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THIS BooK INCLUDES STANDARD  APPLICATION
CIRGVITS AND CIRCUITS DESIGNED EBY THE .
AUTHOR. EACH CIRQUIT WAS ASSEMBLED  AND .
TESTEDP BY TAE AUTHOR AS. THE BoOKk WAS
DEVELOPED. AFTER THE 8ooK WAS COMPLETED,
THE AUTHOR REASSEMBLED EACH CIRQuIT TO .
CHWECK FOR ERRORS. WHILE REASONABLE . CARe
WAS EXERCISED 1m0 THE PREPARATION OF  THIS
Book, VARIATIONS IN COMPONENT ToLERANCES
AND CONSTRUCTION METHADS MAY CAUSE THE
RESULTS YoU OBTAIN TO DIFFER FROM THOSE
GIVEN HERE. THEREFORE THE AUTHoR AwND
RADIO SHACK ASSUME NO RESPONSIBILITY FOR
T™E SuITABILITY O©OF THIS Book'S = CONTEWTS |
FOR ANY APPLICATION. SINCE WE HAUE NO |
CONTROL OvER THE WLsE To WHICH THE o
INFORMATION IN THIS Book 18 PuT, = WE
ASSUHME NO LIABILITY FOR ANY DAHAGES
RESULTING FROM ITS USE., OF COLRSE T |
IS YOUR RESPONSIGILITY To DETERMINE IF |
COMMERCIAL USE, SALE OR MANUFACTURE |
OF ANY DEVICE THAT INCORPORATES INFOR- |
MATION 1IN THIS BOOK INFRINGES ANY '
PATENTS, COPYRIGHTS OR OTHER RIGHTS.

DUE TO THE MANY |WQUIRIES RECEWED EBY |
RADIO SHACK AND THE AUTHOR, IT IS NoT
PossiBLE TO PROVIDE PERSONAL RESPONSES .
T® REQUESTS FOR ADDITIONAL  INFORMATION
(CustoM ClReuIT DESIGN, TECHNICAL ADVICE,
TROUBLE SHOOTING AouoCE, ETC.). IF You

WisSH To LEARN MORE  ABouT ELEe_'rRoulcs,
SEE OTHER BooksS Ie THIS SERIES . AnND
RADIO SHACK'S "GETTING STARTED (N ;
ELECTRONICS. ! ALSDO, READ MAGAZINES LIKE
MODERN ELECGTRoMIGS  AND RADIO-ELECTRONMICS.
CTHE  AUTHROR WRITES A MONTHLY CoLumna,
“ELECTRONMICS Morsswk," FOR MpPERN ELECTROMCS
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)
CINTRODUCTION

DleITAL ELECTRONCS 1§ THE TECHNOLOGY THAT
MAKES PDSSIBLE ELECTRONIC WATCHES, CLOCKS,
CALCULATORS, COMPUTERS AND MANY OTHER
DEVICE §, THE CIRCUITS IN THIS BOOK PROVIDE
A BASIC INTRODUCTION TO DIGITAL LOGIC AND
DIGITAL ELECTRONICS. MAWY OF THE CIRCUITS ARE
SELR-FUNCTIONING AND REQUIRE NO ADDITIONAL
COMPOMNENTS OR CIRCUITS. SOME GIRCUITS, How-
EUER ARE DESIGNED TD RE CONNECTED TO OTHER
LOG\Q CIRCUITS. TO SIMPLIFY THIS PROCEDURE
AND TO ENCOURAGE EXPERIMENTATION AND
PO -IT~ YOURSELF CIRCUIT DESIGN | MANY METHODS
FOR INTERFACING Logic cuzcvn's wiTH ONE
ANOTHER AnND WITH EXTERNAL COMPONENTS ARE
INCLUDED, AS FOR THE CIRCUITS, INTERFACING
AND OTHERW\SE, EQUAL ATTENTION 1S GIVEN
TO THE TwWO MOST POPULAR LOGIC FAMILIES,

L TTL AND CMDS. SO THE MAXIMUM NUMBE.R OF
CIRCUITS CAN BE INCLUDED, OMNLY ESSENTIAL
INFORMATION 1S PROVIDED. THEREFORE YOU SHOULD
DSE THIS BOOK IN CONTUNCTION WITH OTHER
RADIO SHACK BOOKS, ESPECIALLY “GETTING
STARTED IN F_LECTRON\C.S “ AND "SEMICONDUCTOR

REFERENCE GuUIDE."

SWITCH LOGIC

DIGITAL LOGIC CIRCUITS ARE COMPLEX NETWORKS
OF TRANSISTOR SWITCHES. THE SIMPLEST LOGIC
CIRCUITS ARE CALLED GATES. EXAMPLES INCLUDE:

~ AND GATE OR GATE
W A E . I A

= T

A'AND" B = LAMP ON A'oR'8 = LAMP ON

5



TRANSISTOR LOGIC CIRCUITS
THESE CIRCUITS SHOW How TRANSISTOR SWITCHES
CAN BE USED TO FORM FOUR OF THE SIMPLEST
LOGICAL DECISION CIRCUITS OR GATES. EACH

CIRCUIT INCLUDES A TRUTH TABLE THAT GIlVES
THE OULTPUT FOR ALL INPUT COMBINATIONS.

AND GATE  NAND GATE

@1,02:282222 Y LV

4K
ouT
A Qi
ouT
N
4.1K
L Q4,QZ: v L
- OR GATE NOR GATE
QL,Qz: 2nv2227 YOV AB '
} 3
10K | Tee .
A QL o 4K
+bt+b o
oqu

QL Q2 1n2222




BINARY (TWO- STATE) NUN\BERS

' THE TRUTH - TAELES onN THE FACING. PAGE GIVE‘
AUNPUT AND OUTPUT STATES AS +6 UOLTS AND
.0 voLTs (GRoumD). THESE TWO STATES CAN
EE RE_PLACED BY THE DiGITS 1 AND O:

ABIAND [nAND ] OR |NOR_ THE SEQUENCE of

,00 e 1 | O A INPUTS  FORMS

ol o 1 | .| o _ THE FIRST FoUR -
- 10| o | 1 1 | o - NUMBERS I8 THE
%1.1 1.I o 1o B\NARY S\/STEM

"omga 2- mPuT LOGIC GATES INCLUDE *

ABlEXCWSIVE  OR |EXCLUSIVE moR

. Do , 0 ; 1
o0t 1 S 0
1o| 1 0
11 S ‘O ~' 1

A E\NARY DIEIT (o or1) s CALLED A BiT..
PATTERNS OF ' BITS CAN REPRESENT  DECIMAL
NUMBERS, LETTERS OF THE ALPHABET, voc.TAGES
AMD OTHER lNFORMF\T\D!\) FOR EXAMPL.E

»EC\MAL BINARY Bco BCD 1S BiMAR\l—
' O |00 O00|00O0O0CO0O CODED DECIMAL. '
1 |000DL|00OC 00001 BCD PROVIDES A

.2 0010|000 00O0 1L 0O SHORTCYT whayY
3 Jooitloooo0o00LL TO DISPLAY
4 |0L0OD|I0O0OOO0OLOO DECIMAL NUMBERS

5 J0101{0000I01 0L ON CALCULATOR
6 |0110/0000;01L 0 AND WATCH

7 011 L[0000I0O1L L1 READOUTS. EACH
8 [L0ODO|0 0001000 DECIMAL DIGIT

9 |[tootjooool1 001l IS REPRESENTED

10 |1010/000Q1]0000 BY Y BITS.

11 |1tottjoootiooot S
12 [1100(0001;,0010 NBBLE" . 4 BITS
13 11L01]00011001L 1 WORD ! 8 RITS
.14 {1l t10j0o0D1;0100 ; S
15 |1 t11]0o001j0tLt 01



LOGIC GATES ;
AND GATE  NAND GATE

ouT ouT

NOTE @
0= LLlow)
1 = H(RIGH)
L=+
H=tVoLTS

NOR GATE

OuT.

LL
LR
HL
HH

CEXCLUSIVE OR EXCLUSIVE NOR

A : :
oY ouT
B , ‘ :

A

. BX-0R USED FOR BINARY MATH.
(COMPARE HALF-ADDER ON P. 20
WITH Ex-oR ON P.18.) GoTH
USED TO COMPARE 2 INPUTS.
If EQUAL, THEN OUTPUT IS L
(Ex-0R) OR H (EX-NOR).




ouT
ouT
=‘C.O’NTR‘DL
ouT
9

Ty Idad o

c

AlovT

STJTSdT T
J4zxT 4T X
Juddgxxc T

AgclooT

INVERTER
C
A

}\MVERTER:

OTE:
ADD 1WPUTS

. 1TO CREATE
MANY NEwW]

GATES,

[
2
©

N
= cONTROL

TITITTI S SN

¢

JTJITJd T IJT
JdrTlddrT
LLLLHHHH«

<9

INPUT NAND Z-INPUT NOR

___

,3y3 cwy

' i‘*A‘&,C ouT

3-STATE LOGIC
RUFF ER

 éBUFFER



TTL AND TTL/LS LOGlC FAM ES

TTL (TRANSISTOR-TRANSISTOR LOGIC) AND -
TTL/LS (LOW-POWER SCHOTTKY) CHIPS ARE EASY
To USE AND REGUIRE NO SPECIAL HANDLING
PRECAUTIONS. TTL CAN CHANGE STATES 20,000, ooo
TIMES PER SECOND. TTL USES LOTS OF Pow&r«’.
AND INDIWVIDUAL GATES CONSUME 3 OR. MORE -
MILLLAMPERES. TTL/LS 1S SLIGHTLY F—ASTEK
AND USES 80% LESS POWER,

OPERATING REQUIREMENTS
1. Vee (POSITIVE SUPPLY) MUST NoT EXCEED 5.28 VOLTS

2. 18 PUT S\GNAL MUST NEVER axcr:&D \/c.c moﬂ
FALL RBRELOW GRoOUND. ‘ ~

3. UMUSED INPUTS NORMALLY ASSUME THE HIGH (h)
STATE, BUT THEY MAY PICK UP STRAY SIGNALS .
CONRY EC.T THEM TO Vee. :

H, FORCE OUTPUTS OF UNUSED GATES H TO
SAVE CURRENT. SEE TRUTH TABLES oM PP.B-9.

5. TTL GATES CAUSE MNOISE SPIKES ON THEIR
POWER SUPPLY LEADS WHEN THEY CHANGE STATES
THESE SPIKES CAN BE REMOVED BY CONNECLTING.
A 0.01 TO 0.1 uF DECOVPLING CAPACITOR -
ACROSS THE SOPPLY PINS OF TTL AND TTL/LS
CHIPS. U%SE AT LEAST oNE CAPACITOR FOR
EVERY 5 TO 10 GATE PACKARGES OR 2TD §
COUNMTER AND REGISTER C(HIPS. DELOWUPLING
CAPACITORS MUST HAVE SHORT LEADS AnD BE
CONNECTED EROM Vee TO GROUND AS CLOSE AS
POSSIBLE TO THE DECOLPLED <CHIPS,

b. AvoID LONG WIRES IN TTL AND TTL/LS CIRCUITS.

7.1F THE POWER SVPPLY IS NOT ON THE CIRCLUIT
BOARD, CONNECT A L TO 10 mF CAPACITOR ACROSS
THE PowER LEADS WHERE THEY ENTER THE BOARD.
10



) S
POWER SUPPLIES

TTL C\Rcuij’s REQUIRE A 475 TO 5.25-VOLT
SUPPLY. BATTERIES CAN BE USED To POWER A

FEW CHIPS. OTHERWISE A LIN
SUPPLY IS MODRE ECONOMICAL

£E-POWERED
AND REULIABLE.

EATTERY POWER SUPPL!ES

; ~NJ . tSV
o {J/Cr 1 CL:1T010LF
B’ = St bt _fr _dr C2 .1 uF
v et T cz D1 {NHOOL
' T » GND

oo
E DSE HEATSIMK
: pil I St IE NECESSARY.
BL S o TROS |2 : +Sv
12y — ce T ce I
‘ 1000 uF .l/uFT
35 v 13 > GND
LINE POWER SUPPLY o=
{ 7805
D1-DYy ! DL D2
lndoot 132
OR USE
BRIDGE
RECTIFIER| D3 Dy
MODULE. USE
TCIVEEE SR SUPIRY ct HEAT-
;QL 3,000 uF, 35 v 1+ SinkK
(R 2-L000 F 1 PARALLEL) / |
: i
CAUTION: DO NOT WORK END 2
DN THIS CIRCUNT WHEN 1805
POWER CoORD \S INSERTED = C2
IN A WALL SOCKET! t L uF :
INSULATE ALl CONNECTIONS, +5V_ ; |2

i1



TTL INPUT INTERFACING

NON = TTL-TTL/LS CHIPS AND COMPONENTS
CAN  SUPPLY INPUT S\GNALS TO TTL-TTL/LS
CHIPS F THE OPERATING REQUIREMENTS
ON PAGE 10 ARE ORSERVED., THE CIRQITS
RELOW SUPPLY CLEAM, NOISE-FREE PULSES TO
TTL-TTL/LS CHIPS., THE INVERTER IN EACH CiR~
CUIT REPRESENTS A TTL OR TTL/LS INPUT,

CLOCK PULSE GENERATOR

+Sv + 5V
A A

R3 TTL= TTL/LS { '

5K 4 8 ¥ : : ;

‘—{3 >o—+.|—LJ—U"L ;

RL ‘ o
100K i o

, 555 R1i PERMATS

R2 e . PULSE RATE
i ' TO 88 VARIED, !
z FOR  FULL DETAILS
cL SEE “"ENGINEER'S
OLuF L MINI-NOTEBOOK~
558 T\MER &

- -

4 L crreuiTs "(P.7).

BOUNCELESS SWITCH

+5Sv. +3y  Si: LSE

A CENTER
RETURN
TOGGLE,

AN

TTL-TTL/LS

OUTPUT‘T
! FouLOows

E s S1.

l?— - =




)
PHOTOTRANS\STOR TO TTL

,+5v +t5v +5v +5vy

R2
TTL/LS 1.5K

Y
H
i
H

Qi IS A GAIN
STAGE FOR MORE
SBNSITIVITY,

o

TTL-  *MAKE RL IM
TTL/LS FOR RIGHER
\ SENSITIVITY

o

RESPONSE.

COMPARATOR JOP-AMP TO TTL

+t5Sv  +Sv +3v t5v
A R2: OK TO ULSE
SENSITIVITY OTHER INPUT
CIRCUIT TO
R3 REPLACE Q1.
[ 4K

TTL LS
R3= 33K
A R4=4.7K
= = 7 17

BUT SLOWER



TT L OUTPUT INTERFACING

TTL CR\PS RAVE AN OUTPUT DRIVE CURRENT OF
UP TO 20 MILLIAMPERES IN A SINK (outPuT Low):
CONF\GURATION, SEE DATA FOR SPECIFIC CHIPS,

LED DRIVERS

tSg v : +5V tSv

*
TTL

= LED ON o T LED ow

WHERN OUTPUT LOW, WHEN OuTeuT A\&H
THIS ARRANGEMENT LESS DRIVE cuRRENT
G\WWE S HIGHER OR\WE BuT OK FOR HieH-
CURR ENT, BRIGHTNMESS LEDS. |

R1 <CONTROLS DRIVE CURRENT IN BoTH
DRWERS. WHEN Vec=5 VOLTS AND RED LED (s

USED, R1=3.3/DESIRED LED CURRENT. EXAMPLE: . .

FOR LED CURRENT OF 10 mA, R=3.3/01% 33051."

PIEZOELECTRIC BUZZER DR\VERS@

+Sv +SV +5V rSV
TONE WHEN *

AN
TTL Pz

= BUZZER = ELEMENT
BUZZER DRIWE CURRENT USE TO CONVERT
SHousD NoOoT EXCEED REPETITIWE INPUT
AVAILARLE QUTPUT PULSES TD SOUND..

CURRENT FROM TTL CHIP  ANY TTL INPUT OK.
14



TRANS\STOR DRI\/ERS

.

+Sv+5v ff“+sv; | +sv

oat
TTL . 2MN2222

TTL  2n2222

R\IL s voz.r : :¥ :
RE LAY | \ :
DL Lo
YRR mqwcﬁg,gu;
2N2222 b

RY1

N R

TTL 1K . o i,f‘

]
d

SCR DR\\/ERS R
CUHBV. gy #5V EV 48V 4y o
?.uzut ‘ .-

SCR SUPPLY (+V) CAN EXCEED +5V. SCR STAYS ON.
WH&N TR\GGERED UNLESS FORWARD CURRENT

FALLS BELow SCR HOLPING CURRENT (I.).
: 15



TTL NAND GAT‘E“C\RCU\TS

USE 7400 OR 7400LS GQUAD NAND GATE . Pw‘
. NUMBERS ARE GIVEN FOR CONVENIENCE. [F |
DESI\RED, mo\wouAL GATEs CAN BE REARG’.AMGED“

CONTROL GATE




jWNVERTER

+5y

AjovT
Y 1 T
. oot Kl L

USE WHEN STANDARD =
IMVERTER UMA\)A\LABLE.

0.
c
-

XhTX o T

rXEE x|
AT R
FXT xip:
FrTIElc




E)(CLUS\\/E-OR GATE

+Sv

A o

‘;E:C

EXCLUSIVE - NOR GATE

+5vV

18



RS- 1

) ‘ [
- L CoisALLOwED |
Ll omeog
wel oon
HH

=N
-

| = med:
RS LATCH, L

 lerNoRES
CINPUTS, |

. - F —ee” J400 ;‘ R < SR,
. R FoLLOwWS D (@=D) WHEN ENARLE (E)i(§ .
o HAWGH . D DDES. NOT .CHANGE \WHEN EBols oW




BINARY HALFADDER

12

/4
7400

4+ 4+ + +
~OROD
wow wy -
QHHO

HHOO

: o 13; B
BCD DECODER

l.‘

4 B AnD ¢ | ABcDlour
INPUT GATES] H LLH| Lo .
FUNCTION AS| X XX X| H
INVERTERS. | : U ;
R - Joney Lood
G\VES O ouT..
ADD OR REMOVE
INVERTERS TO
INPUTS TO.
DECODE ANY,
H-BIT INPUT.




" SWITCH DEBOUNCER

| +Sv |

~ DUAL LED F

ETC.

3 OUT

 ToGGLE S1

- TO. PRODUCE
 CLEAN, NOISE
' FREE 'PULSE
AT OuUTPUT,

C USE TO TRIG-
GER FLIP- FLOPS

‘7

R1

49K

RZ.
H K

i/4

7400

7

- R3

S

e

=

\ G

SECOND.

¢L
Y4IuF

:\Ji Y4 puF
K
FLASHES TWICE PER

INCREASE
: C..L AND C2 TO Siow.

| LEDL

LED 2

71



- ADDRESS g

TTL APPL CAT\ON C\RCU[TS

THF_ CIRCU\TS THAT Foc.t.ow

ILLUSTRATE How

TTL CHIPS CAN BE EASILY INTERCONNEQTED -
- TO Accor»A?usa MANY D\FFERENT APPLICATIDNS..

1-OF-2 DEMULTIPLEXER

45V 4BV

IN

YNPUT BiT AT DATA IN
IS STEERED TO AoR B
ouT PUT BY THE
ADPRESS BIT.

E XPANDER
+ 5V

14
L |t/e 2
1HeY -

14Dy

i

22

DATA |ADDRESS |

TrrEcie -

A
L L L
K L M
L K ]
H H H

USE TDO PROWIDE
MULTIPLE OQUTPUTS,
EACH WITH SAME
DRIVE CAPABILITY AS
SINGLE OUTPUT., USE
FOR LEDs, mAwssswg
DRIVERS r;-rc,,\ ‘



?
?.*H\l PUT DATA SELECTOR

ADDRE.SS
(PATA SELECT)
o ADDRESS | A |

C

_i‘

ouT

E

Lo
A

SELECTED INPUT BIT (AOR B) IS STEERE D
TO OULUTPUT. CIRCUIT CAN BE EXPANDED.

"LOGIC PROBES

+sv - B | i oUT
- L | reD
R lereen

BiCcoLOR
LED




UNANIMOUS VOTE DETECTOR

+5V +5V ’ +€V,“
— A
St
3
<»GQ}~
USE N FRAWL—SAFE
ST SYSTEMS, INTRUSION

ALARMS, VOTING
o MACRINES, ETC.

-

:/ T -~ 1
3 1- ] ~ Al
: THOH

USE POWER SUPPLY
Sk DECOUPLING
e CAPACITORS |F
S life b .
! o/o 1L°q LzSW\TCH LEADS ARE LONG.
11ltle
s7 1/4 oog
400 1 4
q 1 © 8113
'—O/O'—'mﬁgq ”
sg < =

|
tl'

WHERN ALL INPUT SWITCHES ARE CLOSED, THE
LED GLOWS. I|F OUTPUT 1S SENT TCo OTHER

LOGIC, TIE INPUTS OF 8 7404 INPUT INVERTERZ.
TO +SV THROUGH 4.7TK RESISTORS.

24



)V\DE BY N COUNTERS
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. . . B
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2[NGH'B£D COUNTER

IN

+ BV

s

7490

oR
74 L5930

%

12

'4-5V

he

—

i1

1

14

t5v

5

COMMON ANODE

LED~DSPLAY“5\‘;;~é’

1490

OR
I4L8 80

12

7947
oR
7405 47

¢

%%%§%%%

:_Lg

+ 8V

te

Y
><

1,

q

44T
OR

NHLS YT

8

1L

__I__J.o

-

l

NEXT

STAGE

R13
15 AAAL

R1Y
114 AAA\__3

328 E

-

g

| USE TO COUNT PULSES. _L?
FOR MANUAL ENTRY
DSE ROUNCELESS SWITCH,

26
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R1-R14
4170

 TIMER : CONNECT 558 oscm;AToR TO. uupuxﬁf;




DISPLAY DIMMER /FLASHER
5V ; - e
T ; o Sl ctose
, : : ; . TO DM/
ct N  FLASH.

k JEAIAN ' 3 |l/e Y
i 2 3 T
4 HV>O }{ 7404 s 10 LED

DISPLAY .
o : : ~ DRWER
RL £ ' : RL 2 Y & BLANKING
4.7K 4K ot INPUT,
L ‘ o T/ | 497

= PIN 4,

DIMMER V0L, C2 T oL uF ~
FLASHER €.1 L= H’),uF (2 FLASHES PER SECOND)

 THIS CIRGUIT WiLL CONTROL 7447 DECOPERS ON
- FACING PAGE (CONNECT PIN 4 OF EACH 7447 10
OUTPUT OF DIMMER / FLASHER). ,

0 TO aq SECOND/MINUTE T! N\ER

t5v

THIS C\Rc‘.u\f‘\’ CAN
FUNCTION AS DIMMER/
FLASHER (SEE ABOVE),

> TO 1490, PIN 14,
ON FACING PRGE.

555 SECONDS ¢ CL= 33,F
MINUTES: CL=12204LF
CALIBRATE WITH Ri.

RESET TO 0OO0O: USE
SWITCH TO CONNECLT .
PIN 2 OR 3 FROM

A GROUND TO + S5 VOLTS
- BND THEN TO GROUND.
27
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‘CMOS LOGIC FAMILY

CMDS (COMPLEMENTARY METAL-OXIDE = SILICON)
LO GIC CHIPS CAN CONTAIN FAR MORE FUNCTIONS
PER CHIP THAN TTL AND TTL/4S LOGIC CHIPS.
THOUGH STANDARD CMDS 1S NOT AS FAST AS
TTL LOGIC, IT CONSUMES CONSIDERABLY LESS
POWER A SINGLE CMOS GATE CONSUMES 0.1 ’
MILLIAMPERE. MOREO\/ER ' CMDS LOGIC CAN RE
PO\WERED BY A WIDE supm.y VOLTAGE (31-019,
Vo LTs). A MATOR DRAWBACK OF CMOS IS ITS.
;\;uuueaAs;Lny T srA‘nc ELECTR\QITY. L

OPE RAT\NG REQU REN\ENTS

1 Voo (Posmue SUPPLY) MUST NoT EXCEED 15
vours (srmomo GMOS) OR 18 VOLTS cs semss)

2. INPUT S\GNAL MUST N§VE EXC&ED v,,., NOR.‘
FaLL BELow GROUND

:5. UNUSED INPUTS w)u. PILK UP STRAY SIGNALS |
AmdD CAUSE ERRATIC OPE.RATIOM AND EXCESSIVE
PO WER CONSUMPTION. ALL UNUSED [INPUTS MUST
-BE_ CONNELTED TO. Vba OR GROUMND, ~

i N POSS\ELE, AVDID  INPUT snsmm.s THAT
CHIANGE STATES SLOWLY SINCE [THEY JNCREASE
POWER CONSUMPTION. RISE AMD FALL TIMES
FASTER THAN 1S M\cmsewNDS ARE. BESY.

5. ™HE r—rzeaur;mcv of -me INPUT StGNRL MOST
NoT EXCEED THE MAX/IMUM OPERATING FRE- ,
QUENCY OF A C€MOS CHIP, A STANDARD CMOS
CHIP HAS A TYPICAL MAXIMUM RESPONSE OF 1
MH 2z WHEN Vop=™ 5 VoLTs AND 5 MHz WHEN
NVop = 18 VOLTS. ‘ ; ; ,

L. MEVER cowwear AN ;NPuT S\él\}AL -ro A
 CMOS CHIP WHEN THE POWER 1S OFF,
CNEVER REMDVUE POWEK TO A CMDS CHIP wHEN :
BArD INPUT S\GNAL .\S  PRESENT. ... .. .. i
28 ;



HANDLING PRECAUT\ONS

'L A\:om ‘\‘OUCHIMG THE. PINS oF CMos cm?s-,‘ :

: iz NEVER STDRE CMos CHIPS N NDN CONDUCT\VE
Y;PL.AST\Q nzms EAGS FOAM o& SNow. -

3. PLACE CMos CHIPS PINS DOWN ON AN ALUM\NUM‘

- L Foin SHEET OR TRAY WHEN THEY ARE NOT IN A

»,1C1Rc.urr OR STORED w choucr\vE FDAM‘_i

?,'-L Maueg leTau. A CMOS cmP w A cuzcurr
CWHEN. POWER 1S - APPLIED. NE.VEK R&Movai
A CMOS CcHIP FRQM A c.mc.m‘r wHEN PDWE.R
1S APPLIED. .

. 5. Us& A BATTERY-POWERED IRON 'ro‘ MRAKE & .
. SOLDER CONNECTIONS TD A CMOS CHIP. AN
SAL Powa&so IRON MAY BE USED |f THE TIP.
Doas NoT‘ CARR.Y STRAY VOL_TAGE.

| PO\NER SUPPL\ES o

Mosr CMOS CkRCU \Ts CAN EE PowE,RE.D BY.
. BATTF;R\\ES., GENERALLY OUTPUT DEVICES LIKE .
. LEBDs, LAMPS, RELAYS, ETC. CONSUME MUCH A
- MORE. POWER THAR THE CMOS. CHIPS . mp;r i
Da\vc-. THEM. T T

BATTERV POWER SUPPLES |

~ Ve (FVY
I e don o e AUE I RS
L BL - st :£=;£‘ CL:;i;uF CC2i0.Luf
= L CA €2 ' - S
T__ 5 j\enowo

&x ks 3 T™ 15 VDL.T &ATTE&Y, c& AND cz ARE

OPTION AL, USE WHEN LEADS TO R1 ARE LONG.

OK TO USE 7805, 7812, OR 7815 REGULATOR CHIP

IN BATTERY SUPPLY oeo P.1t.. B
29



CMOS INPUT INTERFACING

| NéM~CMOS CHIPS AND cwm’ne’m CAQ
SVPPLY INPUT SIGNALS TO CMOS. CHIPS IF THE
OPERATING REQUIREMENTS ON PAGE 28 ARE

DBSERVED., TRE FINAL INVERTER IN: BEACH ClRaCUlTA '

BELOW REPRESENTS A CMOS wPuT

CLOCK PU LSE GENERATORS

e L B

< ez J_ B FIXED FREQUENCY .
USE 4ottt IXK f C2 L OSCILLATOR, XTAL
FOR LESS q1 " 41T 1S 3.5795485 MH=z

T vower UsAGe. pF T pF T COLOR Tv CRYSTAL.

ROUNCELESS SWITCH

; Si: usE
" Vopp : ‘ . Npp CENTER
R2Z : RETURN
100K TOGGLE.

ooreurd |
. FOLLOWS .
-3 S

-
o)

i

"



.;PHOTOC ELL TO crv\os

‘ : f I\IDD . Nwmp R3 - Voo
DL . S A
o <~ ; : : cMos
CRL S sENsMuTY | PCIC4S PROTOCELL :
SQK Ao:usr f : ,

—
-

PHOTOTRANS!STOR TO cw\os

COMPARATOR/OP AMP TO CMOS

Vnol Vnol Voo 1 Voo 2
o AN A R2% SENSITIVITY

Q1, R1:
TYPICAL
INPUT.,

USE D1, D2 Z& P2
| 'F Vo1 Lo
- L ERCEEDS Vpo 2.




"*ffc:Mog OUTPUT INTERFACING
"f'moucH CMOS CHIPS RAVE LIMITED DuTPU‘T

| CURRENT, MANY OUTPUT DEUICES CAN BE. .
. DR\\/EN wm-k mr: HELP oF EXTEKMAL cow‘owems .

“ilN CREASED OUTPUT 3

COMNEC’.T Tvuo o& Mos.e? .
GATES IN: PARALLEL 1o
mcLREASE QUTPUT | . ..
CURREMT, TWO GAT'ES
SHOWN HAue ABOLT. .
DouaLE. THE ouTPuT AS
A SINGLE GATE. THE
Ho4a AND HOSO HEX
L INVERTER AND EuFFER
- Gwe, HIGH oUTPuT’

“‘;JLED DR\VEQS

Veogosemes Voo f Voo g-sgries
CMOS ONLY. CMOS ONLY. .

LED WITHOUT RESISTOR FOR Voo £4.5VOLTS ONLY.

USE WHEN Vep > b VOLTS AND =
TO SET LED CURRENT. FOR _\.fsa:i_l. S
Rﬁ.o LED AT 10 mA (o o:.A) R=__ .ot oo



TRANSISTOR DRIVERS

Ve Viop

- Vpp:

}Vcc -1.7 Vee=1.7

N
CMOS 1K

* at-2nv22zz T T

: ng ' o ’VCC
A . . 4&

—_—
~

. Vee AN BE > OR < Ubo. SELECT L1 AND RY.
. ACCORDING TO Ve, ' :

SCR DRIVERS

’ VOU oL Voo +V Voo ’ +V

2N2222 1

Ri
CHDS 1K

- Loap: 1K
LAMP, MOTOR, ETC.

= -
- »

SCR SuPPLY (+V) CAN BE > OR < Voo, THESE
CIRCUITS IRENTICAL TO TTL VERSIONS ON P15,
: ~' 33



? cMogrmm>memmmws

U$E. 4011 QUAD NAND GATE. OK TO REARR.AMGE ,

. GATES. ALL DNUSED INPUTS MUST GO 1O VB,, :
OR eeouub Voo 2 +3 TO +15 vOLTS. FOLLow
CH0S | a-woouus ; PP-E.(’.A(JT:ONS‘ Do a e

'ijONTRmﬂeATE




4-INPUT NAND GATE

+5v

——

. ~

INVERTER

+ 5V

USE WHEN STANDARD
INVERTER UNAVA\LABLE,

-

NOR GATE

+5v

A 1/4 3
E 4oll
B o { 1/4 1
' 4o11

d




SWITCH DEROUNCER

TOGGLE St

TO PRODULE

CLEAN, NO\SE
FREE QUTPUT
PULSE,

St o

USE TO TRIGGER
FLIP-FLOPS, o
COUNTERS, ETC.

ONE-SHOT TOUCH SWITCH

R1 R2 Voo
100K 10 M A
i___/\/\/\ FAVAY,N
14 ouT
| 1 .
' 1/4 3 f
| do1t :
; 2 2
BRIDGE TOUCH )Ci -
WIRES WITH - 10m
FINGER AND —
QUTPUT wWiLl
GO HIGH FOR 4 AMA_LS
ABOUT L R3 174 “
SEcOND. 100K || 4011
REDUCE Ci's e ,
VALUE TO T FOR 4S SECOND
REDUCE DURATION L DELAY, LeT
OF OUTPUT PULSE. = Ci=4r0mxF

3



STANDARD TOUCH SWITCH

R1 | R2 Vop
100K {0 A\ RESPONDS
} AN A WHEN ENABLE
14 19 MIGH.
| 1
e 1/4 3 I
TOUCH TO [ENABLE 0. 4011
G\VE RIGH (WhEN W) 2 ouT
OWTPUT, 7

e
—

X-10 LINEAR AMPLIFIER

' Voo To AvolD HIGH -
GAIN= R2Z/RL A EREQUENCY OScil-
o 14 LATION, USE 4oua,

¢4 R1 1 o

0L 1M (VBN S ;

, oM - Hott ° . &
RZ :

EVAVA 7 ioM o

, FAVAVAN
IN o

| |
T our

LAMP FLASHER

\\.//

((.l

FLASHES oONCE
" PER SECOND.

1 5
1/4 3
4011 /-
R
INCREASE C{ 100K L
TO SLOW RATE, - MOSFET =~

@

27



SIMPLE OSCILLATOR

> JUL
- DU‘i‘:‘
1:KH'z

SQUARE
, WAVE

Ri: ADDS
smsu.nv :

__>_ﬂﬂ_

ouT:

L 1 KHz
SQUARE -

WAVE.

. ENABRLE

WHENo—L]
K6 H

+9v
A
ENRAGLE
WHENGL]
H\GH
, _
At
R1L ct T
iMm 44,

LED FLASHES 1-2 M= WHEN ENABLE IS HIGH
ANID GLOWS CONTINUALLY WHEN ENJABLE 1S LOW.
L=



GATED """ TONE GENERATOQ

Vop 3
Ei BnARLE WHMEN HIGH. A 20
14 CONTROLS
TN q'VoL.uME
eyl
M S0k
cL T |

is?EAKER EM\TS 3(05HZ o
 TORNE WITR VALUES
SHOWN. INCREASE Cil
TO. REDUCE FREQUENCY.

5180.YL WHEN Vg = 4V,

R3 MUST BE AT LEAST I 11
= LTN

DUAL LED FLASHER

Y ot

C2N2222

82 SPKR |

1

‘Vbb‘, RA
A K

| ;L.E..Dys FLASH ALTERNATELY
ABOVUT ONCE PER. SECOND.

RL 1
4K

r_/v\/\ ; 2
2 ¢4 el
cL ez
' 10Q mf
R2 _
4.1k )
L AANN{8 12
R3 |
K 9
_jw\_____‘_."’

(REDUCE TO
INCREASE RATE)




CMOS APPLICATION CIRCUITS
THE FOLLOWING CIRCUITS ILLUSTRATE THE

VERSATILITY OF <MOS (0GIC CHIPS. ALL
UDNUSED INPUT PINS MOST GO TO Vpp OR GROUND,

RS LATCH
Voo . _ o ; Q

H H [pisaLLOwED

PHASE- SHIFT OSCILLATOR

1KHz: R=3.3K | (= Q‘i/MFi
3z
R
PINS 2,4, L2 LU

-y P .

e < T

. USE 3/4 4oil FoR L | | -
LESS CURRENT DRAIN. ~ Holil GIVES BETTER _JLIL .

PIMS 3,57 AN

LOGIC PROBRE |
Veo

Voo Ri! TABLE GWES VALVES FOR. ;
~SwA LED CURRENT, ~

‘ L Rt :

: S y ‘ : ‘:
otk ;

y 13 Voo | R4
RED, SV | 680

A tov | 1.5k

N ysv] 2.2k




4-BIT DATA BUS CONTROL

CONTROL: Voo
L= OFF ’l\
H=ON H0bb ‘1"‘
A o 1 o 2 A
B o ul 00— 3 &
C o8 oo T : i s e
D o uﬁoﬁ T : : 10 D
DATA ! ' ' 7 DATA
IN

CONTROL o

12 | |5 13

1-OF -4 DATA SELECTOR

Voo

UNSELECTED
ADDRESS INPUTS
(3) MUST BE L. HOWLb Bl
A o1 oo
‘ g o—0H3 oo T 3 ‘
DaTA 'T ! P,
IN ¢ o8 OB | 9
T ' l DATA
b o—H o5 L lwo ouT
| | I
T i | ] 7
] | |
rz Lto; J)s CLiB |
ADDRES S| DATA =
DCRAI ouT D ¢ B A
L LLRi A ONLY THE
LLAL] B DATA SELECT SELECTED
LRLL ¢ (ADDRESS IN)  ADDRESS CAN
HL ool o BE W.

41



{-OF-4 SEQUENCER

THE 4 OUTPUTS /\/\/\__0_4\/{:

O F THIS CIRCUIT . Ry R2Z
GO H\GH IN rcL AK | AM R3
SEQUERNCE | ALL T 1.F ; ; % 5K
OTRER OUTPUTS 2 _je 17 '
REMAIN LOW. ‘ 4 '
RZ. CONTROLS 1| s58585 | | toev
THE SEQUENKE , :

RATE. FOR MORE 7 8
DELAY INCREASE
c1 TO 47 mF, 3
QUTPUTS CAN. 13
PRIVE LEDs, ETC. }—13 .
4o17 DECADE ‘ 1 14
COUNTER IS A 4013
SAMILAR IN
OPERATION AND _L
\N CLUDES 1-0F-10-
DECODER. '

‘ 1iz
q qo13 10

1- OF-H

DE<ODER | ~ 1
\ o142 } 3 =




SHIFT REGISTER

CSERWAL 5 Slp
. DATA IN | 1/2 Hot3 Vo
. CLOCK 3 : y__T
- o— | s R Q

, , L 4 t A

: ; | e 1

TRIS v\ A | SR £ q o
SERWAL INJouT, i 0
PARALLEL ouT 1/2 4013
SHIFT REGISTER, :
INPUT DATA 7
B\TS ARE a
CYCLED THROUGH | s =B
THE 4 FLIP<FLOPS ' S i
AT A RATE OF 3 ]
L BIT PER ‘ 1/z2 4013 Voo
CLOCK PULSE. ‘
AN INPUT BIT | ; , 14
APPEARS AT 2 Rq a
THE D ouTPUT , it - C
AFTER 4 b 8 10 q
CLocK PULSES, | 11 )
THE LATEST 4 112 4o13
INPUT BITS B
APPEAR AT THE | ;
PARPLLEL =L Q

OUTPUT 5 (A,B‘c‘oi.‘ : [13 | > D
COUNT TO N AND RECYCLE

Voo 8 7 ¢ S 4 3 2 1 0O 1o

L Tq To Ts TL, Tw Tv T« Tz Ts N

16

FoR N=q ﬁ 4017 is
CLock o4} GRounD PIN L5, '

USE OuTPUT B _ts
BUFFERS TO DRIVE EXTERNAL DEVICES,

—
-

L3



PROGRAMMABLE TIMER

tov
A

P2 BUZ2ER SOUNDS AFTER
PRESET DELAY. TO ADIUST,
SELECT 2-UN\T DELAY

RESET CIRcuIT, AND USE

<) Y WATCH TO ADTUST RZ2 FoR
EXALCT ELAPSED TimE. .
OK TD USE OTHER OUT-
PUT DEVICES, FOR StL—
555 MINUTES @ Cl = 220uF
SECONDS | C2= 3.3 uF
3 o : . ‘
NoRMALLY
CLOSED v
1 V4 A
Ry
S1: PUSH 41K
TO RESET. ;
8 1S 16
E 14
DELAY umITS! bo1? ;
~ 12
1 2 3 4 5 6 8 9 tof
3 4 7 j1o |1 S 16 |a |11
5 1 ‘
9 ) ¥
2 8
t—0 o
2 \ q
1 10 '
CURRENT TO PZ
BUZZ2ER SHoULD NoT tlkv
EXCEED B mA, |F
MIGHER, ADD MORE 2o )2
HOHG |NVERTERS N N/
PARALLEL wiTH FIRST, PZ BU2ZER

4y




 RANDOM NUMBER GENERATOR |

L {2 tav
T T P T 1
| dott | ‘
RE 37 PRESS AND

] 1ook |3 RELEASE
r____./\/v\__* S1 FoR
s RANDOM
: NUMBER
(0-9).
“ .

7 15

, 81
.
) . s O O—e¢ L

4017

[
)}

. LIGHT CHASER:
INCREASE (¢4

w
[N
w

~ TO AgOUT L mF ) R3
- AND PRESS 51, = 4K

e

—
-

FITIsIIIIT:

" RZ
LK

DIVIDE -BY-TWO COUNTERS

Voo

o

N o2 g e QU 1N
Ho13 IN

SD , 6?_

E e T7

B g
——
-

Vbo

A

[F Tre e

S 0/

V\
nfz

Q
1/e
4027

[ Te




LOGIC FAMILY INTERFACING
n%esa GOVDELINES PERMIT TTL AND CMOS
LD}GIC‘ ;\RcugTS TO:L BE \&TERCQNM?CT&D.

TTL TO TTL

+5v + 5V

TTL—>10 TTL
TTL—>20TTL/LS
TTL/LS—> STTL

AN

L TTL TTL/LS=> 10 TTL/LS
O TTL/LS +5v or AVOID LONG

CTTLILS  INTERCONNECTION

| ~ LEADS. USE RYPASS
CAPACITORS TO .
DECOUPLE POWER:
SUPPLY NOVSE (P.10).

TTL TO CMOS

+5y  +5V £5v

TTL: RL=420-4.7K
TTL/LS:R1= LK ~10K

NOTE THAT |
N SUPPLY VOLTAGES
cMOS  ALL EQUAL 5 V.

+5V Vop Voo ;
Voo MAY.
EXCEED SV,



CI\/\O g ‘To CMOS

A CMOS GATE ouTPuT CAN DR\UE_ u? Tc) So
CMOS. INPUTS. AVDID LONG! INTERCONNEGQTIONS
AND CONNECT. P(L.L UMUSED wpurs m Vop oR:
GROUND. . ST T D ‘

 CMOS TO TTL
15+5V,ﬁ;f;+5v
oL _;iF P‘OSS!&LE ,
- CHEcCR LOGIC_ P
. INTERFACES wiTH |
A, LOGIC PROBE
TO MAKE | SuRE

 THEY WORK AS
:\NTENDF_D .

Veo = 48v f 1—5v

wTo
rsv ZanTt
CHIPS
VAN

4
+

4049 HEX INVERTER
. )S DESIGNED FOR
INTERFACING.

P
N
o
o
|
t
|
L

Ve 4BV 45y
tr 7 Voo MAY 1
EXCEED Swv.

47



V,,s2, CHECK Au. wmms c.omwe.c.r\oms.,

<~;;D;G\TAL LoG) c: TROUBLESHOOT!NG

SOMETIMES . A D\GITAL LOGIC C|Rcun‘ MAY FAIL
. To OPERATE OR MAY OPERATE . IMPROPEKL‘(.L .
~THE TROU&L&SHOOTIMG Pkoceouees CGILVEA
HERE wiLL ENABLE THE SOURCE OF MOST

PR.OBLEMS TO BE IDENT\P(E.D A LosiC PRosE
1S° VERY HELPFUL WHEN resrme A LosiC .

CIRCUIT. USE: A caMMF.GLCLAL u:\m‘ OR Euu.o
\/euR owN ~ 5

1 RE.MoVE. Powaa FROM 'rl—\r; CH{CU!T’

3.ARE ARNY CHIP PINS BENT AND. NoT FuLu’g’
msemau IN THE socnew- OR CIRCUIT EOARD?;

H. ARE. AL.L. SOLDER. CDMu&c,TloNS eoap?

S DO ALL lNPUTS Go. SOMeWHERE’? E\!EN

INPUTS  OF UNUSED CMOS GATES MusT GO :

TO Vip OR GROUND. .

6. DOES THE cIRCUIT OBEY ALL oP&RArIMG
' .aeaumEMaNTs (SuPPLY VOLTAGE, e-rc)

 7. DOES THE CIRCUIT INCLUDE DECOUPLING
CAPACITORS CLOSE TO AND ACROSS THE SUPPLY
PINS OF EVERY  FEW CH[PS? : ;

K. ARE THE. IN’PUTS AND ouTPuTS OF . ALL. Loc;!c
cx—ms PROPERLY INTERFACED? :

H: mes& ST‘EPS o0 NOT SOLATE rHE. sou&ce
OF THE PROBLEM, ©ONE OR MORE LOGIC <Ci41PS
M AY BE DEFEC.TWE.. REMEMBER THAT C.MOS,
CHips ARE ESPECIALLY VULNERABLE To
STATIC BLECTRIUTY AND IMPROPER lNPuT
AND 00UTPUT LOADING. FINALLY, BEC. SURE
THE POWER SUPPLY WORKS PROPERLY AND.
\S CAPABLE OF PROVIDING . SUFFlClENT
CURRENT TO THE CIRCUIT 1T Pows&s. : f
HR






A Division of Tandy Corporstion
Fort Worﬁh, TH 7812

TR \\I\\lll\\ll\

EEEEEE




