n--""] rT: n--~ I 
I LlJ Ll.J LlJ 
voo~ ® ... _ ...... ---Vtr-67"- OF VD 
VSS--'" ,J --Yt,·33-J1.DF VD 

1~fi1rn 
~_J ~_J Ll._j I 

Fig. 6 - Waveforms showning effects of transfer voltage on 
multivibrator frequency. 

occurs at the SO-per-eent point. However. the duty cycle can 
be controlled if part of the resistance in the RC time 
constant is shunted out with a diode, as shown in Fig. 7. 
Because adjustment of this diode shunt to obtain a specific 
pulse duty factor causes the frequency of the circuit to vary, 
a frequency control R3 is added to compensate for this 
variation. It may also' be necessary to.reverse the diode to 
obtain the desired duty factor. The frequency of any of the 
circuits shown can be made variable by use of a potenti
ometer for resistor Rtc. 
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Fig. 7· Amble multivibrator in which a duty-cycle control 
is added. 

MONOSTABLE CIRCUITS 

Basic Configuration. Fig. 8(a) shows a basic "one-shot" 
circuit that uses a single RC time constant. This circuit 
operates well provided it is adjusted to the particular 
COSfMOS unit used. If no adjustment is made, however, the 
period T can vary from unit to unit by as much as 40 per 
cent to +60 per cent if the transfer voltage varies by ±33 
per cent, as shown by the waveforms in Fig. 8(b). 

101 
92CS-22874 

Fig. B - Basic one-shot multivibrator circuit: (a) circuit 
diBgrBm; (b) waveforms. 

Compensated Monostable Circuit. Fig. 9 shows a compen
sated monostable multivibrator type of circuit that can be 
triggered with a negative-going pulse (VDD to ground). In the 
quiescent state, the input to inverter A is high and the output 
low; therefore, the output of inverter B· is high. When a 
negative·going pulse or spike is introduced into the circuit, as 
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r-r--~~----~----~ 
I 0'* 

CI I 

~ 

92(:5-22675 

Fig. 9 . Compensated monosl1lble multivibrator circuit • 

.. ""wn in the waveforms of Fig. 10, capacitor CI becomes 
negatively charged to ground and the output of inverter A 
becomes high. Capacitor C2 then charges to VDD through 
the diode D 1 and inverter A, and the output of inverter B 
becomes low. As capacitor CI discharges negatively, it· 
charges through resistor RI to VDD (waveform 2). The 
output of inverter A remains high until the voltage waveform 
generated by the charge of CI passes through the transfer 
voltage of inverter A; at that instant its output becomes low. 
Diode DI temporarily prevents the discharge of capacitor C2, 
which was charged when inverter A was high (waveform 3). 
Capacitor C2 then commences to discharge. to ground 
through resistor R2 (waveform 4). The output of inverter B 
remains low until the waveform generated by the discharge 
of C2 passes through the transfer voltage point of inverter B; 
at that point the output returns to its high state (waveform 
5). . 

(DHIGH n 
LOW-1 l~ ________ ==:::::::::::::::::::: 
HIGH I 

® LOW I 'TRANSFER VOLTAGE POINT-INVERTER A 

@'HIGH-----r--i 

~?G~ ~ r---,,':T"'.::N::OSF:::E:::."'V=""""::-:AG=E-::PO,,",I"'NT=--7.IN"'V=ERTER B 

@)LOW ~ --r-------
® :: ---r::TI=::i 

Fig. 10· Voll1lge waveforms for monomble multivibrator 
circuit when a negative-golng trigger pulse is applied. 

The advantage of using two gates connected as inverters fab· 
ricated on the same chip is that they have siMilar transfer 
voltages. When two equal RC time constants are used 
(R lei equ8!s R2Cz), the effects of variations in transfer 
voltage from device to device are effectively cancelled out, 
as shown in Fig.11. By use of Eq.(I) derived for the as
table oscillator, it can be shown that the maximum varia
tion in the time period T is less than 9 per cent. The total 
time for one period T 1 is approximately 1.4 times the 
RIC 1 time· constant. 

Unlike the astable circuit, which shows no variation in 
frequency over the temperature range from-55°C to +125°C, 



Fig. 11 - Wa""forms showing the cancelling effects of 
transfer-voltage variations of the two COS/MOS inverters 
when twO equal time constants are used. 

the monostable multi vibrator shows some change in time 
period. The variation is less than 10 per cent. Table 111 shows 
data measured on five units over the temperature range. At 
2S·C, the variation in the time period T from unit to unit is 
quite small, usually less than 5 per cent at a VOO of 10 volts. 

The output from inverter B can be held in the low or zero 
state as long as the R2 C2 time constant is recharged by 
another triggering pulse before the discharge waveform it 
generates passes through the transfer voltage of inverter B. 

Table III - Frequency variations of monostable multi
vibrator at three temperature •• 

Period @ VOO = IOV - (ms) 
Unit No. -55°C _ +25 0e +l25oe 

2 1.06 1.08 1.00 

6 1.015 1.03 0.99 

11 1.00 1.02 0.98 

13 1.01 1.03 0.97 

20 1.02 1.02 0.99 

Diode 02 in Fig. 9 is internal to the COS/MOS-circuit. As 
discussed for the astable oscillator, it is part of the input 
protection circuit shown in Fig. 2, and serves to clamp the 
input at VOO' 

Fig$. 12 and \3 show two variations of the monostable 
circuit, together with their associated waveforms. The circuit 
of Fig. 12 triggers on the negative-going excursions of the 
input pulse, in the same manner as the circuit of Fig. 9. The 
output pulse is positive-going and is taken from the fust 
inverter. This circuit does not need an external diode. The 
circuit of Fig. \3 triggers on the positive-going excursion of 
the input pulse, and then locks back on itself until the RC 
time constants complete their discharge. The circuits of Figs. 
12 and 13 cannot be retriggered until they return to their 
quiem:ent states. 

ICAN-6267 

10) 

92CS-22876 o In ______________ __ 

tb) 

Fig. 12 - Monostable multMbrator that is tri!I!Jered by a 
negative-going input pulse: (aJ circuit diagram; (bJ 
waveforms. 

to) 

92CS-22877 

o Jl'--------, 
®l==T, --I 
Q)~ 

, 'I 
G> --111--+: ______ _ 
@~ 

tb) 

Fig. 13 - Monostable multivibrator that is tri!l!J6red by a 
p08itive-going input pulse: (aJ circuit diagram; (bJ 
waveforms. 
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Low-Pa_ Monostable Circuit_ The monostable circuits 
discussed thus far dissipate some power because one or both" 
of the inverters are on during the charging or discharging of 
the RC time constants. This power. dissipation will be 
extremely)ow provided tlie "one-shot" pulse width is short 
compared to the over-all cycle time. Fig. 14 shows the 
current waveform associated with the circuit of Fig. 9. This 

®~ 

@~ 
I 

" I 

@~ 
2m" - ~ - - -J..-"\ " 

C'URRENTO ~ "----

Fig. 14 - CUTf'flnt waveforms for the diode-compensated 
multivibrator shown in Fig. 9. 

waveform is quite wide at the base, and some current flows 
for approximately twice the time period. Fig. Is(a) shows a 

circuit uSing the -CD4007 A which dissipates much less 
power than the other circuits shown, but does not have 
the same stabilltv. This circuit ooerates as shown by the 
waveforms in Fig.ls(b). In the quiescent state, the p-channel 
transistor of the first inverter is biaSed off, while the 
n-channel transistor (which derives its control from the 
output of the second inverter) is biased on. Therefore, the 
output at C is low, and that at D is high. When a 
negative-going puise is introduced into the circuit through 
capacitor CI' the R I CI time constant becomes negatively 
charged, and the p-channel device is turned on. Capacitor C2 
then charges to VDD, the output at D becomes low, and 
the n-channel device of the first inverter is turned off. 
Capacitor CI immediately begins to charge to VDD through 

Rl (waveform B). The p-channel transistor remains on, 
keeping capacitor C2 charged to VDD' until the waveform 
generated passes through its threshold voltage level and turns 
it off. The n-channel transistor of the first inverter is still off 
because the output of the second inverter (waveform D) is 
still low . When the p-channel device of the frrst inverter turns 
off, capacitor C2 begins to discharge through resistor R2 
(waveform C) to ground. As it discharges, it passes through 
the threshold voltage of the second p-channel transistor so 
that it begins to tum on. The voltage waveform at D then 
begins to rise, and the n-channel device of the first inverter 
tums on and provides a second discharge path for the 
capacitor ~. As a result, the output waveform changes state 
from low to high'luite rapidly to complete the cycle. 

The major advantage of the circuit of Fig. IS is its low power 
dissipation. Because the circuit depends on the p-channel 
transistor threshold .. the time period T varies from unit to 
unit or with temperature variations, Some compensation can 
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Fig. 15 - Low-power monostBble multivibrator: (a) circuit 
diagram; (b) waveforms. 

be provided if the R2C2 time constant is made approxi
mately 3 times larger than the R) C) time constant, as 
shown in Table IV. 
Table IV - Frequency variations of monostable multi
vibrator with temperature when R2C2 time constant is 
increased. 

Period with VDn = 10V - (!AS) 

Unit No. ·55 0C +250C 

553 1090 1120 

554 1060 1090 

810 1030 1030 

900 1000 1020 

939 lOBO 1100 

RI = 0.35 megohm, CI = O.OOl/LF 

R2 = I megohm, C2 = 0.001# 

+1250C 

1160 

1120 

1020 

990 

1050 

R2C2 is approximately 3 times the time constant RI Cl 
R3 = 4700 ohms 



For minimum current in the circuit of Fig. I S, capacitor e2 
can be removed so that only stray capacitance is present at 
the input of the second inverter. A comparison of time
period variations under this condition is shown in Table V. 
Again, the variations from unit to unit are caused by 
differences. in p-channel transistor threshold. 

Tabla V • Frequency variation. of monostable multivibrator 
with temperature when Cz consists of stray capacitance only. 

Applications 

Peliodwilh Vnn =I[lV· (j<S) 

Unit No. ·5SoC +25 C 

553 B7. ... 
554 900 970 

81. ,., 1aOO 

90. 81. as. 

'" ". 8" 
HI =O.62melobl'll,CI = O.OOI ... F 
R2 =llllelohm,C2 =strlys 

+125 C 
1020 
1050 
lOBO 

'" ,,. 

Fig. 16 shows a circuit similar to the circuit in Fig. 3a. 
etc is variable (by adjustment of ex) and Rtc is variable (by 
adjustment of VA). The value of Rtc varies from'" Ikn to 
IOkn. These limits are determined by the parallel combina
tion of RI (IOkn) and the n-channel device resistance. This 
varies from Ikn (RON) to '" lo9n (RoFF). 

When VA = VSS, the n-channel device is "OFF' and 
Rtc = RoFF/ /RI '" RI = IOkn 

because ROFF >- Rl. 

When VA = VOO, the n-channel deVice is fully "ON .. and 
Rtc = RONI /RI '" RON = Ikn 

because RoN": Rl. CD4007A 

'x:_ ...... - .... OUTPUT 

"s 
NOTE: 

92CS·22878 

INVERTERS AND n- CHANNEL DEVICE ARE AVAILABLE IN 
A SINGLE COS/MOS PACKAr.F': 

C04007A* 
TYPICAL VALUES: 

HI • 10 kR ex = 0.001 - 0.004 JLF 

~s"IOOkn OsVASVOD 

M USE PROPER SUFFIX TO DENOTE PACKAGE 
REQUIRED - SEE APPENDIX 

Fig. 16 - Voltage-controlled oscillator. 

The osciDator center frequency is varied by adjustment 
of ex. Table VI shows a comparison of the period of the 
output waveform as a function of VOO and VA. 

Table VI • Period of Output as a function of Va and VDD -
V.C.O. of Fig. 16. 

PetIod/Psec:1 

VA VOO-6V VOO-1OY VOO-15V 

120 .. 48 

115 45 41 I. 32 30 ,. 24 
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Voltage-Controlled Pulse-Width Circuit 
Fig. 17a shows a further modification of the circuit of 

Fig. 3a which modulates the pulse width (by varying VA,) 
only if Rx is sufficiently high. As an example; if C = 
O.0022IlF, then Rx '" 3Skn. Lower values of Rx cause the 
frequency to be affected. If Rx < IOkn, there is a value of 
VA which will cause the oscillator to cut off. rable VII lists 

values of pulse width (B in Fig. I 7b) for various values of VA 
and VO~. Fig. 17b shows the output waveform for the 
circuit describe". 

(al 

(bl 

I·CD4007A 
Rte·,Otll 
RS -'OOtll 
RX • 35tA 

OUTPUT 

Ctc. 0.0005 - O.0025p.F 

92CS-22882 

I--a-\ 

s-LJ 
t--- PERIOD ------i 

Fig. 17 - (aJ v.c. pulse-width circuit; (bJ output waveform. 

Table VII • Pul .. Width as a Function of V A and VOO. 

Pulse Width (BI"sec 

VA 
VOO =5V VOOD10V VOO= 15V 
Period41.5 Perlod-35 Period-33 

0 23 19.3 17 

5 20 17.7 16.2 

10 - 16.2 15.5 

15 -- -- 14.3 

<:tc = O.OOI5p.F 

Phase Locked VCO 
The voltage controlled oscillator can be· operated as a 

phase locked oscillator by the application of a frequency 
controlled voltage to the gate of the n-channel device. Fig. 18 
shows the block diagram an FM discriminator using the phase 
locked veo. Block A is the same circuit as Fig. 16. The 
output of the phase comparator is fed to the gate of the 
n-channel device (VA,). If the two inputs to the phase 
comparator are different, the change of VA causes the 
output frequency of the veo to change. This change is 
divided by 2N and fed back to the phase comparator. 

Fig. 18 - VCO used in phase·locked loop. 
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Frequency Multipliers 
Fig. 19a shows a frequency doubler. A 2N multiplier can 

be realized by cascading this circuit with N-I other identical 
circuits. The leading edge of the input signal is differentiated 
by RI and el, applied to the input No.1 of the NAND gate, 
and produces a pulse at the output. The trailing edge of the 
input pulse, after having been inverted, is differentiated, 
applied to the input No.2 of the NAND gate, and produces 
the second output pulse from the NAND gate. The 
waveforms for 5 points in the circuit are shown in Fig. 19b. 

", "2 

S'GlO' C, 'N 

C2 

OUTPUT 

1-3/4 CD401lA 
(4-2 INPUT NAND GATES) 

RI" R2" 10 k n 
POINT IN 
CIRCUIT 

CI " C2 = 0.001 p.F 

WAVEFORM 

4. -y V 

92CS-22879 

.~ 
Fig. 19 - (a) Frequency doubler schematic; (b) waveforms. 

Modulation/Demodulation (Envelope Detection). 
Pulse modulation may be .accomplished by use of the 

circuit shown in Fig. 20a. This circuit is a variation of Fig. 3. 
The oscillator is gated ON or OFF by the signal input No.1 
to the NAND gate. The waveforms are shown in Fig. 20b. 

1/2CD40llA 

INPUT 
OUTPUT 

Demodulation or envelope detection of pulse modulated 
waves is performed by the circuit shown in Fig. 21a. The 
earrier burst is inverted (by Inverter A), and its first negative 
·transition at point 2, turns on the diode (D) to provide a 
charging path for etc through the n-channel resistance to 
ground. On the positive transition of the signal (at point 2), 
the diode is cut off and etc discharges through Rtc'- The 
discharge time constant (Rtc etC> is much greater than the 
time of the burst duration. Point 3, therefore, never reaches 
the switch point of inverter B until the burst has ended. The 
waveforms for 4 points in the circuit are shown in Fig. 21b. 

OUTPUT 

Voo 

Vss 

Voo 

Vss 

Voo 

• 
Vss 

:00 ~ 
VSS L 

Fig. 21 - (a) Demodulator circuit; (b) waveforms. 

L 

Voo 

VSS 

Voo 

Vss 

Fig. 20 - (a) Modulator circuit; (b) waveforms. 
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A COS/MOS PCM Telemetry and 
Remote Data Acquisition Design 

by A. Young and D. Block 

Introduction 

The data explosion has brought with it a tremendous demand 
for acquisition stations capable of providing information to a 
central location for recording and processing. A particular 
challenge to designers is remote stations for geologic, oceano· 
graphic, and space applications where high reliability of data 
must be combined with low power dissipation to conserve power 
supplies. 

Pulse code modulation (PCM) and COS/MaS are an excellent 
combination for these applications since COS/MaS devices have 
inherently low standby and operational power requirements. 
The wide range of supply voltages (3 to IS volts) from which 
COS/MaS circuits can operate reduces power·supply regulation 
requirements and, in addition, permits emergency power 
sourcing from convenient alternate supplies. PCM telemetry 
systems designed to work in severe electrical·noise environments 
can also benefit from the inherently high noise immunity of 
COS/MaS devices (typically 45 percent of the supply voltage). 
Finally, both analog and digital data can be switched through 
COS/MaS devices; this feature allows convenient mUltiplexing 
and interfacing of the telemetry logic with the external world. 

The wide range of circuits from simple gates to complex 
multiplexers and arithmetic units available as standard parts in 
the COS/MaS CD4000 family allows the realization of the 
functional elements of PCM telemetry systems with a minimum 
number of components. The ease of system design resulting 
from the availability ofMSI functions and the tolerant nature of 
the COS/MaS devices can result in reduced design time and reo 
liable system operation. For critical applications, COS/MaS 
parts are also available in Hi· Rei versions processed to MIL·STD· 
883 or MIL-STD·38510. 

This note contains descriptive background material on tele
metry systems plus examples of typical systems for both 
immediate and remote data conversion and transmission. Parts 
from the CD4000 family are used to show how various sections 
of the system may be realized in the general case. The exact 
configuration of any specific system would, of course, depend 
on the unique requirements of the application. 
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GENERAL CONCEPTS 
Format 

The order in which data channels are sampled is of funda· 
mental importance to the operation of the systems. This order· 
ing of data is called the "format." The smallest unit of digital 
data is a "bit" (either a logic 1 or logic 0) and the smallest 
number of bits handled as a single entity is called a "word." The 
word length or number of bits in each word is determined by the 

accuracy with which analog information is to be converted to an 
equivalent digital word; the greater the accuracy the more bits 
required. Two types of words are used in a telemetry system: 
control words containing synchronization or parity bits and data 
words containing the actual information to be transmilted. 
Words are grouped together into frames. A frame contains one 
control word and an integral number of data words. The format, 
then, refers to the sequence of words within a frame. Fig. I 
shows a typical format ofN words grouped into a frame. 

SYNCHRONIZING BITS 
FIXED FOR EACH 

FRAME VARIABLE DATA WORDS 

~ 
r-------______ ~A~ ______________ __, 

1'1111111 I I 01001011 I 1'0010110 r----IL-'_oo_,_,o_"--' 
CONTROL DATA DATA DATA 

WORD WORD WORD WORD , 2 N 

FRAME 

Fig. I-Basic data format. 
9C!CS-23356 

Information Transmission Rates 

To accurately reconstruct at the receiver end of a telemetry 
system events occurring at the transmitting end, data must be 
sampled at a rate at least as fast as the fastest changing bit in the 
data word. Once this rate is determined, the bit rate to be trans· 
mitted can be found from the following expression: 

Bit Rate = (Word Length) (Frame Length) (Sampling Rate) (I) 
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WOld 

Slot 

Thus, for a sampling rate (SR) of 100 samples per second (SPS), 
a frame length of 10 words, and a word length of eight bits, the 
bit rate (BR) is 8 kilobits per second (kBPS). 

A disadvantage of the format in Fig. I is that it requires the 
sampling rate to be the same for each input. However, many 
applicaiions have inputs which change at different rates,and for 
maximum efficiency a range of sampling rates is desirable. There 
are two techniques which may be used to accomplish sampling 
rate variation: subcommutation and supercommutation. 

02 03 04 ~~"d 05 I 06 

SR 6.4 kBPS 
SR 100 SPSWold Sial (8·h,t wOHI,) 

Sync 

Won! 

SIIl'/ 

A DESIGN EXAMPLE 

Format 

Manipulation of the bit·rate, frame·length, and sub
frame·length parameters is required to obtain an optimum 
format from sampling rate requirements; Consider, for examplc, 
the requirements for transmitting 8 channels of analog in· 
formation, identified as Al through A8 in Fig. 3(a), and onc 

Word 9 10 

5101 ~I s..c'-"'~-A!.'~--=A'-2 ~-'A'-3 ~-=-~..cA'-5 ~-'A'-6 ~-'A'-7 ~-'A'-B ~I--'o::", -, 

Word 

SR ~ 8:.10",200 ~ 16 kBPS for B·bit words 

A ~ Analog Data Channels 
0= Digital Data Channels 

I .. 

MaInFrame 
,....:.~--'-~--=---~-"-~--=-"""T--''-r--',.,--''__r~",e Numher SIOI,...:_~'-~..,.,:._~~~..,.,:.,--r"C,.,....,.,::_r_:'" 

04i1 05 06 Svnc Al 5ubframe A3 "'"' 0' Suhf';lme 03 

SV"5. 
SlIhtrame Sync 0' 02., 03 
Sublrame 5Yrlc 0' 020 03 
Suhlramc 5'1nc 0' 02, 03 04h 01 05 OG 

MJ,nFrame Sync 0' Suhlramc 04" 01 05 
Syl1(" 

Sync D, 5uhlramp 03 
Sync 

02. 

0", 

02,' 

92CS- 23357 
Icl 

Fig. 2-(a) Supercommutation of channel 01 in word slots 2 and 6,
(b) subcommutation of word slots 3 and 5; fe) shorthand 
representation of fb). 

In supercommutation, as shown in Fig. 2(a), data channels 
are repeatedly sampled within the same frame to obtain 
sampling rates that are multiples of the fundamental rate. For 
the format parameters shown, 01 is sampled at 200 samples per 
second, twice the fundamental rate. The process of super· 
commutation is equivalent to dividing the frame·length term of 
Eq. (I) by the number of repetitions of a given channel. Proper 
supercommutation requires that the word slots be evenly spaced 
in a frame. 

Subcommutation, Fig. 3(b), is an alternate sampling of data 
channels from frame to frame to obtain sampling rates that are 
less than the fundamental rate. In Fig. 2(b), channel 02a is 
sampled every fourth frame, as are channels 02b, 02c, and the 
subframe sync channel. Channels 04a and D4b are sampled 
every other frame. Fig. 2(c) is a shorthand notation of this 
format. The process of subcommutation is equivalent to multi
plying the frame·length term of Eq. (I) by the subcommutation 
length. 

The entire data cycle (the smallest number of words that 
repeat periodically) is called a "subframe" and includes the main 
frame and subsequent frames. Subcommutation can be applied 
to more than one main frame word, but the number of sub
commutations must have an integral relationship to all other 
subcommutation lengths. For example, subcommutation 
lengths of 2, 4 and 16 in the same format are acceptable, but 
lengths of 2, 8 and 10 are not because 10 is not an integral 
multiple of 8. The maintenance of integral relationships in sub· 
commutation assures the synchronization of subcommutated 
channels required for decommutation. 
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Fig. 3-(aJ Format configuration 1: (bJ format configuration 2. 

channel of digital information (0 I) where the required sampling 
rates are: 

(a) 200 samples per second (SPS) for one analog channel 
(b) 100 SPS for two analog and one digital channel 
(c) 50 SPS for two analog channels 
(d) 2S SPS for three analog channels 

One solution would be to sample all channels at 200 SPS. This 
sampling rate meets the requirement of the most active channcl 
at the cost of over-sampling the others. The resultant ten-word 
frame shown in Fig. 3(a) woul': require abitrate of 16kBPS for 
an eight-bit word length. This format is inefficient and results in 
having to record and process redundant data. 

An alternate format, shown in Fig.3(b), consists of eight 
100·SPS main frame words with supercommutation and sub· 
commutation used to generate alternate sampling rates. Super
commutation of word slots 2 and 6 produces a 200-SPS channel. 
Subcommutation of word slot 5 twice and slot 3 four timcs 
produces 50· and 25-SPS channels, respectively. The bit rate 
required by this format is 6.4 kBPS orroughly one·third of that 
required by the previous format. The reduction is accomplished 
with only a small increase in programming hardware. 

System Hardware 

A block diagram of the functions needed for the telemetry 
system of the design example above is shown in Fig. 4. Thc 
system includes both analog and digital multiplexers, an 
analog·to·digital converter and digital data-signal conditioner, a 
programmer, and an output formatter, synchronizer and serial· 
izer. The following sections discuss the implementation of these 
functions with standard COS/MaS CD4000·family parts. 
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Fig. 4-PCM telemetry system. 

Programmer 

The Programmer provides basic timing and system synchron
ization by reducing the bit-rate clock timing to words, frames, 
and subframes. In general,counters and decoders are required to 
generate the format matrix column and row dimensions. The 
COS/MaS IC family includes several devices that aid in the 
design of format counters and decoders; one such device is the 
CD40lSA, Presettable Divide-by-N Counter. One or more 
CD40 ISA's can provide a large selection of frame and subframe 
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'----v-------I 
BIT 

TIMING 

WI W2 W3 W4 W5 W6 W7 we 
\ / 

W~D 
TIMING 

AID CONvERTER 
CLOCK 

(ADCl) 

lengths. The CD4017A (Decade Counter plus Ten Decoded 
Outputs) or the CD4022A (Divide-by-Eight Counter with Eight 
Decoded Outputs) may be used instead to generate S or 10 
decoded states. The internal decoding of these devices greatly 
reduces the number of IC's required in the Programmer. The 
CD4024A, CD4040A, and CD4020A, 7, 12, and 14-stage binary 
counters, respectively, can be used to generate longer binary 
frame/subframe lengths. Decoding of these counters can be per
formed by standard COS/MaS gates. The Programmer of Fig. 5 
has been designed with six COS/MaS IC's. 
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Fig. 5-Programmer timing generation. 
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Handling Analog Inputs 

Analog input channels to the PCM system of Fig. 4 are 
switched to an AID converter, and the resultant digital word 
transferred to a parallel·to·serial converter for serial readout. 
Synchronization of the AID operation is explained below. 
Analog switching can be done with CD4066A transmission 
gates, as shown in Fig. 6. Switching of the gates is controlled by 
the word and frame counters properly decoded to generate the 
format of Fig. 3(b). 

114 CD4071B 
W2 
W6 

A, o-------jf--.j 

A'o-----~~.j 

A"o------L-~~_~ 

A2. 

" 
A2b 

W' .. 
A2, 

FCi 

AO. 

W, 
Fe, 

AOb 

92CM-240JI 

Fig. 6-Analog multiplexer. 

The accurate conversion of analog inputs to digitally coded 
words is a major function ofPCM systems. The logic required to 
control conversions using the successive approximation tech
nique can be implemented with stondard COS/MaS circuits. 
Also, the analog portion of the AID converter can be simplified 
by the use of COS/MaS devices, depending upon the accuracy 
and speed required. 
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A COS/MOS A/D converter design using the successive 
approximation technique is shown in Fig. 7. A timing sequence 
to encode an analog input of 1.480 volts is given in Fig. 8. The 
converter works as follows. Operation is initiated by the pro· 
grammer when the next word·slot is assigned to an analog input. 
At that time (SO) the A/D holding register is set to 1000000 
(half scale). This action generates a reference voltage (V R) of 2.5 
volts which is applied to comparator AI. The comparator output 
is zero if VR is greater than AMllX (AMUX is the sampled input 
voltage from the multiplexer), hence the D inputs to the register 
elements are zero. At time SI the first flip·flop is clocked to zero 
and the second flip·flop is set to the one state. The resulting 
reference voltage (1.25 volts) is less than AMUX this time, and 
the comparator output goes to the one state. At time S2, the 
second flip·flop is clocked to one, and the third flip·flopis set to 
the one state. This procedure continues until all the bit weights 
have been considered for inclusion in the encoded word. For an 
8·bit system with a 5-volt reference, the lowest discrete level of 
quantization is 19.6 millivolts, and the maximum theoretical 
accuracy is 0.4 percent. However, for the system shown in Fig. 7 
where COS/MOS flip-flops drive a 200-kilohm resistor ladder 
directly, an accuracy of 1.5 to 2 percent can be expected with 
conversion rates of approximately 10 kBPS. This encoder can 
handle the data requirements of most operational and sur
veillance applications as well as some experimental applications. 
The system can be made to operate more accurately if the 
impedance of the most significant bit (MSB) switches is reduced. 
This can be done by using CD4041 A low-impedance buffer units 
between the flip-flop outputs and the resistor ladder on the first 
two flip-flops. The CD4041 A's have output impedances of less 
than 200 ohms at 5 volts, either sourcing or sinking current, and 
permit construction of an 8-bit converter with a relative 
accuracy of one percent or less. 

An alternate method of constructing the A/D converter so 
that analog signals both above and below ground can be handled 
is shown in Fig. 9. Here the CD4054A's are used as level shifters 
to convert the O· to +5-voll levels from the holding register to -5-
to +5-volt signals to the resistor ladder. By connecting one end of 
the ladder to -5 volts, VR is allowed to range between -5 volts 
and +5 volts. By judicious choice of power supplies, analog voll
ages between ± 7.5 volts could be accommodated using this 
scheme. (Another scheme for A/D conversion is given in refer
ence 2.) The entire telemetry system could have been run with 
VDD = 5 V and VSS = -5 V; level translators would not then be 
necessary. However, to minimize overall dissipation (dynamic 
power is proportional to V2) the system was designed to operate 
with VDD = 5 Vand VSS = 0 V. 

AID converters are subject to numerous error sources, many 
of which are rather subtle. Temperature variation is one of the 
major causes of error. Changes as small as IO·C can cause an 
output variation equivalent to a quantizing level. Other sources 
of error which must be considered in a practical design include 
such parameters as sampling-rate variations, aperture time, inter
polation errors, source impedance, and multiplexer leakage. 
Trade-offs between cost, size and power must also be made in 
determining the optimum system for a given application. 

A timing diagram showing bit-timing assignments in relation 
to the A/D conversion cycle is shown in Fig. 8. 
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Fig. 7-Successive-approximation AID converter. 

Handling Digital Inputs 

In the most general case, the digital-word input to the PCM 
system could have logic levels degraded as the result of noise, 
offsets, or other causes, or it could consist of simple analog 
voltages to be quantized to single-bit resolution. In the latter 
case, the concern is only that the input voltage is above or below 
a given threshold. In ,the former case, comparison of the in-

put-voltage level against a reference would be used to re-establish 
solid logic one and zero-voltage levels. This process is referred to 
as "signal conditioning." Thus, Fig. 7 shows digital inputs being 
put through comparator A2 for conditioning and being stored in 
the AID holding register. In the case of digital data, the ladder 
network hanging on the register is supernuous. Digital data is 
simply stored in this register for convenience (to avoid having to 
create a separate register and controls) and to keep timing and 
synchronization constant. 

543 



ICAN-6289 __________________________ _ 

ADCL 

RESET 
-, 

SO 
------, 

51 n 
52 n 

58 ----------------~~ 
59 

___________________ ~r__ 

81 

B2 

B3 n 
B" n 
B5 

B6 

B7 n 
BB 

92CS-24029 

Fig. 8-AID timing for encoding an analog input of 1.480 volts. 
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The digital input word is first multiplexed into a serial data 
stream using the CD40SI A, as shown in Fig. II. At time SO, the 
first flip-flop of the holding register is set to the I state, and will 
be conditionally reset depending on the output of comparator 

A2 at the end of time SO. (Refer to the description of operation 
of ··the AID converter for a more detailed explanation of 
this cycle.) The sequence is repeated for each bit until the entire 
word has been entered into the holding register. 
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Data Output 

At the appropriate time determined by the format, the 
output serializer gathers data from one of three sources: a data 
word from the AID holding register, or control words from the 
main frame-sync word generator or the subframe-sync word 
generator. The 8-bit parallel word is loaded into a CD4021 A 
shift register, as shown in Fig_ 12, at the end of bit period T7, 

F' 
W3 

W, 

MFSB6 

I 
SFSB6 

MFSB7 

SFSB 7 1 

MFSBsl 

and then clocked out at the bit rate_ To preserve the symmetry 
of the last bit period, a flip-flop is added to the end of the 
register _ Selection of data to the register can be performed by a 
double rank ofCD4019A's_ Sync-bit patterns are normally fixed 
for a given system, and the bit lines are hand-wired to VDD or 
V SS in correspondence with the ones and zeros of the chosen 
sync pattern_ 

The output data can feed a computer directly or can mod
ulate an rf carrier for telemetering to a distant data sink_2 
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Fig. 12-Sync and sub frame sync word generator_ output data formatter. and serialize'. 
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System Integration 

A diagram of the entire PCM telemetry system of Fig. 4 is 
shown in Fig. 13; system timing is shown in Fig. 10. 

Remote Data Acq"isition 

Many industrial-control and data-management systems are 
not efficiently served by fixed-format PCM systems. Their re
quirements arc better satisificd by slaved-data acquisition 
subsystems in which data and control is provided on request, a 
method that substantially reduces redundant data and trans
mission rates and that provides control capability at remote 
locations. The PCM telemetry system previously described is 
adaptable to this form of operation. The implementation of the 

ANALOG 
INPUTS 

AI-"""::':"'='-I.:..:1 

A3------l..:.:J 

A5----_~:J 

A2,---F::..t.:..:1 

A2b---F::..t.:..:J 

A2'---+=~~~ 

FI 
F3 

A40 ---IF=::..t.:!l 
F2 
F4 

A4b---'F=-t.:.:.J 
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logic of remote slaved-data acquisition systems with COS/MOS 
devices is desirable because the power consumption of the 
system is reduced significantly as the switching activity of the 
circuit decreases. 

A slaved Programmer must include a channel address-register, 
data-request recognition logic, and output transferoOon
trol logic. The format is defined by an external programming 
source and is not constrained by the acquisition system except 
for maximum channel capacity; format words·per-frame and 
frames-pcr-subframc counters arc not necessary. The interface 
can range from a single wire to several paraliel buses; Figure 14 
shows a block diagram of a typical interface scheme. There are 
five control lines in the system: CLOCK, DATA REQUEST, 
REQUEST ACCEPTED, BUSY and DATA READY. A single, 
bi-directionalline is used to send the desired channel address to 
the slaved programmer and to return the requested data. 
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Fig. 13-Diagram of PCM telemetry system of Fig. 4. 
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The block diagram in Fig. IS shows the main functional units 
of the interface scheme of Fig. 14. A request is initiated by 

DATA REQUEST 

CLOCK 

Fig. 74-Slaved system. 

GA,TA ACQUISITION 
AND 

CON'!ERSION 
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applying a logic I to the DATA REQUEST line. The control 
logic services requests on a first-in-first-out basis, and ignores any 
requests initiated while it is in the BUSY state. When a request is 
initiated at a valid time, a REQUEST ACCEPTED pulse is gener
ated, the BUSY line is set to I, and the input to the channel-ad
dress register is enabled for loading. After the channel-address 

ADD/DATA __ ..... --i-, 

CLOCK--+-+-l-" 

:~~~~~~D ------. 
DATA 

REQUEST 

BUSY ;:=i===~l 

,.--,-------' 

information is received, the requested data is digitized, the 
DATA READY line is set to I and the output data register is 
clocked onto the ADDRESS/DATA line. The control logic then 
resets itself, and the system is ready to acquire a new data word. 

The implementation of a 16-channel analog system using 
COS/MaS standard parts is shown in Fig. 16; the associalcu 
timing diagram is shown in Fig. 17. A DATA REQUEST sels the 
data-request flip-flop (REQUEST ACCEPTED) and enables the 
Clock and Address lines to the CD401 SA channel-address regist
er. When the CD40J 7 A address bit-counter indicates that the 
address has been received, the DATA REQUEST flip-flop is 
reset, all inputs to the channel-address register are disabled, and 
one of the 16 input channels is switched to the converter 
through a CD40SIA. The BUSY flip-flop, which was set by the 
REQUEST ACCEPTED signal, disables any further inputs until 
the cycle is completed. 

A/D conversion can be performed as described above or in 
reference 2. At the end of the A/D conversion period, the results 
of the conversion are loaded into a CD4021A shift register,anu 
the DATA READY flip-flop is set. A CD4016A transmission 
gate is turned on by this signal, and the shift-register output to 
the ADDRESS/DATA line is enabled.A separate flip-flop is useu 
to synchronize the output with the master clock, assuring that a 
full clock period is available for each bit. Output data is clocked 
onto the ADDRESS/DATA line and the clock pulses counted in 
a CD4017 A counter to determine the end of the transfer time. 
At the end of this time period, the BUSY and DATA READY 
signals are cleared, and the control flip-flops and counters arc 
resel for the next request. 
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Fig. IS-Slaved programmer. 
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Fig. 16-Channel-sJaved programmer using COS/MOS standard parts. 
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Conclusions 

The options available to the designers of data acquisition 
systems to meel operational requirements are as numerous as the 
applications for such designs. Features such as extended accur· 
acy, sample-and-hold, selectable input levels, high data·input 
impedance, control outputs, limit checking, serial data acquisi· 
tion, calibration.signal output, and digital data,processing can be 
added to the basic system described here. The COS/MaS 
CD4000 integrated-circuit family provides features particularly 
suited to telemetry or related data·systems design, and the large 
number of standard parts available gives the designer consider· 
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able flexibility to achieve the goals of his application. 
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Power Supplies for COS/MOS 

D. Blandford 
A. Bishop 

Two of the major advantages of COS/MOS logic systems are 
their low power dissipation and ability to operate over a wide 
range of supply voltages. These features permit the use of 
simple, small, low·cost power supplies. Examples of various 
COS/MOS power.supply circuits and their relative costs are 
given in the following Note along with the factors important in 
their design. These examples are intended as a guide rather 
than the optimum design for a particular system. 

DESIGN EXAMPLES 
Ten examples of power·supply circuits for use in COS/MOS 

logic systems are described below. The systems are employed 
in applications ranging from general-purpose, low.frequency 
types to those operating at high noise immunity and high 
frequency. The component values for each power.supply 
circuit are given for three system sizes, 20, 50, and 100 
COS/MOS devices. It is assumed that each system is composed 
60 per cent of gate circuits and 40 per cent of MSI circuits, 
although, as explained below in the section concerning design 
considerations, these proportions are, in general, not 
important. 

Low-Frequency Systems 
The main requirement in a low-frequency (50-kHz) system is 

low cost. A VDD of 5 volts yields a low supply current of 60 
microamperes per device and a reasonable noise immunity of 
1.5 volts in each logic state. This' type of power supply, Fig. I. 
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Fig. 1 - Power supply for B low--frequency system. 

is used in general.purpose applications, such as digital 
instruments, remote monitoring equipment, and computer 
peripherals. 

If higher noise immunity is required, for example, in an 
industrial-control application, a higher value ofVDD would be 
needed. At 12 volts, the noise. immunity is 3.6 volts in each 
logic state. Fig. 2 shows the circuit used in this type of 
application. 
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Fig. 2 - Power supply yielding higher noise immunity than the circuit 
a/Fig. ,. 

If an application calls for the highest obtainable noise 
immunity, a VDD of 14.5 volts could be used. The minimum 
noise immunity in this case is 4.35 volts in each logic state. 
Operation at 14.5 volts causes an increase in power 
consumption and requires that the supply be regulated to 
ensure that the supply rail does not exceed the maximum 
rating of 15 volts. Fig. 3 shows the circuit for applications of 
this type. 

Mixed Systems of 2-MHz and 50·kHz Circuits 
10 per cent at 2 MHz, 90 per cent at 50 kHz. A nominal 

VDD of 10 volts is selected to enable most COS/MOS circuits 
to operate at toggle rates greater than 2 MHz, Fig. 4. 

50 per cent at 2 MHz, 50 per cent at 50 kHz. The simple 
zener·diode circuit shown in Fig. 5 is all that is required to 
provide the nominal 10-volt supply, the power rating of the 
zener diode depends on the number of devices in the system. 
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Fig. 3 - Power supply yielding highest obtainable noise immunity. 
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Fig. 4 - Power supply for mixed system consisting of 10 per cent 
2-MHz and 90 per cent 50-kHz COS/MOS circuits. 

II~II 6;:1 

SYSTEM 

~ 
20 
50 

100 

ISUPPLY 
~ 

50 
125 

250 

ZENER POWER RATING R 
WATTS (OHMS) 

1.5 82, 1/4 WATT 
1.5 33, I WATT 
5 15. 2 WATT 

92CS-25124 

Fig. 5 - Power supply for mixed system consisting of 50 per cent 
2·MHz and 50 per cent 50-kHz COS/MOS circuits. 
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COs/MOS System Powered by 5-Volt TTL Supply 

COS/MaS circuits can be added to or mixed with TTL 
circuits in a system. The COS/MaS circuits can operate 
directly from the S-volt TTL power supply. At 50 kHz the 
supply current required by the COS/MaS circuit is only 60 
microamperes per device, so that for 100 COS/MaS devices, 
the supply current required is only 6 milliamperes. This 
current is less than that required by a single TTL quad-gate 
device, so that the 100 device COS/MaS system can be added 
to an existing TTL power supply without the need to modify 
the supply. . 

Battery-Powered Systems 

COS/MaS circuits, with their low power consumption, are 
ideally suited for application in portable systems. The wide 
supply-voltage range permits operation from inexpensive, 
light.weight dry batteries, which may undergo a large change 
in voltage capacity from start to end of life. For example, a 
system containing twenty COS/MaS circuits operating at 10 
kHz from three I.S-volt zinc-carbon dry cells consumes only 
220 microamperes. The logic system would operate for more 
than a year before requiring a battery change. 

Retention of data in a semiconductor memory when the 
main power supply is interrupted or turned off can easily be 
accomplished by using COS/MaS memory circuits and a 
standby battery. The battery used could be either a recharge· 
able nickel-cadmium type, as shown in the memory standby 
system of Fig. 6, or a dry battery. The memory system shown 

IN40QI 

2.2K IN4001 

II V, 60mA 

l 
MEMORY SYSTEM: 
IOVAT 50mA 
OR 3.4 V TO 5.2 V 
AT 640 p.A 

~-J 
92CS-2:5125 

Fig. 6 - Memory standby system. 

is a 4K by 8 bit system that uses the CD4061AD, 2S6-bit 
RAM. The operating supply voltage is 10 volts, and at a 
I-microsecond cycle time, the supply current required- is 50 
milliamperes. The system power supply trickle-charges the 
standby battery during normal operation; for the system 
shown, recharge time is 35 hours. When the main power 
supply is turned off, the memory is powered by the standby 
battery. In the system shown, the 32k-bit memory would be 
powered for approximately one week. 

In portable applications requiring operation from a single 
battery cell, a dc-to·dc converter, Fig. 7, can be used to 
generate a higher voltage to power the COS/MaS circuits and, 
possibly, a liquid·crystal display. 
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l 
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LA 2500 CORE 
N I = 20 lURNS NO. 35. 
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92C5-25126 
Fig. 7 - DC-to-dc converter. 

DESIGN CONSIDERATIONS 

The primary technical considerations in designing a power 
supply for a COS/MaS system are the required operating 
frequency, noise immunity, and power dissipation of the 
circuits in the system. 

Operating Frequency 

Toggle frequency and propagation delay improve as the 
supply voltage of a COS/MaS circuit is increased, as shown in 
Figs. 8 and 9. This improvement occurs because the output 
resistance of the MaS transistors used in the COS/MaS 
circuits decreases with increased VOO while the output mode 
capacitance remains virtually unchanged, thus reducing the 
output time constant. The designer should ensure that the 
worst·case supply voltage is sufficiently high to yield the 
required switching speed. I 

/5 

AMBIENT TEMPERATURE TA • 2~ac 
LOAD CAPACITANCE (ell· 15 pF 

/0 
SUPPLY VOLTS(Vool 

15 20 

92C5-19868 

Fig. 8 - Typical clock frequency versus supply voltage for the 
CD4013A. 
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Fig. 9 - Minimum propagation delay time versus supply voltage. 

Noise Immunity 

The switching point of a COS/MaS circuit is typically half 
the supply voltage, VOO, so that the noise immunity is 
typically 45 per cent of VOO in each logic state. Thus, an 
increase in VDn will cause a proportionate increase in noise 
immunity.2 The worst·case noise immunity is 30 per cent of 
VOO, as shown in Fig. 10. For example, if the required noise 

,/ 

,/ 

/' 
/' 

/' 

/ 
V 

I 
o 4 6 8 10 12 ~ /6 

SUPPLY VOLTAGE (Vool-VOLTS 

92C5-25127 

Fig. 10 - Worst-case noise immunity versus supply voltage. 

immunity is 1.5 volt in each logic state, then VOO should be 5 
volts or more. Maximum noise immunity is obtained by 
operating with a IS-volt supply, and is dependent upon 
maintaining good power-supply rail regulation during peak 
switching-current conditions. For example, a COS/MaS gate 
draws 10 milliamperes peak for approximately 50 nanoseconds 
during a switching mode for a 15·volt supply. 

It is good practice to keep the power·bus dynamic 
impedance low throughout the COS/MaS system. In addition 
to good ground and supply·bus disiribution, O.OI·to O.l·micro· 
farad ceramic capacitors should be distributed throughout the 
system and connected from VOO to VSS. As a general rule, a 
O.OI-microfarad capacitor should be used for every four-gate 
package, and a 0.1 microfarad capacitor for every four MSI 
packages. 
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Power Dissipation 

The two previous sections explain the advantages of 
operating a COS/MOS system at high values of VO~. However, 
use of high supply voltages is accompanied by high power 
consumption. The total power consumed has two components, 
quiescent or dc power consumption, which increases approx· 
imately linearly with VOO, and switching or ac power 
consumption, which increases as V002. Fig. II illustrates the 
typical diSSipation of a COS/MOS device. 
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Fig. 11 - Typical dissipation ofa C0401fA with B 15"';cofarad load at 
10 kHz WlISUS supply voltage. 

The expected power consumption of a given COS/MOS logic 
system can be calculated by summing the combinations of dc 
and ac power consumption of individual devices for expected 
values of supply voltage, operating frequency, and load 
capacitance. Generally, for a system larger than about ten 
devices, it should be sufficient to consider the typical values of 
power consumption. 

A useful guide for calculating system power consumption is 
shown in Fig.I2. This graph shows the average power 
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Fig. 12 - AWlrage powe, dissipation of B CD4000A-series device WillIS 
frequency. 
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consumption per device (e.g., quad NANO, counter, shift
register) versus frequency for various supply voltages at a 
practical loading of 50 picofarads. For example, assume that 
the power consumption for a mixture of 100 CD4000A 
circuits at a VOO of 5 volts and an operating frequency of 50 
kHz is desired. From Fig. 12, the dissipation per device is 300 
microwatts, so that the total system diSSipation is 30 milli
watts for a supply current of 6 millamperes (see practical 
circuit, Fig. I). In this example, the dc power is not significant 
and would typically total less than I milliwatt. 

If a more accurate value of the system power consumption is 
required, the contributions from each device may be 
calculated and summed to give the total. To do this, the value 
of quiescent dissipation given in the data sheet for the device is 
used together with the value of ac dissipation. The latter value 
is taken from the data-sheet graph of dissipation versus 
frequency at IS-picofarads load. The value obtained is valid 
for three loads or less; for more than three loads, Fig. 13 is 

VDD=15V 

IOmWb---·---r----~~----~----~~~~ 

z 
o i ImWb------r----~~--~~+--~----~ 

2j 
;:; 
0: 

i'ool'w 

10M 
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Fig. 13 - Power dissipation per load of 5 picofarads as B function of 
freq"""cy. 

used to determine the power dissipation contributed by the 
extra loads. For example, assume that the power consumption 
of a C040llAE NANO gate at a VDO of 5 volts and a 
frequency of I kHz with seven loads is desired. From the data 
sheet, the quiescent power dissipation PQ is 25 nanowatts. The 
dynamic dissipation Po for a IS-picofarad load is given in the 
data sheet as 700 nanowatts. From Fig. 13 the power 
dissipation PxL for the four extra loads is 500 nanowatts, so 
that the total power dissipation PT, where PT = PQ + Po + 
PxL, is 1225 nanowatts or approximately 1.2 microwatts. 

Certain circuits require additional consideration because of 
their higher than normal power consumption. Such cases 
include gate circuits having slow input rise and fall times, as 
shown in Fig. 14. Examples of this type of circuit are RC 
monostable or astable circuits, and gate circuits with inputs at 
the end of long transmission lines. Circuits driving large 
capacitive loads, such as long transmission lines or the clock 
inputs of non-complementary MOS shift registers, are also 
representative of circuits with above-normal power consump
tion. Higher power consumption can also occur at the 
interface between COS/MOS circuits and transistor drivers, 
other logic families, and digital displays. 
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Fig. 14 - Power dissipation as a function of trans;stion time for a 
CD4049A. 

Regulation 

The regulation of a COS/MOS power supply should be 
designed to maintain VOD at a value equal to or greater than 
the value needed to obtain the required switching speed and 
noise immunity and less than either the maximum VDD rating 
of 15 volts or the maximum VDD required to yield a specific, 
expected, over-all power-<iissipation rating, whichever is lower. 
The regulator circuit must also suppress any voltage transients 
that might cause the supply to exceed 15 volts. 

REFERENCES 

I. For more information on switching speed see the 
CD4000A-family data sheets, which contain graphs of 
switching speed as a function of VDD. 

2. A precise definition of noise immunity is given in the RCA 
Solid-State DATABOOK Series SSD-203, "COS/MOS 
Digital Integrated Circuits". 
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Design of Fixed and 
Programma~le Counters Using the 
RCA CD4018A COS/MOS 
Presettable Divide ·by·uN"Counter 

by J. Litus Jr. 

The RCA CD4018* COS/MOS (Complementary. 
Symmetry Metal-Oxide-8emiconductor) presettable divide· 
by· "N" counter is designed for use in digital equipment 
where low power dissipation,low package count, and high 
noise immunity are primary design requirements. The 
counter is particularly useful in such systems applications as 
.channel·preset counters in digital frequency synthesizers and 

'Supplied in plastic dual·in·line package as the CD407BAE, 
in ceramic dual·in-line package as the CD407BAD and in 
ceramic flat-pack as the CD407BAK_ 

TERMINAL NO. 16 " Voo 

TER"tHAL NO.8 = GND 

program-counter control. TheCD401BAcan also be used as a 
S ... tage parallel input/output holding register. In this 
application the parallel entry can be controlled by the 
preset-enable line to perform a S ... tage ''latch'' operation. 
This Note describes the use of theCD401BAin single-decade 
and multi-decade fixed and programmable divide-by-"N" 
counters. System considerations such as switch simplifica
tions, components minimization, and speed are also 
discussed. 

The logic diagram for theCD401 BAis shown in Fig. 1. 
Fig. 2 shows the counting sequence and timing diagram for 
this device connected as a decade counter. 

Fig. 7 - Logic diagram for CD407 BA. 
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Count 01 02 03 04 

0 1 1 1 1 
1 0 1 1 1 
2 0 0 1 1 
3 0 0 0 1 
4 0 0 0 0 
5 0 0 0 0 
6 1 0 0 0 
7 1 1 0 0 
8 1 1 1 0 
9 1 1 1 1 

(a) 

("DATA" INPUT TIED TO OS FOR DECADE COUNTER CONFIGURATION) 

CLOCK 

RESET 

PRESET 

[t[t [ttl "-tl 'ltl [1.'1- 'l[t V\. 

DON'T CARE UNTIL "P.RESET" GOES HIGH 

(b) 

tl[t tl[1. 

I" 

05 

1 
1 
1 
1 
1 
0 
0 
0 
0 

0 

'1.'1. tl"-[1. 

Fig. 2 - (a) counting sequence for decade-counter operation; 
(b) timing diagram for decade-counter operation. 

The CD401BA consists of five flip-flops that can be con
nected as a five-, four-, three-, or two-stage Johnson Counter 
with buffered 0 outputs from each stage. Gating is included 
for presetting the counter. "Clocku , "Reset", "Data", 
"Preset-Enable", and five "Jam" inputs are also provided. 
The counter is advanced one count at the positive-going 
transition of the clock. A "high" Reset signal clears the 
counter to an "all-zero" (Q outputs are all "ones") condition, 
and a "high" Preset Enable signal allows information on 
the Jam inputs to preset the counter. 

I CAN-64gB 

FIXED SINGLEoSTAGE DIVIDE-BY-"N" COUNTERS 
Divide-by-IO, B, 6, 4, or 2 counter configurations can be 

implemented by feeding the QS, 04,03, Q2, or QI signals, 
respectively, back to the Data input. Divide-by-9, 7, 5, or 3 
counter configurations can be implemented by the use of 
NOR- or NAND- gate packages to gate the proper feedback 
connection to the Data input line. Fig. 3 shows the feedback 
connections for divide-by-9, 7, 5, and 3 functions using the 
CD4011A NAND gate as the feedback circuit. 

DIVIDE BY 10 
DIVIDE BY 8 
DIVIDE BY 6 

DIVIDE BY 4 

DIVIDE BY 2 

g4] CONNECTE] NO EXTERNAL a BACK TO COMPONENTS 
3 HOATA" REQUIRED 

O. 
0, 

DIVIDE BY 9 

DIVIDE BY 10 

DIVIDE BY 8 

DIVIDE BY 6 

DIVIDE BY 4 

DIVIDE BY 2 

g4j CONNECTE] NO EXTERNAL 
~ BACK TO COMPONENTS 
"'3 "OATAY REQUIRED 
O. 
0, 

DIVIDE BY 9 
1/2 CD401lA 

I t CONNECTED BACK TO MOATA-~
04 r-----------l 
_ I (SKIPS MALL- O's~OUTPUT 
Q5 L ____________ J STATE) 

DIVIDE BY 7 
1/2 CD401lA - r------------, 

~' I 
J I CONNECTED BACK TO ~DATA· 

_ I (SKIPS "ALL- O's·OUTPUT 
04 L ___________ J STATE) 

DIVIDE BY 5 
1/2 CD401lA 

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

I I CONNECTED BACK TO ·DATAD 

I (SKIPS "ALL- O's·OUTPUT 
03 J I STATE I L ___________ .J 

DIVIDE BY 3 
. 1/2 CD40JlA 

I CONNECTED BACK TO "DATA" ~
-, r----------1 

J I (SKIPS "ALL-O'sMOUTPUT 
62 L __________ J STATE I 

92CS-J7320 

Fig. 3 - Extemal connections for divide by to, 9, 8, 7, 6,5, 
4, 3, and 2 operation. 

Fig. 4 shows the divide-by-seven, configuration in detail. 
The logic diagram and pertinent wavefonns are shown in 
Figs. 4a and b. Fig. 4c shows the counting sequences for a 
divide-by-eight and a divide-by-seven configuration. Division 
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r ;;UD40;;"- 'F 

I 

I I L _______ ...J 

(a) 

CLOCK A 

~I 

~2 

a. 
a4 

DATA 

(b) 

- - - -
Count °1 °2 03 C4 

0 1 1 1 1 
1 0 1 1 1 
2 0 0 1 1 
3 0 0 0 1 
4 0 0 0 0 
5 1 0 0 0 
6 1 1 0 0 
7 1 1 1 0 

Count 01 02 03 ~ 
0 1 1 1 1 
1 0 1 1 1 
2 0 0 1 1 
3 0 0 0 1 
4 1 0 0 0 
5 1 1 0 0 
6 1 1 1 0 

(c) 

Fig. 4 _:CD4018A in a fixed divide-by-7 counter configuration:' 
(a) logic diagram; (b) timing waveforms; (c) counting 
sequences for a +8 and a ';'7 Johnson Counter. 
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of the clock frequency by seven is accomplished by altering 
the counting sequence so as to skip the "all zeros" state of a 
divide-by-eight counter. The divide-by-seven counting 
sequence proceeds as in a normal 4-stage Johnson counter 
until count 3 (0001) at which point Q3=O an~ Q4.:1. At this 
point theCD4011 Agates Q3 and Q4 to put a 0 on the Data 
input to the first stage. Thus, count 4 will be 1000 instead of 
0000 as in the unaltered divide-by-eight sequence. The 
remainder of the counting sequence proceeds in the normal 
4-stage manner. 

PROGRAMMABLE MULTI-DECADE DIVIDE-BY-"N" 
COUNTERS 

TheCD4018Ais especially useful in applications requir
ing low-power, programmable, divide-by-"N" counting. Two 
such applications are channel preset counters in digital 
frequency synthesizers ,and program counter control. 

Fig. 5 illustrates the use of three CD4018 units in a 
programmable divide by "N" counter, where ''N'' may be 
any number from 2 to 999 (counter output is equal to clock 
frequency divided by N). Extension to higher ''N'' ranges is 
readily accomplished by the use of additional CD4018 'units. 
The counter is preset to the value of "N" via the three 
selector switches. The switches are arranged so that switch 
position' 9 is equivalent to a ''0'' count. in the counter, 
position 8 is equivalent to a "I" count, position 7 to a "2" 
count, etc. The counter counts up from the preset value (the 
N value) to its maximum count (999) and recycles, starting 
again from the preset value. Fig. 5b shows the counting 
sequence; oscillugraph photographs of the waveform. at 
various points in the circuit (of Fig. Sa) are shown in Fig. 5c. 
Fig. 5d shows the N-counter output for various values of N. 

The Johnson-Counter configuration utilized' in the 
CD4018A design permits significantly simpler "program
switch" ("N" -select) implementation than is required in 
systems that use a BCD decade counter arrangement. The 
program switch is composed of three standard single-wafer 
switches, one for each CD40 18A (one per decade). This 
compares with a four-wafer (4-pole) switch per decade for a 
BCD decade-counter arrangement. Also, the count decoding 
is much simpler in that only two outputs petCD4018Amust 
be decoded as compared to four for a BCD arrangement. The 
Johnson-type counter can also operate at higher speeds and 
provides spike-free decoded outputs. 

The configuration shown in Fig. 5 permits frequency 
division by 2 as a result of perfoqning the Preset function 
during half a clock cycle. In this mode the maximum 
allowable frequency of operation is reduced, however. If this 
reduction in frequency is not acceptable, the logic diagram 
shown in Fig. 6 can be employed. In this circuit the Preset 
function is allowed a full clock cycle but the range of 
frequency division is reduced to 3 to 999. The counting 
sequence and pertinent timing waveforms for this circuit are 
shown in Figs_ 6b, c, and d, respectively. Typical maximum 
operating frequency is 4 megahertz, for the counter in Fig. 5 
and 6 plegahertz for the counter in Fig. 6. 



UNITS TENS HUNDREDS 

NOTES 

I-SWITCHES ARE L----f-+-------------+-~-f>-_F'-_l 
SET FOR N s 55!i 

2· RESISTORS ARE 
TYPICALLY 10K a 
TO IMn 

3-ALL UNUSED INPUTS OF C04018A'5 
SHOULD BE TIED TO A lOGIC -,-

4. ALL UNUSED INPUTS OF C04002A'5 
SHOULD BE TIED TO A LOGIC "0· 

(a) 

FIRST DECADE 
(UNITS) 

SW. 
POS. - - -

N Count 01 02 03 °4 

9 0 1 1 1 1 
8 1 0 1 1 1 
7 2 0 0 1 1 
6 3 0 0 0 1 
5 4 0 0 0 0 
4 5 0 0 0 0 
3 6 1 0 0 0 
2 7 1 1 0 0 
1 8 1 1 1 I,J!. 
0 9 1 1 1 IG: (b) 

112CO",,002:A 

SW. 
POS. -aS N 

1 9 
1 8 
1 7 
1 6 
1 5 
0 4 
0 3 
0 2 

tEl· 1 
0 

SECOND DECADE 
(TENS) 

- - -
Count 01 02 °3 

0 1 1 1 
1 0 1 1 
2 0 0 1 
3 0 0 0 
4 0 0 0 
5 0 0 0 
6 1 0 0 
7 1 1 0 

-
04 

1 
1 
1 
1 
0 
0 
0 
0 

8 1 1 1 1& 9 1 1 1 

SW. 

- PDS. 

Os N 

1 9 
1 8 
1 7 
1 6 
1 5 
0 4 
0 3 
0 2 

tfu· 1 
0 

"These digits, representative of count "9" in each decade, Bre decoded to give the preset strobe 

CLOCK CLOCK-[TP"A", FIG. Sa] 

COUNT DECODED 0 

PRESET STROBE . C 

+N OUTPUT 

1009 

JAM-IN FOR 019 
SWITCHES 
PROGRAMMED 050 I 

FOR ON" EQUALS: 

[rp "B·',FiG.5.J 090 

099 
I N IS SET FOR 002) 

(c) 

ICAN-649B 

(b) 

CLOCI( 

---N" 

-These digits, representative of 
count "9" in each decade, are 
decoded to give the preset strobo. 

THIRD DECADE 
(HUNDREDS) 

- - -
Count 01 02 03 04 

0 1 1 1 1 
1 0 1 1 1 
2 0 0 1 1 
3 0 0 0 1 
4 0 0 0 0 
5 0 0 0 0 
6 1 0 0 0 
7 1 1 0 0 
8 1 1 

1 10: 9 1 1 1 1 

(d) 

aS 

1 
1 
1 
1 
1 
0 
0 
0 
0 

tfu· 

Fig. 5 - Three-decade, programmable, divide-by-UN" counter with frequency division from 2 to 999: (a) logic diagram; 
(b) counting sequence; Ic) timing waveforms at various points in the circuit Id) +N output for various values of N. 
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TOY-SELECTOR SWITCHES 

UNITS I TENS HUNDREDS 

CLOCK 

CO..oIlA 

(0) LOGIC DIAGRAM 

FIRST DECADE 
(UNITS) 

SECOND DECADE 
(TENS) 

THIRD DECADE 
(HUNDREDS) 

SW. SW. SW. 
P~S. P~S. P~S 

N Count 01 0-2 03 04 05 N Count 01 02 03 i4 a5 N Count 

9 0 1 1 1 1 1 9 0 1 1 1 1 1 9 0 
8 1 0 1 1 1 1 8 1 0 1 1 1 1 8 1 
7 2 0 0 1 1 1 7 2 0 0 1 1 1 7 2 
6 3 0 0 0 1 1 6 3 0 0 0 1 1 6 3 
5 4 0 0 0 0 1 5 4 0 0 0 0 1 5 4 
4 5 0 0 0 0 0 4 5 0 0 0 0 0 4 5 
3 6 1 I~ ...g, 0 0 3 6 1 0 0 0 0 3 6 
2 7 1 I~ ~ 0 0 2 7 1 1 0 0 0 2 7 
1 8 1 1 1 0 0 1 8 1 1 1 0 ...g 1 8 
0 9 1 1 1 1 0 0 9 1 1 1 If 0 0 9 

NOTE: "N" IS SELECTEO BY OIALING IN THE DESIRED PRESET COUNT INDICATED BY 
THE SWITCH SETTINGS: THE "9" COUNTS FROM THE SECOND AND THIRD DECADE 
ISHOWN AS III2lI ARE GATED WITH THE '7" COUNT ISHOWN .!\S1Jl[J1 FROM 
THE FIRST DECADE TO ACTIVATE THE "PRESET ENABLE", ONCE PER COUNTER 
.CYCLE. 

FIG.6a 
~ 

CLOCK "A 

'COUNT DECODED C 

tN OUTPUT AND B 
PRESET STROBE 

eN IS SET FOR 009) 

(b) 

(c) 

JAM-IN FOR 019' t009 

SWITCHES 

~~GJlN~E~~S: 050, 

I!P ·B~FIG".J 090 

099 

(d) 

01 a2 1i3 

1 1 1 
0 1 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
1 1 0 
1 1 1 
1 1 1 

CLDCK FREQ .;- N 

04 Os 
1 1 
l' 1 
1 1 
1 1 
0 1 
0 0 
0 0 
0 0 

10: ~ 0 

Fig. 6 - Three-decade, programmable, divide-by_UNU counter with frtlquency division from 3 to 999: (a) logic qiagram; 
(b) counting sequence; (c) timing waveforms at various points in the circuit; (d) divide-by-N output for various values of N_ 
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PROGRAM-SWITCH '''N''oSELECT) OPTIONS 
Fig. 7a is a detailed drawing of a standard Centralab 

l2-position wafer switch and the associated resistor network 
as used in Fig. Sa. The resistors connected to VDD are 
required to prevent floating inputs on the "JAM" lines. In 
applications that require lower power dissipations or where 
component count or space considerations become important, 
the resistor network can be eliminated by the redesign of the 
switch. Two such options are shown in Figs. 7b and 7c. 

As previously mentioned in the discussion of Fig. S, the 
range of N can be extended by adding moreCD4018A units_ 
In addition to this type of expansion "each stage in the 
programmable divide-by-N counter can be designed to count 
to any base or radix. For example, the single stage 
divide-by-seven counter of Fig. 4 may be used as each stage 
in a multi-stage programmable counter. 
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4 3 2 

Voo 

NOTE: 
SWITH IS CENTRALAB 
(PA-IO), 12 POSITIONS, 
SET TO SHOW COUNT 4 
WITH LOGIC LEVEL: 

I~IIIJ~ I Ji IJ~IJcil 

(J99 0 , 

7 2 

• 3 

.5 4 4 

NOTE: 
SWITCH IS CENTRALAB 
IPA~IO,112 ROTOR 
REMOVED FROM EACH WAFER I 
12 POSITIONS,SET TO 
SHOW COUNT 4 
LOGIC LEVEL: 

","2 .14 

CD40lBA 

(a) 

CD4018A 

(b) 
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BREAK BEFORE MAKE 

REAR 

C04018A 

(c) 

Fig. 7 - Switch configurations; (a) single wafer (standard) per 
decade; (b) two wafers (modified standard) per decade; (c) 
single wafer (nonstandard) per decade. 

SUMMARY 

The RCA'CD4018A is a versatile counter. Because of the 
Johnson-Counter design employed, This device permits the 
design of simple decoding and preset switching circuits. The 
system can also operate at higher speeds and with much less 
power dissipation than a comparable BCD decade counter 
arrllIlgement. Also the CD4018A., a COS/MOS device, 
possesses all the inherent advantages of this technology. 

This versatile device can be used in fixed or 
programmable divide-by-"N" counters where "N" can vary 
from two to ten for a single CD40l8A and greater than ten 
for multiple CD4018A stages. From an economical 
viewpoint, its versatility and low power requirement at high 
speeds make the RCA-CD4018A the logical choice for 
counter applications in control and frequency synthesization 
equipments. 
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Power- Supply Considerations 
for COS/MOS Devices 

by H.L. Pujol 

RCA COS/MOS Digital Integrated Circuits operate at 
extremely low power dissipation levels. They function 
reliably with high noise immunity over a wide operating
voltage range. The RCA-CD4000A COS/MOS product line 
is designed to operate from 3 to 15 volts, which enables 
system designers to operate RCA COS/MOS devices from 
unregulated, poorly·fIltered supplies, or from a wide variety 
of single. or mhltiple.cell battery sources. 

This Note describes the salient features of COS/MOS 
devices which permit operation from· Such a wide range 
of power sources and provides the system designer with 
the necessary information to permit him to design the 
most economical power source for his COS/MOS system. 
This Note is applicable to both COS/MOS product lines 
mentioned above. 

n-SUBSTRATE 

Fig. 1- Cross·section of COS/MOS transistor. 
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CHARACTERISTICS OF A BASIC COSIMOS 
LOGIC INVERTER 

Quiescent Device Dissipation. 
The basic logic inverter (or gate) formed by use of 

only a po and an n-type device in series is shown 

schematically in Fig. 2. When the input lead is grounded 
or otherwise connected to 0 volts Oogical "0"), the 
n-device is cut-off, and the p-device is biased on. As a 
result, there is a low·impedance path from the output to 
VDD' and an open circuit to ground. The resultant 
output voltage is ess.entially VDD, or a logic "I". 

Similarly, when the input voltage is a logic "I", or 
VDD, then the n-cltannel device becomes a low· imped
ance, while the p-channel device becomes an open circuit. 
The resultant output becomes essentially zero volts (logic 
"0"). 

Voo 

~.~ ~~UNIT i G 1 r 
"=' -=-"=" 

Fig. 2- Basic COS/MOS inverll1r (schematic). 
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Note that one of the devices is always cut-off at 
either logic extreme, and that no current flows into the 
insulating gates_ As a result, the inverter quiescent power 
dissipation is. negligible (equal to the product of VDD 
times the leakage current). 

A cross section of the COS/MaS inverter as it is 
formed in an integrated circuit on an n-type substrate is 
illustrated in Fig. 1. The source-drain diffusions and the 
powell diffusion form parasitic diodes (in addition to the 
desired transistors) at the basic inverter nodes, as shown 
in Fig. 3. These parasitic elements are back-biased (across 
the power supply) and contribute, in part, to the device 
leakage current and thus to the quiescent power 
dissipation. 

Voo J --"'t 'I·-SUBSTRATE 
0+1 -.!-__ 1 

I 1 -!.-03 

~ 
021"'1" 

I 1 
INPUT *_J I OUTPUT 

~-, 1 

" 

01: : 
J..oII 1 1 
...... -; 1 

n+ I I ___ .. .:..J 
p-WELl 

Fig. 3- Basic inverter showing parasitic diodes. 

RCA's product line of COS/MaS devices consists of 
circuits of varying complexity (i.e., from the dual 4-input 
logic gate that contain 16 MaS devices, to the more 
complex 64-bit static shift registers that contain over 
1000 devices). These devices occupy different amounts of 
silicon area and are composed of varying numbers of 
circuits formed from inverters. Consequently, each device 
in the family exhibits a particular magnitude of leakage 
current, depending upon the total effect of device count 
and parasitic diodti area. For example, some logic gates 
are specified to operate with a typical power dissipation 
of 5 nW (VDD = IOV), but 7-stage counters or registers 
are specified to operate with a typical power dissipation 
of 5 p.W (VDD = 10V). Published data includes both 
typical device quiescent-current levels and maximum levels 
(VDD = 5V and VDD = 10V). The maximum values are 
rarely encountered in RCA devices. 

ICAN-6576 

Device - Switching Characteristics. 
The input/output characteristics for the COS/MOS 

inverter are shown in Fig. 4. As mentioned earlier the 
signal extremes at the input and output are approxi
mately zero volts (logic "0") and VDD (logic "\ ''). The 
SWitching point is shown to be typically 45 to 55% of 
the magnitude of the power-supply voltage (regardless of 
the magnitude of the power-supply voltage) over the 
entire range from 3 to 15 volts. Note the negligible change 
in operating point from -550 C to +1250 C. 

These excellent switching characteristics permit COS/ 
MaS devices to be operated reliably over a wide range of 
voltages, a property not found in other logic forms. 

AC Dissipation Characteristics. 
During the transition from a logic "0" to a logic "I", 

both devices are momentarily on. This condition results 
in a pulse of instantaneous current being drawn from the 
power supply. The magnitude and duration of this 
current depends upon the following factors: 

(a) the impedance of the particular devices being used 
in the inverter circuit 

(b) the magnitude of the power-supply voltage 
(c) the magnitude of the individual device threshold 

voltages 
(d) the input driver rise and fall times 

SUPPLY VOLTS 
15 tvool-l!i 

i 
12.5 

-55-<: 

~ 10 
10 

125 -c 

550C 

o 2.5 7.5 10 12.5 15 
INPUT VOLTS (Vr) 

92CS-t77eO 

Fig. 4- Typical COS/MaS transfer characteristics as a 
function of temperature. 
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An additional component of current must also be 
drawn from the power supply to charge and discharge the 
internal parasitic node capacitances and the load capaci
tances seen at the output. 

The device power dissipation which results from. the 
above current components is a frequency-dependent para
meter. The more often the circuit switches, the greater is 
the resultant power dissipation. The heavier the capacitive 
loading, the greater is the resultant power dissipation. The 
power dissipation is not duty-cyc1e dependent. For all 
intents and purposes it may be considered frequency 
(repetition-rate) dependent. 

Because the RCA COS/MOS product line ranges 
widely in circuit complexity from device to device, the ac 
device dissipations varY widely from device to device. The 
effect of capacitive loading on the individual devices also 
varies. Figs. 5 and 6 show a family· of curves for a 
fypica1 gate device and a typic8I MSI device. These 
curves, from the published data for the individual devices, 
illustrate how device power diSSipation varies as a 
function of frequency, supply voltage and capacitive 
loading. 

AC Performance Charaeteristics. 
During switching, the node capacitances, within a 

given circuit, and the load capacitances external to the 
circuit, are charged and discharged through the p- or 
n-type device conducting channel. As the magnitude of 
VDD increases, the impedance of the conducting channel 
decreases accordingly. This lower impedance results in a 
shorter RC time constant (this non-linear property of 
MOS devices is due to current saturation at large values of 
drain-to-source voltage). The result is that the maximum 
switching frequency of a COS/MOS device increases with 
increasing supply voltage. (See Fig. 7a). 

AMBIENT TEMPERATURE (TA'. 25 -C 

102 

SUPPLY VOLTS(V }*15 

103 

10 

.5 

LOAD CAPACITANCE {Cl)·15pF 
CL-50pF---

10" 107 

"PUT FREQUENCY (fl) -Hz 92CS-17865 

Fig. 5- Basic gate power dissipation characteristics. 
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i 10 
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Fig. 6- MSI device power dissipation characteristics. 

Fig. 7b shows curves of propagation delay as a function 
of supply voltage for a typical gate device. However, the 
the trade-off for low supply voltage (i.e., lower output current 
to drive a load) is lower speed of operation. 

The power dissipated during switching (if the load is 
assumed to be capacitive) is equal to: 

Co Vf>D f [power is equal to energy per unit time 1 
where Co is the output and load capacitance, VDD is the 
supply voltage, and f is the operating frequency in hertz. A 
measure of this power dissipation as function of frequency can 
be obtained from the model shown in Figs. 8a and 8b which 
assumes step inputs and zero mode capacitance. 

The average power for the square-wave input voltage 
shown (repetition rate fo = lito) is calculated as tollows: 



i AMBIENT TEMPERATURE (TAl o ZSoC 
I LOAD CAPACITANCE (ell· 15 pF 

.... 1 6 

d 
::: 5 

g 
5 4 

~ CD4021AD, CD40ZIAK 

CD4021AE 

o 10 15 20 
SUPPLY VOLTS (Yeo) 

92C5-17774 

AMBIENT TEMPERATURE (TAJ -2SoC 

~ 300 LOAD CAPACITANCE (ell -15 pF 

j 
i 
;:; 200 

t }CD4000A0'CD400IAD'CD4002AO 
t PHI.. CD4024AD,CD4000AK.CQ400IAK 

PLH CD4002AK.CD4024AK 

" ... 
Ii 
g 

tPHL}CD4000AEICD400IAE 
tpLH CD4002AE.cD4024AE 
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I 
10 15 20 

SUPPLY VOLTS C Yeo) 
92C5-17845 

Fig. 7- Operating frequency and propagation delay as a 
function of power-supply voltage fa) Maximum 
guaranteed operating frequency as a function of 
power·supply voltage (b) Propagation delay as a 
function of power-supply voltage for the basic 
gate. 

(step inputs only), 

VDD 0 

p= Co ( VodVo + ~o ( (VDD -- yo) d (VDD- yo) 
to J 0 ) 

o VDD 

2' 
Co V DD 2_ 

:'P=--t-- =Co VDDf 
o 
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Thus, for a step input, the average power dissipated is 
directly related to the energy required to change and dis
charge the circuit capacitance to the supply voltage, VDD. It 
should be noted that this power is independent of the device 

parameters. Although this equation was derived using an input 
voltage with a rise time of zero, it has also been shown to be a 
good apprOximation for circuits where the input voltage rise 
and fall times are small with respect to the repetition rate. 

Calculating System Power 
The foregoing material presented fundamental reasons why 

COS/MaS devices exhibit extremely low quiescent power. 
Also presented were reasons why ac power dissipation in
creases with operating frequency and why it varies from 
device to device. 

For these reasons certain guidelines have been developed 
to assist the designer in estimating system power. Total sys
tem power is equal to the sum of quiescent power and 
dynamic power. Therefore, the two-step approach outlined 
below can be used: 

I. Add up all typical package quiescent power dissipations 
(as shown in the RCA COS/MaS published data). 
Because quiescent power dissipation is equal to the 
product of quiescent device current times supply volt
age, this parameter may also be obtained by adding all 
typical quiescent device currents, and multiplying the 
sum by the supply voltage, VDD. Quiescent device 
current is shown in the published data for $upply volt
ages of 5 volts and 10 volts ouly. 

In cases where the supply voltage is other than that 
shown in the published data, the quiescent device cur
rent can be interpolated because this current varies 
apprOximately linearly with voltage. 

I 

(aJ VDD 

Lf"d 
~J--r: 
(bJ "j! 

Fig. 8- Model for the evaluation of power dissipation 
(a) Waveforms (b) Circuit. 
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2_ Add up all dynamic power dissipations using 
typical curves of dissipation per package as a 
function of frequency shown in the published 
data. In a fast-switching system, most of the 
power dissipation is dynamic, therefore, quiescent 
power dissipation may be neglected. 

Types 

Gates 

The example below illustrates how these rules are 
used to calculate total system power dissipation. 
The system illustrated consists of ten 2-input NOR 
gates, eleven inverters, one Ootype flip-flop, and 
one 7-stage binary counter. The system operates 
with a supply voltage of IOV at a frequency of 
100kHz, and has a load capacitance of 15 pF. 
(See Table I) 

Table I 

PQuieseent POynamic 
IJ.W mW 

0.03 2 

Inverters 0.01 2 

O·tvpe F/F 0.05 0.2 

Counter 5 0.6 

pt = Po + Po = 4.8mW (neglecting POl 

This example assumes that all devices are SWitching at 
the clock-rate (100 kHz). Not all of the logic circuits will 
be switching states at this rate, thus, the total power 
dissipation will be significantly lower than that stated in 
the example. 

P_-8upply Regulation Raqui_1I. 
The preceding discussion demonstrated that COS/MOS 

devices exhibit reliable switching properties over a wide 
range of power-supply wltages. This fact implies that an 
unregulated supply may be used with the provision that 

(1) maximum voltage limits are not exceeded or 

(2) system speed is no greater than the speed which 
can be supported by the COS/MOS devices operating at 
the lowest 'YlIlue of the Vnp expected from the unregu
lated supply. 

To establish the extent of the regulation required, the 
system designer must first determine the maximum 
operating frequency required. Usually, the maximum 
frequency of the system is limited by the slowest 
responding devices in a logic chain. By reference to the 
curve of frequency as a function of VDD and CL given 
in the published data for that device, a minimum VDD 
voltage (required for" proper operation) can be deter
mined_ Any 'YlIlue above this VDD' (minimum) will 
provide acceptable performance in the system. By selec
tiOn of a nominal VDD half way between VDD (mini-
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mum) and the IS-wit maximum rating for COS/MOS 
devices, the designer can estimate the percentage regula-
tion required for his system to perform adequately. . 

For example, the published data of the RCA 
CD4024A 7-stage binary counter shows a curve (shown in . 
Fig. 9) of frequency as a function of operating voltage 
for that device. For operation of this counter at 5 MHz, 
with a loading capacitance of 15pF, the minimum operat
ing VDD permitted for reliable operation is 10 volts, as 
shown on the curve. 

Because the maximum VDD is 15 volts, a half·way 
voltage of 12.5 volts should be the nominal 'YlIlue used. 
In this case, the maximum percentage regulation is 20%. 
If the designer desires a nominal VDD closer to VDD 
minimum, then better regulation is required, (for example 
in battery-operated equipment where a standard cell is 
available). 

Filtering Requiramenll 
Power-supply fdtering requirements for COS/MOS 

systems are minimal. Two factors account for this 
situation: (1) the low quiescent power dissipations 
involved, and (2) the fact that the peak 'YlIlue of the 
ripple does not go below a minimum VDD (which 
supports the required switching frequency), so that the 
COS/MOS logic performs satisfactorily. 

AMBIENT TEMPERATURE CTA ) • 25·C 
LOAD CAPACITANCE tel). 15 pF . 

2 D. 04024AK C04024AT 

o 

CD4024A~ 

10 15 
SUPPLY VOLTS (YDD) 

92CS~I7711 

20 

Fig. 9- Maximum frequency as a function of power
supply voliBga for the CD4024A types. 

This performance has been demonstrated in the 
laboratory (see Fig. 10). The amount of ripple on the 
power supply is quite high, yet the device functions 
properly. 

Typical Supplies 
The following circuits indicate some examples· of 

adequate supplies for COS/MOS systems. 
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Fig. 10- Peak-to-peak ripple voltage as a function of 
frequency. 

Battery Standby System 

0 , 

V DC COS/MOS 
SYSTEM 

Fig. 11- Battery standby for COS/MaS systems. 

This system is advantageous in cases where the dc 
supply becomes open or short-circuited. 

With a low battery voltage the COS/MOS system will 
continue to function without interruption. In order to 
drive this system the battery voltage and dc supply 
voltage should relate as follows: 

Vbattery = Vmin. + O.7V, (O.7V '" one diode drop) 

Vmax . > VDC supply > Vmin. + I.4V 

In the event the supply drops below Vmin.' the 
battery will forward bias diode D2 to form a c1osed
circuit and the COS/MOS system will continue to 
function properly through the battery. 

High DC Source 
For applications (especially in aircraft equipment) 

where the supply voltage exceeds fre RCA COS/MOS 
maximum rating of VDD' the circuit of Fig. 12 can be 
used to reduce the high supply voltage to the normal 
COS/MOS voltage range. This configuration uses a Zener 
diode, a resistor R and a capacitor C. 

The low current demand of the COS/MOS system 
permits an inexpensive but effective Zener diode 
regulator. 

Some of the design considerations are as follows: 
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'L 
+cr~AA~----~--~------1 

COS/MOS 
SYSTEM 

Fig. 12- Circuit for interface of COS/MaS systems to 
high-voltage supply. 

I. Selection of Zener Diode and Resistor R 

The amount of current that must be maintained 
through the diode (Id) is a function of the difference 
between the worst-case average current required by the 
COS/MOS systems and the current required by the 
Zener diode for regulation based on its particular 
breakdown characteristics. 

The diode current (Id) and the worst-case average sys
tem current (Iavg) determine the value of the resistor 
(R) for a particular Zener regulating voltage. 

2. Selection of Capacitance C 

Before the proper capacitance can be selected the 
following system requirements must be decided upon: 

a. Peak charge requirement. This requirement is a func
tion of the peak current and its pulse width. It must. 
be measured for the particular system speed and 
load capacitance. 

b. Permissible VDD minimum: As mentioned in pre
vious sections, this minimum voltage will determine 
the maximum operating speed of the COS/MOS 
system. 

The size of the capacitor (C) may then be determined 
from the follOWing formula: 

Q = Ipt (charge = peak current x pulse width) 

SUMMARY 
This Note shows that RCA COS/MOS devices offer many 

advantages in the area of simplified power-supply require
ments. The wide operating voltage range (3 to 15 volts) 
from a single supply, low power dissipation, and high 
noise immunity permit system designers to use less ex
pensive, unregulate-d, power supplies. This wide voltage range 
makes COS/MOS logic circuits ideal for battery-operated 
equipment because a better selection of cells is feasible. 
Another advantage is the direct compatibility of COS/MaS 
devices with bipolar devices which eliminates expensive and 
power-consuming interface circuits. (See Ref. 1.) 

COS/MaS transistors show great potential for use in 
large arrays because of the low power dissipation and 
effective use of· chip area. The relatively small area 
consumed by COS/MOS circuits, as well as the e1imina
tion of area and power-consuming resistors, results in high 
circuit-density per unit-silicon-area. 

The performance features mentioned in this Note, as well 
as the reduced costs inherent in IC technology make COS/ 
MOS circuits extremely attractive in many digital systems. 

1. "Interfacing COS/MOS WITH OTHER LOGIC Families", 
ICAN6602 by A. Havasy and M. Kutzin. 
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Arithmetic Arrays using 
Standard COS/MOS Building Blocks 

By A. Havasy 

This Note describes tn. Design of a COS/MOS arithmetic 
unit. The RCA COS/MOS product line includes a standard 
line of devices designed to operate from voltage supplies of 5 
to 15V and a low voltage "A" series designed to operate 
from voltage supplies of 3 to 15V. These devices are available 
in any of the package types or temperature ranges· ·shown in 
Table I. 

TABLE I 

Operating Temperature 
Package Range (oCI 

Type Suffix 

5-15V 3-15V ("AU I 

Dual·in·line 
ceramic 0 0 ·55 to + 125 

Plastic E E ·40 to + 85 

Flat Pack - K ·55 to + 125 

When ordering COS/MOS devices, the appropriate suffIX 
should be affixed to the number of the device required, (i.e., 
if a low voltage, plastiC package, four bit full adder is desired, 
order CD4008AE). This Note is applicable to both COS/MOS 
product lines, and all package types mentioned above. 

Arithmetic Unit 

This arithmetic unit is capable of adding, subtracting, 
multiplying, and dividing. It is also able to perform the 
logical functions of "OR", "AND" and the "Exclusive OR" 
of two 4·bit words. Three 4·bit registers are provided that 
permit either of two words to perform a desired operation 
with a third word. The system is configured with standard, 
commercially available, COS/MOS devices which include 
registers, AND-OR select gates, a full adder, as well as NOR 
and NAND gates. A block diagram of the 4·bit arithmetic 
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unit is shown in Fig. I. The required package count and the 
function performed by each package are shown in Table II. 

A brief description of each COS/MOS device used in the 
arithmetic system follows: 

Four·Bit Full Adder - CD4008 or CD4008A 
The CD4008 or CD4008A consists of four full-adder 

stages with fast look·ahead carry provision from stage to 
stage. Circuits are included to provide a fast parallel-carry-out 
bit, which permit high-speed operation in arithmetic sections 
that use several CD4008's or CD4008A's. 

The CD4008 or CD4008A inputs include the four sets of 
bits to be added (AI to ~ and BI to B), and the carry·in bit 
from a previous section. CD4008 or CD4008A outputs 
include the four sum bits, Sl to S4, and the high-speed 
parallel-carry-out, which may be used as the input to a 
succeeding CD4008 or CD4008A section. 

The logic diagram for this device is shown in Fig. 2. The 
electrical characteristics and more detailed information (for 
the CD4008 or CD4008A) are given in the RCA Data 
Bulletin File No. 405 or 479, respectively. 

Quad AND·OR Select Gate - CD4019 or CD4019A 
The CD4019 or CD4019A consists of four AND-OR 

select gate configurations, each of which have two 2·input 
AND gates driving a single 2·input OR gate. Selection is 
performed by control bits Ka and Kb' In addition to the 
selection of either channel A or channel B information, the 
control bits can be applied. in combination to accomplish a 
third selection of data. The logic diagram for the CD4019 or 
CD4019A is shown in Fig. 3. The electrical characteristics 
and additional application diagrams for the CD4019A are 
given in the RCA Data Bulletin, File No. 439 or 479, 
respectively. Applications of this device to shifting and logic 
selection operations are discussed later in this Note. 

Dual D·Type Flip·Flop - CD4013 Dr CD4013A 
The RCA CD4013 or CD4013A consists of two identical, 

independent data·type flip·flops on a sin.::!e monolithic 
silicon chip. Each flip·flop has independent data, reset, set, 
and clock inputs and complementary buffered outputs. 
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Fig. 1- Four-bit arithmetic unit, block diagram 

These devices can be used in shift register applications, and in 
counter and toggle type flip-flop applications, by connectioll 
of the Q output back to the data input. The logic level 
present at the 0 input is transferred to the Q outpu t during 
the positive-going transition of the clock pulse. Resetting or 
setting is accomplished by the application of a high logic 
level to the reset line or set line, respectively. Fig. 4 shows 
the logic diagram for one flip-flop section of the CD4013 or 
CD40I3A. The electrical characteristics and additional 
information for this flip-flop are given in the RCA Data 
Bulletin, File No. 4II or479, respectively. 

Quad 2 - Input NAND Gates - CD4011 or CD4011A 
The RCA CD4011 or CD40IIA consists of four, 

identical, il)dependent 2-input positive·logic NAND gates. 
Fig. 5 shows the logic diagram and Boolean equations for this 
device. The electrical characteristics and additional informa
tion for these logic gates are given in the RCA Data Bulletin, 
File No. 420 or 479, respectively. 

Quad 2 - Input NOR Gates - CD4001 or CD4001A 
The RCA CD4001 or CD4001A consists of four, 

identical, independent 2·input positive-logic NOR gates. Fig. 
6 shows the logic diagram and Boolean equations for this 
device. The electrical characteristics and additional informa
tion for these logic gates are given in the RCA Data Bulletin, 
File No. 345 or 479, respectively. 

Arithmetic Unit Operation 
The A register uses a CD40 I 9 or CD40 19 A quad 

AND-OR select gate to present either the true or the 
complemented data to the logic circuits and the adder. Thus, 
the data in the A register can be either added or subtracted 
from the B or C registers. 

The CD4019 or CD4019A at the input of the B register 
has two control lines which permit data to be shifted right or 
left, or which perrillt new data to be accepted from the bus 
lines. Fig. 7 shows the interconnection diagram of two 
CD4019'sor CD4019A's that perform the shift-right shift·left 
and arithmetic/logic shift functions. 
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TABLE" PACKAGE COUNT FOR THE ARITHMETIC UNIT 

FUNCTION 

A Register !includes 
A. A select capability 
and buffered outputs) 

B Register lincludes 
shift capability and 
buffered outputs for 
8 andB) 

C Register Oncludes 
shift capability and 
buffered outputs) 

Select B or C 

Add 

Perform logic 

Select logic or addition 

Overflow detector 

Clock inhibit (enable) 

TOTALS 

PACKAGES 
CD4008 CD4019 CD4013 CD4011 CD4001 
C04008A C04019A C04013A CD4011A CD4001A 

B30'++I+I-f4~"'-1 

·30 '++I+I .... -+1.._...J 

B2O=+++,....-~'1 
·2cr+-H .... --~ __ ...J 

B,cr+~~--..,-I 

" CY+ .... ----o{._.J 

c,O''-+------' 
(CARRY IN) 

TERMINAL No.IS = Voo 
TERMINAL NO.8 = Vss 

Fig. 2- Four·bit filII adder"logic diagram. 

The aritJunetic shift mode is used only on the highest 
order bits and insures that the sign bit does not change 
during the shifting. On the lowest order bits the left shift 
input for the B register (BRSI) is tied to the BO output of the 
next higher set of bits. 

The C register is identical to the B register but does not 
provide for aritJunetic mode shifting. Separate shift·right and 
shift·left controls are provided for the Band C registers. 
(BSL and BSR is provided for the B register, and CSL and 
CSR for the C register). Another CD4019 or CD4019A is 
used to select either the B or the C register information for 
the logic and arithmetic operations. 
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Kb 
14 

K, 

TYPICAL EQUATlON AND TRUTH 
TABLE FOR: 1 OF 4 SELECT 
GATES (POSITIVE LOGIC "I" ~ 
Voo; "0" " GHD) 

K, 

0 , 
0 , 

8 = GNO 
16= VOO 

Kb 
0 
0 
1 , 

0 

0 , 
• A<. 

92Ss-41l6Ri 

Fig. 3- CD4019 or CD4019A - Logic diagram. 

The logic block diagram for the AND/OR/Exclusive-OR 
logic selector is shown in detail in Fig. B. One and 
one-quarter CD4001's or CD400lA's and one-quarter 
CD4019/CD4019A are used per bit, (or five CD4001 or 
CD4001A and the CD4019 or CD40l9A per four·bit word). 
The control inputs are labeled K(') (K-AND) and K(ID) 
(K·Exclusive OR). An example of logic selection is as 
follows: 

Assume that BI is an output from the B register and AI 
is a true output from the A register via the True/Complement 
Switch. (Refer to Fig. I) When K(·) is "high" and K($) is 
"low", the logic generated is AB. When K(') is low and 

K(ID) is high, the logic generated is A ID B = AB + AB. When 
both K(') and K(ID) are "high", the logic is AB + (A ID B) = 
AB + AB+ AB = A +B. 

The adder is a single CD400B or CD400BA previously 
described. The carry input of this adder will be tied to the 
carry output of the adder on the next·lower-order CD400B 
or CD400BA. The carry input of the lowesi,order bits will be 
a logic "0" for addition and a logic "I" for the 2's comple· 
ment subtraction. 

The output buffer is also a CD40l9 or CD4019A. In this 
application the device is used to select either the aritJunetic 
or the logic outputs and to provide more output drive. 

The output overflow circuit (shown in Fig. 9) will go 
"high" if the adder result exceeds the total bit capacity of 
the arithmetic unit. This overflow occurs only when two 
numbers that have the same sign bit are added and, the result 
is a sum which has the opposite sign. 
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TERMINAL 14 .. Veo 

TERMINAL 7 " GHD 

TRUTH TABLE 

CL' D R , 
../ 0 0 0 

../ I 0 0 

""'- 0 0 

I 0 

0 I 

I I 

Q 

0 

I 

Q 

0 

I 

Q 

I 

0 

Q 

I 

0 

NO 
CHANGE 

BUFFERED OUTPUTS 

• " INVALID CONDmON 

.olG .. TRANSMISSION GATE 

INPUT TO OUTPUT 15: 
a) A BIDIRECTIONAL LOW IMPEDANCE 
WHEN CONlROL INPUT 1 IS "LOW" 
AND CONTROL INPUT 215 "HIGH" 
b) AN OPEN CIRCUIT WHEN CONTROL 
INPUT 1 15 "HIGH" AND CONTROL INPUT 21S "LOW" 

... " FFI/FF2 TERMINAL ASSIGNMENTS 

.. .. LEVEL CHANGE 

• " DON'T CARE CASE 

2112 

1/13 

Fig. 4- CD4013 or CD4013A - Logic diagram and truth 
table (one of two identical flip-flops)_ 

Vss 7 
C040llA 
C040IlAD 

" VDO 

J ~ Aeii 
K. CeO 

l~W 

M" Gi'H 

Fig. 5- CD4011 or CD4011 A - Logic diagram and equations. 

A larger arithmetic unit of any desired word length can 
be made by cascading additional circuits. The interconnection 
of eight systems to form a 32-bit arithmetic unit is shown in 
Fig. 10. The three inhibit signals, common control signals, and 

CD400lA 
CD400lAO 

A~3 2 J 
B 

C~4 6 K 
D 

E~L 
F~-

G~ 
H~-_M 

J. A+1i 
K-C""+O 
L-E+"'F 
M-G·H 

POSITIVE LOGIC 

I-O-.OV 
LEVELS -III- VOO 

Fig. 6- CD4001 or CD4001A - Logic diagram and equations. 

inverted clock signal (which are common to all eight sub
systems) are not shown. Table 111 shows the functions and the 
symbols. 
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ARITHMETIC 
SHIFT 

LOGICAL 
SHIFT 

SHIFT LEFT 

SHIFT RIGHT 

TO B REGISTER 

RSI "RIGHT SERIAL INPUT 
LSI ~ LEFT SERIAL INPUT 

BRn a OUTPUT OF nth BIT 
OF "B" REGISTER 

NU "NOT USED 

LSI 

Fig. 7- Shift-Right/Shift-Left - Arithmetic/Logic shift 
Interconnection diagram. 

OUT I 

~~~ 
I I I I I I 
I I: : I I 
I CD4001A I I CD40QIA I [ CD400IA 1 

I I : : : : : 
I I I I I I I 

~_~s.-a~~5rt~~5~ 
CD400lA I 

OUT 2 OUT 3 OUT 4 

I 
_.J 

TRUTH B E TA L 

<[. ] <[®] OUT 

0 0 0 

I 0 A'. 

0 I A0B 

I I A+ • 

Fig. 8- AND/OR/EXCLUSIVE-OR Selector. 
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FROM LOGIC A3B3 r--------, 
~~---+--~~ I 

CIRCUITS I 
I 

FROM ADDER 53 
I S~A3 a, + %.43 83 

OVERFLOW I 
I 

FROM LOGIC -"2-,."'-,'---+----1 I 
CIRCUITS I I 

L __ ..£~O.£I~ ___ J 

Fig. 9- Overflow logic circuit. 

TABLE III FUNCTIONS AND SYMBOLS 

SYMBOLS FUNCTIONS 

Voo Input for positive power supply 

GND Ground 

ct Inverted clock 

INO Lowest order bus input 

INl Second lowest order bus input 

IN2 Third lowest order bus input 

1N3 Highest order bus input 

Enable A Enables the A register 

Enable B 

Enable C 

A 

SEL B 

SELC 

Arith
metic 
shift 

Logic 
shift 

B Bus 

B shift 

BSR 

BSL 

BSRI 

BSLI 

C Bus 

C shift 

CSR 

CSL 

CSRI 

CSLl 

Arith
metic 

Logic 

CIN 
COUT 

Enables the B register 

Enables the C register 

Selects the true of the A register data for half-output 
function 

Selects complement of A register data for half-output 
function 

Selects B register data for output function with A 
register data 

Selects C register data for output function with A 
register data 

Allows B register to shift in the arithmetic mode 

Allow C register to shift in the logical mode 

Allows B register to accept data from bus inputs 

Allows B register to shift right or left 

Allows B register to shift right 

Allows B register to shift left 

I nput to lowest order bit of the B register when 
shifting right 

Input to highest order bit of B register when shifting 
left 

Allows C register to accept data from bus inputs 

Allows C register to shift right or left 

Allows C register to shift right 

Allows C register to shift left 

I nput to lowest order bit of C register when shifting 
right 

I nput to highest order bit of C register when shifting 
left 

Allows logical sums to appear at S outputs 

Allows logic functions to appear at S outputs 

Carry in to lowest order bit of adder 

Carry out from highest order bit of adder 



TABLE III (CONTINUED) 

SYMBOLS FUNCTIONS 

Overflow Indicates if addition exceeds limit of adder 

K(-) Generates logical AND of logic circuits 

K(a) Generates logical EXCLUSIVE-OR of logic circuits 

So Lowest order sum output 

51 Second lowest order sum output 
52 Third lowest order sum output 
53 Highest order sum output (sign bit) 

Performance Data 
In a 32-bit arithmetic unit constructed in the laboratory 

the delay time, (under worst-case logic conditions) for the 
inverted clock to be inverted, for data to be written into the 
register, and for that data to get to the adder and generate a 
carry-out from a 4cbit system was found to be 782 
nanoseconds. The delay time (under worst-case logic condi
tions) for a carry-in to generate a carry-out was found to be 
87 nanoseconds. The delay time under worst-case logic 
conditions for a carry-in to generate a sum at the adder and 
for this sum to appear at the outputs was found to be 623 

IN3 IN7 INII IN1!5 

l"z IN. INIO INI:4 

'j"'j' Tr 'j·r IN(~r 
o _ N If) 

~ N '" 0 N '" 0 N '" 
i!: ~ ~ ~ :!; ! :!: ~ ~ ! ! ::!: ! ! :!: 

.5R1 ·3 • SRI ·3 8 SRI ·3 B SRI ·3 

C .m C3 CSRI C3 C SRI ·3 CSRI C3 

·0 BSLI ·0 BSLI ·0 BSLI Bo BSLI 

Co CSLI Co C5LI Co C 5U Co B SLI 

r- C-IN C-OUT 

CARR!-IN O.F. 

C-IN C-OUT C-IN C-oUT 

O.F. a.F. 

C-IN C-OUT 

O.F. 

-I IF 
SUBTRACTING So 51 52 53 

5, 55 5. 5,3 

5. 5. '12 
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nanoseconds. These numbers result in an addition time of 
1927 [782 + (6 x 87) + 623) nanoseconds for two 32-bit 
words and 1579 [782 + (2 x 87) + 623) nanoseconds for two 
16-bit words. 

Since the constmction of this adder, improved processing 
techniques permit faster operation. The delay from the clock 
to the carry out can be expected to be less than 500 ns; the 
delay from the carry-in to the carry-out can be expected to 
be less than 50 ns; and the delay from the carry in to the sum 
out can be expected to be less than 400 ns. Thus, the 
maximum addition time for a 32-bit arithmetic unit would 
be approximately. 1200 ns; for a 16-bit unit, 1000 ns 
(maximum) would be required. 

Calculations indicate a typical power dissipation of 100 
p.W and 2350 p.W for the 4-bit arithmetic unit. These calcula
tions are based on typical and maximum device quiescent 
power dissipations at a 10-volt supply and +250 C tempera
ture. 

Summary 
A complete 32-bit full adder/arithmetic logic system that 

uses standard COS/MaS devices (commercially available in 
quantity) is shown. This system offers many adantages to the 
systems designer: low power dissipation, high noise im
munity and reliability. 

INI9 IN23 

INI8 IN22 

11'~r rr 
0 N '" 0 

N '" ! ! :!; z ! :! :!; ~ 

BSRI ·3 B SRI ·3 

CSRI C3 C SRI C3 

·0 B5L1 ·0 B 5LI 

Co C SLI Co B 5L1 

C-IN C-OUT C-IN C-OUT 

O.F. O.F. 

j L 
5'B 

jL 
5 2 2 
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IN27 

IN26 

'12~r 
0_ '" "" 
~ ! !! 

BSRI ·3 

CSRI C3 

·0 B 5LI 

Co C SLI 

C-IN C-OUT 

'2. 

O.F. 

jL 
52. 

525 

IN!I 

IN30 

I 12:r 
o - Nil') 

:5 ! !! 

BSRI ·3 

CSRI C3 

Bo B SLI 

Co C SLI 

C-IN C-auT 

O.F·~OW 
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52. 

I L,15IGN 
BIT) 

530 

52. 

Fig. 10- Major interconnections to form 32·bit arithmetic 
unit from 4-bit subsystems. 
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Transmission and Multiplexing of 
Analog or Digital Signals Utilizing 
the CD4016A Quad Bilateral Switch 

by J. Litus, Jr., S. Niemiec, and J. Parad ise 

RCA type CD4016A Quad Bilateral Switch is an 
extremely flexible device. It has many advantages unique to a 
COS/MOS· switch configuration and can be used for the 
transmission of analog or digital signals with low distortion. 
The C04016A is the ideal semiconductor switch for use in a 
multitude of sWitching applications. This note describes some 
of the features and several applications of COS/MaS tran
sistor bilateral signal switches (transmission gates). 

FEATURES OF THE CD4016A 
The functional diagram of. the CD4016A is shown in 

Fig. 1. The C04016A consists of four independent bilateral 
signal switches on a single silicon monolithic chip. Each 
switch consists of an n-channel and a p-channel device. The 
source of the p-channel device is connected to the drain of 
the n-channel device and vice-versa. Only one control signal 
Vc is required per switch. Vc directly controls the 
n-channel unit; the p-channel unit is controlled by Vc (an 
inverter is included on the chip). Both channels are biased 
"ON" or "OFF" Simultaneously by the control signal YC. 
Fig. 2 shows the schematic diagram of the C040 16A. 

Unlike the bipolar switch, the COS/MaS switch has no 
voltage offset. It is a bi-directional switch. The COS/MaS 
switch does not require an exceSSively large control voltage 
(compared with the incoming signal level), as does the single 
channel MaS switch. The control voltage required by the 
COS/MaS switch is of approximately the same amplitude as 
the input signal. The incoming signal can' be a maximum 
of IYoo - Vssl = 15 V., or a minimum of IYOO- VSSI = 3 V. 

Figs. 3 and 4 show the typical "ON" transfer character
istics of the COS/MaS switches. Figs. 5 and 6 show the 
output voltage as a function of time for an input sine wave 
and square.wave voltage respectively. 

*Complementary-Symmetry Metal·Oxide·Semiconductor 
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OPERATION OF THE COS/MOS SWITCH 
Fig. 7 shows the transfer characteristics of a single 

p-channel MOSFET switch (with a high value of load 
resistance Rr) in the "ON" condition. If it is assumed that 
this application calls for an input signal voltage (VI) in the 
range of -5 to +5 V., and that the output signal voltage Va 
follows the input signal voltage linearly within this voltage 
range, the switch will be "ON" for the following conditions: 

Threshold voltage (VTW = +5 V. 
Gate voltage (VG) = ·10 V. 
Substrate voltage (V sub) = +5 V 
Input signal voltage (VI) > -5 V. 

When the switch is "ON", the input sfgnal voltage is 
transmitted to the output terminal (subject to the above 
conditions). However, if the input Signal voltage, falls below 

INPUT " +VOD 

SIGNAL A 

OUTPUT 13 CONTROL A 

OUTPUT 12 CONTROL D 

SIGNAL B 

INPUT INPUT 

SIGNAL 0 

CONTROL B 10 OUTPUT 

CONTROL C 6 OUTPUT 

SIGNAL C v __ 

INPUT 

Fig. 1- Functional diagram (top view). 
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-s V., (i.e., VTlV, the switch operates as a source foUower. 
To avoid this condition, the magnitude of the p-channel gate 
voltage must be increased by the sum of the threshold 
voltage and the peak input voltage,l VI{max) + VTHI. 

The problems encountered in the single channel 

CONTROL 

VD~ __ ~Dr:E IVC
I 

J ~3 
vss--

INPUT SIGNALS (Vi') 
TERMINAL N05.I,4.8,1I 

OUTPUT SIGNALS {Yo,,1 
TERMINAL NOI. 2,3,9,10 

SWITCH A SWITCH B 
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MOSFET switch can be eliminated by the use of a parallel 
complementary MOSFET arrangement, shown in Fig. 8a. 
The voltage transfer characteristics {YO as a function of VI> 
are shown in Figs. 8b (single p-channel device), 8e (single 
n-channel device), and 8d {composite for both devices in 

r--------, 
I VDD 
I 

~~L~T::~!~~Pc~~s/:~~TECTEDl 
DIODE NETWORK o--ll ..... kM..-ho-..!-J 

Yoo I _5000 
~I L _____ _ 

SWITCH C SWITCH D 

NOTE: AU switch P-ehannel substrates are internally connected to terminal No. 14. 
All switch N-channel substrates are internally connected to terminal No.7. 

NORMAL OPERATION: 
Control Line Biasing 

Switch ··ON"; Vc··1"· VOD 
Switch "OFF"; Vc"O"· VSS 

SIGNAL·LEVEL RANGE: 
VSS~Vis~VDD 

Fig. 2- Schematic diagram. 

~ .. 
~ g 
... 
~ 
;; 
... 
~ ... 
6 

Fig. 3- Typ. "ON" characteristics for 1 of 4 switches with 
VDD = +10V, VSS= OV (CD4016A). 

~ g 

~ 
;; 

o 2 4 
INPUT SIGNAL VOLTS (VIS) 

Fig. 4- Typ. "ON" characteristics for 1 of 4 switches with 
VDD = +5V, Vss = -5V (CD4016A). 
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parallel). The load resistance, RL is assumed to be large 
compared with the MOSFET "ON" resistance (RON). The 
composite characteristics are obtained by the graphic 
addition of the individual characteristics. The "ON" 
characteristics show that at least one device is "ON" at any 
given instant, because one gate is controlled by Vc and the 
'other by the complement, V C. 

SCALE: X s Q.2msiOIV Y"2.0V!OIV 
VDO" Ve" ~7.5V. VSS" -7.511, RL " lOKn 
CL"'5pF 
frs-1kHz VIS""SVP-P 
DISTORTION" 0.2% 

(a) 

SCALE: X=O.2mslOIV Y"2.0V/DIV 
VOO" Ve" +2.5V, Vss" -2.5V, RL" 10Kn 
CL=15pF 
flS-1kHz VtS"SVp-p 
DISTORTION = 3% 

(b) 

Fig. 5- a) Typ. Sine wave response of VDD = +7.5V, VSS = 
-7.5V; b) Typ. sine wave response· of VOD = +2.5V, 
VSS=25V. 

SCALE: x .. 100 nslOIV 
Y .. 5.0V/D111 

X= IOOns/DIV 
Y=2V/01V 

(a) 

(b) 

Fig.6- a) Typ. square wave response at VDD = VC= + 15V, 
VSS = Gnd. b) Typ. Square wave response at VDD 
= VC=+5V, VSS=Gnd. 

576 

The gate control voltage required (± 5 V in this case) 
need only be equal to the absolute value of the peak input 
signal voltage. The maximum input signal voltage range is 
limited by VOO (+5 V) and VSS (-5 V). The gate control 
voltages would then be +5 V and -5 V respectively. 
There is a minimum threshold voltage (VTH) required to 
turn "ON" the switch. This condition must always be met 
for proper operation - see published data. Ref. I. 

LEGEND: 

VI S .. INPUT SIGNAL VOL T5 

VOS·OUTPUT SIGNAL VOLTS Vos 
VG -GATE CONTROL VOLTS 

VSUB-SUBSTRATE VOLTS 

__ -+_-,I''--+.....,~V,S 

Fig. 7- Single p-channel MOS/FET switch characteristics 

tal 

YGp " -5V 

voo" 5¥ 

tbl 

~o *VO. VTH 

--- VIS VIS 

-5 5V -5V 5V' 

VGn .. 5V 

VSS ·-5V 

(el (dl 

Fig. 8- a) COS/MaS FET switch (transmission gate); b) 
p-channel characteristics; c) n-channel character
istics; d) composite characteristics. 



SWITCH AND LOGIC APPLICATIONS 

Switch Functions 
The CD40l6A Quad Bilateral Switch can be used to 

perform -the four common switch functions shown in Fig. 9 
(i.e .• SPST, SPDT, DPST, and DPDT). 

b) SPDT 

d) DPDr 

V,sAO---f+! 

V,sBOi--9Y: 

VOSA' 
0-0 
Vo~ 

VISA 

O}~2 
.,J,--~S82 

V'~B 

~---~---~~CNc .f1. 

Fig. 9- Basic switch functions using the CD4016A. 

Logic Functions 
Fig. lOa illustrates the use of the CD4016A to gate 

digital (or analog) signals. When the CD4016A is used as a 
digital "OR" gate, a logic "I" should be present at points a 
and b. Two control voltages A and B are required as shown. 
When a logic "I" is not being transmitted (A = B = "0"), a 
logic "0" appears at the output. There are two methods to 
achieve this result: (I) a resistor tied from the output 
terminal to a logic "0", or (2) the remaining two 
transmission gates of the CD4016A can be connected (as 
shown in Fig. lOa) to a logic "0" and be gated by the 
complement of the control functions A and B (i.e., 7i. and 8). 
Use of the resistor tied to a logic "0" will provide the 
designer with two "OR" gates from a single CD40I6A. Use 
of the two transmission gates (in place of the resistor) 
provides lower power dissipation. 

leAN-6601 

Analog signals may be used in place of the logic "I" 
signals at the signal input terminals (VIS) to the transmission 
gates and these analog signals may be passed to the output if 
a particular logic function is satisfied. A general logic 
function may be implemented by the use of transmission 
gates as shown in Fig. IOd. The function illustrated is F = AS 
+ CD. The implementation of some logic functions may be 
simpler and the propagation delay time may be shorter when 
transmission gates are used. The input signals (a, band c in 
Fig. IOd) may be analog signals or digital signals. The 
transmission gates may be used in a wired "OR" configura· 
tion, which simplifies many logic designs. 

Transmission gates may also be used in flip-flop or 
memory cell circuits. Fig. II shows transmission gates being 
used in conjunction with NOR gates and inverters to 

TG-2 VOS FaA +8 

Yc : : 
I Vos , 

i----,,,..Q ~R 
VC~ ~ 

VOS' . : 

----:~~c~ : 
,V'S I 

+ ~ 
LOGIC' ·O~ 

4TG ·r-CD4016A 
Cal 

2TG -1/2-CD4016A 

C.l 

A B 

~IN Vc V. Vc Vas F-A'B 
TG-I TG-2 

V'S I , I 
I 

r--ry.--J <~ VOS Vas ~R 

ivci TOr! I A Vc TG-4 : 
v,s v's I 

t 

4TG·'-CD4016A 

Cbl 

4 TG -1- CD4016A 

Cdl 

Fig. 10- Logic. functions using the CD4016A: a) "OR" gate; 
b) "AND" gate; c) "NOr' (inverter) gate; d) 
implementation of F = AS + CD using the 
CD4016A. 

implement a master-slave type D ~p-flop. These flip-flops 
are available commercially. (See Ref. 2.) All COS/MOS logic 
elements (gates, flip-flops. complex MSI and LSI functions) 
are comprised of the basic COS/MOS Transmission gate 
(parallel connection ofp- and n- channel units) plus the basic 
COS/MOS inverter (series connection of p- and n- channel 
units). (See Ref. 2.) 
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Multiplexing/Demultiplexing 
A four channel PAM (Pulse Amplitude Modulation) 

Multiplex/Demultiplex system utilizing the CD4016A is 
shown in Fig. 12a. Commutator, MUX, and DMUX are the 
building blocks used to implement the system. Each input 
signal is sampled sequentially and applied to a single 
transmission line, but in a different time slot. The signals are 
detected and reconstructed at the outputs. These outputs 
will be proportional to the inputs, with no loss of 
information, as long as the conditions of Nyquist's sampling 
theorem are met: Sampling rate must be greater than twice 
the maximum frequency component of the input signal. 

An RCA type CD4018A - "Divide-by-N" counter and 
associated decoding circuitry are used to provide the 
sequential signals to the control inputs of the CD4016A 
switches. The analog information is present at the outputs of 
the CD4016A only during the "ON" time of each switch. 
The clock frequency required for the counter is as follows: 

fcl> 2fmNc 

where fm is the bandwidth of the input signal and Nc is the 
number of channels being sampled. For example, the circuit 
shown in Fig. 12a has a maximum input signal bandwidth of 
10 kHz. Therefore, 

feI> 2 (10kHz) (4) = 80kHz. 

TRUTH TABLE 

CL' D • 5 Q Q 

../ 0 0 0 0 1 

../ 1 0 0 1 0 

""- 0 0 Q Q 

1 0 0 1 

0 1 1 0 

1 1 

NQ 
CHANGE 

The clock pulse is also applied to the transmission line to 
provide synchronization pulses for output decoding. A 
narrow clock pulse is used to prevent Significant interaction 
between the clock and the sampled information. These clock 
pulses are removed from the output waveforms by taking 
advantage of the threshold voltage of a second counter 
(CD40l8A). The magnitude of the analog signals is kept at a 
lower level than the switching voltage [VIL (max)] of the 
CD4018A or the CD4009A (Inverter A). [VIL (max) = 30% 
of VDD.] Therefore, only the clock pulses trigger the second 
counter. Inverter A opens the transmission line during the 
clock interval. Signals can be transmitted at all other times. 
In this example, the clock is transmitted on ·the same line as 
the analog information, although this procedure need not be 
followed. Separate transmission of the clock signal removes 
any restrictions on the Signal amplitude provided the signal 
swing is maintained within the range of the VDD and VSS 
supply levels. . . 

The output decoding is identical to the input decoding. 
The low-pass filters have a bandwidth equal to the bandwidth 
of the system and are use:! to filter the high frequency 
components generated by the sampling process, and to 
reconstruct the signals. Figs. l2b, c, and d show the 
waveforms of the signals at various points in the circuit. 

Measurements and observations of a laboratory proto· 
type of the PAM system discussed above, are presented 
below. Note: In the "all COS/MOS system", the switch 

BUFFERED OUTPUTS 

• " INVALID CONDITION 

.OTG. TRANSMISSION GATE 

INPUT TO OUTPUT IS: 
DJ A BIDJRECTlQNAL LOW IMPEDANCE 
WHEN CONTROL INPUT liS "LOW" 
AND CONTROL INPUT 2 IS "HIGH" 
b) AN OPEll.CIRCUIT WHEN CONTROL 
INPUT 1 IS "HIGH" AND CONTROL INPUT 2 IS "LOW" 

.. = LEVEL CHANGE 

.. • DON'T CARE CASE 

Fig. 11- Type "0" flip-flop logic diagram and truth table. 
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control signals are compatible with commonly used control 
system logic levels. Analog input signals whose magnitude is 
equal in amplitude to these control signals, can be used. The 
analog signals may be of either polarity, positive or negative. 

Conditions: 
Signal Input voltage frequency: 100 Hz to 10 kHz 
Peak to Peak input: 400 mV· I 
RC Low pass filter cut·off frequency: 21TRC = 1.33kHz 

(R = 12 k!1, C = O.OII'F) 

Results: 
"ON" channel attenuation: 13dB 
Adjacent "OFF" channel signal: -SOdB below input 
Adjacent "ON" channel signal: -SOdB below input 
Distortion: 3% (I kHz Signal at LPF output, input signal 
200mV peak-to·peak; clock frequency 400kHz) 

In the example of Figs. 12a, 12b, 12c, and 12d, only one 
supply is used. The negative Signal swing is limited to less 
than one diode drop (VBE ~ 0.5 V) below ground potential. 
This one-supply system can be modified to permit higher 
input signal amplitudes: the ac input voltage is offset by the 
addition of a resistor tied from VDD to VIS terminals of 
the input CD4016A. The positive signal swing should not ex
ceed the switching voltage of the CD4018A. (See Ref. 3 for 
detailed applications of the CD4018A.) Fig. l2e shows an 
oscilloscope trace of the input and output voltage waveforms 
for this modification using a 2-k!1 offset resistor with a 
600-!1 SOurce impedance. The input signal amplitude is 
approximately 3 V and is offset from ground by 1-1/2 V. 

A method that permits the transmission of the clock 
signal on the same line as the mUltiplexed information is the 
use of a level detector to separate the clock signal from the 
information. The circuit modification is shown in Fig. 13. 
Such a level detector is described in the section that discusses 
the squelch control circuit. Two supplies are utilized in this 
application. The level detector permits the use of an input 
signal amplitude that approaches VDIrVSS. 

In general, PAM provides a simple method to transmit and 
receive data through a common transmission medium. The 
above system can be extended to more complex transmission 
systems such as PDM, PPM, and PCM. In telemetry applica
tions, where transmission of multi-channel analog or digital 
data from airborne instrumentation is necessary, COS/MaS 
devices offer the advantage oflow power dissipation. Intercom 
and public address systems can also benefit from the advant· 
ages of multi-channel-single transmission line communications. 

DIGITAL CONTROL OF SIGNAL GAIN, FREQUENCY 
AND IMPEDANCE 

Resistor Network 
Fig. 14 shows a digitally controlled resistor network. 

Each resistor is shunted by 1/4 CD4016A COS/MaS switch. 
When the switch is "ON" the resistor is shorted; when the 
switch is "OFF" the resistor is in the circuit. The "ON" 
impedance of the CD4016A is approximately 300 !1 (10 V 

* CD4004A has been superseded by CD4024A. 
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bias); the "OFF" impedance is approximately 1012 !1 (10 V 
bias~ Sixteen (24) resistor value combinations can be 
obtained from this 4·stage network. Such a network can be 
controlled from any logic system to select any value at the 
proper time. The control inputs could, for example, be 
connected to a binary counter (RCA type CD4004A)*, to 
generate a staircase of binary resistor values. 
Variable Gain Control 

Fig. ISa shows the resistor network inserted into the 
feedback loop of an operational amplifier. This network 
provides the circuit with a 16 to I variation in gain. The gain 
of an op·amp in the configuration is given by 

A=~ 
ZI 

ZF is the digitally controlled resistor network. The control 
inputs to the CD40l6A are connected to a binary counter as 
shown. The signal inputs can be either ac or dc. Waveforms 
for the voltage at various points in the circuit are shown in 
Figs. ISb and ISc. 

Capacitor Network 
A digitally controlled capacitance is shown in Fig. 16. 

This network has the capability of 128 capacitance values. 
There will be some resistance in series with each capacitor 
(i.e., RON of the CD4016A). This resistance can be neglected 
if I/wC~RoN. RON is negligible in most frequency control 
applications discussed in this Note. 

Variable li'requency Control 
Fig. 17a shows an astable multivibrator that uses a 

digitally controlled capacitance as the frequency-adjustment 
element. (See Ref. 4.) The control inputs to the CD4016A 
are obtained from a binary counter (CD4004A). The 
multivibrator is thus "swept" through a frequency range that 
depends upon the value of the capacitor network. For the 
values of resistance and capacitance shown in Figs. 17a and 
16, a frequency range of I kHz to 70 kHz can be obtained 
in 128 discrete steps. The sweep-rate is determined by the 
clock-rate to the binary counter. Fig. 17b shows the 
waveforms for the circuit. 

Combinations of R, L, and C networks can be digitally 
controlled to provide a variable impedance, gain, frequency, 
phase-shift or bandpass. 

Digital-To-Analog (D/A) Conversion 
A D/A converter is a decoding device that has two inputs 

and one output. The inputs are a digital signal (D) and an 
analog reference (VR); the output (Va) is an analog signal 
related to the inputs as follows: 

Va = (D) (VR)' 

where: D ~ [aI2·1 + a2 2-2 + ... + an 2-n) < I. 

Hence Va = VR [al 2-1 + a2 2-2 + ... + an 2-n). 

Weighted Resistor Network for D/A Converter 
Fig. 18a shows a 4-bit D/A converter that uses a binary 

weighted resistor network and two CD4016A's. Th. value of 
each resistor is inversely proportional to the weighted value 
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SIGNALS 
INPUTS 

CHANNEL I 

CHANNEL 2 

CHANNEL 3 

HANNEL 4 

PACKAGE COUNT 

2 -C04001A 
r - C04009A 
3 - C04016A 
2 -C04018A 

POINT IN CIRCUIT 

U 

--- -- --..- --- -. 
w 

POINT IN CIRCUIT 

Vo 

Wo 
X, 
Vo 

-- -- --- --------------- ---
(bl 

(el 

Fig. 12- al 4-channel PAM multiplex system diagram; bl 
waveforms of transmitted multiplexed signal (U I. 
and 3 of 4 received demultiplexed channels tv. W 
and XI; el wawfortr.& of transmitted multiplexed 
signal shown at a long time ICIlle to ilfustratB 
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waveforins showing separation of clock signal from 
the information (1 channel onlyl; el wavefonns for 
single suppfy circuit for input signal de offset. 

Wo 
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of the particular digit being decoded. There are sixteen 
possible steps and each step is equal to 1/15 YR •. 

When the control inputs of the CD4016A are connected 
to a binary counter (CD4004A) a staircase output voltage 
is generated (shown in Fig. 19b). The reference voltage 
YR, can be an analog signal as shown in Fig. ISc. 

Although simpler circuitry is an advantage of the 
weighted resistor network this approach demands widely 
varying values of resistance and stringent Switching require
ments. The accuracy of the output voltage depends upon the 
accuracy of the resistance values and how well the resistance 
values track with temperature variations. As the number of 
bits increases, the values of the resistances become physically 
impractical. 

R - 2R Resistor Ladder DI A Converter 
Two types of R-2R ladder networks are used for D/ A 

conversion: (I) voltage-fed and (2) current-fed. 
Fig. 19a shows a circuit diagram of a voltage-fed D/ A 

converter that uses 2 CD4016A's and an R-2R network. The 
circuit provides 2n equal voltage steps, where n is the number 

TRANSMISSION 
UNE 

TO CD4018A 
CLOCK INPUT 

TO 
OUTPUT 
GATES 

Fig. 13- Modification of the circuit of Fig. 12 to permit 
increased input signal amplititude. 

A 

EJ--crl CD4004A 

b cD b 
ABC·D 

Fig. 14- Digitally controlled resistor network. (See RCA 
Data Bulletin No. 479 for derails of terminal 
connections). 

R-ZKQ 
C-21 pF 
GAIN VARIABLE 
FROM I TO 16 

INPUT· 90 mY DC 

(al 

2ms1DIV .... 

(bl 

:zmslQIV ...... 

INPUT· gOmv P1I AC 

(cl 

to.5V1DIV 

Fig. 15- a) Variable gain control circuit; b} waveform of 
output voltage for dc input voltage; c} waveform of 
output voltage for ac input voltage. 

Fig. 16- Capacitor network. (See Data Bulletin File No. 479 
for details of terminal connections). 
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of "legs" used. VR is the dc reference input. The R-2R 
ladder network functions as a successive voltage divider. Each 
CD4016A connects or disconnects its "leg" to the reference 
voltage or to ground, and the output voltage is proportional 
to the input reference as discussed in the provious section. 
Thus, for the 4-bit system shown the least significant bit 
(LSB) contributes VR!24 or VR/ 16 to the total output 

1/6 CD4009A 

IF; C-YARIABLE 
R'"51 K 

THEN: 
I kHz<fo< 70kHz 

1/6 CD4009A 

~I K 

(a) 

voltage. A CD4004A binary counter is used to provide a 
staircase output from the D/A converter. (Fig. 19b). An 
analog reference voltage may be used as the input: Fig. 19c 
shows the output voltage waveforms. Laboratory data 
indicate less than a I % error in accuracy. The overall 
accuracy is dependent upon the switch "ON" resistance 
(RoN), leakage current and the discrete component accu· 
racy. 

~ r---

5V/DIV t 
- -- -

(b) 

-- ----.. _---------_._---
5V/DIV t 

--- ...... _------ .... . 

2ms/D1V ..... 

Fig. 17- a) Sweep generator (astable multivibrator) circuit; 
b) output voltage waveforms. 

V,N(i)~r-t----+--_<i~+----+--1"-+----+_--_, 

VIN-'OVDC 
RL -lMn 

MSB LSB L-_________ ~--------~~-----___ _4~~Vmrr 

lVIDIV+ 

O'!5lTlf1orv ..... 

'-£ti 
ABC 

D.6rm!DIV -. 
VIN" 7V POP. 500 ktlz Voc" :t6V 

.-5kHz 
RL-1Mn 

(b) (e) 

PACKAGE COUNT 

I-CD4004A 

1- CD40D9A 
2-CD4016A 

* 1/6-CD4009A (a) 

2V1Drv+ 

D.6ms1DIV ..... 
VIN~8Vp-p.l0kHz VOC·:t5V 

."SkHz 
RL"'lMO 

(c) 

Fig. 18- a) Weighted resistor network D/A converter; b) 
output voltage waveforms for dc input voltage; c) 

output voltage waveforms for ac input voltage. (See 
Data Bulletin File No. 479 for details of terminal 
connections). 
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The current-fed 0/ A converter is shown in Fig. 20a. This 
circuit is similar in performance to the voltage-fed R-2R, 
except that the current-fed circuit has a higher accuracy. 
Higher accuracy is obtained because the same current is 
supplied from a constant current source over a wide variety 
of load values (including RON of the CD4016A's). Th'e 
accuracy of the circuit is limited only by the accuracy of the 
resistors used. In this circuit a constant-current source feeds 
the R-2R network through the CD4016A. The current is 
divided by each branch in the same manner as voltage is 
divided in the voltage-fed circuit: 

Vout = [(Itotal) (Rr)l. 
and, 

Vout(max) =(IC) (Rr) [I - (I/2n)], 

where IC, is the value of the constant-current. For the 
example shown in Fig. 20a, IC = 500 /.lA, n = 4, RL = 2 kn 
and . 

Vout(max) = (500 p.A) (2 kn) [1-(1/24)] = 0.938 V. 

Fig. 20b shows the output voltage waveforms for the circuit 

~-CD4016A 

ICAN,BB01 

for both dc and analog inputs. The measured error, in
cluding discrete component tolerance, is much less than 
1%. 

SAMPLE-AND-HOLD APPLICATIONS 
A basic sample-and-hold circuit consists of a switch and 

an R-C network as shown in Fig. 21a. The capacitor charges 
to the peak value of the input signal when the switch is 
closed. When the switch is opened, the capacitor "holds" the 
full charge. The ROFF of the C04016A is typically 1012 n, 
VOO = 10 V, and the leakage is 10 pA, which is excellent for 
sample-and-hold circuits. 

Fig. 21b shows a complete sample-and-hold circuit. The 
operational amplifiers are used to buffer and to assure 
stability of operation. When the clock is a logic "I ", the 
C040l6A is "ON'; and the input is being sampled. When the 
clock is a logic "0", the C04016A is "OFF" and the 
eapacitor holds the value of the sample_ The effective 
sampling-time constant for this circuit is 

I-CD4016A 

IORC 
t= l+A ' 

20K 20K 20K 20K 
10K 

20K 

- --, '- - -=- ="" 

2V1DIV t 
- -- -- -

VIN-lOY 
~ -10kHz 

(b) 

10K 10K 

PACKAGE COUNT 

'-W 
I-CD4004A 
I-CD4009A 
2-CD4016A 
ALL RESISTORS-I% 
* 116 CD4009A 

A • e D 

-=_~ - ~~_~ -,=--"""'=0< 

.:'ft- ~ ~ ,,!rf/i . 
~':-.$-r$;i "- ~ 

VIN ·'OV. 1 kHz 
.-1 kHz 

(e) 

VaJT 

1 
(a) 

VIN- IOY,lOOkHz 
.-lkHz 

(c) 

Fig. 19- a) R-2R resistive ladder network D/A converter 
(voltage-fed); b) output voltage waveforms for de 

input voltage; c) output voltage waveforms for ac 
input voltage. (See Data Bulletin File No. 479 for 
details of terminal connections). 
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-~ 
to.IV/DIV A 8 C 0 

r---r--i-"t"""-r-+-r---r--t---r--y--t-o-V'N 

2K 

I C• 5QO llA 
YOUT-IV.F,S. 

• BIAS AD.l 
(a) 

• "SkHz O.2ms/DIV ....... 

(b) 

~_ J;! __ ,-- --
""!;- r--

."SkHz 
YIN_7.5kHz 

(e) 

(e) 

to.2Y/DIV 

t O.!V/D'V 

Fig. 20- a) R-2R resistive ladder network O/A converter 
(current-fed); b) output voltage waveforms for de 

input voltage; c) output voltage waveforms for BC 

input voltage. 

ZIN OF AMPL. - co 
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V'N 

VOUT 

(a) 

J V\J~~~ ~ 

~ \-.//",-\\-,/-~/ .. \\ . ./-/-." 

It> "100kHz, 50% DUTY CYCl.E 
R-SOOKn 
C-430pF 
INPUT" 10 kHz, 2V pop 
OUTPUT" O.SVlDIV 

(e) 

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

!II = 100kHz. 50% DUTY CYCLE 
R-500Kn 
C=430pF 

INPUT -, kHz, 2V p-p 
OUTPUT = 2V!DIV 

(e) 

AYOL(CA3030A).'OOO t .. 110:: • 5000 C 

Fig. 21- a) Basic samp/e-and-hold circuit; b) sample-and-hold 
circuit using the CD4016A; c) input and output 
voltage waveforms. 



where A is the open-loop voltage gain of the first CA3030A 
op-amp (typically 60 dB)_ The second CA3030A op-amp 
(unity-gain-non-inverting) provides isolation of the output. 
This output voltage is fed back and compared with VIN in 
the first op-amp. Any voltage offsets or variations within the 
loop do not affect the output. Fig. 2lc shows input and 
output voltage waveforms of the circuit (R = 500 kl1, 
C = 530 pF). 

Sample-and-hold circuits (without feedback) can be used 
to implement analog delay lines. A block diagram of an 
analog delay is shown in Fig. 22. Charge is transferred from 
one capacitor to the next at each clock pulse. Alternate 
switches in the delay line open and close simultaneously. 

INPUT-~ ~1-~o-OUTPUT 
~I :1~ ~_ ~n· 

c'l c"l 
Fig. 22- Analog delay line_ 

The total delay of the system is given by 

M 
td=-

fs 

where M is the number of stages, 

fs is the sampling frequency (fs> 2fro), and 

fm is the maximum frequency of the input Signal. 

SOUELCH CONTROL (LEVEL DETECTOR) 
Fig. 23a shows a squelch circuit. When the input signal 

reaches a voltage level (determined by the I MI1 resistor), 
the CD401 6Awill be gated "ON" and the output signal will be 
the same as the input. When the input signal is below this 
value, the CD4016A will be gated "OFF" and there will be 
no output from the CD4016A. 

The control circuitry (CA3030A and CD4007A) func
tions as foDows: The input signal is passed through a 
diode-capacitor peak detector, whose output will be the 
envelope of the input waveform. This output is amplified by 
the CA3030A (whose gain is made variable by adjustment of 
RI), and applied to the gate input of the CD4007A_ The 
CD4007 A is used as a NAND gate and has a very sharp 
switching voltage characteristic in this configuration: When 
the input to the CD4007 A is equal to or greater than 
the switching voltage, the CD4007 A is "ON" and a logic 
"0" will appear at the control gate of the CD4016A and turn 
off the switch. When the input voltage to the CD4007 A is less 
than the switching voltage the CD4007 A is off and a logic "I" 
appears at the control gate of the CD40l6A and the desired 
signal reaches the output. Fig. 23b shows the output voltage 
waveforms. 

The variable resistance which is a front-panel control 
permits the adjustment of the squelch threshold. This type of 
circuit is used in communication systems and in systems in 
which the signal must have a specific voltage level to be 
transmitted. 

INPUT 

OUTPUT 

la) 

·:.'Nvvvv-l',:i'Pf.1VIJvvv

',,'~\"----:,,~,/0\'---

1 ms/OIV ...... 
VIN .. 5V POP. 2.5 kHz 
~. ,kHz 

RF-3QOKn 

Ib) 
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t 5V1DIV 

Fig. 23- aJ Squelch control (level detectorJ circuit; bJ input 
and output voltage waveforms; 

SUMMARY 
The CD4016A switch offers the design engineer an 

electronic switch that can be used in a wide variety of 
applications, including transmission and multiplexing of 
analog or digital signals over a large range of voltage levels 
and signal frequencies. The CD4016A can also perform 
switching and logic function implementation with low power 
dissipation. The low "ON" resistance, high "OFF" resistance, 

. wide input signal range, no offset from input to output, and 
control inputs that are compatible with standard logic 
voltage levels make the use of the CD4016A highly 
advantageous to the designer. 
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Interfacing COSIMOS 
With Other Logic Families 

By A. Havasy and M. Kutzin 

The interrace of different logic families requires that the 
circuits operate at a common supply voltage and have logic 
level compatibility. In addition the devices must maintain 
safe power dissipation levels and good noise immunity over 
the required operating temperature range. 

The RCA C04000A COS/MOS series circuits operate 
from power-supplies of 3 to 1 5 V. Thus they can drive and 
be driven by a number of logic families (within certain 
conditions and limitations), including all DTL and TIL 
families. COS/MOS devices have high noise immunity, low 
quiescent power dissipation and high packing densities. This 
Note describes the conditions governing the interface of 
COS/MOS logic circuits with other logic families. 

COS/MOS-TTL/DTL Interface 
Fig. I shows the voltage characteristics required at the 

output and input terminals of saturated logic devices. Fig. 2 
shO,ws the COS/MOS input and output characteristics at 
VO]) = SV. The COS/MOS devices are designed to switch at a 
voltage level of 30% of the power supply voltage. However, 
TIL/OTL devices are designed to switch at 0.8 V for inputs 
going high and 2 V for inputs going low. 

~V0Jt .. _ .. __ :ilI~ 
--r::r-V2!:----~I.!:..--r:.:r_ 

f£".<..£.<=~="'1- - - VOH - -

---VIHIMIN' -f'..<..<..<..<..<: ...... <..<..<:...., 

- - -VIlIMAX' -v.77i77.77i77m 

1n-:,..,..,=-;;;;;=,.;!----VOl--

~~@ 

Fig.1- Interface voltage characteristics required at the 
output and input terminals of saturated logic 
devices. 
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VOH V1H 1 COSJM'l- ~Ol_~ ---~l~ B-
DRIVER LOAD 

5.0, CHAR~~i:~~TlCS 
en 4.99 

!:l g 
I- 3.5 
ii! 

lO:'C·," 
OUTPUT 
REGION 

--- VIHIMIN' --_.fL-U"U,,"-'-"-'-"l 

§ 
!i! 
c 1.5 

i 
0' 

Fig. 2- COS/MaS input and output characteristics at a 
power-supply voltage of 5 volts. 

When interfacing one type of digital integrated circuit 
with another, attention must be given to the logic swing, 
output drive capability, de input current, noise immunity, 
and speed of each type. Table I shows a comparison of these 
parameters for COS/MOS, medium power TTL and medium 
power OTL. The supply voltage column of Table I shows 
that both saturated bipolar and COS/MOS devices may be 
operated at a supply voltage of 5 V. Both logic forms are 
directly compatible at this supply voltage (with certain 
restrictions). 

Bipohir Driving COSIMOS 
When a bipolar device is used to drive a COS/MOS device, 

the output drive capability of the driving device, the 
switching levels and input currents of the driven device are 
important considerations. Table I shows that only 10 
picoarnperes of de input current are required by a COS/MOS 
device in either the "1" or "0" state_ The input thresholds, 
(for the driven COS/MOS device) are 1.5 and 3.5V, hence the 
output of the TIL/OTL driver must be no more than I.5V 
("0" logic voltage) and no less than 3.SV ("I" logic Voltage) 
in order to obtain some noise immunity. 
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Table I - Comparison of COS/MOS, TTL. DTllnterfacing Parameters 

SUPPLY 
LOGIC SWING/OUTPUT FAMILY VOLTAGE 

(VOLTS) 
DRIVE CAPABILITY 

COS/MOS 3.01015 VSS 10 VDD (driving 
COS/MOS) 

Output drive is type 
dependent (see text). 

OTL and 4.510.5.5 o State: 
TTL 

DAV max. at 
Isink = 16 rnA 

1 State: 

2.4V min. at 
Iload =-400 "A 

Current Sinking 
Fig. 3a shows the low state operation of a loaded bipolar 

driver stage. When the output drive circuit of the bipolar 
stage is in the low state, (as shown in Fig. 3b) the collector is 
esseiltially at ground potential. The "ON" transistor must go 
into saturation in order to assure a reliable -logic "0" level (0 
to 0.4V). To attain this voltage level there should be a high 
inlpedance path from the output to the power supply. 
Current sinking capability is not a problem in this 
configuration because the COS/MaS devices have extremely 
high input impedances (typically 1011 >I). The voltage level is 
not a problem either; the COS/MaS devices have high noise 
immunity (1.5 V). 

Current Sourcing 
Current flows from the VCC terminal of a saturated logic 

output device into the input stages of the load, (i.e., the 

I.) 

COS/Mas 
LOAD STAGES 

~~t[)--
IlT = ~~~~~~~w STATE 

I LT • IILllf + IIl.(2) + ... + IIlln) 

FOR PROPER OPERATION: 
IOl (DRIVER) it ILT 

Ib) 

Fig.3- (a) Low-state operation of a loaded bipolar driver 
stage. (b) typical bipolar output-drive circuit in the 
low state. 

OCINPUT NOISE PROPAGATION 
CURRENT IMMUNITY DELAYS 

10 pA (Iypicall 1.5 al V DD = 5V 35n5 (typicall 

1 and 0 State The switching 
for inverter 

point occurs 
CL = 15 pF 

from 30% to 70% 

of VOD which is 
1.5V 10 3.5V al 
VOO=5V 

o Slale: al Vcc= 5V 

-1.6 rnA max. O.4V guaranteed. 20n5 (typical) 
The switching for inverter 

point occurs CL = 15 pF 
1 State: from O.BV to 2V --
40J.l.A max. 

output device acts as the current source for the load). Fig. 4a 
shows high-state operation of a loaded bipolar driver stage. 
Whenever a typical bipolar driver circuit is in the high state, a 
pull up configuration (resistor or transistor) ties Vec to the 
output pin. The total load configuration should not draw 
sufficient current to reduce the output voltage level below 
the VIH required by the COS/MaS devices. 

There are three bipolar output configurations to con-
sider: 

a) Resistor pun-up 
b) Open Conector 
c) Active pull-up 

Resistor Pull-Up 
Devices with resistor pull-ups, (shown in Fig. 4b) present 

no problem in the interface with COS/MaS devices. 

IHT .. ~¥r~i HIGH 
CURRENT 

lHT "'11HO) I 

COS/Mes 
LOAD STAGES 

+lIH(21+ ... J 

+IIH(nl I : 

FOR PROPER I 0-
OPERATION: I IIH ) 
I OH(ORIYERl2: IHT L _.In 

I.) -

T.. 
~T 

*ACTUAL RESISTANCE 
OR EQUIVALENT 
.. ON· TRANSISTOR 
ARRANGEMENT 

Ib) 

IOH '" ~'~~:rl't,~Iv:rer.~~~b!T. output driver current in high state 
IOL"" Maximum output ~river sinking current in low state '''0''), 
IlL = Low state input current drawn from the load stage (to the 

driver). 
IIH = High state input current flowing into the load stage from driver. 

Fig. 4- (a) High-state operation of a loaded bipolar driver 
stage. (b) typical bipolar output-drive circuit in the 
high state. 
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Open Collector 
Devices with open collectors require an external pull-up 

resistor as shown in Fig. 5. The selection of the external 
pull-up resistor is discussed below. It is recommended that 
when driving a COS/MOS device from an arrangement .such 
as the one shown in Fig. 5, (with both VDD and VCC supply 
voltages at 5V) the driver should not fan out to any 
TIL/DTL gate, but can be fanned out to other COS/MOS 
devices. 

Fig. 5- Example of DTLmL circuit with open collectors 
that require a resistor between the output and Vee. 

Active Pull-Ups 
When an active pull-up is used such as the transistor plus 

diode arrangement (shown in Fig. 6), there can be a problem 
in the "I" state because the minimum output level, (2.4V) 
cannot assure an acceptable "I" state input for the 
COS/MOS device. The 2.4-volt minimum TIL/DTL output 
level is often specified at a load current of 400/lA. However, 
negligible current is being drawn by the COS/MOS device, 
hence the minimum TIL/DTL high-output level would 
typically be 3.4 to 3.6V uilder these conditions. There i~ no 
noise immunity in such a configuration. Therefore, it is 
recommended that a pull-up resistor be added from the 
output terminal of the bipolar device to VCC. The selection 
of the external pull-up resistor is discussed below. N in the 
formulae [(2) and (4)] is equal to I, because it is not 
recommended that the outputs of devices that use active 
pull-ups be tied together. 

When driving a COS/MOS device from such an output 
arrangement (as shown in Fig. 7), the driver should not fan 
out to TIL/DTL circuits; only to other COS/MOS devices. 

PULL-UP RESISTOR SELECTION 
Selection of a pull-up resistor for a circuit reqnires 

consideration of fan-out, maximum allowable collector 
current in the low state (lOL max.), collector-emitter.1eakage 
current in the high state (lcmu, power consumption, 
power-supply voltage and propagation delay times. The 
minimum value of the external pull-up resistor in Fig. 8a is 
given by: 

VDD - VOL(max) 
RX(min) = IOL - (M) IlL 
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Fig. 6- Transistor-diode pUll-Up. 
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Fig. 7- Modification of the circuit in Fig. 6 to drive 
COS/MOS devices. 

where M is the number of COS/MOS load stages. The 
maximum value of the external pull-up resistor shown in Fig. 
8b is given by: 

VCC-VIH 
RX(max) = -:::(N)~IC:.::E~X-+,..;(;:;:M"') .... II-H 

where N is the number of TTL/DTL driver stages. 

(2) 

As previously discussed, the values of IIH and IlL for the 
tOS/MOS input currents in both high- and low-level states 
are approximately 10 pA and are neglected because their 
value is insignificant when compared with the value of the 
bipolar currents. Therefore, the equations for bipolar-to
COS/MOS interface using a pull-up resistor can be reduced 
to: 

_ VDD - VOL(max) 
RX(min) - IOL (3) 

R = VCC(min) - "iH(min) 
X(max) (N) ICEX(max) 

(4) 

*VIH in eq. 4 is the value for the COS/MOS Device. 
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Fig_ Ba- Bipolar output (with pull-up resistor) driving 
COS/MaS in low-state operation. 
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Fig. Bb- Bipolar output (with pull-up resistor) driving 
COS/MaS in high state operation. 

An example in which a typical 9000-series TTL gate is 
used to drive a CD4000A COS/MaS gate the operating 
voltage and current specifications might be as follows: 

Operating Voltage 

VCC = SV ±O.SV 

VDD=SV 

Current Specifications 

IOL = 16 rnA (TTL Gate) 

IlL = 10 pA (COS/MaS Gate) 

1m = 10 pA (COSIMOS Gate) 

ICEX = IOjlA max (TTL Gate) 

VOL is obtained from Fig. 1 and is 0.40V; 
VIH is obtained from Fig. 2 and is 3.SV. 
IfN &M are both I, then: 

R . =(S.S -0.4)V "'330n 
X(mm) 16mA 

R _ (5 - 3.5)'V _ ISkn 
X(max) lOOjlA 
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For short propagation delay times, it is best to keep RX 
small. However, power consumption increases rapidly at 
values below 1000 ohms. Some compromise is necessary. The 
typical power consumption is 14 mW (witjt the output of the 
TTL/DTL gate low) if a 2kn resistor is used. Final selection 
of the pull-up resistor, however, will depend on what is most 
important for the intended application: high speed or low 
power. 

Figs. 8c and 8d show typical speed/power relationships as 
a function of RX for two popular bipolar open conector 
drivers. These figures illustrate the trade-off between speed 
and power; the power figure shown is the power dissipated in 
both the bipolar driver and the pun-up resistor_ 

320 SUPPlY VOlTS (VCCI=5.0 
c AMBIENT TEMPERATURE ('Jj )=25°C 

" :1: 280 1\ 1 J.. 
~ !240 

\. Po • c GATE "ONu 
+'U~200 
_~z \ .,2 
~!4: 160 

\. IIPL) 
~ ~ 120 
ziS "- lY ~ffi 80 r--... I "," "C "0. 40 tPkH 17 OAf~ "OFF" c g: 

a 
4 

100 • • • • 2 
IK 

RE5ISTANCE-.R 

.. 
10K 

2 • • • lOOK 

Fig. Bc- Typical speed-power trade-off of open collector 
TTL buffer and pull-Up resistor. 

240 SUPPlY VOlTS (VCC)=5.0 
c '\ AM81ENT TEMPERATURE (TAI=2SOC I 
1'X.~200 \,1 Po I IpLH ;1 
":~160 
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-~z \ / .,0 

~ ti 120 

\ 1/ ~~ 
~ S 80 

fiffi "- 1.1 .. ,. 
f f 40 f-- Po -:".c:: 
~ GATE "OFF" 

a IpLH . 
100 

2 • • • • • '.OK 
RESISTANCE - n 

10K • .. 
lOOK 

Fig. Bd- Typical speed-power trade-off of open collector 
TTL gate and pull-up resistor. 

COS/MOS DRIVING BIPOLAR 
Figs. 9a and lOa show COS/MaS devices driving bipolar 

devices. The current sinking capability of the COSIMOS 
device must be considered when the device is driving a 
medium power DTL and TTL circuit. Table I shows that the 
TTL/DTL device requires no more than -1.6 rnA in the "0" 
input state and a maximum of 40jlA in the "I" input state. 
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The COS/MOS device -must be capable of sinlting and 
sourcing these currents, while maintaining voltage output 
levels required by the TTL/OTL gate. Any given TTL/DTL 
gate will switch state at a voltage that ranges from O.S to 2V. 
Hence the output drive capability of the COS/MOS driver 
must be at least-40pA for a given "I" -state output voltage of 
2V, and at least 1.6 mA for a given ''O''-state output voltage 
of O.SV. In order to provide a noise margin of 400 mV, for 
the driven bipolar device, the COS/MaS device must sink 1.6 
rnA at a ''0'' logic state voltage of 0.4V and-40ltA at a logic 
"I" level at 2.4 V. For low-power TTL devices -the required 
sink current is ISO itA at 0.4 V output. 
Current Sourcing 

In the high-state operation, (Fig. 9b) VOO is normally 
connected to the driver output through one or more "ON" 
p-channel devices which must be able to source the total 
leakage current of the bipolar load stages. The published data 
for the particular COS/MOS and bipolar devices, must be 
consulted in order to determine the leakage currents (for the 
logic "1" state) and drive fan out to be used in the equation 
shown in Fig. 9a. Saturated-logic devices will not achieve 
their required switching levels unless this equation has been 
satisfied. All of the presently available COS/MOS devices are 
able to source 40ltA at 2.4V, (supply voltage, VOO = 5V), 
hence current sourcing is not a problem. 

Current Sinking 
When the output of a COS/MOS driver is in the low-state 

an n-channel device is "ON" and the output is approximately 
at ground potential. The COS/MOS device sinks the current 
flowing from the bipolar input-load stage. The published data 
for the COS/MOS device must be consulted to determine the 
maximum output low-level Sinking current, and the 
published data for the bipolar device must be consulted to 
determine its input low-level current. 

2 

IHT-lOTAL HIGH STATE 1---" 
CURRENT : D-

I HT - I1H(I)+11H(2)+, .. IlIH(n) 
+11H(n) L____ n 

FOR PROPER OPERATION:' ---. 
IOH (DRIVER)i!:IHT 

Voo 

~dl 
":l~OH i'iONrt 

OUTPUT 

DRIVER 
STAGE 

Fig. 9- (a) Logic diagram for a COS/MaS device driving a 
bipolar device, high-state operation; (b) schematic 
diagram showing current flow. 

Fig. 10- (a) Logic diagram for a COS/MaS device driving a 
- bipolar device, low-state operation; (b) schematic 

diagram showing current flow. 

Not all COS/MOS devices can sink 1.6 rnA required by 
normal-power TTL devices at only a O.S V or 0.4 V "O"-state 
output level. Table II shows eleven types of COS/MaS circuits 
and their n-channel current-sinking capabilities at output volt
ages of both 0.8 and 0.4 V.-The hex buffers can each sink 6 mA 
at 0.8 V and thus can drive 6/(1.6) or, for recommended 
good noise immunity, three TTL/OTL gates (worst case). 

Table II - Current Sinking Limits of COSIMOS Devices 

SINK CURRENT-rnA at +25°C 

COS/MOS VOL = 0.4 VOLTS VOL = 0.8 VOLTS 
DESCRIPTION 

TYPE CERAMIC PLASTIC CERAMIC PLASTIC 

CD4000A Dual 3·input NOR Gate Plus 0.4 0.3 0.8 0.6 
Inverter 

CD4001A Quad 2-input NOR Gate 0.4 0.3 0.8 0.6 

CD4002A Dual 4-input NOR Gate 0.4 0.3 0.8 0.6 

CD4007A Dual Complementary Pair plus 0.6 0.3 1.2 0.6 
Inverter 

CD4009A/ 
Inverting Hex Buffer 3.0 3.0 6.0 6.0 CD4049A 

CD4010A/ 
Noninverting Hex Buffer 3.0 3.0 6.0 6.0 CD4050A 

CD4011A Quad 2·lnput NAND Gate 0.2 0.1 0.4 0.2 

CD4012A Dual 4-lnput NAND Gate 0.1 0.05 0.2 0.1 

CD4041A Quad True/Complement Buffer 0.4 0.2 0.8 0.4 
CD4031A 
(QOutput) 64-Stage Static Shift Register 1.3 1.3 2.6 2.6 

CD4048A Expandable a-Input Gate 1.6 1.6 3.2 3.2 
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By paralleling inputs of the CD4000A, CD400IA" or 
CD4002A gates; "N" times the sink current capability listed 
for each type maY be obtained. Thus, all four inputs of one 
4-input NOR gate (CD4002A) could be tied together as 
shown in Fig. II for a maximum sink-current capability of 
3.2 rnA, which allows a fan out of two TTL/DTL gates at 
0.8V, or I TTL gate at 0.4V. 

Most COS/MaS MSI devices (such as counters and shift 
registers) have limited drive capability, hence their outputs 
may require buffering if they are to drive TTL/DTL gates. 
This buffering (use of added driver stages) can be prOVided 
by the hex buffers or any device with the same 
current sinking capaliility. The logic and circuit diagrams for 
the CD4009A and the CD40IOA are shown in Figs. 12 and 
13, respectively. 

,The CD4009A and CD4010 have the added advantage 
of shifting voltage levels and may be used to interface 
TTL with COS/MaS devices operating at supply volt
ages up to IS V as shown in Fig. 14. With this driving 

arrangement, designers who use higher voltages for COS{MOS 
circuits can achieve the maximum COS/MaS speed 
capability, as well as to be able to fan out to the bipolar 
devices. Fan out capability versus supply voltage for a bipolar 
supply level of 5V and COS/MaS levels of 5 and 10V is given 
in Table Ill. The drive capability of most COS/MOS devices 
enables them to drive some low power bipolar circuits (such 
as the 54L and 74L series) directly, as shown in Fig. IS. 
Table IV gives dc fan out capability of COS/MOS devices 
driving low-power TTL devices in unit· loads (as defined by 
the manufacturer) of 0.18 rnA .. 

COS/MOS-BIPOLAR HTL INTERFACE 
Bipolar HTL (high-threshold-Iogic) circuits operate at 

voltage levels between 14 and 16V. COS/MOS logic circuits 

-------
~+---.--

IN 

COS/MOS 

·Fig. 11- Method of interconnection of inputs of CD4002A 
to obtain maximum sink-current capability of 3.2 
mAo 

Vee o--!
GND o--.!.
Voce--!!-

Vss 

rO~FIGUIlJ.TION 
HEX COS, MOS TO Oll OR TTL 
CONVERTER (INVERTING) 

WIRING SCHEDULE, 
CONNECT Vee TO all OR 
TTL SUPPLY. 
CONNECT Voo TO COS/MOS 
SUPPLY 

92S)-~119 

~5 ~_ 
B~H=B 

~9 ~ IO~ _ 
D~J=O 

_II ~~_ 
E~K=E 

~14 ~ 15~ _ 
F~LSF 

92SS-4140 

Fig. 12- Logic and circuit diagram for the CD4009A. 

can operate at these voltages as well, but generally are limited 
to voltages no higher than i 5V. HTL circuits are, in general, 
identical in construction to the DTL circuits with some 
resistance value changes necessary, as a result of the higher 
voltage levels used and the extremely important distinction 
of an added base/emitter junction in the reverse direction on 
the emitter side of the input transistor. This added junction 
is a zener diode which gives a higher threshold switching 
voltage. Conduction does not occur until the junction breaks 
down at a voltage of apprOximately 6.7V. This provides the 
HTL with its high noise immunity. 

Bipolar high-threshold-logic circuits have a more limited 
temperature range and diSSipate much more power than do 
COS{MOS circuits. Therefore, care should be exercised when 
using the combination in extreme temperature environments, 
as the HTL resistance values vary by about 20 percent from 
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OUTPUT J[_:~~ 

CONFIGURA.TION: 
HEX COS:MOS TO OlL OR TTL 
CONVERTER (NON-INVERTING) 
WIRING SCHEDULE, 
CONNECT Vee TO OTL DR 
TTL SUPPLY 
tONHECT VOD TO COS/MOS 
SUPPLY. 

~3 . ""'--'~ 
J,.~G=A 

~5 _ ""'--_ 'r. 
8~H=B. 

~7 _ ""--_ .~ 
C~I.C 

~, ~ 1O~ 
D~J=D 

r'\~~E E~K. 

~ F~~L=F 

Vee 02-
GNO oL
Voo 02!-

Fig. 13- Logic and circuit diagram for the C04010A. 

one end of their temperature range to the other. In addition, 
the bipolar transistor's sensitivity to temperature, increases 
the thermal runaway problems. The VOL level, propagation 
delay, and noise immunity of HTL circuits vary widely across 
the temperature range. COS/MOS circuits, however, show 
almost negligible variation for these same parameters over a 
temperature range that is approximately 7S·percent wider 
than that of HTL. 

IN 

Fig.14-COS/MOS devices operating at 15 volts interfacing 
with TTL devices. 

Fig. 15- COS/MOS devices driving low·power bipolar cir· 
cuits. 

The same general rules of interfacing described in the 
section that discusses COS/MOS-TTL/DTL interface also 
apply to the interface of HTL with COS/MOS circuits. Fig. 
16 shows the voltage characteristics required at the output 
and input of an HTL device for a VCC = ISV. Fig. 17 shows 
the same characteristics for COS/MOS devices at VDD = 
ISV. The HTL types either have a built in pull-up resistor 
(typically ISkn) or an active pull-up. An external pull.up 
resistor is unnecessary when COS!MOS devices are being 
driven by these HTL circuits. There is a difference in the 
noise immunity for these circuits. The dc noise immunity in 
the high state (logic "''') will be 3.SV for an active pull-up 
circuit and SV (typically) for a resistor pull-up circuit. 

Table III - Fanout Capability and Supply Voltage for the CD4009A1CD4049A and CD4010AlCD4050A 

VOL =O.4V VOL =O.8V VOO* 

All Package Types All Package Types 

2 4 5V 

4 7 10V 

*VCC=5V. 
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Table IV - DC Fanout Capability of COS/MOS Devices Into Low Power TTL Devices 

FANOUT (UNIT LOAD = 0.18 mAl 

TYPE DESCRIPTION -----PLASTIC----- -----CERAMIC-----

VOL =0.4V VOL = 0.8V VOL =0.4V VOL =0.8V 

CD4000A Dual 3·lnput NOR gates plus 
Inverter 

CD4001A Quad 2-lnput NOR gates 

CD40(}2A Dual 4-lnput NOR gates 

CD4006A 18-Stage Static Shift register 

CD4007A Dual Complementary Pair-plus 
Inverter 

CD4008A 4-8 it fu II adder 

CD4009A Hex 8uffer Inverter 

CD4010A Hex Buffer Non-I nverting 

CD4011A Quad 2-lnput NAND gates 

CD4012A Dual4-lnput NAND gates 

CD4013A Dual type D Flip-Flops 

CD4014A 8-Stage static sh ift register 
Synchronous parallel-in/serial-out 

CD4015A Dual 4-stoge static shift register 
Serial-in/parallel-out 

CD4017A Decade counter/divider plus 10 
decoded decimal outputs 

CD4018A Presettable divide-by-N Counter 

.CD4019A Quad AN 0-0 R select gate 

CD4020A 14-Stage binary counter 

CD4021A 8-Stage static sh ift register 
Asynchronous parallel-in/ 
serial·out 

The published data should be consulted to be sure that 
the rise, fall times and pulse widths of the HTL output are 
compatible with the required pulse width and input rise and 
fall time of the COS/MOS .circuits. The procedure for the 
selection of a pull-up resistor for open-coUector-output HTL 
circuits is the same as that of the open collector DTL/TTL. 
(See section that discusses pull-up reSistors.) The procedure 
and equation for COS/MOS devices driving HTL are the same 
as those for COS/MOS devices driving DTL/TTL. The input 
current requirements for the HTL devices are obtained from 
the published data and substituted in the formulae. (See the 
section that discusses COS/MOS driving bipolat.) For 
example, the values, taken from the published data. for a 
COS/MOS CD4009A driving a particular HTL circuit are as 

1 3 2 4 

1 3 2 4 

1 3 2 4 

0 () 0 0 

1 3 3 6 

0 0 0 0 

16 33 16 33 

16 33 16 33 

0 1 1 2 

0 0 0 1 

1 2 2 4 

0 0 0 1 

0 0 0 1 

0 0 0 0 

0 0 0 0 

1 3 2 4 

0 0 0 1 

0 0 0 1 

follows: 

Particular HTL Input Data: VCC = ISV 

VIH = 8.SV min. IIH max. = 2.01lA (leakage) 
VIL = 6.SV max. IIL(max.) = !.2mA 

CD4009ACOS/MOSoutputData:VDD= 15V, VSS = gnd 

VOH= 14.99V 
VOL=O.OIV 

VDD= ISV, VSS = gnd 
IOH = 10 pA (leakage) 
IOLffiax. = 6 rnA (Sinking) 

The COS/MOS CD4009A easily provides the necessary 
voltage levels and Sinking currents required to satisfaCtorily 
drive S of the HTL types in question. 
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Fig. 16- HTl output and input voltage charaCteristics at a 
Vee of 15 volts. 
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Fig. 17- COs/MOS output and input voltage characteristics 
ata Vee of 15 volts. 

Ibl 

Idl 

If I 

COS/MOS 

0.8n 
-I·U L 

-'v 

VooaOV 

vss·-!5V 

n-0 .8 

..J L-, 

LINEAR AUPL. 

-o.en~V+ n5 
-~ L .J llt 

A 

v-

Fig. 18- Interface circuits used with high-speed Eel circuit. 
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COS/MaS - ECL/ECCSL INTERFACE 
Fig. IB shows the interface of COS/MOS devices with 

ECL devices. High-sp'eed ECL (emitter-coupled logic) and 
ECCSL (emitter-coupled current-steering logic) are non
saturating bipolar logic families. The VCC to VEE . voltage 
range is fixed from a ground level to -5 or -S.2V;logic "1" to 
logic "0" values are separated by only 300. to 500 mV 
depending upon the particular type of ECL family used. 
Because each manufacturer shows different logic levels for a 
number of ECL families, care should be taken to use only the 
applicable values taken directly from the published data 
which describe the units chosen. 

A logic "I" is the most positive frame of reference and a 
logic "0" the most negative. For example, for positive logic 
an RCA type C02ISO ORiNOR gate is at a logic "I" level 
when its voltage is -a.BV and at a logic "0" when its voltage 
is -1.6V (more negative value). 

The COS/MOS device requires a greater voltage swing 
than that of the ECL, hence an amplifier circuit must be 
connected between the two when ECL drives COS/MOS. 
Several RCA linear amplifier circuits have been successfully 
used to provide higher switching level outputs from the 
high-speed ECL circuits. Among these are the differential 
amplifier arrays, (CA3026, CA3028, CA3049, CA30S0, 
CA30S I, CA3_054) and wideband amplifiers. Use of a separate 
transistor circuit such as the one shown in Fig. 18e is 
suggested. Here the transistor must provide a voltage swing at 
the output of between VOO and VSS in order to drive the 
COS/MOS device from an input swing of only 0.8V. Proper 
biasing of the transistor is essential. It is suggested that the 
VSS level for the COSfMOS circuit be the same as the VEE 
level of the ECL circuit, in order to minimize the number of 
power supplies as well as to provide better interface 
conditions. 

The interfacing of COS/MOS devices that are driving ECL 
devices is a simpler matter. A number of methods are 
available to reduce the output voltage swing to 0.3 to 0.9V. 
A precise resistor-divider network arrangement, an emitter 
follower, or numerous combinations of resistor, diode, and 
transistor configurations can successfully reduce the 
COSfMOS output swing (VOO to VSS) to the ECL logic "1" 
and logic "0" levels. However, care must be taken to meet 
the necessary current sinking requirements of the ECL device 
in its logic "0" staie. External circuitry is required when the 
COS/MOS circuit selected does not have the capacity to sink 
the current from the ECL load. Rise times, fall times, and 
pulse widths must be restricted to those speCified in the 
published data. 

LEVEL SHIFTERS 
The sp~ed consideration is most important when a 

separate interfacing circuit is used. It is desirable, (unless high 
ac noise immunity is a prime design consideration) for the 
speed of the. interfacing circuit to be maximized or at least 
made no slower than either type of logic. No interfacing 
device other than a pun-up resistor is required, however, 
between the COS/MOS and TTL logic at a supply voltage of 
5 V. Speeds from the COS/MOS to TTL logic (which can be 
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found in the. published data for COSfMOS devices) are 
comparable to the COSfMOS propagation delays. Speeds 
from TTL to COS/MOS, even with a large external resistor, 
are no slower than delay times for COS/MOS logic circuits. 
Speed, therefore, is not a problem in COSfMOS-TTL logic 
interfacing, if the clock rates are within the COSfMOS range. 

When interfacing OTL or TTL devices with COS/MOS 
devices which are operated at a higher voltage supply, the 
same resistor-interface shown in Fig. 5 can be used. The 
resistor is tied to the higher level (VOO). The maximum 
supply voltage for the OTL and TTL gates, however, is 
specified at 8V. Thus, not all units of this type may be used 
for interface applications that require higher supply voltages 
(VOO). Guaranteed operation at these higher supply voltages 
can be accomplished by selection of OTL and TTL units that 
have breakdown voltages [V(BR)CERI which exceed the 
COS/MOS operating voltage, or by USing a level shifting 
circuit such as the level translator shown in Fig. 19. This 
circuit converts OTL, TTL, and RTL input logic levels to 
voltages compatible with COS/MOS circuitry. In interface 
applications, the supply voltage for the translator should be 
equal to the supply voltage required for the COS/MOS 
circuitry. The entire COSfMOS supply-voltage range, that 
exceeds that of the bipolar device, (up to 15V) may be used. 

The COS/MOS CD4009A and C040IOA Inverting Hex 
Buffer and Non-Inverting Hex Buffer types, respectively, 
were designed to shift voltage levels from a driven 
high-voltage supply (VOO) level. This feature enables 
designers to operate COS/MOS circuits at IS-volt (VOO) 
levels so that these circuits can achieve their maximum-speed 
capability, as well as fan out to lower voltage OTL or TIL 
circuits; or to any other logic forms which operate below the 
IS-volt level. Further use of these circuits (C04009A and 
CD4010A) is described in the COS/MOS-TTL/OTL interface 
and the COS/MOS-ECL interface sections. The statements in 
the former section concerning fan out and current sinking are 
applicable to all other compatible current-sinking logic 
families as well. 

.-----+---+--.... --ovoo 

R4·~ 
., 

GND TO RTL 

Fig. 19- Level translator used to convert DTL, TTL, and 
RTL input logic levels and voltages compatible With 
COs/MOS circuitry. 
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COS/MOS TO P-MOS INTERFACE 
A large number of p-MOS devices operate at supply 

voltages of VOn=<> and VSS = -6 to -15 volts; voltages 
compatible to those required by COS/MOS devices. However, 
if the p-MOS system is using a negative logic convention, a 
conversion of COS/MOS positive logic fll1lctions must be 
made so that the two systems maintain a single logic 
criterion. Care must be taken when interfacing COS/MOS 
with p-MOS to assure that the same logic criterion is being 
used to describe each device type. An explanation of the 

simple transposition from. positive-logic NAND to negative
logic NOR and similar transpositions of other functions is 
given in the RCA COS/MOS Manual section "Logic Oesign" 
considerations. 
COS/MOS TO N-MOS INTERFACE 

A number of noMOS devices are avaiJable which function 
'at the same VOO and VSS ranges of (COS/MOS devices} and 
with the same positive voltage logic levels. There is relatively 
no problem in directly interfacing these devices, when 

'operated at the same VOO and VSS. 

Appendix Table I - Common Logic Voltages. Supply Voltage and T-emperature Range 
for COS/MOS Devices 
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LOGIC 
VOLTAGE 
SYMBOL 

VOL + VNL ~ VIL 

VOH + VNH< VIH 

VDO 

VSS 

DESCRIPTION 

Minimum guaranteed noise free output -'evel of device in high-level output state 

Minimum acceptable input level for device in high-level input ~tate 

Maximum acceptable input 'evel for device in low-level input state 

Maximum guaranteed noise free output !evel of device in low-leVel output state 

Maximum (positive) noise level tolerated at low level state 

Maximum (negative) noise level tolerated at high level state 

Positive Supply Voltage 

Negative Supply Voltage 

Operating Temperature Range 

-550 C to + 1250C (Full Temperature Prod.) 

-4ODC to + 850C (Limited Temperature Prod.) 

.1.------------ =="!!l>-"oo~0.0I."oH 

.-
LOGK:"'" INPUT LEVEL 

----70% Voo"YIH lMIN) 

1N000000IHATE REGION 

---30% Voo" Yll (MAX) 

LOGIC "0" INPUT LEVEL 

3 5 10 15==V,;VSS +0.01 "Vet.. 
COSIMOS LOGIC LEVELS 

"oD" TO I. VOLTS • ."S·O 



LOGIC 
VOLTAGE 

VOL 

VOH 

VIL 

VIH 

VCC 

Appendix TlblaU - Common Logic Voltages, Supply Voltage, and Operating 
Temperatu~ Range Required to Interface with OTLmL 
Circuib 

DESCRIPTION 

Maximum output level in low·level output state 

Minimum output level in high-level output state 

Maximum input level in low-level input state 

Minimum input level in high-level input state 

Positive supply voltage 

Operating Temperature Range: -550 to + 125°C-Full temperature range product. 

00 to + 85°C-Limited temperature range product. 

VOLTAGE 
IVOLTS) 

0.4 

2.4 

0.8 

2.0 

5.0:t0.5 

Appendix Table III - HTL Common Logic Voltages, Supply Voltage and Operating 
Temperature Ranges 

LOGIC 
DESCRIPTION VOLTAGE VOLTAGE SYMBOL 

VeL Maximum output level in low-level output state 1.5V 

VOH Minimum output level in high·level output state 13.5V 

.ylL Maximum input level in low-level input state 6.SV 

VIH Minimum input level in high-level input state 8.SV 

VNL Worst case positive noise level tolerated at low S.OV 
level state 

VNH Worst case negative noise level tolerated at high 5.0V 

VCC Positive supply voltage IS.0± IV 

Operating Temperature Range -3OOC to + 7SoC 

Appendix Table IV - EeL Common Logic Voltages, Supply Voltages and Opel"ating 
Temperature Range 

LOGIC 
DESCRIPTION 

VOLTAGE RANGE" 
VOLTAGE SYMBOL FROM TO 

VOL Maximum output lwei low-level state -1.6 -1.4S' 

VOH Minimum output level high-level state -.8 -.79S' 

VIL Minimum input level low-level state -1.4 -1.7' 

VIH Maximum input level high-level state -.7S -1.1 

VNL Worst case positive noise level tolerated at .20' .3S' 
'ow·level state 

VNH Worst case negative noise level tolerated at -.23S -.30S' 
high-level state 

Vce Positive supply voltage 0 0 

VEE Negative supply -voltage -S.S -S.O 

Temperature Range +10 to +600C 

'At T • +2SoC 
"These values are representative of the range for several Eel families. 
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Low-Power Digital Frequency 
Synthesizers Utilizing 
COS/MOS IC's 

by R. E. Funk--···. 

Low-power low-cost· digital frequency synthesizers are 
now achievable with Complementary Symmetry Metal-Oxide
Semiconductor (COS/MOS) integrated circuits. These devices 
dissipate nanowatt standby power and milliwatt operational 
power. The ·cost effectiveness of MOS/LSI now permits the 
designer to use digital frequency synthesis. 

Digital Frequency synthesizers using integrated circuits 
offer the communications equipment designer several advan
tages as compared to the use of tuned circuits and banks of 
quartz crystals. These are: 

I. Employment of digital MSI functions, which reduces 
the cost and increases reliability; 

2. qnly one crystal reference is used for all synthesized 
frequencies; 

3. Spurious signals and unwanted harmonics are reo 
duced (yielding a cleaner waveform) by the elimina
tion of tuned circuits (resulting in lower manufac
turing-test costs and lower maintenance on equip
ment); 

4. A simplified manual control by replacement of 
complex, and often unreliable, mechanical turning 
mechanisms with simple digitally coded switches. 

Battery-powered digital frequenci synthesizers have not 
been feasible because bipolar circuits require too much 
power. Additionally,-the cost of this type of equipment could 
not be justified using bipolar IC's. 
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This Note describes digital phase.Jocked loops and the 
use of COS/MOS integrated circuits in the design and imple
mentation of digital frequency synthesizers. 

REVIEW OF DIGITAL PHASE-LOCKED 
LOOP FUNDAMENTALS 

The digital frequency synthesizer uses a phase-locked 
loop to produce desired output frequencies dependent upon 
the setting of a programmable counter. The counter is 
controlled by dialing up frequencies with front-panel control 
switches. The frequency setting of the switches is always 
proportional to a given programmable divider ratio. 

Fig. I shows the phase.Jock loop arrangement com
monly employed. The output frequency of the program
mable divide-by-"N" counter lockS onto and tracks the phase 
of the reference frequency. A phase difference between the 
divide-by-"N" counter output and the reference frequency 
produces a correction voltage at the output of the phase 
comparator. The polarity of this correction voltage is such 
that it will pull the voltage-controUed oscillator (VeO) 
frequency in such a direction that the divide-by-"N" output 
frequency will phase-track the reference frequency. Thus, for 
each setting of the frequency control switches, a digital code 
presets the divide-by-"N" count to an integral number 
representing a desired output frequency. For each desired 
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FREQUENCY
CONTROL 

CODE 

Fig. I. Basic digital phase-locked loop 

output frequency, there is a corresponding unique phase 
difference and tuning voltage. At each "tuned conditio]}" tit 
is to be noted that the divide-by-UN"-counter output 
frequency is phase-locked to the reference frequency and 
that the two frequencies are equal. 

A low-pass filter is employed in phase-locked loops. to 
remove time-variant components from the VCO control 
voltage. Otherwise, for example, the reference frequency and 
its harmonic output from the phase detector may be of 
sufficient magnitude to cause an audio-rate phase jitter at the 
VCO output, which can result in a most unpleasant distortion 
of the audio output. 

PRACTICAL DIGITAL PHASE-lOCKED lOOPS 

In practical digital phase-locked loops for communica
tions systems, VCO-output frequencies are often in the VHF 
and UHF bands, that is, from 30 to 400 MHz, and it is 
usually impractical or impossible to design IC divide-by-"N" 
counters that will operate within this range. For example, 
even high-power ECl circuits will not permit use of the 
complex divide-by-"N" function above 100 MHz. Required 
are low-cosl techniques of lowering the VCO oulpul 
frequency so Ihal cost-effeclive low power MSI and lSI 
arrays can be employed as Ihe logical divide-by-UN" counler. 
For low-power portable communicalions sels, efficienl 
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COS/MOS arrays are employed using either of two basic 
techniques for lowering VCO oulput frequencies. These Iwo 
lechniques are presealing and heterodyne down-conversion; 
Ihey are described below. 

Presealing 

In Ihe phase-locked loop diagram of Fig. 2 a fixed 
counler preseales Ihe VCO oulput frequency down by a 
division factor of UK" 10 the grealesl value (fk max) that can 
be handled by the I-C divide-by-UN" counler. The reference 
frequency (fr) is nominally· equal to the channel spacing 
frequency (fc). However, where a presealing counler is 
employed, Ihe value of fr must be reduced by a division by 
UK". Hence: 

! =!£. 
r K 

(I) 

Phase-comparator reference frequencies are normally in 
Ihe 1-lo-lO-kHz range, while the highly slable cryslal
conlrolled oseillalors usually operate (fx) in the 2-to-5-MHz 
range. For this reason, divide-by-UR" counters are employed 
where fr = if 

At phase-lock, the divide-by-UN" output frequency (fn) 
tracks the reference frequency fr' and so fn = fro Further
more, the modulo of the divide-by-"N" counter (N) uniquely 
determines the output frequency (fo) that will satisfy the 
equation: 

(2) 

K operates in a fixed-integer counter, and N operates in 
a programmable moduio-N counter where the modulo is 
programmed by an external frequency-control code. The 
range of N is given by: 

fomax 
Nmax=---, 

fc 
(3) 

OUTPUT 
FREQUENCY 

FREQUENCY 
CONTROL 

CODE 

Fig. 2. Digital phase-locked loop with presealer 
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and 
fomin 

N min =--
fc 

(4) 

Having specified values of K, N, R, fx, fo, and fe, it is 
simple arithmetic to completely specify all digital functions 
including the phase comparator, which, in most cases, also 
functions digitally. Further, the divide-by-"N" counter can 
be broken into decade or binary segments. This leads directly 
to specification of programmable-switch design. The low-pass 
filter can now be specified for optimum rejection of 
reference-frequency components. 

However, since the frequencies of signals within the 
loop of Fig. 2 vary over a range of N, optimum stabilization 
of the negative part of the loop is compromised by the 
variation of gain with frequency. In addition to loop 
stabilization, the designer must also consider several other 
aspects of phase-locked loops. These mailers are well covered 
in literature on the subject and include: 

I. Loop sellling time, loop switching lime, 

2. Resolution: related to reference-oscillator 
accuracy, 

3. Spectral purity: A. spurious outputs, 
B. Signal-to-phase-noise ratio, 

4. Loop modulation: Practical mode for transceivers, 

5. Sweep mode: Applicable to test equipment usage, 

6. System interface: A. Remote code programming, 
B. Preset channel memory. 

Heterodyne Down-Conversion 

Fig. 3 illustrates a digital phase-locked loop employing 
heterodyne down-conversion. Here the input frequency to 
the divide-by-"N" counter (fk) is described as follows: 

(5) 

An offset crystal oscillator is employed to "mix down" 
the yeO output frequency (fo), and the desired output 
frequency range of fk is enclosed by suitable band-pass 
filtering. In the scheme shown in Fig. 3, the output 
frequency is expressed as: 

(6) 

The input fre.quency to the "N" counter is given by: 

(7) 

The range of the "N" counter is defined by these two 
equations: 

fk max. 
N max = f-c---' 

fk min. 
Nmin=---. 

fc 

(8) 

(9) 

In many synthesizer systems employing heterodyne 
down-conversion, more than one value of offset frequency 
(fh) is switched in. For example, if the desired yeO output 
frequency band is broken into.two equal ranges, and if values 
of fh are switched in for the two respective bands, the range 
of N will be exactly half that used in a prescaling system. The 
range of N will be traversed twice in tuning across the entire 
band. Practical application of this method is illustrated two 
paragraphs below in the description of an FM-broadcast-band 
synthesizer. 

Advantages of heterodyne down-conversion are: 

I. The reference frequency (fr) equals the channel 
spacing (fc); hence, the loop band-pass is wider, 

2. Lowest power consumption; therefore, the offset 
oscillator and mixer can be extremely efficient. 

Fig. 3. Digital phase-locked loop with heterodyne down-converter 
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The disadvantage of the heterodyne technique is that, 
because a second reference crystal and a mixer are needed, 
the designer may be afforded an unsought opportunity to 
demonstrate his prowess in eliminating spurious beat and sum 
frequencies. 

COS/MOS IN FM RECEIVER SYNTHESIZERS 

SYSTEM REQUIREMENTS 

FM-broadcast-receiver synthesizers can be designed to 
use efficient COS/MOS IC's as principal counter elements. 
Both heterodyne and prescaling system techniques will be 
examined. 

One-hundred FM channels are spaced 200 kHz apart in 
the 88-to-108-MHz band. The channel-I carrier frequency is 
88.1 MHz; channel 100 is 107.9 MHz. Since the standard FM 
if frequency is centered at 10.7 MHz, the synthesizer must 
provide high-side LO-injection output frequencies of 98.8 to 
118.6 MHz. 

PRESCALER SYSTEM DESIGN 

FM synthesizer design parameters can be calculated and 
plugged into the block diagram of Fig. 2. The resulting 
synthesizer block diagram and parameter calculations are 
illustrated in Fig. 4. Each block is described below. 

Divide-by-UN" Counter 

The divide-by-UN" counter is parallel loaded to have a 
unique count (modulus) for each required synthesizer 
output-channel frequency. It has been demonstrated that 
each counter step represents a 20()'kHz channel. For 
example, to tune the system to 118.6 MHz, a count of 593' 
(See Fig. 4) is loaded into the counter and, hence, 
udivide-by-593" results. The UN" counter should be con
sidered as counting down repeatedly from 593 to zero. Fig. 5 
illustrates this counter's organization. Note that for each 
frequency integer, there is a one-to--one relation between each 
switch (one frequency integer) and the corresponding 
counter block. 

For example, a divide-by-5 counter programs the 
20()'kHz integer. Five counts of this counter step the I-MHz 
counter by a U I" count, etc. 

While the span of the UN" counter must be 494 to 593, 
as illustrated in Fig. 4, the actual range of a practical 
uN"-counter for an FM-band digital synthesizer can be offset 
as indicated in Table I. Here 6 counts (equivalent to a 
1.2-MHz offset) are added to both the top and bottom of the 
counter range to make the actual count span from 500 to 
599; two Simplifications in the synthesizer design result from 
this refinement: (I) the I OO-MHz binary count shown in Fig .. 
5 always starts in the 10()'MHz state, and, therefore, it does 

CHANNEL 
SELECT 

... (CHANNEL SPACING I - 200 'Hz 

.-20 

(10 BITS) 

'. -la, '.MAX. - 118'~OMHZ - 5.93 MHz, '.MIN •• 9B.~~HZ - 4.94 MHz 

" = 20~OkHZ ; 10 kHz 

N MAX .• II:;O~::: . 593 

N MIN: • ~~~ :". 494 

R' 2i~6.:~' • 256 

Fig. 4. FM-band synthesizer using prescaler 
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LO 
FM INJECTION OFFSET 

RECEIVER FREQUENCY etol REQUIRED FREQUENCY OFFSET 
CHANNEL FREQUENCY etml eto • fm + 10.71 HN" eto + 1.2 MHzl N-COUNT 

NO. MHz MHz COUNT MHz eN + 61 

1 66.1 66.B 494 100.0 500 

2 BB.3 99.0 495 100.2 501 

3 66.5 99.2 496 100.4 502 

4 66.7 99.4 497 100.6 503 

5 88.9 99.6 496 l00.B 504 

6 89.1 99.8 499 1010 505 

: 

9B 107.5 118.2 591 11 .4 597 

99 107.7 l1B.4 592 119.6 59B 

100 107.9 l1B.6 593 119.B 599 

FREQUENCY SELECT SWITCHES 

200 kHz 
SWITCH 

200 kHz 
SECTION 

I MHz 
SWITCH 

I MHz 
SECTION 

10 MHz 
SWITCH 

10 MHz 
SECTION 

100 MHz 
SWITCH 

100 MHz 
COUNTER 
SECTION 

OUTPUT 

Fig. S. Divide-by-"N" counter organization 

not have to be under switch conlrol, and (2) the necessary 
one-to-one correspondence between switch position and 
"N"-count preset state is achievable. The latter statement 
means that when switching from channelS to channel 6, as 
shown in Table I, the system is in fact switching from the 
88.9-MHz channel to the 89.I-MHz channel. Note that the 
two least significant integers switch over. Note further that. as 
the actual LO-injection frequency goes from 99.6 MHz to 99.8 
MHz only one integer switches over. However. the 
I.2-MHz-<lffset frequencies of 100.8 and 101.0 MHz do switch 
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over in the two least significant integers. Therefore, the 
I. 2-MHz offset makes it possible to use the needed 
switch-compatible "N" counter. 

Fig. 6 is a logiC diagram showing the four counting 
elements of the "N" counter illustrated in Fig. 4. Table II 
contains the counter truth tables, and Fig. 7 is a detailed 
logic diagram of the divide-by-S counter. Table III illustrates 
that the 9-bit frequency-select code permits presetting the 
"N" counter to counts ranging from 500 to 599. The counter 
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9 -BIT FREQUENCY-SELECT CODE FROM SWITCHES 

CLOCK 
INPUT 

CL. iMo~r:m QA 

QC ST 

x 200 kHz 
QUINARY 

ST 

CL. 

STFF 

o 

Q 

112 
Co4013A 

X IQOMHz 
BINARY 

N 
r------....J 

1/3 CD4023A 

OUTPUT 

ST ST 

Fig. 6. Divide-by-"N" counter logic 

"down--counts" to the "8" state, at which time a preset 
strobe count-recognition signal goes "high" (Output ofG2 of 
Fig. 6). Fig. 8 shows the critical preset strobe-generation 
timing sequence. Following the "high" that appears on D of 
STFF (Fig. 6), ihe strobe goes "high" on the next positive 
clock transition as shown in Fig. S. The strobe presets the 
entire "N" counter to the dialed frequency. Note that the 
immediately succeeding positive clock transition is lost due 
to its being overlapped by the preset strobe. The second 
following clock transition, however, trips the counter to state 
N-I. Table IV is a wiring truth table for two frequency-select 
switches, SI and S2. The nine wires. A' through N', follow 
the patterns indicated and. interface directly with the 
divide-by-"N" counter of Fig. 6. 

Divide-by""N"-Counter Implementation 

The divide-by-"N" counter is the frequency-control ele
ment of the digital phase-lock loop. It is logically complex and 
must operate at the highest possible frequency consistent with 
minimum power for battery operation. The COS/MOS low
voltage technology exhibits several characteristics that allow 
outstanding divide-by-"N"-counter performance. The 

COS/MOS implementation and performance will be examined 
in depth. 

Figs. 6 and 7 show COS/MOS counter logic containing 
the foHowing complement of eight low-voltage devices. 

I CD4023A Triple 3-lnput NAND Gate 
I CD400lA Quad 2-input NOR Gate 
1/2 CD4002A Dual4-iput NOR Gate 
3 CD4013A Dual "D" Flip-Flop 
2 CD40 ISA Presettable Decade Counter 

Characteristics of the above devices are contained in 
data sheets in RCA bulletin 479. This family of low-voltage 
devices (3 volts to 15 volts) exhibits a typical flip-flop toggle 
rate of 10 MHz at 10 volts and a typical gate delay of 25 
nanoseconds at 10 volts. In both cases a fan-out of 3 (15 
picofarads) is used. 

Before examining the performance of the "N" counter, 
some additional operating details are of interest. The four 
counter sections shown in Fig. 6 are rippled; that is, they are 
not synchronously clocked. Because of that, speed and, 
hence, COS/MOS power, is substantially less in each 
succeeding counter section from left to right: the divide-by-2 
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T ..... II. Divlc»lly-"N" Counter Truth Tab ... 

C.l Divlde-by-5 
Counter 

Cbl Divido-by·'O Counter CeIDivid.by-2 
Counter 

Ix' MHz DE F G H 

X200kHz ABC !l<10MHz • J K L M X'OO MHz N 

4 o , , 9 0 0 , , , , , 
3 o 0 0 8 0 o 0 , , 0 0 

2 , o 0 7 o 0 0 0 , 
1 , , 0 6 o 0 O. 0 0 

0 , , , 5 , 0 o 0 0 

4 , , o 0 0 

3 , , 1 o 0 

2 , , , , 0 , , , , , 1 

0 0 , , 1 , 
counter. for example. operates at one five-hundredth of the 
input-ciock rate. 

Briefly, counter operation is as follows: 

(1 ) The synchronous divide-by-5 counter (Fig. 7) 
advances the I-MHz decade counter once every five counts; 
that is, when A goes from I to 0 as shown in Table II (a). 

(2) The synchronous I-MHz decade counter advances 
the H)-MHz decade once every 50 counts; that is, when E 
goes from I to 0 as shown in Table II (b). 

(3) The I ()'MHz decade advances the 100-MHz binary 
counter once every 500 counts, that is, when J goes from I 
toO. 

(4) Preset count-logic state-recognition occurs at count 
8 as shown in Table III. 

(5) Preset strobe generation occurs at count 7 as 
shown in Fig. 8. 

The CD4018A decade counter, which is a 5-stage 
Johnson-counter configuration, has two outstanding 
characteristics. 

I. Each Hip-flop. changes state at one-tenth of the 
input rate; hence, the power/speed ratio is minimized. 

2. Frequency-control switching is accomplished using 
a single-wafer Johnson-code switch. A simple miniaturized 
2-pole I ().position switch is available from Grayhill (See Fig. 
9). 

Divide-by-"N"-Counter Performance 

Fig. I 0 shows the divide-by-"N" counter's power con
sumption as a function of operating frequency with a VDD 
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FLIP-FLOPS ARE CQ4013A 
GATES ARE CQ400IA 

CLOCK 
IN 

DA 

9' c' 

.Fig. 7. Divide-by-5 counter lOgic 

TO 
RECOGNITION 

GATE 

ADVANCE 
X I MHz 

i DECADE 

of 15 volts. The curves show that a frequency of 8.7 MHz is 
possible. Maximum operating frequencies for 10 volts and 5 
volts are 6.2 MHz and 2.7 MHz respectively. The maximum 
operating frequency required by the circuit in Fig. 4 is 5.93 
MHz. which can be obtained with a supply potential of 9.6 
volts and with a power consumption of 47 milliwatts. 

Operation of the divide-by-"N" counter using only. a 
3-voll power supply is possible; in such a case, the maximum 
operating speed is 55 kHz and the power consumption is only 
40 microwatts. 

Fig. I I illustrates the decrease in maximum operating 
frequ~ncy as the temperature is increased. This curve shows 
that up to 500C the 5.93-MHz operation can be achieved at a 
supply potential of 10 volts. The dynamic signal power 
remains fairly constant from -250 C to more than +IOOoC. 
variations being' well' within 10 percent of the power 
dissipated at 50°e. as shown in Fig. 12. 

For 6-MHz operation at 10 volts, the critical timing 
waveforms for generation of the preset strobe are shown in 
Fig. 13. Delay from the positive edge of the clock pulse of 
count 9 (Fig. 8) to the output of gate. 2 (Fig. 6) is 250 
nanoseconds. Maximum allowable delay is 320 nanoseconds 
or nearly two clock periods at 6 MHz. Thus, 60 nanoseconds 
of margin exist for safe operation .. 

The complementary nature of the COS/MOS devices 
permits a wide range of operating voltages to be used and 
yields hish noise immunity. For example, the p and n 
thresholds are typically 1.5 volts for RCA CD4000A-series 
devices, permitting operation from 3 to 15 volts. Fig. 14 
illustrates that 6-MHz operation can be achieved using a 
12-volt supply having 2.3 volts peak-te-peak ripple. 



COUNT A 

599 0 

59B 0 

597 

501 

500 

499 0 

10 1 

9 0 

B 0 

7 1 

6 1 

5 1 

4 0 

3 0 

2 1 

1 , 
0 1 
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Tibleili. Divido-By-"N" Counter R_itio...stl .. Truth Table 

TRUTH TABLE CODE 

B C D E F G H K L M N 

r 0 0 

0 0 0 0 

0 0 0 0 Nmax. '" 599 - 6 = 593 

0 0 0 

0 0 

0 0 0 0 o 

" 1 1 1 1 1 1 0 0 1 1 1 1 0 

1 1 1 1 1 1 1 

0 0 1 1 1 1 1 Recognition State 

0 0 1 1 1 1 1 Generate Preset Strobe 

1 0 1 1 1 1 1 Effective "0" State 

1 1 1 1 1 1 1 

1 1 0 1 1 1 1 

0 0 0 1 1 1 1 

0 0 0 , , , 1 , 0 0 , , , , 
1 1 0 1 1 1 1 

COI.WT 
Ir---------------------------~'~--------------------------~ 

CL 
INPUT 

I-STf;JE + ST~TE + ST~TE + .~1:~~~ + ,,~T~~~ + ~~~~~ --I 
i-------------t-' LJ 

H --!'----+-----.-J 
C ------------r-------~ 

GATE 2 
QUTPUT-------------r-----------' 

STROBE-----------+------------+----Jr-----\~----------______ _ 

SCALE 

CRITICAL 
DELAYS 
FOR IIIAXIIIIUM 
FREQUENCY 

'----,---' 
STROBE TilliNG REFLECTS 
PRESETTING OF COUNTER 
TO STATE 599 (107.9 MHz CHANNEL) 

t-I.------.-il-- I PERIOD· 167 NANOSECONDS (6111Hz) 

Fig. 8. Divide-by-"N" preset state timing 

Quiescent power diSSipated by any COS/MOS logic low-power digital frequencY-3ynthesizer systems do place the 
system is extremely low, and the quiescent power dissipated "N" counter and other loop elements on standby power 
at +2SoC by the "N" counter of Fig. 6 is 2 microwatts at a periodically. 
V DD of 10 volts. Fig. IS shows the increase in quiescent 
power with increasing temperature. For the system described, 
however, the "N'" counter runs continuously, so the 
quiescent power figure is academic, although some ultra-

The complete divide-by-"N" logic system shown in Fig. 
6 can be integrated on one practical-sized LSI COS/MOS 
chip. For example, the logic of Fig. 6 uses approximately 
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Table IV. Frequency-5electSWitch Table 

51 (kHzI 

RECEIVER 
FREQUENCY 

kHz POS. 

900 5 

700 4 

500 3 

300 2 

100 1 

"0" "'GROUND 
"1""'VDD 

WIRES -
A' B' C' 

0 0 0 

0 1 1 

1 1 1 

1 0 1 

1 1 0 

1000 aclive transistors. definitely a state-oIClhe-art number of 
devices. Also, less than 16 I/O leads are necessary. making it 
feasible to package such a customized counter in a low-cost 
16-lead plastic package. A more universal COS/MOS 4-decade 
counter, the CD4059A (Preliminary) can be adapted for 
use as the + N counter. * 

11 is fair to compare the COS/MOS power consump\ion 
to the power consumption of a bipolar "N" counter 
performing the identical function. The popular 54N TTL 
logic, or the equivalent. is used for high-speed counting, as 
shown in Fig. 16, and 54L logic, or the equivalent, is used for 
lower-speed functions. 

Approximately 265 milliwatts at +5 volts is required by 
the bipolar design of Fig. 16, compared with only 50 
milliwatts for the COS/MOS design at a VOO of 10 volts. 

Divide-by-"R" Counter 
The PM receiver synthesizer system shown in Fig. 4 

requires a fixed reference counter to divide by 256. To 
accomplish this, a 2.56-MHz reference crystal oscillator is 
counted down to the 100kHz phase-comparison frequency. 

.. If the CD4059A (Preliminary) is employed, K must be 
increased from 20 to 40 and other loop parameters 
adjusted accordingly. Also, the CD4059A (Preliminary) is 
controlled using BCO-coded switches. 
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S2 (MHzI 

RECEIVER WIRES 
FREQUENCY /'00, 

MHz PQS. 0' E' F' G' H' I' 

107 20 0 0 1 1 1 1 

106 19 0 0 0 1 1 1 

105 18 0 0 0 0 1 1 

104 17 0 0 0 0 0 1 

103 16 1 0 0 0 0 1 

102 15 1 1 0 0 0 1 

101 14 1 1 1 0 0 1 

100 13 1 1 1 1 0 1 

99 12 1 1 1 1 1 1 

98 11 0 1 1 1 1 1 

97 10 0 0 1 1 1 O. 

96 9 0 0 0 1 1 0 

95 8 0 0 0 0 1 0 

94 7 0 0 0 0 0 0 

93 6 1 0 0 0 0 0 

92 5 1 1 0 0 0 0 

91 4 1 1 1 0 0 0 

90 3 1 1 1 1 0 0 

89 2 1 1 1 1 1 0 

88 1 0 1 1 1 1 0 

Here. one C04010A 14'stage ripple·carry counter may be 
used. Fig. 17 shows power consumption as a function of 
supply vollage for this counter. For a VOO of 5 volts, power 
is below 3 milliwatts for the 2.56-MHz input. If an even 
lower-thresh old-voltage COS/MOS device is used for the 
reference counler, such as the RCA TA5938, operating 
voltage and, hence. power consumption can be even lower. 
The TA5938 is a 14·stage counter (CD4020A) manufactured 
with an ultra-Iow·threshold process, but still using the basic 
COS/MOS metal-gate technology. The thresholds of the 
TA5938 are less than I volt. Fig. 17 shows that only 0.4 
milliwatts are consumed for 2.56-MHz operation using the 
TA5938 at a supply potential of 2.3 volts. 

Phase Comparator 
A simple type "0" flip-flop (COS/MOS C04013A)wiII 

suffice for a phase comparator in the digital phase-lock loop 
system of Fig. 4. Fig. 18 shows the simple flip-flop phase 
comparator and low-pass filter; Fig. 19 demonstrates the 
operation of this phase comparator. Note that a positive 
charge is impressed on the low-pass filter when fn > fr in the 
ease shown. Also, phase-lock ean occur only during 1800 of 
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3 
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3 
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Fig. 9. Frequency control switch SllRef. Table IV, 

~'~-----------------------------------, • • 

. F'REQUENCY - MHz 

Fig. 10. Divide-by-"N"-counter power consumption 

the period. In the case shown in Fig. 19. negative feedback in 
the loop exists during the 1800 when fr is positive. When f n 
ooincides with the negative-half phase of fr. positive feedback 
exists in the loop and lock-up cannot occur. The wavefonns 
of Fig. 19 show that when: 

fn = fr• 

lock-up exists. and that when fn > fro or fn < fr either an 
out-of-Iock oondition exists or an error-correction voltage is 
being produced during lock-up. 
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~5~0-----~~b---~0~--~~'---~50'---~7f.5.---·~k.--~125 
AMBIENT TEMPERATURE _·C 

Fig. II. Divide-by-"N"-counter temperature-frequency char
acteristics 

48~-----------------------------------, 
VOO'IOV 

t = 5MHz 

-5 15 35 55 75 
AMBIENT TEMPERATURE - ·c 

95 115 

Fig. 12. Divide-by-"N"-counter dynamic power dissipation 

The simple COS/MOS flip-flop phase comparator of Fig. 
18 consumes only 0.1 milliwatts at a V DD of 10 volts. 
Although only one I.e flip-flop is required. a bulky LC rdter 
must be provided to smooth and store the output error 
voltage. Also. such a phase oomparator is non-centerin&; 
when loss of an input signal occurs. a maximum error voltage 
iscreated. 

Another example of a COS/MOS low-power phase 
oomparator is the famUiar Exclusive-OR gate (CD4030A). 
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Fig. 13. Strobe generation timing 
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RIPPLE FREQUENCY· 60 Hz 
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·Fig. 14. Divide-by-"N"-counter ripple-frequency character
istics 
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Fig. IS. Divide-by-"N"-counter quiescent power dissipation 

100 • .-------------------, 

• 
I!! • ... 
~ • TA5938 
::; 
== 10 .. • 
I • 
z 
Q 

!« .. 
in .. I 
0 • 
0: • ... 
;0 

~ 

0.1 
o 

Voo 

Fig. 11. Divide-by-"R"-counter power consumption 

FREQUENCY 
SELECT CODE 

Fig. 16. Bipolar-logic divide-by-"N" counter 
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The primary advantage in the use of this unit is that it will 
produce an error voltage for frequency centering when one of 
the inputs is lost. Either the Type I or Type II phase com
parator of 'the CD4046A (low-frequency phase-locked-loop 
device) may also be used. 

Another high·performance phase comparator is a 
sample.and-hold .circuit amploying COS/MaS as shown in 
Fig: 20. The sample-and-hold phase comparator will substan
tially reduce the lO-kHz carrier frequencies, thus reducing 
filter requirements for the loop and increasing the loop's 
sain-bandwidth product. COS/MaS IC's are used as the ramp 
generator and the sampling switch as illustrated in Fig. 21. 
Total power consumption at 100kHz operation is less than 15 
milliwatts. 

Crystal Oscillator 

The required 2.56-MHz crystal oscillator. can be 
implemented with a COS/MaS inverter-amplifier and feed
back network as shown in Fig. 21. 

The inverter is one-third of a CD4007 A IC. Power 
consumption is approximately 2 milliwatts at a VDD of 5 
volts. 

1,(lOkHz)-----ID Q 

'.( .. IOkHz AT LOCK) CLOCK 

Q 

Fig. 18. Flip-flop phase comparator 

RAMP GENERATOR 

VSS 
+IOV +IOV 

I, 
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IN PARALLEL) 

R 

ERROR 
VOLTAGE 
TO VCO 

BUFFER 

+IOV 
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SUMMARY OF DJVIDE-BY-"N" COS/MOS SUBSYSTEM 

It has been demonstrated that COS/MOS can be 
effectively utilized in the synthesizer's divide-by-"N" and 
divide-by-"R" functions, in phase comparators, and in crystal 
oscillators. 

Ten currently available CD4000A low-voltage COS/MOS 
parts can be utilized in the design of the COS/MaS portion 
of the FM synthesizer phase-locked loop. Soon, with the 
availability of a universal divide-by-"N" subsystem, only 
three IC's will be needed to do the job. On a custom basis, 
the entire divide-by-"N", divide-by-"R", and phase
comparator functions can be integrated on one COS/MOS 
chip; this will be exceptionally cost effective and will also 
result in lower over-all power consumption. 

For the complete synthesizer employing digital pre
scaling as shown in Fig. 4, the power consumption of the 
VCO and prescaler must be added to obtain the total 
synthesizer power of 204.4 milliwatts as shown in Table V. It 
is estimated that if the prescaler were designed to use high 
performance discrete devices it would consume less than 125 
milliwatts and the yeO's could be designed to consume less 
than 25 milliwatts. 

, I I I :: : I 
, I I I I I I I I I 

I I I I I I I I ' I 

"~~ 
Q -----<t---.U • 
~~i--~!~~'~----~I----~ 

f~~~K 'n>'r 'n-', 'n<Ir 

Fig. 19. Flip-flop phase comparator operation 
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VOLTAGE 

SL 

Fig. 20. Sample-and-hold phase comparator 
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FM SYNTHESIZER SYSTEM USING 
HETERODYNE DOWN.coNVERSION 

From the previous discussion of the presealing FM 
receiver synthesizer, it is apparent that system consumes 
relatively large amounts of power. The system described in 
Fig. 3, however, illustrates a heterodyne down-conversion 
technique that avoids high-frequency digital prescaling. Fig. 
22 shows a detailed block diagram of a down-conversion 
system where a divide-by-2 prescaler is also employed to 
simplify the design. 

Table VI shows how the heterodyne down-conversion 
operates. For frequencies selected between 88.1 MHz and 
97.9 MHz, the respective LO-injection frequencies of 98.8 
MHz and 108.6 MHz are down-converted by 98 MHz to 0.8 
MHz and 10.8 MHz respectively. The range between those 
two frequencies then is prescaled by 2 down to 0.4 MHz and 
5.4 MHz, which is the range of operating frequencies for the 
divide-by-"N" counter. For the divide-by-"N" counter of Fig. 
22 the range is given by: 

2.56 MHz 

Fig. 21 Crystal osciUator 

10.8 MHz 
N max. =~= 54, (10) 

0.8 MHz 
N min. = 0.2 MHz = 4. (II) 

In order to simplify the correspondence between switch 
settings and counter-preset states, a 1.2-MHz, or "6-count", 
positive offset is introduced into the divide-by-"N" counter 
design so that the range of N is actuaDy 10 to 60, as shown in 
Table VI. For receiver frequencies between 98.1 MHz and 
107.9 MHz, 108 MHz is mixed with the veo output 
frequencies to down-convert to the 0.8-to-IO.8 MHz range. 
Thus, the divide-by-"N" counter is "folded" and actually 
runs through the same count sequence for both of the two 
ranges of the band as illustrated in Table VI. 

POWER 
OPERATING CONSUMmON-

FUNCTION FREQUENCY (MILLIWATTSI. 

+NCOUNTER 5.93 MHz 49 

+RCOUNTER 1.2BMHz 3 

• COMPARATOR 10kHz 0.4 

CRYSTAL OSCILLATOR 1.2BMHz 2 

VCO'sAND BUFFER 9810 108 MHz 25 
(ESTIMATEDI 

PRESCALER 9810 I08MHz 125 
(ESTIMATEDI 

204.4 Tobll 

CHA*EL 
SELECT 

CODE 

Fig. 22. Heterodyne down-conversion synthesizer 
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Table VI. Heterodyne Down-Conversion Operation 

LO PRESET 
INJECT DOWN- I' 0 FREQUENCY N-COUNT 

RECEIVER FREQUENCY (10 1 CONVERSION (as in Fig. 22) OFFSET ACTUAL 
CHANNEL FREQUENCY (Iml (1m + 10_7 MHzl FREQUENCY N (fo' + 1_2 MHzl PRESET 

NO_ MHz MHz MHz 

1 88.1 98.8 98 

1 1 1 1 
50 97.9 108.6 98 

51 98.1 108.8 108 

j j j j 
100 107.9 118.6 108 

As Fig. 22 shows, the heterodyne system requires a "2" 
prescaler. Thus, the phase comparison reference frequency is 
now given by: 

fk = 200 kHz = 100 kHz, 
2 

(12) 

and, compared to the presealing synthesizer, a IO-to-I 
improvement in loop bandwidth becomes apparent. 

Since the divide~by-"N" counter now is required to span 
a count range of I 0 to 60, one less decade is required in the 
logic of the divide-by-"N" counter. Such a divide-by-"N" 
counter will operate in a fashion similar to the one described 
earlier in Fig. 6. Power consumption for this counter will be 
approximately 40 milliwatts at the SA-MHz input rate for a 
VDD of 10 volts. 

Even though the divide-by-"R" counter consists of only 
five stages. instead of eight stages as needed for the prescaling 
system, power consumption again, as in that prescaling 
system, is concentrated in· the frrst few flip-flops. The 
divide-by-"R"-counter power dissipation is approximately 9 
milliwatts at 3.2 MHz with a VDD of 10 volts. 

The phase comparator required by the heterodyne 
system of Fig. 22 operates at 100 kHz as distinguished from 
the 10 kHz used in the prescaling system. Power 
consumption is now approximately 30 milliwatts for a 
sample-and-hold circuit design. 

As has been noted, the heterodyne system (Fig. 22) 
requires a prescaler of "2" operating at up to 10.8 MHz.· 
While a COS/MaS flip-flop can be used at this frequency, 
lowest power may be achieved by using a discrete flip-flop. 
Power could be less than 5 milliwatts. . 

Power consumption for the heterodyne type of FM 
synthesizer is summarized in Table VII, where total ·power 

MHz COUNT MHz (N+61 

.8 4 2 10 

1 1 , 1 
10.8 54 12 60 

.8 4 2 10 

j j j j 
10.8 54 12 60 

consumption is sh·own to be approximately 146 milliwatts. 
This is 58 milliwatts less than the 204 milliwatts consuml!d 
by the prescaling system. 

PRESET CHANNEL MEMORY 

One of the many advantages of digitally tuning 
communications sets is the added versatility of control that 
emerges. For example, the digital channel-select word can be 
used to drive a digital display showing channel number and 
frequency. Another scheme often employed is to control the 
set remotely through a hard-wired serial bit-stream of data or 
through transmission and reception of a digital word. 

An outstanding advantage of using low-voltage cost 
MOS to implement digital tuning is the cost effectiveness that 
permits adding a small preset channel memory to the system 
using the COS/MaS ultra-low-power memory capability. For 
example, a 4-word-by-9-bit memory will enable an individual 
to set up, by push button or rotary switch, four favorite FM 
stations within a given reception area. 

A suitable preset memory scheme is depicted in Fig. 23. 
When S I is closed, the memory is powered from the primary 
system power source. However, when SI is opened and the 
set turned off, the small 3-volt battery supplies the few 
microamperes required to hold the memory in a non-volatile 
condition. Preset channels are written into the memory by 
setting· up the selected channel on the frequency-select 
switches and switching the R/W switch to Write. The 
channel-select word is written into one of four words selected 
by the preset-select switch. By setting the R/W switch to 
Read and the P/M switch to Preset, the UN" counter is 
thereby preset to retrieve anyone of four selected words. 
When the P/M switch is in Manual, the frequency-select 
switches control the divide-by-UN" counter directly. 
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FREQUENCY 
RANGE 

FUNCTION MHz 

.;. "N" COUNTER 0.4 to 5.4 

.;. "R" COUNTER 1.6 

CRYSTAL OSCILLATOR 1.6 

t/J COMPARATOR 0.1 

.;. "K" COUNTER 0.8 to 10.8 

VCO 
(ESTIMATEDI 98.8 to 118.6 

MIXER AND OFFSET 
OSCILLATOR 

(ESTIMATED) 98 to 118.6 

WI 
W2 
W3 
W4 

READ 

o 
WRITE 

PRESET 

o 
MANUAL 

'-BIT INPUT 

PRESET 
SWITCH 

~ffiHEeJ 
I 

'-BIT OUTPUT 

POWER 
CONSUMPTION -

(MILLIWATTSI 

40 

9 

2 

30 

5 

25 

35 

146 Total 

4 

Fig. 24 illustrates mechanization of a 4-word-by-9-bit 
preset channel memory using two COS/MOS CD4039A 
scratch-pad memories. This memory chip is a 4-worCl-bY-8-bit. 
unit with all of the requisiie control inputs as shown in Fig, 
23 and described in the paragraph above. The circuit is easily· 
expandable in both word-length and bit-length by direct 
connections, needing no additiojUII interfacing gates. 

In system cost, size and performance, the preset channel 
memory using the CD4039A is unparalleled. For example, 
the preset channel memory shown in Fig. 24 will cost under 
SIO per chip and will diSSipate approximately O.S microwatts 
at a 3-volt holding potential. 

Either ordinary flash-light batteries or trickle-<:harge 
batteries can be used to provide long periods of 
maintenance-free operation. 

COSIMOS 
MEMORY 

FREQUENCY 
-SELECT 
SWITCHES 

~Sl 
~--'------G ~B+ 

_ BI 
.;tISMALL BATTERY) 

Fig. 23. Digital preset channel-memory concept 

4_XB-BIT 
MEMORY 

2-CQ4039A 

Fig. 24. Preset channel-memory circuit 
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Battery-Powered Digital-Display 
Clock/Timer and Metering 
Applications Utilizing the 
RCA CD4026A and CD4033A 
Decade Counters-7 Segment 
Output Types 

by R. Heuner, R. Knapp, J. Litus, Jr. and S. Niemiec 

RCA CD4026A and CD4033A consist of as-stage 
Johnson decade counter and an output decoder which 
converts the Johnson code to a 7-segment decoded output to 
drive each stage of a numerical display. The CD4033A has 
Ripple Blanking Input and Output (RBI and RBO) and 
lamp-test capability. The CD4026A has Display Enable 
capability. Both types are derived from the same basic layout 
but use different metallization patterns. Both types are 
particularly advantageous for display applications in which 
low power dissipation and/or low package count are 
important. 

This Note describes the CD4033A and CD4026A and 
their use with various 7-segment display units presently 
available. Interface packages and methods are discussed to 
help the designer select the best system to meet his needs. 
Also included are battery-operated systems for digital clocks 
and watches. 

" ~tJO ? 
~'o 

CIRCUIT OPERATION AND PERFORMANCE 
CHARACTERISTICS 

The inputs to the CD4033A IC are "Clock", "Reset", 
"Clock Enable", "Ripple Blanking Input" (RBI), and "Lamp 
Test" as shown in Fig. I. The outputs are "Carry Out", 
"Ripple Blanking Output" (RBO), and the seven decoded 
outputs (a,b,c,d,e,f,g). A "high" reset signal clears the decade 
counter to its zero count. The counter is advanced one count 
at the positive clock signal transistion if the Clock Enable 
signal is "low". Counter advancement by way of the clock 
line is inhibited when the Clock Enable signal is "high". A 
timing diagram for the CD4033A is shown in Fig. 2. 
Antilock gating is provided on the Johnson counter to assure 
proper counting sequence. 

The Carry-Out (Cout) signal completes one cycle every 
ten clock input cycles and is used to clock the succeeding 
decade directly in a multi-decade counting chain. The seven 

Fig. 1- Logic diagram of CD4033A - decade counter/divider with decoded ?·segment display outputs. 

11·71 
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decoded outputs (a,b,c,d,e,f,g) illuminate the p(oper seg· 
ments in a 7·segment display device used to present the 
decimal number 0 to 9. The 7·segment outputs go "high" on 
selection. 

The CD4033A has provisions for automatic blanking of 
the non~ignificant zeros in a multi·digit decimal number. 
This feature results in an easily readable display consistent 
with normal writing practice. For example, the number 
0050.0700 in an eight·digit display would be displayed as 
50.07. Zero suppression on the integer side is obtained by 
the connection of the RBI· terminal of the CD4033A 
associated with the most significant digit in the display to a 
"Iow·level" voltage and the connection of theRBO terminal 
of the same stage to the RBI terminal of the CD4033A in the 
next·lower·significant position in the display. This procedure 
is continued for each succeeding CD4033A on the integer 
side of the display. 

On the fraction side of the display, the RBi of the 
CD4033A associated with the least significant bit is 
connected to a "low·level" voltage and the RBO of the same 
CD4033A is connected to the RBI terminal of the CD4033A 
in the next more significant·bit position. This procedure is 
continued for all CD4033A on the fraction side of the 
display. 

In a purely fractional number (e.g. 0.7346) the zero 
immediately preceding the decimal point can be displayed by 
the connection of the RBI of that stage to a "high·level" 
voltage (instead· of to the RBO of the next more significant 
stage). Similarly, the zero in a number such as 763.0 can be 
displayed by the connection of the RBI of the CD:4033A 
associated with it to a "high·level" voltage. Ripple blanking 
of non,significant· zeros provides an appreciable savings of 
display power. . 

The CD4033A has a "Lamp Test" input which, when 
connected to a "high·level" voltage, overrides normal 

R.'ET-,1. _________________ _ 

CLOCK ENABLE ~L ________ ~~-----

LAMP !!TfSO!T!-_______ --'r-:--'IL ______ _ 

RBI 

CouTICLOCK +10) 

,~----------------------~-LIL_ 

Fig. 2- CD4033A - timing diagram. 
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decoder operation and enables a check to be made of 
possible display malfunctions by putting the 7 outputs in the 
"high" state. 

Figs. 3a, 3b, and 3c define the current capability of the 
7-segment outputs when selected for supply voltages of 3.5V, 
5V, 10V and 15V. Table I shows the maximum ratings and 
some features of the CD4033A. (Additional information is 
given in the RCA data bulletin for the CD4033A, File No. 
503). 

DRAIN -TO-SOURCE VOLTS IVDO-VOH} 
-4 -3 - 2 -I 

AMBIENT TEMPERATURE (TAl" 25·C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR rD" -0.3% I-C 

~:t 3.5 

TYP . .. 

o 
o 

-0.2 

-0.4ii:' 

~ 
-o.6i 
-O.8j 

SUPPLY VO~T,S, 1VOO,':..r5 

np I ~_.:::i 
CURRENT . 

9ZC$-19083 

Fig. 3- aJ OutpUt cu"ent capability of CD4033A. V 00 = 
3.5 and 5V; bJ OutpUt current capability of 
C04033A. VDD = 10. 15V; cJ Output current 
capability. VOO = 5. 10 V. T = ·55DC. +25DC. 
+12fiOC. 
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Fiti4- Logic diagram of CD4026A 

Fig. 4 shows the logic dlagram of the RCA CD4026A. 
'The CD4026A is identical to the CD4033A except that the 
Ripple Blanking Input (RBI) and the Ripple Blanking output 
(RHO) and lamp test capabilities have been replaced by a 
"Display Enable" control. An extra ''C'~~ginel!t output (not 
gated with the Display Enable) is available' ti). rem, the 
ability to implement the divide-by-I2 funi:tion."fiie:pOwer 
,dissipstion and output characteristi& of the'CD4026A and 
CD4033A are identical. 

DISPLAY-DRIVER CIRCUIt TYPES FDA' USE 
WITH THECD4033A AND CD4026A 

CD4OO9A/CD401OA - COSIMOS Hex Buffer/Logic 
Level Converters InvertlngfNon-invening 

Figs. Sand 6 show the circuit diagrams for the-CD4009A 
(Inverting Hex Buffer) imd CD40IOA (Non-inverting Hex 
Buffer), respectively. Six buffers are provided per psckage. 
Figs. 7 and 8 show V 0 "0" output characteristic'S (1i'C1iann~1) 
and V 0 "I" output characteristics (combined p-and-n
channel devices) for'both types. 

Fig. 5- a} Schematic dillfl'Bm (7 of 6 identical sIJIgiI5) of 
C~A. ' 

Table I - Maximum,Ratings and Features 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VI'WES 

OC SIJPplyVoltage (VOO - Vss) 

Operating Temperature Range 
(Ceramic & TO-5) 
(Plastic) 

Storage Temperature Range 

All Inputs 

Features: 

3 to 15V 

-550C to + 1250C 
-400c to +850 C 

-650C to +150OC 

VSS~VI ~ VDO 

Noise Immunity 45% of VOO (Typical Value) 

Clock Pulse Frequency 5 MHz@VOO = 10 V 
(Typical Value) 

Fig. 6- III SchlltnBtic diagram (7 of 6 identical ItIIfIe$I of 
CD4070A. 
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capability, V DO = V CC = 3.5, 5V; b) CD4009A and 

Fig. 8- a) CD4009A & CD40'OA VCC - Vo .. , .. output 
drive capability, V DO = V CC = 10,5, and 3.5V; b) 
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Fig.9- a) Functional diagram ofCA308';b) VCE(sat) asa function of Icat TA = 2SOC. 
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CA3081 and CA3082:'" General-Purpose High-Current 
n-p-n Transistor Arravs. 

Fig. 9a shows the schematic diagram of the CA3081 
(common emitter array). Fig. 9b shows VCE(sat) as a 
function of IC for one of 7 identical transistors (See Ref. I 
for additional information.} 

Fig. lOa shows the sChematic diagram of CA3082 
(common collectorarray). Fig. lOb shows hFE as a function 
ofIC at VCE = 3V. 

INTERF.ACING THE CD4033A AND CD4026A WITH 
POPULAR 7-8EGMENT DISPLAY TYPES 

Light Emitting Diodes 
The MAN 3 (Monsanto or equivalent) is a lo.w power 

monolithic, 7-segment diffused planar GaAsP "Light 
Emitting Diode" display: Figs. lIa and lib show the 
equivalent schematic and physical dimensions of the MAN 3. 
Fig. lie shows brightness as a function of forward current. A 
fairly bright display (,iao foot lamberts) is achieved at a 

COMMorrCOLLECTOR CONFIGURATION 
92CS-ln57 

'00 
COLLECTOR-TO-EM'TTEj VOLr rcr" 

90 

* ~ 80 
... -zw 
I~ 

I--i3270 
'!i 
Ii!'" 
i 60 

e ~ u V D .0 

• 
0., 

1 ,:br+ -
t,.\."\'-

t-1.\)~ ?':!-c 

~d'.'~ .......... ;:---0"0 
f- V,.........V ...... ""-,,, 
V": Vi-" ,.......... 

V ~ 

4.8, Z .1"0 
COLLECTOR MILLIAMPERES tIc J 

......... 

Fig. to-b) Functional diagram of CA3082; b) hFE as a 
function of 10 
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typical power dissipation of 8.5 milliwatts (1.7 V x 5 rnA) 
per segment for a 100r .. duty-cycle drive mode. Greater 
display intensities can be realized by the utilization of 

VF-1.7 v (TYP') TO 2.0V(MAXJi TA-2S-Ci IF- SmA 

AVF· 2mV'-C, IF MAX /SEGMENT -IOmA CONTINUOUSi 
TEMPERATURE RANGE: -55111 C < T < + 85· C 

(a) 

CHARACTER SIZE: 
0.115" X 0.064" 
WITH 10· SLANT 

I 
0.240 

L 

100 
1-0.163 --1 

NOTE: FOR ADDITIONAL INFORMATION 
SEE MONSANTO'S PUBLISHED 
DATA ESP 35 DATED 2/70 

(b) 

400 

V 
~300 

I 
,,200 
~ 

:g .. 
::;"'00 
~ .. 
CD 

o 

.,/ 
/ 

/ 
V 

V 
V 

2 4 6 8 10 

FORWAAD CURRENT I SEG I (mA) 

Fig. tt-c) MAN-3 schematic diagram; b) Package physical 
dimensions; c) brightness as a function of forward 
current. 
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o 
LI. 

.750, 

3 10 & DIGITS AND 
DECIMAL POtNTS 

Co) I4-LEAq DUAL-Woo LINE. PACKAGE 

! TO 5 DIGITS AND 1: o DECIMAL POINTS 

~L::;::I. :;::::;:::::;::::;::::;=;:~I 

~.105--' 

III ctl-r 
1:1 ITI ./00 4. ~ •. ---1 

Ie 1 DIGIT SIZE DECtMAL POWT 
"NOTE:FQA OETALED INFORMATION SEE HEWLEn MCKARD 

PUS..ISHED OATA ON ~ SERIES SOLID STATE 
NUMERIC INDICATOR DATED 6170 .. 

Fig. 12- PaCkllliB physical dimtmsions for HP5082. 
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~..!!!. __ J 

OUTPUT CIRCUIT 
ALL SEGIIENTS 

lal 

Yco.LOGIC SUPPLY .VSVooSIIV 

Ycc" DISPLAY IUPl't.Y 'V'Ycc SVDD 

leI 

A 

[F"· .. A :: 
100% DUTY I I 
CYCLE I I 

I I 

~ 

higher-fo[Wll[d-c:urrent drives for less than 100% duty cycle 
(i.e., Light Enhancement Factor equals de current divided by 
pulsed current IF(A V) and is greater than unity, where both 
de and pulsed current result in similar light intensity as seen 
by the human eye). 

The requirement of lowest power at greatest light 
intensity makes it desirable to multiplex the display current 
between,characters of a display, as weD as between segments 
of a character. Display wiring may also be simplified by such 
multiplexing methods. Displays similar to MAN 3 character
istics~ bUt containing multiple 7-segment display elemenis are 
available from Hewlett PacKard and others. For example, Fig. 
12 shows the approximate physical dimensions for the UP 
5082,Series of LED's. The characteristics are similar to those 
of the MAN 3. 

Fig.. 13 shows tech11iques for the interface of the 
Cp4Q33A. or CD4026A to the MAN 3 display at various 
supply voltage conditions. Fig. 13a shows a direct drive 
c;omliti(ln at 100% duty cycle for VDD between 9 and 15 V. 
A tyPic81 CD4033A can supply a forward current of 5 rnA 
per segment with a supply voltage as low as 9 V and yields a 
fairly bright display. The power supply dissipation is 
approximately 45 mW per segment (9 V x 5 rnA). 

CLOCK 

ENABLE 

RESET 

VDDiI!3.5V 
IF. SmA/SEGMENT 
100'¥. DUTY CYCLE 

* lie _OO9/SEGMENT 
."DD" 'tc .!I.5V 

VDD 

(b) 

(d) 

Fig. 13- CD4033A (IN CD4026AJ bei". intrlrf8ctld with MAN-3l1r _ious IUpply volt6(Jtl$lI$lhown. 
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For lower system power dissipation and separate logic 
and display supply sources, the RCA CD40 I OA COS/MOS 
Hex Buffer package can be utilized, as shown in Fig. 13b. In 
this case, the power supply dissipation per segment is less 
than 2S mW (S V x S rnA). . 

For supply .voltages. as low as 3.S V, an n-p-n transistor 
array interface circuit ~ requbed as Shown in Fig. 13c. 
External base or emitter resistors may be used to obtain fmer 
control of forward current, depending on the n-p-n array 
selected. For supply voltages less than 3.S V, both the 
CD4009A and a P-I!-P transistor array 'interface-circuit are 
rcquircd as shown in Fig. 13d. 

Fig. 14a illustrates a me.thod for character-drive
multiplexing using the CD4033A. Character multiplexing and 
the use of higher forward-segment currents:lit less than 100%. 
duty cycle permit light ·enhancement factors 'greater than 1 
to be realized. This mode-of operation (~ompared with the 
100% duty cycle made, for the wne· display brightne~ 
permits savings in display power dissipation. Fig. 14b sho~ a: 
limiIar character multiplexing 'arrangemejtt using the 
CD4026A. The multiplexing is accomplishcid at the logic 
level, as opposed to switching the Display character·ground 
currents. A Character Display DriVer Multiplexing circuit to 
interface the CD4026A with .tIre' HPS08:2 series Multiple· 
Character Display is shoWn in Fig. l4c. A remetalIization 
(not shown), of the CD4033A coliId 'be used to eliIpinate the' 

co_ 
., 

A 

I· CHARACTER 

I·,*N .. ' 
(MAN 3) 
(IDENTICAL 

C TO. U 

• N IS THE NUMBER OF CHARACTERS 'IN THE DISPLAY. 

III IS THE NUMBER OF CHARACTER DISPLAY CoNTROL' COUNTER 
DECODED ,OUTPUTS. THE DISPL-AY .~"ROL cOUNTER a.OCK 
AND THE VALUE OF M DETERMINES THE DISPLAY DUTY 
eYCLE OF THE CHARACT.EII&.v" 

(a) 
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"N" channel device of alI segment outputs. This permits 
direct connection of respective segments 9f alI characters to 
the base of one common set of CA3082 segment drivers. A 
common set of segment ground return resistors would be 
required at tile base of each CA3082. 

The MAN I is a 7.segment diffused planar GaAsP "Ught 
Emitting Diode" display. Figs. I Sa and I Sb show the 
equivalent schematic and physical dimension-diagrams of the 
MAN 1. Fig. I Sc shows the brightness as a function of 
forward current characteristics. Good brightness (275 foot 
Lamberts) is obtained at a forward current of 16 rnA, for a 
109% duty cycle drive mode. 

-Pigs. 16a and 16bshow the CD4031A or CD4026A being 
interfaCed with the MAN I display at various supply voltages. 
The CD4009A (shown in Fig. 16a) is a~le to sink 16 rnA or 
more at"n" ouiput voltage up to 2 V, with a supply voltage 
(VDD}as low as 7 V. This feature permits a drop of4 V or 

. more across the MAN I diodes. When the CD4009A is used 
in . this. aPPlication care should be taken not to' exceed its 
maximum power ratings (100 mW/per buffer stage; 200 mW 
pet-package)~ . 

. The.CD4033 ... ·(shown in Fig. 16b) provides a minimum 
base current of 0.4 rnA into the CA3081 at a SIlPply voltage 

.of YDD'" SiO V, for a forward cunent in excess of 12 rnA. 
The forward voltage of the MAN I (4.0 V) limits the 
minirnup' VDD to apprOximately 5.0 V; 

r -:- - - v~ - - I---r YPi'" - - l 
1 -1=+::r:1r:t:tt 111- CA30B2/SEG. 
.... _11 TOTAL/CHARACTER) _ 

C04026A ~ ~ '>5~lITY C'CI..E<IOO'l. 

'II' 

DISPLAY 
ENABLE 

CHARACTER .. , 

.(b) 

~-~~ 

:F I ,I:H 
:. I 'je *N 
I 

~--~ 
--1 '-- ___ _ 

Fig. ,~ II) Character display drive multiplexing using the CD4033A and the MAN-3; b) character display drive multiplexing 
wing theCD4026A and·m.'MAN<3; 
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117CA3082 SEGMENT 

rVOD JrJ// ..c:.VOD r VOD Iv' I~ 
~t>o..* I~ta. I~to. 
to. II, IVIta. IVIta. Iv 

CD4026A CD4026A 

Ivfl'o. 
CD4026A .. 

No.1 No.2 No.3 lVlto. [rIta. 
-Ita. Ita. I"" 

1--( f--[l -r-~ 
I DISPLAY;", 

f-Y _lV 

2 DISPLAY I-r .1 • DISPLAY <I ENABLE ENABLE ENABLE 

.,J".VSS'to. ~'l *VSS ~ 

IF >5mA 

~ Ji~·~r--·TT-·I=I 
DUTY CYCLE < 100" 

r HARAC1£R1 rHARAOTERI IC .... AOTE·I 
CHAR. DUTY ~I ~2 ~. 

CYCLE ----- ----- -----

* 

CLOCK (CHAR. No. I SELECT) HP50B2 SERIES - (3 CHARACTERS SHOWN) 

~I7CA3D81 EA. CHA •. 

~ , ,r +u I . . 
PLUS 2f- .. 2/6CD4010A _ _ 

DEC~DED .f- EA. CHAR. CHA~. No. I -
OUTPUTS GM), RETURN 

C04017 OR 
C04022 

Fig. 14- c) Character display drive multiplexing using the CD4026A and the HP5082 Series. 

··VF-!.6 TO 2.0 V 
MAX AT 25·C 

(a) 

(b) 

·VF -3.4 TO 4.0 V 
M~X' AT 2~C 

C6V,--3mVl-C) 
(IF (MAX) ISEGMENT! 30 rnA 
CONnNUOUS) 

(TEMPERATURE RANGE: 
-5!S-C s T5 +IOo-C) 

600 

500 

0 

0 

10 

0/ 

0 5 

/ 
V 

/ 
/ 

10 15 20 
. FWD. CURRENT I SEG 

(e) 

/" 
V 

25 

Fig. 15- a) MAN-1 schematic diagram; bi package dimensions; c) brightnllSS as a function of forward cUrrfmt. 
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INCANDESCENT READOUTS 
The Pinlite* Series "0" and "R" devices .ar~ :low-power, 

miniaturized, incandescent readouts. Fig. 17 summarizes the 
voltage-current requirements, brightness (foot-Iamberts), and 
physical dimensions of these display device~.Figs. ISa& ISb 
show the CD4033A being interfaced with Pinlite devices .. 

Fig. 19a shows the physical dimensions of the ~CA's 
NUMITRON Devices, DR2000 and DR2l00 series. Brightness 
and segment current as a function of segment voltage are 
plotted in Figs. 19b and 19c. Typical briShin~ss is 7000 ft. 
lamberts, at a segment voltage of 4.5 V and a current of 24 
mAo 

Fig. 20. and 20b show the CD4033A or CD4026A being 
interfaced with RCA NUMITRON Devices DR2000 Series 

*Trademark of Pinlite, Inc. 
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displays. In Fig. 20a, if VDD is less than S.O v, a CD40 lOA 
buffer must be used between the CD4033A or CD4026A 
segments and the CA30Sl. For Fig. 20b, care should be 
taken not to exceed the maximum power dissipation of the 
CD4009A (100 mW per buffer unit, 200 mW per package). 

Low Voltage Vacuum Fluorescent Readouts 
. The TungSol Digivac S/G** Type DTI704B or 

DT170SD, Nippon Electric (NEC)-Type DG12E/LD91S'and 
Sylvania Type 8894 are low voltage and low power Vacuum 
Fluorescent 7-Segment Readouts. Figs. '2la and 2lb show 
the physical dimensions and brightness chaiicterfstics of the 

**Trademark of Tung..sol Division Wagner Electric Corp. 

Mot.ISANTO MAN' 
OR EQUIVALENT 

l'a 2:0.4mA 

J:Fl' 12 mAjSeg.IIOO".OUTYCYCLEI 

BOC'M'NI1'3D 
VCEISATlsO.'V 

Fig. 16- a) CD4Q33A (or CD4026A) driving the MAN-' at 7V';;VDD';; 7SV, V DD = VCO' b} CD4033A (or CD4(}i6A}.driving 
MAN-7 at VDo"~SV. . 

DIGIT 

Fig. 77- Pinlite, Inc. series "0" and "ROO 

. 7·segment display 

: ffi 
?a: 

w en 

en 
:: ~ 
a: a: , w 

en 

Model 

03-15 
04-30 
06-30 
R3-20 
R4-30 

ASSUMED 
TRANSISTOR 
CHARACTERISTICS 
B~c ( ... n.li!: lO 
YCEflal.l~ I).SOY 

YDD~ ].5VIM;n.) 
.18 ~ 0:.25-'\("; •. 1 
IT:5 1.S"'\(";n.1 

CURRENT, BRIGHTNESS. AND PHYSICAL DIMENSIONS 

Character H 
Height 

3/16" 
114" 
5/16" 
3/16"' 
1/4" 

Height 

0.305 
0.375 
0.455 
0.305 
0.375 

"FORCIMI)U,\ 
DNLY 

Dimensional 
~ 

W D 
Width Depth 

0.225 0.312 
0.275 0.312 
0.305 0.312 
0.225 0.312 
0.275 0.312 

Volt 
mApar 

Segment 

1.5 8 
3.0 8 
3.0 8 
2.0 4.3 
3.0 4.3 

Brightness 

Ft.-I mbt. 

120 
300 
250 
100 
100 

CD4009A 
voos IOV( ... n.1 
v,,'o"::Ii O.6Y 

IT;· .... I." •• I 

VOO.6Y ( ... in.) 

vo"o" S I.DY 

'T"'S",'" ( ...... ) 

vT.::1SVTOJ.5 V 

Fig, 78- Interlacing CD4033It (or CD4026A) with Pinlite series "0" and "R" 7-segment displays. 
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Fig. 19- aJ Package physical dimensions for' RCA '. NUMITRON devices, series DR2000 and DR2100; bJ brightness as a 
function of segment voltage; cJ segment current as a function of segment voltage. 
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TtlRERECMItt:IIDIT!I: 
vT,:J.S_5.DV 

IT':MIII\'~ 

i" ASSUMED 
tRANSISTOR 
ClWtACTEltlSncS 

,4'(IIIi",) ~ l5 

VCE(HI.)S un 
'lao. lV(rift.) 

1 •• l.0mA'.1",) 

'Toll,.", .. I".) 
"FORCDd026,\ 
ONLY 

'DD RCA HII.I,-" DRlIIIIlI&orib 

"'AEREQlI~ 
Vr' \'T ':l.!i_5JI\' 

IT :UII,\:(o.'_'III 

....... 
VDD" 111'1 (lIiII,) 

'1."0" s 2'1 
IT" 20M (lIiII.) 
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Fig. 20- CD4033A (or CD4026AJ driving RCA '. NUMITRON DR2000 Series. 

NOTE:CHARACTER SIZE APPROXIMATELY: 
.360" ... 570" SLANTING TO THE 
RIGHT 8~ 
SEE PUBLISHED OATA ~ ,TUNGSOl 
DtYISION WAGNER ELECTRIC CORP. 
1438 DATED 8/69. 
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~.OO 
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n" /" 
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........... V 
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Eb\lOLTS DC 

Cbl 

Fig. 21- aJ Tung-Sol S/G type DTt 7048"& DTt705/J physicsl dimension.; bJ plate current as a function of plate voltage. 
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Tung/iol Digivac DTI704B 8< DT1705,D. A brightness level of 
150 foot Iamberts (typical) is indicated at a. plate voltage of 
25 V:, Fig. 22 illustrates a method of driving these devices 
with the CD4033A. The requirements are 100 to 300pA per 
s8gment at tube voltages of 12 to 25 V depending on the 
required brightness level. The filaments require 45 rnA at 1.6 
V, (ac or dc). With a VON = 18 V, medium brightness in low 
ambient light. background, will result. The point of no 
noticeable glow is VOFF = 4.5 V. 

ICAN-6733 

WITH VON-ley MEDIUM BRIGHTNESS 
.-______ VDD IN ~OW AMBIENT ~IGHT BACKGROUND 

• DISPLAY WilL RESULT. THE POINT OF NO 
ENAB~CONT~ NC7TICEA8~G~OWIS VOFF"4.5 v 

CD402lA/

r C04033A 

CLOCK 1-______ , 
t~g,~ ENABLE 7 1-___ --, 

VOLTAGE SEGMENTSl RESET 

n:1I£ IEQl.l~'TI: IOCI.:IID~" .... 
_ ....... ",12\·1015\· ........ 1 
..... IrtII ............ 'U_I .... "-' 
4I",,_UV,IIt;_DC. 

* FOR CD40ZlA ONLY 

,..----..."", 

• LOW.VOLTAG! Y"",* 'LUCIISC.IIT 
."'Doun 

DIGITAL TIMER/CLOCK/WATCH APPLICATIONS 
The decoded 7-segment outputs of the CD4033A can be 

utilized to control its counting function; Table II shows the 
truth tablJ: for the CD4033A segment and carry out signals. 
Figs. 23a to 23h show the logic configurations for counting 
from . 2 through 9 using the CD4033A signal for count 
control. The CD4026A can be utilized in a similar manner. Fig. 22- Interfacing C04033A (or CD4026AJ with Tung-Sol 

S/G type OTll048 or 0T7 7050. 

23b-COUNTER OF :5 
(SEGMENT cl 

• 1/4 C04OO1A •• 112 CD40IZA • V4 CD401lA 

Fig. 23- Logic confilJUTlltiofIJJ to control counting funct/OM of CD4033A. 
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Digital DiSplay ClocklWatch Configuration 
(Divide-by-60. Divide-by-60. Divide-by-12_1 

Fig. 24 shows the logic diagram of a divide-by-60, 
divide-by-60, divide-by-12 digital-display counting circuit. 
The input ~Iock-signal rate is I Hz. The two 60 counters 
cycle synchronously from 0 to S9, while the 12 counter 
cycles from I to 12. 

Figs. 2Sa and :iSb show pertinent waveforms of the 
divide-by-60 and divide-by-12 sections, respectively. Minutes 
and hours updating switches (second rate) as well as the 
seconds, minutes and hours reset switches are provided. A 
24-hour counter can be easily substituted for the 12 hour 
counter. 

With reference to Figs. 24 and 2Sa; the CD4033A-U "b" 
segment goes low at the S9th clock pulse input. At the 60th 
clock pulse input, the CD4033A-I goes from a "9" to a "0" 
and the CD4013A-I is clocked to "0" state, which in tum 
resets CD4033A-II from a "s" to· a "0". A reset condition 
has been realized after 60 clock input pulses. The CD4013A-I 
is then set at the Sth clock input pulse in preparation for the 
next cycle. . 

With reference to Figs. 24 and 2Sb, the "c" segment goes 
low at the 12th clock input pulse. The CD4013A-II1's Q 
output is low from the 10th clock input pulse. At the 13th 
clock input pulse CD4013A-IV is clocked to the "I" state 

IH, 
SECONDS 

INPUT 

SECONDS DISPLAY , 
1Hz CL.OCK 
(MINUTE 

UPDATE RATE) 

Table II - Truth Table - 7 Segment and Carry Out Signals 

COUNTER OF: 

COUNT 0 

2345678 

23456 7 

DECODED 
OUTPUT 

b 

d 

e 

9 

Coot 

o 
1 

1 0 

o 1 

o 0 

100 

000 

o 
o 

o 1 

o 0 

o 

o 

o 
o 
o 

1 0 

o 0 

9 10 

8 9 

1 

o 

1 

o 0 

which in tum resets CD4013A-V and VI. The CD4013A-V 
and VI combination then generates a one second wide reset 
pulse to the CD4033A-V and CD4013A-III reset inputs, as 
well as a two second wide pulse to the clock enable input of 
the CD4033A-V to advance it to the "I" count. The reset 
and advance to one operation may be clocked at a rate much 
faster than the seconds clock. 

MINUTES DISPLAY • 
I 

60 MINUTES COUNTER 

TIE BACK TO <1Hz 
RATE IF SETTING 
12 HOUR COUNTER 
IS NOT TO BE 
NOTICED 

7 SEG 10-9) 
I 

I-C04Ol3A 
RESETS 12 COUNTER 
THEN PRESETS TO I 

624 

PACKAGE COUNT: 
~ CD4~ZlA 
5. CD4015A (DUAL Fin 
4 CD4001A (NOR GATES) 

12 HOURS COUNTER 
II TO 12) 

Fig. 24- DMile-b'y-60, divide-by:tiO, divide-by-12 digital display counting circuit. 

I 
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CLOCK INPUT-CD4D33A-I 

*CQUT-CD4033A-r 
lib" SEGMENT OUT 

SET INPUT-CD4013A 

RESET INPUT-CD4033A-ll 

COUT-CD4033A-Ir. 

* CLOCK .I.N-C04033AlI 

CLOCK INPUT CD4033A- Jz:: 

·e" SEGMENT OUT 

CLOCK ENABLE 
RESET

CD4033A :::sr AND CD4013A-m 

COUT-C04033A-Jl 

COUT -CD4013A-m 
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Fig. 25- a) Divide-by-60 voltage waveforms; b) divide-by-12 voltage waveforms. 

The CD4026A may be utilized in place of the CD4033A, 
if "Display Blanking" is desirable to .effect power savings. 
For this case the divide-by-12 function utilizes the ungated 
"C" output for counter gating. 

Battery Powered Digital Clock Prototype 
Using the MAN 3-LED Displays 

Fig. 26 shows the photographs and logic diagram of a 
complete battery· powered digital: clock prototype, utilizing 
MAN 3-LED display devices. A 9-V battery is utilized to 
drive all of the logic circuitry. Power drain on the 9-V 
battery is approximately 7 rnA continuous, (over 90% of 
which is consumed in the 262 kHz crystal oscillator 
configuration). Other oscillator configurations and lower 
crystal frequencies enable very si!lnificant reductions of this 
current drain. To conserve power, the MAN 3 display devices 
are powered by two series 1.5 volt batteries. The CD40IOA's 
permit translation from the 9-V·logic level to the lower 
voltage, higher current 3-V display drive levels. While the 
display is activated, a maximum of approximately 120 rnA of 
display current is required. 

Although not utilized in the prototype shown, the 
character display multiplexing methods of Figs. 14a, b or c 
may be utilized for greater light enhancement and/or lower 
power dissipation. 

Battery Powered Digital Clock Prototype 
Utilizing TungSol Digivac S/G DT1704B's 
Displays 

Fig. 27 shows the logic diagram and a photograph of a 
complete battery powered digital clock prototype utilizing 
TungSol Digivac display devices. As noted in the discussion 
of low-voltage vacuum fluorescent readouts, medium bright. 
ness levels are obtained under low to medium ambient light 
conditions. A larger display is achieved by use of the Digivac 
units than with the MAN 3 units. The logic is powered by 
two series 9-V cells at VDD with a 4.5-V zener offset of VSS 
(the logic sees 18 V -4.5 V = 13.5V.) The logic circuit drives 
the 150-pA segment plate currents of the Digivacs directly. 
The filament power for the Digivacs is supplied by two 
parallel 1.5-V batteries. Filament power is off until a display 
is required. 

Fig. 26- a) Photograph of battery-powered L.E.D. digital clock. 
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DISPLAY 
SECTION o 

o 

+12 DECODE 

):tOURS -MINUTES RESET 
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10927164 1092716'4 

+60 DECODE 

Fig. 26- b) Logic/Wiring Diagram 



DISPLAY-ON 

+12 DECODE 
POWER SUPPLY 

+60 DECODE 
HOURS UPDATE 

Fig. 27- a) LogiclWiring Diagram. 
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Fig. 27- b) Photograph of Clock. 

OTHER DIGITAL CLOCK APPLICATIONS 
Plug In Industrial Digital WaIl Clocks - 100 V Powered 

Clock. If primary llO·V power fails a recru.rgeabIC b,attery 
maintains current to the counters and the clock c;ontinues to 
operate. The displays go off until the 1l0-V power is 
res(ored. When the II 0-V power is restored.' the ,display 
comes on; the clock continues to keep correct time; and no 
resetting is required. A "display on demand" feature with 
ioss of the 110-V power can also be included. 

Commercial Digital Clock (iIO·V Powereo Clock). The 
regulation requirements are from 3.S V'to'ISV. 

ANALOG 
IN 

Fig. 28- Block diagram dc metering using CD4033A or 
CD4026A. 
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Portable Elapsed Time Meter a digital watch, and a 
down·time clock are other applications which can' be 
achieved through the use of the CD4033A or CD4026A. 

DIGITAL METER APPLICATIONS 
The CD4033A and CD4026A are unique in that they 

have ,both counting and decoding on a single chip. The block 
, diagram of Fig. 28 demonstrates the use of the CD4033A 
and CD4026A in digital meter applications where time 
muitiplexiiig or sampling·and·display functions are utilized 
(to eliminate the need for holding circuits). An analog input 
is converte,d to a sequence of pulses where the pulse count is 
proportionltt to the analog input level. Sampling rates may be 
fast enough to result in an apparent fIXed display, or they 
may be slower and cause noticeable changes in display during 
-l""IIPling. Longer display times or display' blanking during 
sampling may be used to prevent flicker. 

Timers/Frequency-Delay-Phase Meters 
Fig. 2!l shows a general block diagram using the 

CD4033A or t;:D4026A in Digital Counter/Timers. As in the 
dc meter applications, time multiplexing of sampling and 
display functions is utilized. 

INPUT 
SIGNAL 

Fig. 29- Block diagram using CD403:SA' or CD4026A in 
Digital·CounterlTimers. 

REFERENCES 
1. RCA data bulletin for CA3081 , CA3082 File No. 480 
2. RCA data bulletin for CD4033A and CD4026A File No. 
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COS/MOS Rate Multipliers--Versatile 
Circuits for Synthesizing Digital Functions 

by G. J. Summers 

The RCA COS/MOS rate multipliers, CD4527B and 
CD4089B, are versatile MSI circuits that can be used as 
building blocks to generate .. range of digital functions in 
low·power systems where minimum package count is desir
able. Rate multipliers can be used in various applications, 
such as numerical control, instrumentation, digital nItering, 

. and frequency synthesis. When used with ail up/down 
counter and control logic , they can be used to perform such 
operations as' niultiplication, addition, subtraction, gener
ation of algebraic equations and differential equations, 
integration, and to raise numbers to. various powers. 
This Note discusses each of these applications and 
symmetric rate multiplication, the problem of eliminating 
round-off error in a direct frequency-synthesis application in 
a common-carrier multiplex system. 

Rate-Multiplier Description 

The. rate multiplier is a circuit that produces an output 
pulse train whose frequency is proportional to the product of 
two inputs .. One of the inputs is a clock frequency,.fc, and 
the other· a pre-programmed multiplier number (binary or 
BCD) whose value is fixed at a given instant. The output of 
the rate. multiplier is a frequency whose average rate is equal 
to feX, where 0 < x .;; L Thus the Ilutput rate is always less 
than or equal to fc'. and, in general, is composed of pulses 
which are unevenly spaced; It should be noted that even 

. though the output rate is .time averaged to the correct 
fractional rate of the input, there is always a round-off error 
associated with the output. This error can be reduced by 
increasing the bit capacity of the multiplier. 

The principle of rate multiplication may be illustrated 
with the aid of the simplified circuit of a binary rate 
multiplier shown in Fig. I(a). Four bits of binary informa
tion are used to perform multiplication by' any factor from 
1/16 to 15/16 by programming the S., S., S" or S, gates 
for the proper factor. The final output frequency, fx' is 
obtained by DRing the outputs of each AND gate as shown 
in the figure. The timing diagram in Fig. I(b) shows how a 
value for fx = ~ 166 1 fc can be obtained by gating the S. 
and S, outputs. 

9·74 

1/4 CD40BI 

RESET" >::±-::;~+::t:Jt=:;=~±=;:::j:::t:1::::, CLOCK :> IC 

OUTPUT PULSE 
TRAIN FOR B 
1,.(S.~S2)lc 

(a) 

IX .(fSi)IC .-, . 
Ii'" 

92CS-248'9 

~~~U--L~ ____ ~~~-U __ ___ 

(b) 92CS-248~6 

Fig. 1-(a) Simplified circuit of binary rate multiplier,· (b) timing 
diagram for (a). 
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The functional diagram of the CD4S27B (BCD raie 
multiplier) is shown in Fig. 2. The BCD inputs can be 

I. I.(~) 
CASE 6iii 'A-~2.····9 

, EIN EO 
or -.-

92CS-24868 

Fig. 2-Functional diagram of the C04521B, BCD fate multiplier. 

programmed from I to 9 io form an output multiplier, 
constant of 1/10 to 9/10. For example, if the BCD input 
were set to seven (Oil I), the output rate would be fc (7/10). 
This multiplication factor can be expanded to a greater 
number of bits by using the cascade/enable feature of the 
CD4527B as demonstrated in Fig. 3. The strobe feature 

MULTIPLIER -A- INPUTS 

Fig. 3-SCD rate mulrip/klr caJCMIed for multiplier AlIOOO. I .0;; 
A<;9S9. 

allows outputs to be enabled or inhibited.' 

RATE-MUL TIPLIER APPLICATIONS 

Cascading 
The rate multiplier can be connected in parallel or series 

as shown, in' Figs. 3 and 4. When devices are connected in 
parallel, as in Fig. 3, an n·bit rate multiplier is formed which 
obeys the input/output relation: 

fout = _A_ fclk 
n 

K 

A 
where 0<-.0;;1 

Kn 

In the case of the CD4S27B (BCD), the Kn factor is 
(lO)n, where n denotes the number of stages; for the 
CD4089B (binary), Kn becomes (2)n, where n denotes the 
number of bits. 

630 

Fig. 4-Multiplication of three variables, A, S, and C. 

In the circuit of Fig. 3, three BCD rate multipliers are 
connected in parallel; they produce an output rate which is 
proportional to the input clock by any multiple of A/1000. 
The A variable can be made to assume any value from I to 
999 by programming the, BCD inputs with a logical lora 
logical O. By using the CD4089B, the same circuit could be 
used to build a binary multiplier. The variable A would then 
range from I to 4095, and Kn would be (2)'2 or 4096. 

When rate multipliers are arranged serially, as shown ,in 
Fig. 4, two or more variables can be multiplied. The 
input/output relationship 'for the circuit shown in Fig. 4 is: 

f - A'B<: f 
out-~ clk 

where I.o;;A,B,orC.o;; IS. 

Multiplication 
Two or more variables can be 'mUltiplied by using three or 

more rate multipliers and one up/down counter. The output 
is then a flxednumber, either BCD or binary, not a pulse rate 
or frequency as before. Thus, in this discussion,as well as in 
the following arithmetic applications, the output is referred 
to as N (N = 1,2, •.... ) and not fout. 

As an example, consider the circuit shown in Fig. S. The 
input variables, A and B, are programmed to a BCD or binary 
number; the resultant output from the counter (Q" Q2, Q., 
Q.) is N = (A·B)/K. For the CD4527B, K .. 10, and for the 
CD4089B, K = 16. Since the output of the up/down counter 
must be an integer from I to 9, A'B/K must also bean 
integer. For example, if K = 10, A = 0101, and B = 0100, 
then N = 5(4/10) = 2=OOIOasreadon theQ.,Q.,Q2,and 
Q. lines, respectively. Analysis of the circuit of Fig. 5 shows 
that: 

R. = fclk ~ 10) 
R2 = fClk~~) (-Po1= fclk (~~) 

R. =fclk (~) 
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N. A·B/K 
C04$27 : K-IO 
CD4089: K-16 
N INTEGER 

CD4001 

~. 2'~------------------~ E'N 221--__________ --' 

51 c s 2'10--------------' 
'--"--"-..... 

92C"-24873 

Fig. 5-Multiplicarion 01 two variablel. A and 8. 

The interface circuit (CD400IA) shown preceding the 
up/down counter in Fig. 5 is used to convert the counter 
from a single clock to a dual-clock input device. Since the 
counter must count both up and down at random intervals it 
is desirable to have separate inputs for the up and down 
commands. The counter cannot accept simultaneous inputs 
to the command terminal, .therefore, a multi-phase clock 
frequency is used at the input. 

In Fig. 5 the output rate, R" addresses the "up count", 
and command, R3, addresses the "down count" of the 
CD4SIOB or CD4S16B. As R2and R3 change, the counter 
steps up or down until the loop stabilizes. The counter acts as a 
null detector, equalizing the input rates so that R2 = R3 when 
stability is reached. Thus, at equilibrium: 

R, = R3 

or 

u~ ) 
therefore 

Ni~·g~ 
If the true product A·B is desired, then another rate 

multiplier can be used in the feedback loop to eliminate the 
1/10 scaler multiplier. When the rate multiplier is program
med for a multiplier of I, R3 = fClk6~0); thus, R, = R3 
yields N = A·B. 

Addition and Subtraction 

Two or more variables can be added or subtracted by 
using three or more rate multipliers, one up/down counter, 
and one summing circuit. These circuits are constructed in a 
loop arrangement, as in Figs. 6 and 7, similar to the one 
shown for multiplication in Fig. s. 

It should be noted that a simple OR gate cannot be used 
to sum R, and R, because, if pulses occur simultaneously on 
R, and R, during the same clock period, information can be 
lost. The circuits shown in Figs. 6, 7, and 8 eliminate the 
problem provided the synchronization rate is higher than 
that ofR, and R,. 

Fig. 6 is the diagram of a circuit used to sum two 
variables, A and B. The figure' shows that R, and R, are 
summed and routed to the "up count" terminal of the 
counter. In subtraction, the summing circuit is placed in the 
signal path to the "down count" terminal of the counter, as 
illustrated in the circuit. of Fig. 7. Both addition and 
subtraction can be performed. 

In Fig. 6: 

R3 = R, + R, = fclk ~ fa 1 +felk ~ I~ ) 

It; = fclk ~~O) 
Then, atequiljbrium: 

R3 = R. 
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Yss 
CLOCK 

CASE 
E'N C04.,R27 

STCII4089 

+Y 

C S 

E'N 

ST 

OUT 

C CD4527 
DR 

S CD4089 

1/4 C04081 

'CASE 
EoN CD3a27 
ST C~9 

C S 

CASE 

N-A+B 
CD4S27 : IS A+8:5 9 
CD4089 : I ~ A+B S 15 

CD4oW& 
C04510 

CLOCK 

9N ~~ ____________________________ ~ 

ST 2'~----------------------------------~ C ~~ ______________________ ~ ________ ~ 

., 
"2 
·3 

•• 
·E 
CI 

~~----------------------------~ L-___ -' 

92CM-24169 

Fig. 6-Addition of two vari""a~ A and 8. 

CD451& 
DR 

C04510 

20~-===:t===----_-.J 21~ __________ -+ ________________________ -J 

C CDg27 22j4-______ +-_______ -,-______ .l 
S CD4089'23 

N -A+8-C 
C04527 : I S A+B';'C:59 
C04089: I SA+8-C:515 

., 
"2 
Ps 
·4 

"" C, 

UCM·24."" 

FilJ. l~Comb;ned addition and subtracrian . 
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therefore 

fclk ~ to) +felk C~ ~ = felk ~ ~ ) 
or 

N=A+B 

As discussed above, the" circuit shown in Fig. 7 is used to 
add and subtract simultaneously. From Fig. 7: 

R3 = R, + R, = felk 6~) + felk ~ ro} 
R6 = R. + R, = felk ~fo) +felk ~~o) 

Then, at equilib~ium: 

R3 =R6 

and 

N=A+B-C 

Finally, the average·rate output of the rate multiplier can 
be modified by the sum of two variables by using the less 
complex circuit shown in Fig. 8. It should be noted that the 
output is a time-averaged rate, not a fixed number, N, as 
before. 

CASE CD4527 
OR 

CD4089 

s 

CASE CD4527 

E'N C1l~' 
ST 

C 

Square Roots/Higher·Order Roots/Algebraic Equations 

The RCA COS/MOS rate multiplier can be used in circuits 
such as those shown in Figs. 10 and II to generate roots of 
the form AX/y, where x and yare integers. The up/down 
counter is also used in a feedback loop configuration, as in 
Figs. 5 through 8, above, to" perform this operation. The 
circuit shown in Fig. II can also be used to generate A 1/3 by 
programming one of the three rate multipliers with the 
variable A and the other two with unity. 

From Fig. 10: 

R, = felk C~) (I~) = felk (l()~) 

R, = felk ( ~) (~) = felk ( ~~) 
Then, at equilibrium: 

R, = R, 

therefore 

N= VA 

C04527 : K. 10. IS A+B:S 9 
CD4OB9 : K • 16, I S A+B S 15 

1/4 CD4081 1/2 CD4013 

113 CD4075 

Division 

92CS-24867 

Fig. 8-The sum of two variables, A and S, with a constanr multiplier. 

Two variables, A and B, can be divided by use of the 
circuit shown in Fig. 9. Two rate multipliers are connected in 
parallel to form the A variable. The parallel connection 
ensures that the multiplier constant, 1/10, does not appear in 
the final result, AlB. From Fig. 9: 

R, = felk ~I~O) 

R, = felk ~ ~) 

R3 = R, 6~) = fclk ~ ~) (I~) 

At equilibrium, R, = R3: therefore: 

or 

A = LN)LB) 
100 \W \10 

A N=S 

From Fig. 11: 

R, = felk (to~) C~) =felk C~~) 

( ~) ( ~) ( ~) = felk (Io'<:~ ) 
At equilibrium, R, = R, : therefore: 

N3 = A' 

or 

In addition to generating roots of the form AX/y various 
algebraic equations can be generated and solved by combin
ing the root-<ietennining techniques with those used in 
multiplication, division, addition, and subtraction. Only 
block diagrams with input/output relationships are shown for 
these circuits owing to the complexity of the wiring inter
connects. 
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r----- A -------, 

MOST 
SIGNIFICANT 

81T 
,----J.---.. 

CASE 
E,N 
ST 

C 

EOUT 

LEAST 
SIGNIFICANT 

BIT 

~ 

CD400l 

s ~~------~------~----~ 
N-Aia 
CD4S27 : I S AlB ~ 9 
CD4019: I:S Al8 ~ 15 

Fig. 9-DirIi$DII 01 the llllriable A by ,IuJ va,iable B. 

CASE CASE 

E'N E'N 
coa§2' C CD4~27 C N.,fA 

• CD4089 S 
CD408. 

2'J.1 .. ~ 2'J .1 .' ~ 

9ZCM-24876 

Fig. lo-Gtmt.ra'ionolA'12 
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2" 2' 

From Fig. 12: 

R, = A'{K2 n 
R2 = 8'{K,n 
R, = N'{K,n 

Fig. , '-Generation of A2/3 

Then. at equilibrium: 

R, + R, =R, 

therefore, 

N2 = A2 + 82 

Fig. 12-Generation of the sqUiltion ~ D A2 + til. 

.. 
P3 

Po 

PE 
cl 
R 

QI 0203 04 

92CM-24670 
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The COS/MOS CD4S27B and CD4089B rate multipliers 
can also be used to solve a known equation. For example, Fig. 
13 can be used to solve the well-known quadratic equation, 

•• 

N21 

~ _____ K~2_" __ ~~+ UP 

COUNTE~ N3 

2.1 ...... 

Fig. 13-Solutions of the quadratic equation, ax2 + bx + C. 92CM-24875 

ax' + bx + c = O. The solutions, XI and x,; are assumed to be 
real, and can be found by monitoring the output of counter 
N3 • As discussed above, the Kn, K,n factors are the 
multiplication factors inherent with the type of rate -multi· 
plier (BCD or binary) used. -

Frequency Ratios 
The circuit shown in Fig. 14 can be used to compute the 

ratio of two frequencies, fl and f,. Since the frequencies are 
usually random, care should be taken to condition these 
inputs to ensure that coincidence does not occur at the 
counter command input: Fig. 15- shows a circuit that can be 
used to condition the input frequenCies.4 The inpu t clock 
frequency should be at least 4 times faster than the highest 
input frequency (fl_ or f,). 

From Fig. 14: 

RI = ftlKn-

and 

R, = f,N/Kn 

Then, at equilibrium, RI = R,; therefore: 

N = ftlf, 
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12 

CASE 

E'N 

ST CD4527 

S cO:Ss 

CLOCK 

, C04527 
CASE eR 
EJN CD4089 

- oPt--------"'-' 
21~----------------~ 
22~ __________________ ~ 

ST 

23 

Fig. 14-Frequencv ratios. 

92CS-24866 
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" 

'2 

92CS-24865 

Fig. 15-Retimingcircuit for', and'2 

1 ntegration 

The CD4527B and CD4089B rate multipliers can be used 
as digital integrators by feeding the output of the rate 
multiplier to the input of an up/down counter in the 
up-count mode only_ The system will operate as an integrator 
if the input to the counter is in pulse form. Each pulse input 
to the counter acts as an increment with respect to time, so 
that the counter accumulates the pulse increments. If the 
counter . is large enough, so that the delta increment 
represents only a small portion of the total counter contents, 
then the delta increment approaches a differential and the 
counter accumulates the integral of this differential over 
time. For example, assume that the counter output is N (jl) 
where /l represents the incremental pulse and is monotoni
cally increasing. If each pulse at the input to the rate 
multiplier increases /l by one unit, and the frequency f is 
defmed as f= d/lldt, then the output of the rate multiplier is: 

K~=Kflk dt c 

This relation is the same as that described above under the 
heading "Rate Multiplier Description". 

If the output of the rate multiplier is supplied to the 
up-count input of the counter, then, at a given instant: 

K ~=N(jl) 

But the counter output N(jl) is changing with time owing to 
.. tK ~ h· Its mpu - dt ,t us. 

K-If- = tt" 
or 

Kd/l= dn 

Therefore 
/l 

N(jl)= fKdIl 

o 

Fig. 16 illustrates the principle of integration as described 
above. If the feedback loop scheme is used in Fig. 16 i.e., if 
N (/l) is the program input A to the multiplier: 

/l /l 

N(/l)= fKd/l= f ~ d,.!=A 

Therefore 

or 

o 0 K 

CLOCK 

CASE 

EIN OUT fAlK n 

sr 

CD4527 
OR 

CD40B9 

S C 

+v 

P, 
UPIMOOE) P2 

CD4510 P3 

CD~~16 P4 
"E 
C, 

92CS-248rg 

Fig. 16-lntegration. 

Thus, the rate multiplier can also be used to solve differential 
equations. 

Symmetric Rate Multiplication 

In the previous discussion, the classic rate multiplier was 
used to produce an output pulse train whose period is not 
generally symmetrical. In many cases, the multiplication 
factor 11K is not of the form 1/2n (n integer); thus, a "round 
off' error is associated with the output signal. In fact, if the 
output waveform Is observed on a spectrum analyzer, a 
Bessel distribution similar to that caused by an FM modu
lated signal will appear. In many applications where spectral 
purity is important, such harmonic and spurious outputs are 
intolerable. 

There is a technique, the symmetric rate multiplication 
technique (SRM), that can be used to eliminate rate outputs 
with the above mentioned spectral characteristics. The SRM 
approach yields output rates with symmetrical duty cycles 
(50 percent) and no "round off' errors. The only limitation 
to the SRM technique is the clock frequency. However, in 
applications where limited numbers of frequencies are to be 
synthesized, the SRM approach works very well, and the 
clock or master osillator is not a controlling factor. 
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Consider the circuit shown in Fig. 17, where the input 
clock frequency fc is derived from an oscillator whose period 
is symmetrical (50'percent duty cycle) and whose frequency 
is fIXed. For simplicity, the multiplication factors program· 
med in are of the form 11K, where I " K " 9. The final 
output frequency is: 

fout=fc(+) 

where fout is a frequency whose period is symmetrical. The 
multiplication factors I/K are assumed to be available and 
stored for use at any given time as they are in the C04527B. 

When the K factor is selected, the corresponding AND 
gate is implemented, and the clock signal propagates through 
each divider stage except the +6 (+3, and +2) stages. These 
stages are bypassed, and the remainder, R, yields the 
numerator for the fmal result. Furthermore, the output 
waveform, fout, is symmetrical provided the + 3, + 5, and + 7 
stages are symmetrical dividers. Examples of + 3, + 5, and + 7 
symmetrical stages are shown in Figs. 18, 19, and 20, 
respectively. 

A freqt'ency synthesizer designed to generate the channel 
frequencies shown in Table I· for use in a voice multiplex 

DDD 
CD40SI CD4071 CD4075 

Fig. 17-Symmetric rate multiplier for 1 < K <9. 

In addition, two numbers, Nand R, are defined: N is the 
lowest common multiple of the K factors and R is the 
product of the remaining K factors when one is chosen for 
rate multiplication. The output frequency then becomes: 

fout=fc(+> 
In Fig. 17, the number N is: 

N = 5·7·8·9 = 2520 

Note that the + 2 and + 3 stages are included in + 8 and + 9. 
As an example, to multiply the clock fc by 1/6: 

N= 2520 

R = 2-2·3·5·7 

and 

f = f ( 2·2·3-5·7 
out c 2520 

114 CD4011 

92CM-24877 

92CS-24863 

fa) 

Fig. 18-fa) Symmerr;cal-;'3 and (bJ timing diagram. 
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RESET "' I 
QO 

Q, 

Q 

0, 

aeal 

Ibl 9ZCS·24BSB 

Fig. f8-faJ Symmetrical +3 and (bl timing diagram. 

1/4 CD4011 

lal 
92C5-24864 

Ibl 
92C5-24878 

Fig. 19-faJ Symmetrical + 5 and fb) timing diagram. 

92C5-24862 

lal 

234!5671234 

Ibl 92CS-Z4857 

Fig. 20-(8) Symmetrical';' 7 and (bJ.timing diagram. 

system up through the first (CCITI) group will demonstrate 
the SRM techniques. The numbers listed next to each 
channel frequency are the lowest common factors of that 
frequency. 

In an application of this type, channel carriers must be 
spectrally pure (spurious emission > 70·dB down) and the 
phase jitter must be low (typically";; 1°). From a systems 
point of view, if these carriers do not meet requirements such 
as these, then other system (crosstalk) specifications cannot 
be met. If carriers are synthesized using the classic rate 
multiplier, then requirements such as those mentioned above 
will not be met unless measures are taken to remove spurious 
emission from the waveform after generation has taken place. 
For example, the voice carrier has a channel separation of 4 
kHz, so that the unwanted sideband separation is 8 kHz. To 
eliminate spurious emission with this type of distribution 
requires a critical filter with a high Q (usually 4 coils, 9 
poles). Suppression of FM jitter or noise is another problem 
altogether. The SRM approach minimizes that problem 
because: 

I. Output frequencies synthesized by the SRM technique 
have 50.percent duty cycles; thus, only odd harmonics 
exist, and these are easy to filter out. 

2. The output has been derived from divider chains; thus, 
FM suppression by factors of 20 log N will exist. For 
example, a"+ 2 yields 20 log 2 or approximately 6 dB of 
suppression. 
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Table I indicates that dividers ranging from 2 to 31 are 
needed to synthesize the 28 carriers listed. To synthesize these 
frequencies, a clock whose LCM (lowest common multiple) is 
that of the desired frequencies is chosen; as described above, 

Channel Freq. 
(kHz) 

28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 
104 
108 
112 
116 
120 
124 
128 
132 
136 

Table I - Channel Frequencies 

Lowest Common Factors 
(Divider Stages) 

2,2,7 
2,2,2,2,2 
2,2,3,3 
2,2,2,5 
2,2, II 
2,2,2,2,3 
2,2,13 
2,2,2,7 
2,2,3,5 
2,2,2,2,2,2 
2,2,17 
2,2,2,3,3 
2,2,19 
2,2,2,2,5 
2,2,3,7 
2,2,2, II 
2,2,23 
2,2,2,2,2,3 
2,2,5,5 
2,2,2,13 
2,2,3,3,3 
2,2,2,2,7 
2,2,29 
2,2,2,3,5 
2,2,31 
2,2,2,2,2,2,2 
2,2,3, II 
2,2,2,17 

the limiting factor of the SRM approach is the clock 
frequency. The table shows that the clock frequency 
increases as the number of frequencies to be synthesized 
increases. COS/MOS circuitry is used in this example, and 
since a COS!MOS device normally operates at 10 MHz, felk 
will not exceed this frequency. Table II lists some of the 
many combinations that can be used to obtain channel 
carriers that can be synthesized with clock frequencies not 
exceeding 10 MHz; those not listed can be obtained by a 
number of clock frequency choices. Using Table II, circuits 
similar to those shown in Fig. 17 can be constructed to 
implement this application. 

Many possible LCM combinations can be used to imple· 
ment the SRM technique, as illustrated; however, the 
common factors (dividers) must be bypassed in the synthe
sized frequency, and remainder (R dividers) used to obtain 
the final result. For example, when 72 kHz is to be 
synthesized, the + 2, + 2, + 2, + 3, and + 3 factors are 
bypassed and the + 2, + 2, + 2, + 2, + 3, and + 5 remainder 
used. 
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Table II - Channel Carriers Synthesizable with 
Clock Frequencies Not Exceeding 10 MHz 

Clock = 5,760 kHz 
LCM = 128-9-5=5,760 

Clock = 3,696 kHz 
LCM = 7-11-16-3=3,696 

Clock = 1,768 kHz 
LCM = 8-13-17=1,768 

Channel Lowest Common 
Frequency Factors 

(kHz) (Divider Stages) 

32 
36 
40 
48 
60 
64 
72 
80 
96 
120 
128 
28 
44 
56 
84 
88 
112 
132 
52 
68 
104 
136 

SUMMARY 

2,2,2,2,2 
2,2,3,3 
2,2,2,5 
2,2,2,2,3 
2,2,3,5 
2,2, 2, 2, 2, 2 
2,2,2,3,3 
2,2,2,2,5 
2,2,2,2, 2, 3 
2,2,2,3,5 
2, 2, 2, 2, 2, 2, 2 
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The COS / MOS rate multipliers CD4527B and CD4089B 
can be used to generate many digital functions. These MSI 
circuits are very useful as basic building blocks in low·power 
systems where minimum package count is desirable. Several 
of these applications, such as frequency synthesis and 
instrumentation, require low power and low package count 
to be competitive. Many arithmetic functions can also be 
performed by the COS!MOS rate multipliers with the aid of 
an up/down counter and some control logic. This feature is 
very useful in several areas of numeric control and digital 
processing systems. All of these features, and the fact that 
the CD4527B and CD4089B are part of the standard 
COS/MOS family of digital Ie's, make these devices very 
useful to the design engineer. 
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