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READ THIS...

Thls book is. for the entertalinment
and edification of experimenters
~and’' hobbyists. While reasonable
_care has been exercised with roegard
’to the ‘accuracy of the informltion

,massume¢no@responSLblllty for errors,

_omissions_or suitability for Jany ap-

_.plication. Neither do we assume any
...liability for any damages resulting
__from use of this information. It
_is your responsibility to determine
_if use, manufacture or sale of any
_device incorporating one or more
. _circuits in this book infringes any
_patents, copyrights or other rights.

__Due _to._the large volume of mail re-
_ceived by Radio Shack and the author,
it is impaossible to answer letters

_requesting custom circuit designs,

_technical advice, troubleshooting
__assistance, etc. But though we can-
Wthwqcknowledge individual letters,
~we will nevertheless be delighted to

.. review carefully your comments, im-

pre551ons and. suggestlons about: thlS

who wrlte.
~ comments.
ww1ll be un

Weﬂappre01ate your

R, SV SNUUSIE SHUR S NUE DRSS SOSSOPOS SO
PR R
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lvance to those of you
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REVIEWING THE BASICS

INTRODUCTION

‘"Can I use a 0.22 uF capac1tor

h“llnstead of a 0.10 uF unit?"

ii;i"Is it OK to substltute a
12,000 ohm resistor for a

“f"lO 000 ohm unit?"

erhiS‘seotion WillwtaCRLé these“

_ common guestions and many

 others.

Master them, and you

;;MWill“bg.well prepared to tack-
;Wle.theﬁcircuitsmin this book!

RESISTORS

;?;Re51stors llmlt the flow of

electrical current
tor has a resistance (R) of 1

. ohm if a_current (I) of 1 am-

'prere £lows through it when a

‘wprotentialmdifference;(E) of 1
....volt is placed across it, In
. other words:

| R = ":E[:— (‘OI') I =E (or) E = IR

vaThese handy formulas form
;gwohmfs law...
iM!ou ll use them often.

Memorlze them! -

WReSLStors are. 1dent1f1ed by a

=]
P

.3 (Multiplier)
U T N 100
S22 100 .
L33 1ooo:¢
4 . 4 10,000
5 5. 100,000
BLUE. ... 6 ..6 1,000,000
. _VIOLET. .7 . 7. 10,000,000 .
_GRAY .. 8 8 100,000,000
. WHITE . 9 . 9. (none)

 of the resistor.
.and silver is + 10%.

.10-20%

20,000 ohms.

A reSLS— SN

_specified?
to use 1/4 or 1/2 watt units.

. uses .resistors.
...of ‘the most: lmportant appllcatlons
for. res1stors :

-+1DV

N Ahfourth color band may‘be pre—‘

It specifies the tolerance
Gold is + 5% °
No fourth

sent.

band means + 20%.

Since no resistor, has a perfect

tolerance, it's often OK to sub-

stitute resistors. For example,
it's almost. always OK to use a

'1.8K resistor in place of a.2. 0K~

unit. Just try to stay within

of the specified value.

What does K mean? 1It's short for
1,000. 20K means 20 x 1,000 or
M is short for meg-
ohm or 1,000,000 ohms.
a 2.2M resistor has a re51stance

.of 2,200,000 ohms.

ResistoreNWhioh’resistHlotswof;;,

current must be able to_dissipatehvv

B N

the heat that's produced, Always

~use resistors with the specified

power ratlng' No power rating
Then it's usually OK

Almost,every.electronic circuit
Here are three

tors, speakers, etc.
2. Voltage division.

The voltage at ? is.
I x R2. I means the
- current through Rl and .
- R2.: S0 I = 10/(R1 + R2)
or 0.005 amperes..
.. Therefore,. 2 = (0. 005)
x . (1000) or 5 volts.

Note that the total

resistance of Rl and

-R2..is.simply Rl .+ R2.
.. This rule provides a

handy trick..for maklng :

.custom . resistances.

Therefore

For _instance:.

'

lLMlelt current:tofLEDs} traneisfrfoi




,must be conneC'

the nrooer

-nan1+nr rharg

ﬂelectrolytlc,

l

«lts leads| AAAAA Hl

- h'volfaap
“gwwtors can._store.a lethal chargel
~~~~~ - I S G Dlscharge a. capac1tor eful=—i-
. SR Lo ly. placxng a. re51sto ; nore;
se.. Ohm 's.la Al leads
- ,Use only .on t i
~.Capacitors.. e electrical ..............touching-. 1 _capacsi—
nergy .and. blockﬂx.,ﬂ, - -
, direct current while . . -
G lternating current. .

ance. is. spec1f1ed 1n,farads.

pplications:

i?One farad represents a. huge

flkuF ; 1,000, ooo pF

he,value.ofmaﬂcapac1tor,1s' e e
‘usuwally printed on the compo- .
"nent. The uF_and pF designa-

‘tions may not be present.

_Small ones marked 1-1000 are

_rated in pF; -larger ones . ..




1ng AC 51gnal

M.4{'Bypass AC signal. around a
Wc1rc 1t or to ground

N slowly dlscharge through R.

w10 %Store a charge to. be dumped ijlfr“ﬁ

Tt roughua flashtube ‘or LED in a:

e

In most casr

Oﬁta capacitor :10% or even 100%.
w1ll ‘not cause a malfu ctlon,

wbut crrcultfoperat;on may be

:for examblek 1ncreas;ng the
valuemof the timing capac1tor ,
Mwwll;lncrease the. timing . perlod

.Changing the capacitors in: a
filter will'® change the fllter S
frequency response. . Be sur fto
_use the proper voltage ratlng,

MAnd don't worry .about the. dlffer- i

ence between 0.47 and 0 5. uF.

w'«:Block DC 51gnal whlle pass~,bm:fffwmuw -
. portant sem;qenéuctor deVLcesepww;ffﬁfww "

«iw&Permlt current to flow.in but. one |
u“mdlrectlon (forward blas) . Used
- 1 to. rectlfy AC, o
. flow into a 01rcu1t but block ltsV}
"‘mreturn,betc ’ ' ~

‘L:jvoltage exceeding the diode's
_breakdown voltage is shunted to

| = t',fw}[ﬁ;fg.‘,ﬁj[}fwewn B T C T R U .
C;Wlll,qulelY Charge---then i DI o WjHN,M.WMWW;f
... .zeners can also protect voltage
, | a charge to keEP a __  sen
‘ tran51stor‘turned offmor on.ngywwmwdmb‘

”.MQLEDS emit. green, yellow, ‘red.
__infrared when. forward biased.

~Whang1ng the valueﬂwwwe;serles _resistor should ‘be used

|  SEMICONDUCTORS
W:ﬁsuallywﬁadélfroﬂ%sillcon Be sure

~ to observe all operating restrlc—,;wl_‘;ﬂ“
tions. Brief descrlptlons of im-

DTODES ;fm;; egwl?lg

ﬂow current to

ZENER DIOBES

WfThe zener dlode 1s a voltagevregu—=

lator. In this typlcal c1rcu1t,¢wl

_ground: .

'-GND«U¢M; 3 69 n

=Gyou:zameg DIODE.

components and provide '
ntfreferencefvoltage

2limit current to less than the:“;w
max1mum allowed 5

M“Rf‘; Vec = ViEp
B LEDI.

HM,M;HExample. VLED of . red
i LED is 1.7 volts. For. .
.,al.forward current .
‘MW(LEDI) of 20. A at
"W‘VCC e S VQltS, R
...330 _ohms. Don't. ex"
cheed LEDI..;“WTJ




.....

,wBulld your c1rcu1ts on a 'solde
less. breadboard to make. changes
and find bugs. . -
,nent vers;ons_u Radio_Shack. pl
modular sockets (276-173,-€
_are ideal. They include. two sock=
et rows. for power supply connec
tions and. snap. rails. for;attach;n
e sockets together. Parts.

__can.be inserted.direct

‘holes in the .socket. - -

resa StOI‘S

,Mahafsolder“

N I¢
e WRAPPING SOCKET .
T SuniverRsAL Pc BoARD.
—— WRAPPING. WIRE .. - .
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,,,,,, APE 2= §TAT€,.,
O_VOLTS . OR ..

DIGITAL ICs k
ONE_ STATE 1S NEAR. .

. - NEP\R (THE . IC$ _SUPPLY... VOLTAGE.
(H\GH oR_H). . SUSSTITUTE 0. FOR. L.
. AND . FOR H.. AND DlGlTAL ICs.
CEAN PRocEss

8 sn‘ i WoRD |5 AL sv-re

THE BINARY SYSTEM

LJTS VER‘I HE.LPFUL TO KNOW THE

. EIRST. . ib BINARY _ NUMBERS,

"

SRl ok ool R o

§|g|;|

’;;g::i;;r;ﬁr =
' j; Zer J:I f(‘ P
FoE R EE RN

p#h?v“?

&,M/,;,.Numse.a 'AS_ ANY OTHER  MUMBER.

LOGIC GATES

o _l,_omc.
. LONMNECTING ..

. TWO OR.. MORE| OF THESE.
_ BASIC.. LOGIC .

G ATES:.

rrrrim :

>
o
o]
(=4
-4

tErrl»

~ INTRODUCTION
v

 GROUND . (LOW oR L) _AND.. THE OTHER .

» INDIVIDUAL _ BINARY..
. DbieITs. (snrs) orR _MULTIPLE - BIT. WORDS. .
| A _H-BIT ' WORD 1S AL MIBBLE AMD AN

_ IE OsL
ARD. ;lk~=«, H, THEY  ARE! . . . o e

 MOTE. . THAT. LLLL (0) 1s. AS MUCH A

cmcurrs ARE MADE B‘/ mTew.~’

3 sTATE LOG]C

 conrtrou |AJouT

sour A Blour

.. ..CONTROL ‘_ '

OUT.

. H b S Hl"'Z

; m—z ompu'r m HIGH mpeorwce svm-e.,,g,



| A'I\NTRODUCT\ON

Mos‘ ICs CAN_CONTNN MORE . FUNC-

_ARE VERY_EASY TO USE.
_INL_TH(S_  SECTION _ARE . CMOS (com-
_PLEMENTARY . MOS). THEY  CONSUME VERY
LITTLE  POWER. AND .OPERATE OVER A

AP —
i

Q&.__Ynu -CAN . USE A LlNE POWERED
_SUPPLY. MADE . FROM A nos/*zenz/ve:s
SEe. THE LINEAR __SECTION..

_.,..m..a;’w, S

T ._,mcn DEm’ALw
.,M“,mcuos cmcun' ...EROM._ . TWO. . SERIES .

i CONNECTED . PENLIGHT . CELLS, BUT.

: j AL 9-12 vw..TW,SUPPLY WL Gnvsw
: .B&tTa& PEBFORMANCE

'3 ’f”“_‘f;;ff "‘EERATI NG REQ LI IRE ME NTS o

) ; h—T‘("*—{ ‘/CA?AMTOR

LB POSSIBLE SLOWLY msmc.-;

i

SO | HE. . mpu'r vot:rAGE $HOuLD NQ_I
N._.wsxtseam Voo !
: mse.,mao,at... AND qoso)

S N

- ?f Avoip,,
~~£MWWALL; _ANPUT.. sn;m\v.s SINCE .
- THEY. . CAN.. CAUSE EXCESSIVE POWER
| CONSUMPTION.; .. .RISETIMES FASTER
—TRAAN.1S M\CRosecouos ARE . BEST:

SO P S T S .

- 3 NL umusen INPUTS Mg se
L. CONNECTED -TO. Voo (+) . OR v” (GND)
ms,aw‘sa Eu&xnc CHIP . BEHAVIOR

R MMWII.LW OCCUR.

w-mt.l. M.W_,uevea

- ma POWER 1S OFF.

Wnoass _PER CHIP THAN TIL/Ls AND . AND NMOS  TRANSISTORS.

MOST CHIPS. . .
. NEGATIVE . CHANNEL. ..

'l:;.:lswvouwmwse., CMOS. CAN. BE Pow-,,.\,v,‘

b \(v;.).‘,m,’, ‘
| 5 GND.

EXCEPT THE P AND N REGIONS ARE
_EXCHANGED. :

..ou,,w CAN_M,P,OWER A
_GATE FROM. THE - SILICON |

..ON THE. SOURCE .

('tyuo Excerncms.

',.PREVENT STATIC DISCHARGEL

‘,_DUCTNE PLASTIC "SNow," TRAYS BAGS
OR.  FOAM.

S ANOD - Excgsswe _ CURRENT CONSUMPTION. . .

: e .. _TAEY  ARE . NOT__IN A CIRCUIT OR: ..
CONNECT AN  INPUT . - STORED. .IN. .CONDUCTIVE = FOAM. -

-1 _SIGNAL. TO A CMOS  CIRCUIT WHEN

e SOLDER. .
_.AC POWERED  1RON.

HANDLlNG PRECAUT\ONS

A CMOS CHIP IS MADE AFROM PMOS
MOS . MEANS -
METAL ~ QXIDE — SILICON (0R SEMICONDUCTOR). ... .
P_AND. .N.. REFER TO. .POSITIVE . AND ‘
MOS TRANSISTORS. .

AN NMOS TRANSISTOR LOOKS LIKE THIS: . .

. . e e e e . . » i . VDD’
. _GATE .. *Voo
L (N) ‘ ,__/\N\_j‘
e N . .
S 1 ALUMINUM .-

RN TS 3. 'SILICON. ”

A PMOS TRANSISTOR IS IDENTICAL

_THE  S101. (siLicon . DIOXIDE)
LAYER . 1S A GLASSY _ FILM THAT
SEPARATES  AND INSULATES THE METAL.
SUBSTRATE.
THIS FILM IS WHY A MOS TRANSISTOR
OR IC_PLACES . PRACTICALLY = NO LOAD.
OF AN _INPYT. SIGNAL. .
THE FiLM 1S VERY THIN AND IS THERE
FORE EASILY PUNCTURED BY STATIC
ELECTRICITY: :

‘HOLEA, e e e

NEVER STQRE MOS ICS lN NONCON-W

2. PLACE MOS. ICs PINS DOWN ON AN ..
ALUMINUM . FOIL SHEET. OR _TRAY _WHEN. ..

3. use A BATTERY POWERED IRON. TO .
_MOS . _CHIPS. DO NOT_ USE AN _




+5 (v.,,)
A

CPULLVP
CRESISTOR.. . fo e

2. DIFFERENT SUPPLY. .

.. NOTE...THRAT.. CMOS.
‘ BY. . AT ..LEAST . .5 VOLTS ...WHEN . .. .

4~ - CMOS IS

M! . EXCEeD . Vop.. ..

" INTERFACING CMOS = 3.
T LE sueRY vf.a._.-,rgees | /Ké}:-. EquAL:
C Ret Reet 40 =K
Ree | FOR TTL, .

DK TOK ‘
FOR . LS. . ... . LOwW.

CMOS.

. MAN\( Cl}lC urrs

VOLTAGES:

___OK_TO. USE ‘-io'-lQ.., BUT MucH MORE

__MUST. BE POWERED

INTERFACED ,,,,, CWITH - TTle
_OTHERWISE - THE CMOS ,lNPU,TC wiLL.

3. CMOS :‘LED WDR\VERS

1 GLows
. WHEN._
,Vvo(+3 15Y) HlGH

(FOR \D.\M,A,,Y.SL.ED,,ACURKEN’T

CMOS LOG!C CLOCK;

|N THlS SECTION
AL s,o,u.acg-, _OF .Rutsfs.s

. ,‘.REQQL&E.,, , :
cLocx: .

__HERE'S A SIMPLE . CMOS .

s

IOOK C OO! 0)/.4F,A

T™ PICAL VALUES: R=

,,CURRENT Wil BE . REQUIRED.. ...

: lDO LL :

2. ARE. ALL XC. Pws INSERTED
_.THE . BOARD _OR.. SOCKE’I:?.

- 15 ,TH.E ,;,IC Ho‘r7 n: 50
_ABOVE AND. . MAKE _SURE . THE _OUTPUT
1S.. NOT . .OVERLOADED.

Y, DoES TRE CIRCLIT  OBEY ALL CMOS.
- OPERATING R&Qumemeu'rs,?

5 HA\IE You. Foaeoweu A conu&c-nomf(-

,f"”l 3




QUAD NAND GATE f T Ve (¥3mi5v)
om0 b ap el w el 9} e

“THE BASIC CMOS  BUILDING  BLOCK
- _CHIP . . MORE, APPL.ICATIONS THAN  TTL.
,»7‘100/ 7’-|LSOO _QUAD  NAND GATE.

i

>

'j{‘f.“CONTROL GATE

I B R T I B A

I MPORTANT: CONNECT ALL UNUSED INPUTS
TO PIN 7 OR 14!

T r?rf
Tz @
~TTI

ABlouT

rr-

ouT H L
HH

-I NPUT NAND GATE

ABc DlouT N

,t“r ~x

-IPXiX’:x_
r J:J':I:t‘

ou T

FTxr

ouT

BT (|




'moxfﬁwg;W;fMWHTV

O‘VUTPUT‘, Goséf H‘GH
 ToucH - WIRES = ARE.
‘BY A FINGEK

TOUCH — B B

CWIRES ,j ,5;
5 PR U SO S S LTS U NN VOO0 WS WU VNS VO U U O SO S S S oo ' ouTPuT GOES H\GH ol

JUCHON USRI MOU,TPUT _NOT _AS. kS\lMME‘rR\CAL;, _WHEN . TOUCH wuzas

: AS .. A&ove. CCIRCLONY. . .  ARE . BRIDGED .BY A “ A
' FINGER.  OUTPUT THEN . RErugNs LowM.,_.‘
AFTER . ABOULT I SECOND.

G ATED FLAS HER

] ™ Leo S

‘-\'7,44F

W) +

o P N U N O A G e R INVERTER o
W@  LED FLASHES 12 Hz

b WHEN ENABLE VS HIGH. USE Tms METHOD To INCREASE.
. LED .. STANS ON WHEN. - CURRENT THE. 4Ol CAN. SOURCE. .
_ENABLE IS [ Low. . . __OR  SINK. OK TO. ADD MORE GATES.

15




o THLSOZ. _QUAD

":"““:f;‘QUAD NOR GATE
4001

. _-AN;& lMPQRTANT CMOS BUILDING
 BLOCK  CHIP,  ITS HIGH
" INPUT  MAKES POSSIBLE  MORE. )

APPLICATIONS THAN THE TTL 7qoz/
' NOR._ GAT‘E.

‘.'3"’__»‘BOUNCELESS swrrcn

‘fli.fGATEDMTONE SOURCE
; Voo 40

bl

I

TONE FREQU E.NCY

R S LATCH

——y

m,ﬁ

K

CTrre
eI

IMPEDANCE -

sk

IS ABOUT IKH;.',”‘ o

s

NO CHANGE =
NOT ALLOWED. .

:2| i:s|~ ] 5»[ D r7j_:

. 'MP°RTANT . CONNECT ALL UNUSED

oy INPUTS -ro P/Al 7 OR 14.

"“_fijNCREASED OUTPUT DR\VE

: I'rli\/‘is'é“r‘é"iiw 'Né'li"'éé"fé””” e
USE  TAIS METHOD TO INCREASE. ’”ﬂ;
CURRE.NT, ,T,’HE.“,"\,OOI CAN . SOURCE. g :

. OR _SINK._ ok Tof ADD MORE. GATES.

LED FLAS

att

HER

| LED FLASHES l Zrmss/sscwo.

OR GATE

e

T~
r-xrr
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WHEN

H'AF’ORTANT’Z

HIS

ITH

AR

| 8] E.TER M\NES

,r-_-uAL

3

o !
C
-1

QUAD E)(CLUSIVE OR GATE

BOTH INPUTS ARE

EQUIALi f THE OUTPUT GOES HIGH
THE_ _ INPUTS = ARE UNEQUAL.. . .

IMANY ' A PLICATIONS INCLUDING BINARY

COMPARING BINARY WORDS

Voo (#3-I5V)

u]

H

13l

.lll

ol 38l ]

CONNEC.T UNUSED INPurs o

(o B
Cc
_I.

AB

T
,‘J:r;l:ﬁr
rrr -

Tc;,t;éjc,u.gnr,;'sﬂ;Ag,sg,ﬁ _ HALF—ADDER [ o
UT A CARRY _ OUTPUT. .

'CONTROLLED

\F TWQ ‘i B\T WORDS

 WINT: use.
. Hon_(p.14)
_IF. 4012 .15 L
CUNAVAILARE.

1 1IF_bDcaA=Dp'c'8'A’
_OUTPUT IS LOW, .
. OTHERWISE QUTPUT ..
IS HIGH. USE.

SECOND HALF LOF. .

ﬁrNVERTERI:;f

LED  STOPS GLOWING WHEN THE. - . | ..
_ INPUT: FREQUENCIES. ARE. EQUALw: i




'

“t EXCLUSIVE-NOR

Voo

T 1e1=Y4 4or0
102 = V% Ho49

ouT

1\ - OUT

ouT

1 QUAD EXCLUSIVE-OR GATE (cowrinueo)
G uor0 S

3-INPUT EX-OR

Voo

Tei= HO?O =

10 MHz OSCILLATOR

Voo

Vo= 3 TO IS VOLTS .

FREQUENCY  VARIES  WITH Voo b

Voo | FREQUENCY

5 2.4 Mh2 3.5
10 9.4 MH: 8.
15 1.0 MRz 1.

SQUARE WAVE GENERATOR

Vop

Vpo = 3 TO IS5 VOLTS
RISETIME = 50 NANOSECONDS .

FREQUENCY = 2 MHz WHEN
Vop = 1O VOLTS

19
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i
i
|
i

HEX INVERTING BUFFER

4049 o] 5] ) 3] 12} ul 0] 9
IN ADDITION TO STANDARD
LOGIC AND CMOS TO TrL
INTERFACING, OFTEN USED
IN OSCILLATORS AND PULSE o - « i
GENERATORS. FOR LOow CURRENT ; o :
APPLICATIONS , USE 4ol CONNECTED
AS INVERTER, (OK TO USE 4ol FOR 1y 2l 3l 4l sl el 718 . |
CIRCUITS ON TRIS PAGE.) Voo (+3-1ISV) S
' NOTE UNUSUAL LOCATION
CLOCK PULSE GENERATOR OF POWER SUPPLY PINS.
Voo k

, ‘ .
5ITS0d s 312502 JUL
° R Y

ey c y
_ (toetd I(.m—/oﬂf:)

|
1,2= "3 4049 PULSE RATE=I.9RC

I

L ouT

BOUNCELESS SWITCH

> 4
8 100K

L 12=Y3 4049

/

FREQUENCY=T.9Ricl /N "\

SQUARE WAVE GENERATOR

20

PHASE SHIFT OSCILLATOR

T
=

OUTPUT FREQUENCY= T3Re . hL23= 24049

TRIANGLE WAVE SOURCE

LINEAR 10X AMPLIFIER

AVoo
1y
3leLock Cl Rl
51z ol 1M
Ya o Q3 | )
IN o___))._/vv\__J
y4o13 P , ,
| 417 Je | 1 123=
"REPETITION RATE = [ 4 RC 1 NOTE THAT THE = Ya4049q .
N = INVERTERS  ARE USED , i
1,2=Ys 4049 IN A LINEAR MODE, GAWN= RZ/RIl. .

LRSI S SO

P o




SUPPL.LE

PRIMARILHW
m,.ﬁgmcw

’TH Fl Ni

;mppamm;:
Mus*r GQM;,

"ﬁgor

POWER SUEPLX PIMS

II\VDD ""f‘ C ?

/e ‘1050 '\

. LED. GLOWS .

i WHEN-INPUT .

EQCMOS TO TTL/LS

A,;; LOWER Vcc

: A - ; V .

T _, ( g e )

- ‘ H A B H

ERE : C 0S 3 >7- > OUT

NN B

__ ;‘/A?Hbth ,,,,,
SRREERE o Mos TO C MOS T

T 7 VDo T Vs 2

~ ¢\ A

i <mos. i

-«:- | - ,_: — e . .‘ ,”th.,"‘;m:‘..,’ e .,’ e ,\ R T T
U T U O S = Vool EXCEEDS vooz 1=/ Hoso
4o L W A= ‘/e. HOSOL SR UL S B




 QUAD BILATERAL SWITCH

f".'-lObb
bN‘s "OF THE MOST VERSATILE
CMOS CHIPS, PINS A,B,C AND D

CONTROL FOUR ANALOG SWITCHES.

" CLOSE A SwITCH BY CONNECTING
" RESISTANCE = 80 —250 OHMS.

_CONTROL _PIN. TO Vpp. QN

" OPEN A SWITCH BY COMMEQTING ITS

~|use_4sie counTER FOR
. LAUTOMATIC OPERATION.

CONTROL PIN_ TO GROUND (en 2.
. oFF ResisTance = 07 oHMS. Tjo (mpur/
OUTPUT) AND 0/1 PINS ARE REVERSIBLE.

.”fDATAfBUS[CONTROL

H4oeb . Voo o
A . wJ
"DATA B _H4| ,L/o_ 2 A
- IN | A
¢ _8] 0/0—_3___. B DATA
o AOTT T T eer
D ” Ol ! 9 C
f o 1\ . } , ~
o 7, v jJo
L Y Y A

o CONTROL :
L= OFF
.H=L0AD -

Voo (“' 3-15 V)

;"'T 13 Ln.‘

p I/o 0/t O/11/0
iy 101 9) 8]

g

'Tzl 3

Ifo O/t

o/t I/o B ¢ =

DATA SELECTOR

DATA

Voo
A
L T B iy | ‘___9/’
- R ?
T N T P
: S I P>
|7 o c. B8 A

) DIGITAL IN

,,Hoéb - Noo -
N . T )
pATABR __1 ke J,/ 2
IN 1/ f 1 o
c8 ~ o3  DATA -
A N 4> OUT
p__1! ol 1 |9 ,
. Aoy
7 ! lo
A o
p el S| 131 make
= SELECTED
D C B A INPUT H.,.

KEEP ALL
'SELECT

DIG\TAL TO ANALOG (D/A) CONVERTER

THIS IS NO,T A

LINEAR D/A CONVERTER,

FROM 3.06 — 5.62
vocrs (Voo = 9 V).

USE TO DRIWE HO46 o

vVEO OR PRODUCE .
UNUOSUAL = WAVEFORMS.
R=47K AND Z2R=[00K.

ANALOG VOLTAGE
ouT

¢

;]@i

OTHERS L. . -

INSTEAD IT PRODUCES ... .}
| A PSEUDO-RANDOM
OUTPUT THAT RANGES = .




- QUAD BILATERAL SWITCH ( conTinues)
G u4obb '
PROGRAMMABLE GAIN  AMPLIFIER

, +9

‘R/8 4O 6o T
S N VYR 14|
Lo R l/ +9
MMA_ l( o 119 ~ 741 b | 5 Vour .-

vl A Vew=Re/Rw -

-9

5006 TO 111 AT DCBA _GIVES .

i
Il

=
O——]
pey

[+ amewnn :
1))

b A ey i i e

{7V}

. et e

FUNCTION GENERATOR Vo

4017

B T R

Ic1,2,3 = 06k Voo = 3-ISV

RI-RIO . = 10K TR\MMER POTS . .

_PRODUCES REP&TITWE 10 ~STEP .. WAVEr-;o.RMV.k
_PROGRAM HEIGHT OF EACH STEP VIA RI—-RIO. .
VARY . RATE VIA RNl AND .. CI. :

23




A7 A8 A3 CE OUT IN +5 GND
T 2102L o R e us| 4} i3] t2f uj o] 4]

" l024 1-BIT STORAGE LOCATIONS ADDRESSED | NOTE UNULSUAL LOCATION. |

. BY. PINS AO-AQ. TTL/[LS COMPATIBLE. . .. _OF POWER SUPPLY PINS. .\ . ..
. Ce (CHIP ENABLE) INPUT CONTROLS . R/wW. ... T e
| (READ /wRITE) OPERATIONS). 3~STATE outpuTs. | (A0-Ad: ADDRESS INPUTS) | . ..

£

CE |r/w]| OPERATION o ‘ oy
R , — 77 2] 3] 4] 5] el 7] 8f .
WRITE (LOADS BIT AT PN 1) . AGLAS Rfw Al AZ A3 A% AO.
. READ (OUTPUTS BIT AT PINI12) . .. . o . ]

Wl Z (ouTPur ENTERS. THIRD STATE).

1y

74193/ 21 OZLADDRESS\NGCIRC uiT

[ e

a9z |2 , T
8 . ‘ —>

S - E 1; 3 - [T ,,j [P - A PO S . - ‘ b e o o o %I e b e L

7493/ |

74193/ N - '

L] 7405193
173

A P -1 R - S B ;AT
I | bbb aopress.
qi 15| 16| 1} 2] 7| 6| S| 4] 8|  LINES.TO ...

of | OTHER - -
- 2102 L’s .

of zi02L.....

TS CLOCK. - - & ¥ .4 &  THE _ADDRESS INPUTS. MUST BE .
e e AN OUT CE. RM . STABLE DURING . R/W._OPERATIONS..




sjfﬁ;z\ozL‘\

ADDING PROGRAMMED ~ SINGLE 1/0 PORT
OR MANUAL JUMP |

M‘t,ADD THESE ( CONNECTIONS TO ,THE

. I/0 coNTROL .
ﬂFADonesst CIRCUIT _ON FACING PAGE. ,

R ‘ i . , . k ___o1/o Pom"
{..‘,SA— SJI: USE . , o . |2wo2L :

 8-POSITION DIP . . v ' i \
_ SWITCHES OR - I = o 79L5307

- MINIATURE TOGGLES. .
. _OPEm=H , CLOSED=L . . 74193/

CADD THIS ClRCUIT . TO. THE .
ADDRESSING CIRCUIT ON. FACING
PAGE. wHeNn I/jo ( /NPUT/ouTPUT) ‘
_ConTROL IS. H, PIN3 OF THE.. . .-
B 7415367 ENTERS THIRD STATE (H1-2)
0 R0 T S S A L ~___AND I/o  PORT ACCEPTS INPUT .
S TN G- § (RN R , bATA. WHEN PIN 3 OF THE
R [ o) 7445367 Is L, TI/o PORT
S S VS S AP I S PSRN 74193/ , _ouTpuTs DATA. BOTH THESE
-l s b 7ol | ' OPERATIONS . ARE DEPENDENT
i%‘ T PR 7405143 ... upoN  THE . STATULS OF THE
‘2102L .CONTROL  [NPUTS.

T s1 oo sz

sI .

R
;

SE

CASCADING 2\02L‘s;f;ﬁ

ADDQESS , BUS

, : ‘79.1?)3/
sc \

1. .74L5193

peromMADE HY

Csa b oo 5|

¥
r B N
¢

. 'LOAD _— . . e
2i0Z2L-A . 2102L-8

.. NORMALLY THE  LOAD -INPUT IS . HIGH. - : L
| - MAKING LOAD LOW. LOADS THE Wy 3 h3 “{'O[ Jifz]s]afie] | +5
o)w' L ADDRESS - PROGRAMMED . IN SWITCHES . o ‘ >
AP - SA=ST INTO . THE - 24163%. THIS , , , , L CE
L _PERMITS A PROGRAMMED JUMP IN A ' 1 _JR/W
1 _orR A MANUAL JUMP TO ANY. N B o > OUT B -
L AODRESS. . I . L 5 OUT A




;'.;;k‘ii‘;mqf, -x-*'ia-*a‘rr‘*'**“R'AM"* B
+5 A7 A8 A9 A B ¢ D WE

*;j,_,jz‘ 1L /HOHS B i I B
hhhh - . N B ‘; . . u '

lO?.q‘l -8IT STO;&AGE LOCATIONS ADDRESSED o INPUT/ouTPUT = |
_.BY _Pws AO-AQ. TTL/LS COMPAT/BLE. o o PINS
H D /WRITE OPERATIONS CE (CHIP EA/AKLE, R T
LLED CHIP SELECT) Musr 8 Low. ~ AO- Aq ~ ADDRESS INPUTS |
PUT.  MUST BE tow TD CWRITE | WE: WRITE ENABLE

LOAD). DATA _INTD CHIP. wusu,” WE :
'séwjﬁsn oara v Adpressed 12 3l a1 S| el 7] 8] ai
‘n CATION  APPEARS AT INPUT fouTPuT Ak AS A4 A3 AO Al A CE GND;WQ,W
. PINS, TIDEAL CHIP FOR DO-IT-YOURSELF (e
‘ ,,.\MICROCOHPUTERS AND CONTROLLERS.

CLEAR o ML

G @ T _ilwes/|  2114L ADDRESSING CIRCUIT

e

8 o ' ,

]

Y

LTS STEEVR I BURS U FENU P S U B W

] ] ruusiesf

Y

M) 74193/

H]7405193)

R B ; R B B ADDRESS.. . .. *
15 le| 17 | 2] 3| 4 7 el 51 LINES TO ... 1
I8 ] OTHER. . oo

2HHL . . |o2n4al’s.

=0 o T e ey T aun

' , N b ,; THE - ADDRESS . INPUT'S. .. . .
R : ... D . C B A CE weEe MUST. REMAIN  STABLE ... . ..
INPUT /OUTPUT («9) DURING R/W OPERATIONS,- ..




: 1024 %X 4-BIT RAM (conTiNuED)
;})j‘z”q" [H085 |  1024-NIBBLE | ,.
§  MRANUAL  TUMP: L. SET SWITCHES A-J DATA LOAD\NG CIRCUIT

" 10 Desirep ADDRESS, 2. PRESS Sé. . SN
' (NIBBLE= 4-BIT WORD OR Y2 8-8IT WORD)
b7 SI= CLEAR ‘ , , SRR N
B 8| 79193/ | LSE TS CIRCUIT TO  MANUALLY L
5 S ‘~ o \ - STORE UP To 1024 4-BIT  WORDS
' 9| 74Ls193] IN A 214L. AFTER THE. DATA
10 ] IS LOADED, IT CAN THE‘N,_ BE READ
) o ! 2 BACK AT THE CLOCK SPEED. THE .
g I [z:«- IS ; DATA OUTPUTS ARE PINS |I-14 WHEN
™ 7 I DATA INPUT SWITCHES ARE AT NEUTRAL
] ! 5 3 . |
SPST . , WR\TE I SwrrcH 52 TO THE
TOGGELES , ; BOUNCELESS PUSHBUTTDN o
li 2 7. 2. SWITCH S AND S5 TO L.
[ ‘ ; 3. CLOSE S3.
8174193/ ; , 4. INPUT DATA. -
A b 5. PRESS BOUNCELESS Pususurrou
q
Hl oo -~ 741593 | b. REPEAT STEPS . I-5.
F 400 ! 12 ~ READ:!. OPEN S3.
I S N W ' 15 1 2, SWITCH S5 To H.
o O i ; 1 3. CLOSE, THEN OPEN, SI..
)’ 5 I R ‘ S ‘ 13 4, SELECT CLOCKED ,OR Lo
b /Tll" ‘ ‘ , MANUAL ouTPUT (s2). .
i USE AT _ o S B A ‘
ALL TC | L R ‘ ~_ NOTE! SRS RS O O o
PWR sfy 4 , , ; R |  BEST To OUTPUT DATA .
PINS. 874193/ N , 1 | THRouGH 74L3367 HEX. .
. . ; lo e | BUFFER.
. D’—'0/$ ?o 74LS193] :
_ By oo : Z ' SY—CHIP .
Ay oo~ '”5 U R 1 - 1 ! E:NABLE;‘,: ‘
... |Sk—Lomd 51 43
j (uoamux 15| ey 1| 1] 2] 2] 4f{ 7] 6| 5
i CLOSED) 18
o , 2114L
9‘ C B .
O CLOCK WE
{ S2 Lo - B 12 13 0
SPDT —2 O—> BOUNCELESS ..
DpsT Be ek | HT L HT L ﬁ 4
LTOGGLE | O/GL 4 ' e -— . -
i N 3
'ﬂ/c*' h A f 7 J = +5
3 L] DATA INPUT SWITCHES $5— WRITE
= +5 53— WRITE (SPOT WITA NEUTRAL CENTER) ENABLE
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DUAL D F'LIP FLOP

'-lOl3

 VERY

l - OF ‘-I SEQUENCER

yDD

| VERSATiLé
_FLIP-FLOPS. GROUND.

Blerock. |

PA

R
UNUSED

- - T SR

" ‘ﬁ’L—E_

D

cock  f o LI N
S U CT-TE N S I

T counts . [m

LLLL=HLLL
i ,,;AND

lNPUT$ o

LIRS 4ol e

vDD (+3-ls V)

| ,‘.qT

2@ 25 | i
RN

 Clock z
Rz DZ_ sz

qu

o[

W™
cLock. Q

;\/

q oz | T

‘D
R S : Q

RO

o

Von 5

| A,

. SERIALo.S
. .DATA.
LN

' qo13

Q-
R.
T -'_I_ )

[ Vewors | |

O
-l

BT .

Yz4o0i3

vo° v ME,‘,.;T —

- I"T E"““”’?“"'z.‘ A e |

| Y2903

SERML

WO
TS

_DATA..




V»(+3-ISV) 5 cn.otm
Kt 31 S

) |b |5| H[ 13] J| nj o] 9|

s (SET) AND R (RESET) o 2 ,
Sw MUST BE Low FoR ] CLoa:uuG /

MAK\NG S OR R . HIGH
FLIP-FLOP; INDEPENDENT
INPUTS  MUST

f, ’RE SETS _

o] 20 3] Al sl el 7] 8
2Q 28 RZ K2 J2 S2 =
 CLOCK 2

DIVIDE BY S COUNTER

Voo Voo

i A a3 T | e
TR e l 8l Y e V2 ol o IN.

; ‘107.'7 4027 | 41027 ‘ S

00

‘lol‘?
m 01 cLOCK

..‘,:: o ‘1 LJ

et oy qls  ely
K 6 2 1k Q|4 5

CLCOCK , CLoCcK CLOCK
I 3t ' 13 3

Io:
LRl
| |tnq.:;me~

SR PUT ———

e S

”;” 'DIVIDE-BY-3 COUNTER - DIVIDE-BY-4 COUNTER

R ﬂ VDD ST S WVDD )

Ts  ef7 Q| m# [ V2 aols, Lly oty IN

1017 S1K Va2

a4 5|k 4o27 . ;
‘ qoz7 |1
8

|~ {L
s

il K iz

sfe zle

3 |

IN o—34 B

H BIT SER\AL SH\FT REGISTER

e B Ve

,j[jffﬂwﬂ e TT&,, - 1 |
5 | 3 10l 1 ' IS | efT Q

.o l4 2 K| , S
Vo 9 7
L’

=
010
x

| 4027 [9 R 1
' 1z 40727 .|8 Ho217 17 4017 8 OUT

L m L w —%i17'~ E . 3 l

_OR 4049

L[ e
x4
[51F2]

CLOCKCV,“

29

Yo [T 4027 | ‘ T

CLoc |< | 4_.__ SR Cloek 3 cLoCK 1

' o
/z SERIAL



~ FOuUR
_CAN BE USED AS A
 Y4-BIT DATA REGISTER.
_LATCHES ARE
SIMULTANEOUSLY.

_ _ALL _FouR

 CLOCKED
 _POLARITY.  PIN
_ CLOCKING.

 QUAD LATCH
‘4o42

BISTABLE

PROVIDES
FLEXIBILITY.

’4 BIT DATA LATCH

eLoCK t .
" POLARITY -

. ,'DATA aus_ Voo
A4y

A e

LATCHES.

HO4Z |

N Y Y Y T
D..¢C B A,:-l_-‘

Voo (+‘.’>—15v)

84 b4 D3 Q3 Q3 Q1 Q‘L

] 15| w| i3] ] w| o] 9

["lj'-

o o1 ©

 nE
f 2] 3 K] Sr'b,7

Q4 @l @ bt P bz -

 POLARITY

porArRITY | Q

CLOCK

AT OUTPUTS. b
IS LATCHED (SAVED) . |
CLOCK SWITCHES. . .

-k
--00

DATA ON BUS  APPEARS

WHEN

300

TYPICAL VALUES:

RI= R3 = 22K
RZ = 33K

LATCH

DATA

CLATcH L




. TRIGGER

 DUAL ONE- SHOT

. Two FuULLY INDEPENDENT
MONOSTABLE  MULTIVIBRATORS.
" BOTH CAN BE RETRIGGERED.:
,V,»,TRI,GGER  CAN _BE RISING
- OR FALLING EDGE OF PULSE.
T _AND T2 ARE TIMING INPUTS.
" RST 1S RESET AND % IN ARE

INPUTS.

POSITIVE ONE-SHOT

ouT

e [ L
Y2 RC

S

1

ouT

OuT =

Cl
.0l

~ok A

e

Voo +3T018V) B
T2 RST +IN —IN ouT guT

'4 ‘5‘L “l 3] 2 nl |o[ 91

UNUSED SECTION: RST,,ANDW,M‘;
+IN = Vgg AND ~IN= Vpp. | = o

v

2] 31 a] s] ] 7] 8]
Ti

T2 RST +IN =IN oUT ouT

PULSE DELAYER

R Voo cz Rz Vor

o ~wook d

Z] Jo|

V2

Bthmﬁfft?f

4s2e |GV Vo 4528

JT_OJ S

= Y4 4ol

+9
. A
..TO ,coeroL o |3
. WITH LIGHT,
~use  CdS ; 5
. PROTOCELL Va
LFOR RL . 4528
. 7
b
R3
18 1ok

Rl CONTROLS DELAY TIME
R2 CONTROLS DELAYED RULSE wwru.,m

ADJUST RIL TO CREATE . . - = | .
'UNIQUE STEPPED TONE, = |
R1 CONTROLS FREQUENCY. '
OK TO EXPERIMENT = =
WITH €I AND C2. = =
R3 CONTROLS GAIN. - =




DECADE COUNTER/D!VI DER

;'-lO\’I

_S’EQusmlALLY  MAKES /- op—/o
"HIGH  (OTHERS STAY Low)

Q clocn< Pucsss.w MANY. APPLICAT/ONS

. _FAST. ..
__,,c:.ocxo_aLo.J

Si: PRESS AND |16 = 1’3 8 |
RELEASE, |»t+9

OUTPUTS |
IN RES PONSE

RESET CLO(
oo(+3-lsv)
1} s

‘cLock

|1 131

. ENABLE

CARRY?
11 H

ol gt

pINBOTS

 DECooed ourpurs | | L

" cLock o__‘L

el

o qq COUNTERI;

ouT

ho17

CARRY

LOK.TO ADD ... ).
_MORE 4qon's. | .

SI: A=RESET |

CLOCK.
NG

_hoi7.

4o

TETFTFEErT FITTTT w )




?’i}DECADE coumen /D\VIDER (cmmueoy~_-~~~*~~~-~'"~--“**~*~ 1
~ 8017 BRSO B

BCD KEY BOARD;L’ﬁZﬁENCODERf[ SEs St incuns

i

! .ﬁi«u SR SO S S
= Lol e
: !

o der

m . % %

i f,,*S,io.ﬂifffszféééii

é % % BB Ul

lsk N

?T??T

..S0..S1 .S2..S3 sS4

.Sl

WPW Wloog - OI/«F SO

IC! = ‘1!0‘19 1625.55101/;,,;,, 00 RO R O U IO K2
L TOGGLE sm, msw‘;,PaE‘ss,»;,h,ysq.:wsd. SRR S SN B A

FREQUENCYD\VIDER b

T 1as soor

ecose si=sio TO DIWIDE BRI
_ FREQUENCY. BY FROM [ TO jO.




3-DIGIT BCD COUNTER Voo (+3-18 V) CLOCK

DS3 OF MR DIS LE A
MCIH553 lo] 15| 14] 131 12| n) io] 9y
COMPLETE 3-DIGIT COUNTER. USE FOR
DO-IT-YOURSELF EVENT AND FREQUENCY SEE RADIO SHACK ;
-~ COUNTERS. BEGINNERS: GET SOME DATA Book FOR i
. PRACTICAL CIRCUIT EXPERIENCE BEFORE MORE INFORMATION... g
. USING THIS CHIP. PIN EXPLANATIONS:
. DS (DIGIT SELECT)I,2,3— SEQUENTIALLY :
~ STROBES READOUTS. LE—LATCH ENABLE 1Y 21 3] 41 sl o1 71 8L
(WHEN H). DIS— INHIBITS INPUT WHEN H. pszosi I D ¢ B <
'CLOCK—INPUT. MR— MASTER RESET (WHEN H). /7 .00l 4F
~ OF —OvVERFLOW. A B,C, D — BCD OUTPUTS. - (FOR DIGIT SELECT OSCILLATOR)

3-DIGIT EVENT COUNTER

/MAL_ RIO
MM RQ | 1K
R8] 1K Voo
: I5] 1] 2 Vob R : 1K
" LATCH (LE) ol A a |3 Q ' \
- 149553 |l lef 45N R2 717
RESET (MR) o131 3 b PlAAAk] == '\ Q@ o
. Y R3 ’ lqz | g
__EVENTS o2 ¢ [AAAL COMMON , o
(cLock) Al 71A RY ANODE : ' ‘»)»‘fl‘
| 8|7 e d [loAnnd] ) g ‘
DISABLE (DIs}o Y] cié 2lc R5 M : *
(WHEN H) NEED DI5____efD e 3 A g Q-Q3 a3
OVERFLOW Rb RS2023
¢ 4 warNiNGg? [ S| Ri-r7: f M @4
00luF L | PN 14 GoES 8 8] Ik IF R? rl—l
3]n AT overrod = | Vop=av. IMMmA 3] | ==
. . : ‘1 SEES COMMON ANODE LED
OK. TO USE LIQUID CRYSTAL DISPLAY C> seLecT RI-R7 SO DISPLAYS. USE MULTI-
. OR COMMON CATHODE LED DISPLAY, LED CURRENT DOES DIGIT DISPLAY OR WIRE
SEE M543 FOR DETAILS. NOT EXCEED 10mA. TOGETHER MATCHING

CATHODES OF 3 DISPLAYS, 4

6-DIGIT FREQUENCY COUNTER

B Veo LATCH: STORES
TIMEBASE T TOTAL COUNT IN
(0107 Hz) 013‘ ! ONE COUNT CYCLE.
c
RESET: CLEARS COUNT
D aqf , TO 000000 PRIOR
v : TO NEW COUNT CYCLE.
2| = 2 M
Q yoi13 ! 3 3 :
COUNT: COUNT INPUT
917l S
4 FREQUENCY SEE NEXT PAGE 6-DIGIT COUNTER
= INPUT FOR MORE INFO... (FACING PAGE)
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KO ey

3T

 count

__oveRFLowoMl

‘.;,,;_ADDIT,IOVNAL .
 STAGES

o nPIN. b
LINSTEAD or—‘ Vop
- DJSP{.AY

‘WFREQUENCY.
. USE.
- PREVIOVS
..NOT . EXCEED .. Vop.

| MAY REQUIRE
L USE.

BCDCOUNTER(CON .‘.musb) el

© 4-DIGIT COUNTER

RESET o—-

LATCH = o—r

Vos 1 _ ool

L oUT

qol sl

u;“Tla' T

H,QSSS“MA‘WHWWW

L
—

I I

;,

. To . .

e
Iy
-
Y
oo

" THIS_CIRCOIT | SHows How. To. CASCADE
L ...Two. 3-DIGIT COUNTERS..
1s..999,9499.

OF.
JANPLIT . AND.

SINPUTS
COMPARATDR

e DISPLAYS ARE . COMMON
V;,m.,CATl-\ODE (commw _ANODE _CONFIGURATION
_SHOWN on  PREVIOUS . PAGE.). . NOTE _THAT .
14543 (OR 4543) GOES TO GND.
WHEN
_USED. .

COUNTE R: .

LCONTROL. CIRCUIT. | ON_
PAGE .. .

o e

_ MAXIMUM _COUNT _ Qg g

COMMON CATHODE

f%iiijj;;;;ﬁgf; \NPUT BUFFER;;

- “.+Vao e

-_

INPUT .. FREQUENCY.  SHOULD
--NON= SQUARE _WAVE .
ANPUT TAILOR&NG .
To SHARPEN SLow RISIMG WAVES
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 BCD-TO-7-SEGMENT WbHIEIE g e b C 4 e
LATCH/DECODER/DRIVER 6} 1s| w| i) 12| w) o] 9
4511

CONVERTS BLD DATA INTO -
 FORMAT SUITABLE FOR PRODUCING
. DECIMAL DIGITS ON 7-~SEGMENT ; :
 LED DISPLAY. INCLUDES BUILT—IN 2] 31 4f s{ el 7] &

.. H-BIT LATCH TO STORE DATA To B @ B ¢ | Db A T

. _DISPLAYED (WHEN PIN 5 IS HIGH).

_ _WHEN LATCR 1S NOT usedb (PINS Low), , e — | ATCH ENABLE
_THE 7-SEGMENT OUTPUTS FOLLOW THE — BLANKING INPUT
. BCD _  INPUTS. MAKE PIN 4 LOow To L——LAMP TEST

___EXTINGUISH THE DiSPLAY AND HIGH FOR

-~ _NORMAL OPERATION. MAKE PIN > LOW o

_.._TO _TEST THE DISPLAY AND "HIGH For - Vo

‘ ‘WNoRMAL - OPERATION. ‘

2 | , T PIN 4
i Dl SPL AY FLASHER OF 45

" DISPLAY FLASHES  _E | DISPLAY
__. _ONCE PER SECOND o ‘
_WHEN E |S HIGH. H

i oy ]
FLASHES o .
OFF

A . IMPORTANT: AL |
\ V | INPUTS MUST Go

R A N A T'B AR N l e RI | SOME WHERE |
... COUNT IN o_'_.;‘/'z. oo 13l s D3 A v

o

\,
g
G

__OPERATION:

. _HIGH AND Lo I
...RESET IS tow. [ = SAVE.

.. .BLANK SRouLo 1 o 1 S |
. __BE_HIGH (tow |8 | Veo | |8 RI-RT=220 1 | ,
__TURNS OFF ; ; , : , CoOMM on S |

.. . DISPLAY). SAVE = Voo =+5-9yv  CATHODE
-.SHouLD BE LOw, _L LED  DISPLAY
. MAKE . SAVE HIGH ~
.. TO _STORE. INTERIM COUNT
_WITHOUT AFFECTING COUNTER,

L3 | o | S

b
2 ¢
' d
isswaenant 7]A B ama s e 6‘“ |c '
... TO CounT, | ‘ e N { ) '
_ENABLE IS | || BiankoA] 5 A F
55 3

TO: NEXT DCU,'




,,,,,,,,,,

FUNCTI:,_M GENE_RATORS A
ORKBENCH

Rl use

\/“

| loecooer/
_|orIvER (e.9.{
451 OR '15‘13)

Ca Rk

BN L [+ 13 g

_+CRYSTAL R N
- FREQUENCY. .OUT . IN
,M(157?555;MH;)

TWO

C OUTPUTS .

14

i ,¢o+h.0ur‘ww‘“

|xrac:crysrac |

R T TN
| wECTION

2.1_31 HI

bOHz '-* NN

| connEcT O ;
|LeD or L.

l Hz Tl ME BASE
Voo

3. SwITCH Sszom

R 1~ 1 { - SRR RS
DIGIT.

LOW.. .

| START .. TO. STOP.

; [ ,yoo
3 2
IC VA

10

4

15]

| JQH'L oo qq SECM

JOK To. ADD MORE .

l  STAGES..

o
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NOISE GENERATOR
S2688/ MM5837N

 PRODUCES

BROADBAND ' WHITE
NOISE  FOR Aubdio AND:
OTHER  APPLICATIONS.  THE
NOISE QUALITY IS VERY
UNIFORM. IT 1S PRODUCED
C BY . A 17-BIT SHIFT REGISTER
- _WHICH. IS CLOCKED 8Y AN
. INTERNAL = OSCILLATOR.

WHITE NOISE SOURCE

+l4-15v
L'
S2688/ 3
MM583IN «
’ NOISE. OUT
]
_ i
CONNECT OuUTPUT TO AUDIO
. AMPLIFIER . TO . HEAR NOISE .

USE 7815 VOLTAGE REGULATOR
TO ORBTAIN t1S vours. '

COIN TOSSER

+14-15y ¥ ;
\
o .
A S\
. B 1.5K
41 6] ] 5] R
- - : : HEADS. ..
seps/ |3 .3l  yo2v ; A
MMS83IN | TAILS -
I y 7 8

PRESS Sl BoTH LEDs GLOw. RELEASE
Sl AND ONLY . ONE  GLOWS, . GROUND
INPUTS  OF UNUSED HALF OF 4027

(P1ns 9,10,1,12 AnD 13) *(ok TO  USE
9-voLT BATTERY AS POWER ' SUPPLY).

38

8] 7] el s

Vss = OV

Voo =-I4V L1y

Vee =-27v = 2V
(oerionaL)

‘2 3] 4]
Voo VG(, OuT Ngs

PINK NOISE SOURCE
4+14-15

Hi R
IK—~1OK

S2688 |3 /\/\/\._r_)
MM583N|

—

CAANGE. R AND . ¢ .TO
ALTER .. NOISE SPECTRUM.,
ALso, TRY LOWER ~ SUPPLY
VOLTAGES = TO CRAANGE. SPECTRUM,.

~ SNARE/BRUSH NOISE

. 3ax
.osﬂFI
s 15
L Hia-isy
q -
sze8s/[3] o |
MMSB3TN PRESS . Sl TO OPERATE, .
‘ L INCREASE C2 AND .
_L C3 To _ _LOWER OUTPUT

= ... FREQUENCY. o

c . PINK NOISE. . .
'L O\ MuF-2,,F o

: i j
R A S A A A




A

 INTRODUCTION

,_',‘TTL IS THE. BEST ESTH&LISHED AND

MosT OIVERSIFIED L& FAMILY. LS

/s FUNCTIONALLY [DENTICAL TO TT¢

. SHoulD. BE. INSTALLED

BUTM/S‘SLIGHTLY FASTER AND ' USES
80X LEss PowgR. TTL/LS CHIPS

_REQUIRE A RECULATED Y- 75-5.25

VOLT  POWER SUPPLY. HERE ’s A4
SIMPLE  BATTERY SuPPLY

o e l-loolv_'-‘ 'I'L
o SR, - _—

L= il‘loﬂFTi’;l;\.l‘/AF |
T | 1 " eno

> Vee

"JFHE DIODE DROPS THE BATTERY VOLTAGE

To A SAFE LEVEL. BOTH CAPACITORS
CRcurrﬁ 5oARD., ‘CIRCUITS WITH Lors
TTL/LS CHIPS CAN USE LOTS a<
URRENT. USE A COMMERCIAL 5 .
VOLT LINE POWERED SVPPLY. TO SﬂVE
BATTERIES.. OR MAKE  YOUR QWN.
(see. THE 780s ow PAGE _94.).

OPERATING REQUIREMENTS

0 v;(

Vcc AND. _SHouLd NoT FALL BELOW GND.

‘,,3 uucomuscrso TTL/LS INPUT.S

_USUALLY . ASSUME .THE H. STATE ...
5u‘r DON’T CounT ON uT! . |F AN
-~l~PuT 1S .SUPPOSED TO BE. FIXED AT
Hy CONNECT 1T TO . Vec- ;

Y. IF AN . INPUT
_FIXED AT L,
5. ConNECT UNUSED  AND/NAND [/ OR
INPUTS TO R USED /NPUT OF THE
SAME - CHIP. :

‘M,b_;.Fonce wOU,TPUTSwOF-‘ UNUSED GATES H

- TO. SAVE CURRENT . (NAND— ONE INPJT.
S H e
: R

 NOR— ALL INPUTS L).

TLLS NTEGRATED CIROUITS

%7 USE AT LEAST ONE DECOUPLING
CAPACITOR (0.01—: 0. /,«F) FOR EVERY

,Vj?.-s COUNTERS AND.
ONE FOR EACH ONE=~SHOT: DECOUPL
A TTL/LS OUTPUT CHANGES '

. CONNECTED.  FRoM I/cc To GND

ON THE TTL/LsS

b l TTL OUTPUT wu.g DRIVE ; uP TO
JO . TTL.

2.1 ¢s OUT PUT wiLL DRIVE UP TO.
_§ TTL OR. |

,3 TTL/LS _LED

f MU S'T",;NOT_,;,E.X.CEED '5.25« VOouTS. ... . ‘

2. INPUT s:cwus MUST NEVER EXCEED.

IS SUPPOSED 70 8E ...
CONNECT IT TO GNO.

5-10 GATE PACKAGES, ONE . FOR EVER!M
REGISTERS AN,

CAPACITORS NEUTRHL/ZE THE HEF M_

POWER SupPPLY SPIKES THAT occuR
srn-rz:‘s. 5

Tf/EY MyusT HAVE SHORT LEﬂDS

THE HTer/,Ls TCs AS APossus‘l;é‘

9. IF THE POWER. swwy IS NOT ON_THE.
CIRCUIT BOARD , . comuscr A ‘/-—/o,uF ;
CAPACITOR ACROSS  THE . Poweﬂ LE
WHERE _THEY HRRWE,,HT T‘HE Soﬂﬂ

INTER FACING. TTL/LS "

OR . 20 LS INPUTS. ... ;

10 LS.  INPUTS. .

DRIVERS: .|

-

g

GLOWS WHEN H i

; K- g{\

GLOWS  WHEN. . L

2 ARE nu. zc P/NS /NSERTED /N:ra_i
THE. BOARD OR socm-:-r ?

OPERF)TING REQU!REMENTS?

A H/)v& You FORGoT‘rEN n CONNECnou?r

5 HAVE. You usED ENoucl-l DECDUPL/NG
CAPACITORS ? _ARE THEIR LEARDS. - syazr?

615 v,_.( AT EACH ,cH/P WITHIN. RAM;E?



QUAD NAND GATE sy
7400 /7HLSO0 ol 3] w) 1| 0] 4] g

THE BASIC BUILDING BLOCK CHIP ; | L_El(}J

FOR THE ENTIRE TTL FAMILY. VERY
EASYy TO = USE. HUMDREDS OF APPLICATIONS,

~ CONTROL GATE i IE =

2] 31 4] s el 7[

A oss oo =
r—_ T o
8 (conTROL) NOR GATE
INVERTER |
V‘:q Alou
A.{::@g_,o'uT ﬁ ’I-i
AND GATE

Vee ‘

A

s Py K | EXCLUSIVE-NOR GATE

cH A s Vy o\ Vee
>s" |our B ! e I &
D H . Yy 3 Vee X Vg 2 oot

- H v0e 9 1% Y00,

: l/'«' - 2
H 10 100

Pl =

. s Vy G -
NOTE: PIN NUMBERS CAN BE: 7400, —

REARRANGED IF DESIRED.
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| QUAD NAND GATE  (commmuts)
~7400/74LS00 o

la 8 __
NOT ALLOWED

g S

L L L
LH | R
H L '

HH

NO CHANGE . .

Vee

D FLIP-FLOP .~ GATED RS LATCH

S QRIS - Nee

o\

r

>

am r /‘”f&\,c,n . - . ‘l e : - B ol : . N E - .
g i : Y : :

<AY 5 H B R . B (0] i

AF  NRUENNRIUIS N R By ' 3 . . ) ; .

')»53.’ Ve T Yy 3 - R
e o} 21308 R EYIN S RS . i

O S

.....@ ovrpuT FoOLLOWS D INPUT. NO. . RIGH. . IGNORES . RS INPUTS. .. ...
. CHANGE WHEN E IS Ltow. .. . WHEN B IS LOW. . -

 LED DUAL FLASHER  SWITCH DEBOUNCER

; Vee

H4IK.

FLASH . RATE.IS
.2 Rz WHEN,Cl . , : L
, AND .C2. ARE. 47.F . R PROVIDES NOISE FREE  OUTPUT FROM

LT I e : STANDARD SPDT TOGGLE SWITCRH.. -

4|

T  _FuncTiONS AS RS LATCA. . I
. _WHEN ENABLE (E) .INPUT IS _HIGH, .. . . WHEN ENABLE (E). INPUT IS . .. .

OLT.

TOGGLE Sl . .
TO OPERATE. -



QUAD NAND GATE (conTinuED)

7400 /74HLSO0O0 | ‘,7
| | ‘ﬁ;ﬁi
~ 8-INPUT NAND GATE BCD DECODER
— A B ¢ DjouT
2 ALL HI L
- XX XX]| H
‘4—q—1
2 USE THIS.
. METHOD TO
4 DECODE ANY
Y H-BIT NIBBLE,
i JUST ADD OR . .
o REMQVE . INPUT
4 INVERTERS,
e tei2 s
74900/74Ls00
Vee
3 270
RNy

LED GLOWS
WHEN  ALL .

a INPUT  SWITCHES
ARE CLOSED. .

IC 1,2= 7404 .
IC 3,4= 7400/ (gs
744500 .




QUAD AND GATE o e
A os'g/'mil;'sOsp;i,if‘i;; e

" ONE oF THE BASIC  BUILDING BLOCK
.. .CHIPS.. _NOT. AS VERSATU.E HowEv&R
" As  THE 7"'°O/7‘1L$OO ‘QUAD_ NAND

AND GATE BUFFER

T IN.?;QUTV,M,,‘ ek

. USE FOR. INTERFACING . WITROUT. o o
 CHANGING  LOGIC . STATES. . Coi o ENAE

CVedsV)

) H,?‘ sl

 NAND GATE R RSRER enmnnad
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LGH.: ,WWHEA.L

FRMO& BOTH... AND

~HIGH] ...OTHERWLS

cl cufr &stw .

DA gﬁ -SELECT

&Ean -

e AND TRANSMlTS
. LOGIC.  STATE. .. TO
LOUTPOUT. i

i AN,Q,;TI,';E,;'.W!,. FOR. . 3—1Npu-r DATA seusc.roa
USE . 74LS27 - NOR. GATE . FOLLOWED
msx.w -~ INVERTER ... AND .. Ml?aeceeoso L BY:

HLSI0... 3=INPUT.

AND _ GATES.. . ...




i
o

L TUST . AS
.. 7M00/74LS00
_BUT. NOT _USED
ADD . INVERTER (7404/ 7415 04)

~ QUAD NOR GATE
©7402/74LS02

_ VERsATl'LE . AS THE |

' QUAD: NAND . GATE....
AS _OFTEN.

OF A NOR.

TOo ' BOTH_  INPUTS

. GATE _AND. AN AND GATE IS

FORMED

EXCL’US lVE OR GATE

THIS. CIRCUIT. . 15 EQOIWALENT . ... .

TO. A BINARY. KALFE— ADDER.

Y WY A

- NO .CHANGE .

Lo H
ANOT. ALLOWED

T e R e mas
lﬂ 3] w} nl 1

4] 5| 6

ONE-SHOT

TI-\IS CIRCUIT \5 , A MONOSTABLE
MULTIVIBRATOR ~ OR'  PULSE . STRETCHER, -
_ __AN___INPUT PULSE _TRIGGERS - AN '
. OUTPUT... PULSE . WITH AL DURATlQN.;
DETERMINED.. B\{ R ‘AND C.. ourPu:T -
PULSE. WIDTH 1S APPROXIMATELY oe.Rc. e

AND GATE

45



"HEX lNVERTE R T Veessy.
?f 7’10‘!/7‘-ILSO'-I e ﬁ[ il ";,[ff?‘”f sl 2l ul el 9l 8l ]

LMPQRTANT IN ALMO‘BT e
LOGIC ClthucTS CHANGES (TR SN SN O SRS WAL
INPUT To ITS CQMPLEMENT e e

T 2!3 B W‘?I,k?_J:ﬁ '

; __, AU DIO OSC‘ ‘-‘-ATOR

_SWITCH . Posunon

ul
T»w
Sk

 OUTPUT TONE , : .
15 H KRz. . .| L,2=274904/74L504 gw

L= ‘1},_,7‘-(.()B,/;'l,’f(_k,idﬂ,;\,,,,;», e e o U

SALLOWS. .ONE . .0

- SIBGNAL.-.TO..
V.;.our(-m) CONTROL.. 2 _OR.
: MORE lNPUTS

. THIS . CIRCUIT _STEERS - THE. ... .. . ...}
. ANPUT .. BIT.. TO..THE. . OUTPUT . ... '
.. SELECTED -BY THE ADDRESS..

THIS - TECHN[QUE o CAN BB e ]
e USED... CMAKE . MULTIPLE o e i
. OUTPLT DEMUL.TIPLEXEVRS.- AT VAU S O SO

... T 1L .| oATA | ADDRESS| out A JouTr. B |

e L. L Lk CH.
b - L Y - E H.
L H Ko L

H. H ok H:




_.EACR  GATE
. NON=INVERTING
R i -9
... \S. LOW.
. _OuTPUT. ENTERS THE HIGH
IMPEDANCE. (HI-Z) STATE.
' HERE'S THE
. TRUTH.  TABLE:. ..

" HEX 3-STATE BUS DRIVER
C74LS36T

FUNCTIONS AS A
‘BUEFER . WHEN
ENABLE _InpuT (Gl OR G2)
OTHERWISE. EACH GATE'S

G LN | our
Moo ox o -
L
L

L L
R H

l -OF—Z DATA SELECTOR

Vee

b

“7HLS 36T

ouT

. S(SELECT):
H= A
LEB

, ‘k—%

= ‘lc.vqoq

= OF 2 DATA SELECTOR

Vee (+5V)

G2

o] 15| 1} 13

IR
Gl

a n) o )

o

o

[l

a8l el 71 8_1_

ADDING 3-STATE OUTPUT

TO TTL

- Vee

TTL oR
CHIP

LS

BlDlRECT\ONAL DATA BUS

DATA
IN

D 2

Vcc

1\ 1\'1\/\ ‘ ;

3 1 TWO-WAY. . ...

N
>
;_{>5

__(BIDIRECTIONAL)
DATA BUS . .

. \NPUT

WORDS

B

“Vec

b

7HL5307

SELECTS
A~0F-2

2-BIT. WORDS.

7 ?—»37

I

>

[a

OUTPUT
WORD

.

N

0
SELECT-

. VCK .

k3

.}5 1L9

7. Mo 1404

r I

X am

LSELECT:

o
®
7\

®
»

> o

A 0 q

Vee

T
[79rs3e7

WRTE o) __LB.

QO -

8 |1

r -

O ~<—
e
<

. READ~~ L
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.. ANODE

- OUTPUTS  ARE

. -DCBA

. BCD-TO-7 SEGMENT
DECODER / DRIVER
7447 7 THLSYT

_INTO
_PRODUCING
coMmMoN

BCD  DATA
SUITARBLE = FOR
DIGITS = ON
LED  7-SEGMENT DISPLAY
LAMP _TEST INPUT. IS  LOW, ALt
,, Low (ON) WHEN Bl /RBO
. (BLANKIN G INPUT) LOw, ALL .
OUTPUTS . AREe HIGH (om:) WHEN .
INPUT . IS Leee (DECIMAL o)
R8BI (RIPPLE = BLANKING  INPUT)

ALL OuTPUTS .. ARE
PERMITS  DNWANTED
ROW OF .. . DIGITS.

. CONVERTS
.. FORMAT
_DECIMAL

-WHEN

AND
. Low,

.. TRS
CANG A
. BLANKED.

LEADING.. O's
TO BE. .

MANUALLY SW\TCHED D\SPLAY"

Vee5v) ¢ 3

_HIGH (.OFF).; .

c

a b

H.T 15 0

f

My 13

6f 7

D A

8

L rel
—.Bl /RBO.
LAMP TEST

FLASHER

A
DISPLAY

TRIS  SIMPLE ..
CiRCUIT . WILL:
FLASR  DISPLAY. .

orR I

48

Vee -
L e e
D To PIN.H, o
Y. 7447/ | TGO . DISPLAY - e 7‘H7/74Ls!~47,‘
- B 74LS 47 (see  BELOW) A= /37404 . SN
A \ CLeZ=HTuF
, —Ts Ny O
- 0-9 SECOND /MINUTE TIMER
o . o | Vee Vee
B Nec Vee T”‘ R3
R EL A ; ____/W\_,. a
L IM S 1 . 7447/ | ,
© S , 'I‘lLS"ﬂ,____/\N\__;. o
l__‘i . ol elp 2
‘ 7490/ ‘lL_J\N\__, ¢ P
A 8 \, S| | 74Ls90 | R g b
7 , c|8: 2 10 AAA ., d —
R 3. ' : R
RZ § 555 R 1 | 9 /vv\ > € e ¢
K (2 B9 Ila , S
, 3 |- __/\N\___> £ 4
hd B o 7 AP TIA /\N\ > g ,
s n)
T = 100uF - ; CoOMMON
_J_E_. A I SR [ RS J___s, R3-R4=3300 ANODE LED
T e ) - - DISPLAY
CLOSE .. SI TO START TIMING CYCLE. = CALIBRATE . 555 FOR .| PULSE (COUNT) PER
SECOND CoOunT . PER . MINUTE .. BY ADJUSTING R1.

TWICE . PER SECOND....




..FORMAT
..DECIMAL .-
[ of ATHODE

_CONVERTS.

8CD .. .

SUITABLE.

. DIGILTS ¢

LED.

DATA
_FOR . PRODUCING
ON . COMMON

BCD-TO-7- SEGMENT
' DECODER /DRIVER
Tyy8

INTO

By e SEGMENT DISPLAY.

DI S PLAY D|MMER

Vec (45 V)F

| 15

1 !

m_

- ¥gge 7qu7

O—"'lq TWO DlGIT COUNTER

HlGHEST ORDER D\SPLAY

\LO‘WEST . ORDER

Ky

A

b

¢

X

)

S
" o

D\SPLA\{

sl 14

PR
e

£

\

b
DA

L g

[ -1 /RBo
L LAMP. TEST

7

7
*
*

FOR

 EXPLANATIONS. . ‘

4

A

12

15

:

a

A

7490 / 74LS90

B

c.

2| .‘?i 6] 7] 1o

’Vcc_

7490 ./ 74LS90

2

3] ¢

10

7]

—

O RA\-RINE

33050

COMMON .. e

CATRODE ..

_LED S
DISPLAY . i

4q




 3ALINETO SUNE BECODER ey L ., .
3 4 5 6
7""- SI138 d

lﬁ I3} 12y oy 9

ENABLE

; EACH 3-BIT _ADDRESS DRIVES
_QNE _OuTPUT .LOW. ALt
_OTHERS - STAY HIGH. THIS

_CHIP _HAS__ THREE  ENABLE

\NPuTs..ywHEN E2 IS HIGH,

L, OUTPUTS _ARE . HIGH. WHEN ; SRR SRUU SO

"‘ 1S Low, ALL _OUTPUTS . 7] 3\ﬁ‘f 51 6] 71 S_L_.
HtGH ’ To  ENABLE CHIP, A B C E2A E28 El 7 =

. MAKE. _El_ HIGH _AND E2 LOwW. .. .. A :

,,,,, NOTE. EZ.=,1. E2A + E2B.) B INPUTS

,W . }-TO-8 DE MULTIPLEXER
| ~ DATA ouT

7 19 o jn piz |13 {19 IS r INPUT  DATA (R
hep i) N R A . o J OR L) \S PASSED =
_ DATALIN. o ©] 74LSI38 o B TO SELECTED . . . .

T T ~ ' 8 OUTPUT.

- c 8 . A | -~ k' ; - . P ‘, S v :.“r.v

ADDRESS 1IN =

2 TO 8 STEP SEQUENCER

| OUTPUTS ' : [ASUURTS RS IPRSE UR Do
, . « ' TO .DESIRED . ... .. ..
T .5 1 3 2 1 o0 | sequenee
N A T T « (e.q. cowneer
|7_{9 o fu iz |13 J1g |is TOo OUTPUT 4 .
, . AnD  CIRCUIT |
, 74LS138 , WILL CYCLE
by . 8 ; FRoM OTO 3)
Vee

lo b (2 |3 = Mo 7404

sfup . 74LS1A3 RESET |14

USE . TO FLASH . .. .
LEDs, CONTROL . L
1k ’ RELAYS, ETC. ‘

R1 - CconTROLS CNYCLE RATE.




. """’L‘NE TO | 5"‘_‘ NE Ve (45V) , ;
- A B C D E2 El 15 14 13 12 U
" DECODER ZHT o) 72| u] 20| 1a] 18] 2] 16 1s] 14] sl
74154

| EACH 4-BIT ADDRESS o |
~  DRIVES ONE OUTPUT. Low.
I

INPUTS

 ALL_ OTHERS STAY HIGH-

L . ENABLE INPUTS (EL AND E2)

... MusT BE LOW. IF ONE OR
. BOTA  ARE 'HIGH, ALL

! . OLTPUTS GO. LOW.

2 31 41 51 6| 71 &1 9| twof
123H56789/o

I”—N:

1 | | BACK AND FORTH
1-TO-16 DEMULTIPLEXER FLASHER

0N S DATA OUT

DAT\;A lT2T3THTSTGT7T8TQTIOT'IT”THT'STM-TH é}( | *"—‘_‘11 1‘4"1 1% Yo

AN 0'% 74154
- 19 ‘
o D ¢ B A hs
zo\ z|l 22‘ ,zs\ 74154

 SELECTED. OUTPUT ; = {1y Ve
1S LOW WHEN ADDRESS IN

-—

=

1

DATA IN. IS Low. . (seLects 1-OF-IC 13 470 |
IF. DATA. N 1S _OUTPUTS)

HIGH,  SELECTED
OUTPUT IS HIGH.
THESE

LEDS

FLASH

BACK AND
FORTH.
VISUALLY
APPEALING.

b ~ Vee .
N 1. ; Vee
R . 5 24

. E‘ -
joox | . :;4 1" '
- . 8 q “ 3 L] 4 10
) . 2 |9y00 DOWN D D
- R2 ; , clbl )¢
b K - 8§55 3 7415193
i . Bl2 22
. 2

WS\ 6  5lup 3 23
7400 UP A A

> 1o s |-
SRS S R R

s

1

™

o]
(V]

e
Eln
o
bl
(7]
~
~ w T
W] W

—)
v
kS
3
il
3
\\4;__

INCREASE Rl TO SLOW. FLASH RATE.




DUAL ONE-SHOT

74LS123

TWO FULLY INDEPEN
MONOSTABLE

 BOTH ARE
PINS = DES\GNATED
ARE_ FOR

RESISTOR

ODENnNT

MULTIVIBRATORS.
RETRIGGERABLE.
R AND RJ/cC
EXTERNAL TIMING
AND CAPACITOR.

SEE RADIO SHACK DATA BOOK FOR
{NFORMATION ABOUT R AND C.

BASIC ONE-SHOT

MISSING PULSE DETECTOR

Vec (+5v) 2IN 21N
Rilc C 1@ 10 2CLR A B
ol 1s] ] i3] 2] n} 10] 9]
Y- s
\ 2
X (<) - —1 Q
Lewr
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TWO WAYS TO Vee Q OUTPUT STAYS
TRIGGER: Iy "HIGH SO LONG AS
\b ~ INCOMING PULSES
1. KEEP INPUTS 2 _ ARRI\VE BEFORE ONE-
A AND B LOW; Q{35 SKoT TIMING PERIOD
THEN MAKE B 3 RUNS OUT. -
HIGH. ' ;
2. KEEP INPUTS R g T4LSI2? __ADJLUST R AND C
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Low. ¢ +_,J_. LONGER = THAN. THE
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JEI |
MAKE PIN 3 LOW. INg—— '] OPERATION:
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74LSI23| [ c - EFEFECTS.
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RI. AND R3Z3.
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 TO._ INCOMING
. WHEN

.. ARE . RIGH.
. TABLE:

| DUAL I-K FLIP-FLOP
7473 |

Two IK  FLIP-FLOPS

IN A .
_ SINGLE . PACKAGE. NOTE . THE
CLEAR INPUTS. = THESE FLIP-
- FLOPS:  WILL TOGGLE (SWITCH

__OUTPUT STATES) IN RESPONSE
CLOCK . PULSES
CBOTR I ANK T INPUTS

~ HERE'S  THE TRUTH
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BINARY COUNTERS
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TRUTH TABLE ...
OPERATION OF THESE.




DUAL T-K FLIP-FLOP

Kk @ @ 6MD K @ Qa 7T
7476 w] 1s) s 3] az] n| w0 9
Two JK FLIP-FLOPS IN A L\ L]l
SINGLE PACKAGE. SIMILAR | 2
To 7473 /74LS73  BUT HAS
BOTH PRESET AND  CLEAR l L
INPUTS. FLP-FLOPS wilLl
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INCOMING CLOCK PULSES WHEN ¢ PRE CLR J ¢ PRE CLR
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