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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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ts and progects.w




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
rp2] 31 4 St e 7] e_L

A B8

Vee
\
™
R QU3
c I+ |74es13
’[L‘U
INAg!
AN Bo Y ~
[« I
CCLR o—2]
P
Ve
RI- E 1* .
) lOQK <
Y 8 ;
7 3
R2 555
\K
2! 611
o +L

IIN LIN 1ERR 1@ 2@ C R/C =

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
A AND B HIGH, To GIVE TIMING
THEN MAKE A 15 PERIOD  ABOUT Y3
Low. ¢ +_,J_. LONGER = THAN. THE
[~ INTERVAL BETWEEN
TO CLEAR: L _ |  invcomine  PULSES. .
JEI |
MAKE PIN 3 LOW. INg—— '] OPERATION:
THIS ALSO IN-=— _
HIBITS TRIGGERING. J_B IN
- Q. T
TONE STEPPER
Vee
A
b THIS  CIRCUIT STEPS
2 Across A  RANGE
3 OF TONES  WHEN Rl
AND /OR R3 ARE
! ADJULSTED. VERY
o UNUSUAL SOUND
74LSI23| [ c - EFEFECTS.
14 | .OuF
CHANGE Ci AND C2
13 ; FOR OTHER TONE
8 L RANGES. ALSO, TRY
8 SPKR PHOTORESISTORS FOR
RI. AND R3Z3.




[T

 AVMBLABLE AT @ OUTPUT  WHEN

DUAL D FLIP-FLOP Vee (+SV) R PRE-

, I CLR D ¢ SET a Q
7474 /74HLSTH o ] ] | al e
‘ ‘ - — | J
~ Two D (OATR)  FLIP-FLOPS . IN A » 2
 SINGLE  PACKAGE. pATA AT D

INPLT . IS STORED AND.  MADE |

" cLock  PULSE (@) GOEs HIGH. L
 RERE’S THE TRUTR  TABLE:
il 2l 3] wl 5] & -:_L

‘ CLR D @ PRE-EQ & <
| SET

PRESET CLEAR __ CLOCK

@ 1S CLOCK INPUT

rTrT|o
rr xrio

D
X
X
H
L

Tl
rxrx
> »x X

4 1s RISING EDGE OF CLOCK
PULSE. :

2 -BIT STORAGE REGISTER PHASE DETECTOR

Vee

’ 'ch . VCC
T DATA OUT
L) : 14
[ alsl e\l UL o2fe Q=
l \/7. ‘/Z \/?_ "/ 270
= 2 |7474)74L5M 127474 /74¢574 7474 [74LS74
gle | - alR I -1 Qle
y 3\‘ i B , 17
«l l THE LED GLOWS WHEN INPUT
« S : cL i <L FREQUENCIES FlI AND FZ ARE

S e , UNEQUAL  OR OuT OF PHASE.
. p=<—DATA IN —>D CLR ¢ PRESET F! AND  F2Z SRoutD BE&

SQUARE WAVES.

WAVE SHAPER DIVIDE-RY-TWO COUNTER
v T |
A B
ff_(““";’\‘L-o__Z_D " Qls L ¢ o—2? Yo als s ¢/2
74749 (74574 ' 7474 [74LSTH
¢ o—2¢ gl 2lp Qe

53



 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

" CLEAR__ CLOCK

X

J
X
R
L
H

TTXTITr

JL
J
Ju .

* DIVIDE-BY-TWO

Vee

i
e

Yec A ’ ' B
\
Li T
3lk " all 71y % ald
2473 , ”v“,y o473 |
My Q3 peojk al8
, -] P
JLM 5| I

Wy h o qld

I @ @ 6N K Q@ Q@
M) 3] 12} u] 1o 9] 8

alr o

b 2
Y ql, 5] 61 7
P CLR K @ Car T

Vee (+5V)
¢ 1S CLOCK INPUT.

BINARY COUNTERS

- THE . THREE CIRCUITS oN. THIS PAGE
ARE . BINARY COUNTERS = THAT COUNT

. UP . TO  THE MAXIMUM COUNT

. AND  AUTOMATICALLY RECYCLE. ‘
.CONNECT A DECODER TO - OQUTPUT
OF DIVIDE —BY— THREE AND DivipE-
BY - FOUR . COUNTERS TO . OBTAIN

. ONE — OF - THREE AND ONE —OF-FOUR
_ OPERATION.  THIS
SUMMARIZES.
COUNTERS:.

DIVIDE-B8Y: TWO | THREE FOUR
OUTPUTS: A B A B.__A
: L LL L L
H L H L. H .
H L H. T
: H H
~ DIVIDE-RY-FOUR
Vee A B
A A
"'“

ufy " alEl 7[7 h aly

74723 10 |< 7473
Q2 Qs
o) P
g | 51 ©

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
To66LE (SWITCH OUTPUT
 STATES) IN RESPONSE TO ] 2| 3| 41 sy | 7] 8
INCOMING CLOCK PULSES WHEN ¢ PRE CLR J ¢ PRE CLR
BotTH J AND K INPUTS ARE Vee (+5V)
HIGKH. HERE'S THE TRUTH TABLE: , ,
: ' PRE = PRESET
—_ CLR = CLEAR
pPRE. CLR__Cutk J K] @ Q ¢ = cLock (orR cLK)
L R X X X R L ; ;
H L X X X L R TOGGLE = FLIP-FLOP SWITCHES
H H N H L H L OUTPUT STATES IN
H R Ju L H L H RESPONSE ToO CLOCK
H H Ju H H |ITOGGLE PULSES.
4-BIT SERIAL SHIFT REGISTER
| PARALLEL OUT (ABCD)
Vee A Vee & Vee C Vee D
A [ : '
e = =N
DATAG—etd T alls_l 9is Qi 4is alis | 9|7 ol
Vee Ve ‘e » Yz Vo
Yo 2904 |1 74% 7476 2476 747
97“@ Q4 2 a b Q 12K I8 o
2 1| K ) 12 K 1o 6] K &y Qlio
= @ @ @ s |
R b R b
, l o = =
¢
; 4-BIT RINARY UP COUNTER
I\Cf.
2 5|3 7 8 513 , 7 2
ql7 al!s 9 a ! Yy alls 913 al!
i1k 7476 2k 7476 ek 74976 1l 7470
JL oo Q ele Qo L Qe AL Q [lo
" I | i
= Y Y = Y N
DCBA BINARY OuT—> A (2°) B (7" c(2%) 0 (2%)

55
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'QUAD LATCH

E —
-2 GND 3Q 3Q 4Q

56

19 20 2@
7475/ 74LS75 ] 1] ] 3] 1z} u| o] ¢
A 4-BIT BISTABLE LATCH. 1 1 & I;Q:s a
PRIMARILY USED TO STORE € £ € e 4
THE COuNT IN  DECIMAL la o o 2 3 5
COUNTING  DNITS. NOTE THAT ] D o
‘BOTR @ AND & OULTPUTS E E"? ]
ARE PROVIDED. ALSO NOTE ]
THE E (ENABLE) INPUTS. WHEN 1] 2f 3} H 5* 6] 7| 8]
E 1S HIGH, Q FoLows D. 1@ 10 2D E V¢ 3D 4D 4G
. ¥4 (v5v)
"Y4-BIT DATA LATCH DATA BUS Vee o LATCH
, _ 1t INPUT
_ ‘ A A 4\ A St'-l 13 (ENA%LE)
~ DATA . oN BUS APPEARS AT 2 e
. QUTPUTS WHEN LATCR INPUT 7q7s/
1S HIGH. DATA ~ ON BUS 3] 94Ls7s|IS . DATA
WHEN  LATCH INPUT  GOES.  LOW ouT
IS STORED UNTIL LATCH  INPUT b 10
_ BOES HIGH. (LATCH INPUT CONTROLS
__BOTH _ ENABLE (NPUTS) TWO QUAD 7 9
" _LATCHES CAN RBE USED As AN ;
 8-BIT DATA LATCA. v Y v ¥ 1=
DECIMAL COUNTING UNIT
TO LATCA
Vee NEXT Vee Vee
1‘ STAGE T 1‘ Vee
5 5 1% ‘ RI
7490/ A 7415/ 7947) [3__AM__5. Q@
, 74LS90 131 241875 THLSH7 RT
JUL o ] 12 AAA__, b
IN i p . 2 1o b D R3 28
RN V.V,
: R4 , ¥ b
2 ci8 3 1S Zlc 10 AAA d 9
RS
3 . T MAL, e e c
B |9 b 10 LS R
e S A, F d
R7
7 Alz 7 9 7 |A 19 AAA 9
, COMMON
_['_° E— '_tl lS RI-R7=1270 ANODE LED
= L L L DISPLAY
EXPANDABLE DECADE COUNTER. FOR Two DIGIT COUNT, CONNECT PIN I
OF 7490 [74LS90  OF FIRST LMIT  TO  INPUT OF SECOND UNIT, A . Low
AT THE LATCKR  INPUT . FREEZES THE DATA. BEING DISPLAYED.




QUAD D FLIP-FLOP  Vee(+5V)

4q 4G 40 3D 3% 3@ ¢

  ,7'?'“-"-$|75 ) , wl 1s] m] 3] 12} nf o] 9]

I . . y 3
~ HANDY PACKAGE OF Four D-TYPE

FLIP-FLOPS. DATA AT D-INPUTS
s LOADED = WHEN cLock GOES
RIGH. MAKING CLEAR INPUT ) A

Low MAKES ALL Q OuTPUTS Low
AND Q@ ouTPUTS . HIGH.

T2 3] al 5] ¢ 71 o
CLtR 1Q 1G 1D 2D 2@ z2@ —
DATA BUS

‘ Vee CLEAR (CLR) ,
A A A 4
el 4-BIT DATA REGISTER

>
1zf{c c _I_Q__> DATA o :
ouT DATA ON BUS s LOADED INTO
3518 Bl7 o , 74LS17S  WHEN LOAD INPUT
| GOES  RIGH. DATA IS THEN
H STORED AND MADE  AVAILABLE

AT OULTPLTS UNTIL NEW . LOAD

A ALz |
Fi[_\li_o LOAD PULSE  ARRIVES.

Y

-
-
-
-
-
e

D ¢ B8 A - 7415115
i | o
9 MODULO- 8 COUNTER
- Vee
P e )
JUL Yo alz_ 4 slo ez | 't alio_| 13lp al!s
IN , B R . .
LI | Va B Yy |
THLS 175 74LS11S ‘ 1 74Ls175 | THLS IS
41p o , JIE!

A ol

SERIAL IN/OUT, PARALLEL OUT SHIFT REGISTER

‘ Ve A B c D
‘ .
SERIAL e 1] T ' I I ‘
. DATA 4(p Qlz 4 Sip Ql? | 1z|o Qfio | 13D Qs
IN
iy Yy Yu Ya Ve SERIAL
1+ 74LS 1715 ) 74L%175 | 74Ls175 74LSIT7S DATA
cLock oo : ouT
| — ]
i '

| - 57



. BCD (DECADE) COUNTER "

~ %0/ms0

MOST - w,POF".()LA'R b
 EASILY _USED ...
.COUNTERS..

‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ,UMQNE‘,,,AOF, THE
. DECADE ' COUNTERS.
. FOR . _DWIDE=BY~=N. .

o LESS EXPENSIVE . THAN M

. SOPHISTICATED COUNTERS. RST =
_INDICATES . . RESET ___PIN s.

_CHIP 1S . USUALLY .

__CIRCUITS ..ON . THIS PAGE
Q,q.u..“MEgNM.W.‘OtHEK POSSI&ILITIE;S._U,,M,w,,. S

afz

| 7490, /34LS90

o TR

-~

2 el s

7490 /74s90. | L '

o

DlVlDE BY 7. COUNTER
T v“

e[ a} 5?7[__]
_.‘-‘H-Lo_"i. M90 [rarsa0 e B

Sw

TH!S;“VH;V S,

f,w,.,\,DE.cmAL LCOUNTING . umrs CBUT
CSHOW ' o

~ DIVIDE-BY-5 COUNTER

AN

W] i3] 2| nj o

INA QA QD GND Qs ac
8

! 2 3

INB RST RST  Vec(+SV)RST RST.

DIVIDE-BY-8 COUNTER

Vee

s 3 m |

INT

. ﬂﬂ.o_r«_ 7490/7%390 8 > &

'\_I l___J

~ DIVIDE-BY-4 COUNTER  DIWVIDE-BY-9 COUNTER |

7490 /74LS90 |

e[ 7 10]
. ey N

—

D\VlDE BY 10 COUNTER

Ve

) '" — sT ‘

MO l | 7490 /74L8%0

] 7] 10

23]

b

Hl sy el 7

=
T;

iz AN
)




. DIVIDE-BY-12 BINARY COUNTER

INDICATES

RESET PINS.

INA QA QB GND QC Qo
7492 w| 3| 1] n) o] 9] 8
OFTEN USED TO DIVIDE CONDITIONED ) l__ -
6O H? PULSES FRoMm AC POWER
LINE INTO 10 Hz  PULSES., OTHER ]
DIVIDER APPLICATIONS ALSO: RST T

DIVIDE-BY-7 COUNTER

N 12

Vee
f
b
JUL o 7492 N
IN _ 2 q

2 gl 14 :j—

IEEYEEY

IN B

)
Ve (#5V) RST

OIVIDE-BY-12 COUNTER

_!_L 12 5

)
S

Vee
- Ju LILO_H 7492 e 10 Ha
o LOH2 | , OouT .
N
6] 7 10}

DIVIDE-BY-120 COUNTER

VCL .

THIS METHOD .OF
CASCADIN G COUNTERS

IN

7492 12 '0Y 44

CAN BE. VSED. TO.

7492 g8 _ 1IN creaTE ANY

120 pwipe -BY-N
COUNTER.
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BCD UP-DOWN COUNTER
74192 |

FuLLy PROGRAMMABLE BCD COUNTER.
OPERATION 1S IDENTICAL TO 74193 )
74LS193  EXCEPT CounT IS 10-STEP
Bcp (LiLt—HLLH) INSTEAD OF
lo-STEP = BINARY. MANY  APPLICATIONS
FOR 74192 [ 74¢5192 AND 74193/ 749LS193
ARE INTERCHANGEABLE.

CASCADED COUNTERS

IN CLEAR  CARRY IN IN
Vee(+Sv) A Bogrow | LgAD C D
oh s ] 13| 12| u] o] 9|
CounT
"

2] 3] 4] s) ef 7 ﬂ_
IN B A bownwue C D =
8 OouT ouT our OuT

SINGLE UP-DOWN INPUT

Vee Yee
A 7 fetedst A 7 defatst T N2, up
o s = o mws)
™ 14192 5 o 74192 4
- p—
q Il°|l l:s 9]70' ] IIS,
2hete bt 2tetetst
4 | r 5 13
16| 74192 8.4 1G] 24192 8, !
EIRETET L T T L Ciowe v
' - HIGH = DOWN
upP (0-99) powN (99-0)
PROGRAMMARLE COUNT DOWN TIMER
R3 Vee
Ve Vee 330 o \ R4—RID= 3300
Rl A i o Jle ey
M : 5lup 13 Q
Y 8 14 D\7 "AD) RS
3 I 4’ P .
! 2 ’7/“1‘00 2 S 1/:’100 4 /DOWN -‘-‘Z——M/\> b
> folll L) Z]c RG
(4 555 13 {BorROW L AAA > C
1K . W B8 |2 1B R7
sS4 { o o—1{D 10 AM,. d
COuUNTS DOWN 53 [ _o12]C R V.V N
gl Y FROM N TO 49192 |0 o5 | 7447 RQ
A= 100uF | LLLL AND $? o018 )\ 15 AAA» f
RALTS. }— 210
S § oo2A I Y _AAA > 9
CALIBRATE RI AND ClI
70 PROVIDE  DESIRED 8] M | 8] o 2
NUMBER OF CLock PULSES _]_ COMMON
PER  MINUTE. SET DESIRED N INTO Si-s4 (CLOSED =  ANDDE
SWITCH = Low AND OPEN SWITCH = HIGH). PREss S5 TO LED
LoOAD N AND START (OR RESET) CounT. LED GLowS AT HALT. DISPLAY.

60




4-BIT UP COUNTER | xsy

Vec(#5V)OouT A B C D T L
oh 18] 4] 13) a2} n| o] 9

74LS 1 561

GENERAL PURPOSE  BINARY COUNTER

WITH PROGRAMMABLE INPUTS. DATA OULTPUT
COUNTER ACCEPTS DATA AT INPUTS

WHEN LOAD INPUT  GOES . LOW.

A Low AT TrE CLEAR INPUT \
RESETS TRE COUNTER TO LLLL ‘

UPDMT THE NEXT  CLOCk PULSE. vz 3] & 5] 6] 7 3_L
P AND T ARE CounT ENABLE ctlR $ A B ¢ D P .=
INPUTS. BoTH P AND T MUST BE

RHIGH TODO COUNT. THESE ENABLE DATA INPUT

INPUTS ARE NOT AVAILABLE WITH
THE OTHERWISE MORE ADVANCED 74Lsi93.

8-BIT COUNTER RAMP SYNTHESIZER

CLOCK O—— V(K ' _/‘_ j

1 b 2R A} ouT
Afc 5 A 3 LLEVAVAVAN
1ol 74L%161 .
132 5, 8 7| 7408160 R
1o R
9 T -luF
o, o e R
7 ZR
8 B U3
RUN ! '(5 = . CLOCK O.——’L_. R
. ZR
CLEAR Al
I
8
e _’_i_, E . 1R
e T74] 816l
I
3 5, F
10 .
, Iz G = R=1IK
q
n H
7 T
8
l 3 vouLTs
|sl =
T0O ADDITIONA L
COUNTER(S) .
oLTPUT A IS LOWEST ORDER REMOVE €| TO OBTAIN THIS STAIRCASE.
8IT. FREQUENCY OF RAMP AND STAIRCASE

Is Ylb CLock FREQUENCY.
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H“‘B‘T UP"DOWN COUNTER IN CLEAR  CARRY IN N
Vee (#5V) A gorrOow| LoaD ¢ D
74193 /74LS 193 iod ‘i5) 4| 13| g2| w] o] 91
VERY VERSATILE  4-BIT COUNTER
WITH uP-DowN CAPABILITY. ANY
H-BIT  NUMBER AT THE DCBA COUNT
INPUTS IS  LOADED INTO THE
COUNTER WHEN THE LOAD I[NPUT
(PN 1) 1S MADE  Low: THE
CouNTER IS CLEARED TO LLLL | 2| 3] 4| s| | 7] 8
WHEN THE CLEAR INPUT  (PIN 14) IN B A DowNUW ¢ D =T
IS MADE HIGH. THE BoRRow AND 8 ouT ouT ouT ovuT
CARRY OUTPUTS INDICATE  UNDERFLOW
OR  OVERFLOW BY GoING Low.
COUNT DOWN FROM N
Yee AND RECYCLE
srﬂd 7T bT 2T 3T

b2

_ D ¢ B A 14 SET DESIRED N |NTO
CloCKk o—1l]Down 74193 [ 745193 -s4y (CLOSED SwITH =LOW
8 AND OPENS SWITCH = H\GH).
p ¢ 8 WHEN COUNT REACHES
np o 9 'Dl 'l l LLLL  AND THEN UMDERFLOWS,
THE RORROW PULSE Loaps N
AND THE CoupnT RECYCLES.
sS4 S3 $2 S| L
COUNT UP TO N AND HALT COUNT uUP TO N
VT“ AND RECYCLE
PRESS  SI  (NORMALLY [l N 4 N
CLOSED) TO RESET. \7T__ 15 LT
74154 |l 54 74154 |l 44
V’tc 15 o 13 VACC 1S 19513
ﬂ———o 12z \ ii___o IZ
1o 13 T 1”3 l3
Y D7 20| p 1 o 10 9 D7 20 “_ ° lO
105 9 o o9
CLoCK ] c b 24 ¢ 9 8 i clb U q 8
_8_0 7 __9__0 7
| :“ gle 28 7 _o b &2 22 7o
z 7’300 2 slop b o5 cLoCKo—34UP b o5
Al3 23| A 5 y AlD 23 5 q
i 4 _ .3 Vee 74193/ 4 23
= Vee 74193/ 18 2 o2 14 74LS193 L 3 o2
7405193 2 ! ! 2 |cLEAR 2 !
330 1451 o 4 I, 0 7 M 19 ! o
S|
3 7] f 3 ]
GLowsS - TO N - . TO N
AT RALT - J‘ Yo 7904 = J




- 8-BIT SHIFT REGlSTER V“(fsva G F E CLR ¢
 THLS 1 64 il B
o

DATA AT ONE OF THE Two SERIAL

" INPUTS IS ADVANCED ONE BIT FOR OUTPUTS: ,

EACH  CLOCK PULSE. DATA CAN BE \’ A.B,C,D EF.G,H
EXTRACTED FrRom TRE 8 PARALLEL

OUTPUTS OR IN SERIAL FORM AT

ANY.  SINGLE  OUTPUT. ENTER DATA ,
AT EITRER INPUT. THE UMNUSED 1| 2] 3] 4] 51 & 1
INPUT MUST BE HELD HIGH OR. A B A B C D =
CLOCKING witL BE INHIBITED. MAKING _ —

PIN 9 LOW CLEARS THE REGISTER IN CLR=CLEAR

TO LLLL. @ = CLOCK

8-BIT SERIAL-TO-PARALLEL DATA CONVERTER

USE FOR . PARALLEL DATA OUT
RECEIVING Vee H G F e D ¢ B A
BINARY DATA \ \ .
ONE channeL. 2l 3 N mwl 16l 15| 12y 9] 6 51 2
A 5 20 I
| a ClLock oo 7490/74LS90 .‘ THLS37Y
; 9 B f 11 10
I 12 6| 7| 10 ] 7] ] 13| 8] 7y 4 3
A4 13 12 1 10 e 5 Yy 3
- l"{
THE 7490 DIVIDES THE CLOCkK 2 749LS164 7
PULSES BY 8 AND LOADS 9 . 1
DATA IN 74LSIL4 INTO THE v ,_j__‘
7415374 AT 8-BIT INTERVALS. 8] 'L seriAL bATA IN =
: (AT CLOCK RATE).

PSEUDO-RANDOM VOLTAGE GENERATOR

ouT ;
2R R R R R R R R {2
- TAVAVA 1
= 3
TYPICAL 2R é 2R %22 w[ sl 4wl fin
R=1IK—10K 2 3 :
: 3 | " 12 13 Vee 16 i
| @ CLOCK o8 74LS 164 2 4 9 Jo
E,;. ’ OUTPUT IS PSEUDO-RANDOM STEPPED VOLTAGE. CRANGE 4 L B

_E_— 7. 8.9, 10 OR 11 OF 74L5164.

7| PATTERN BY MoviNG PIN 2 OF 7400 To Pins 3.4, 56, 2 7/ 1
8 -~

1,2,3,4 = 7400741500 '




ff;beTALfBU#FER

©7YLS?24HO0

" IDEAL FOR INTERFACING

© EXTERNAL CIRCUITS
. _Home

COMPUTERS.

 INVERTS DATA.
© T CONTROL (ELE2) |

ouT

TO

H

(o]

T bl
"] ”‘tJEL‘;27 ’:

4\¢1\At

N B A B

|-z El

4-BIT BUS TRANSFER

To B8Uus

.

V

Vb Ve ’rq

FROM

I

Bus

}s

Y Y

Ty

4 2 7]

[

8-BIT BUS BUFFER

|| o WRITE

; ; o
19 5 READ ~

4VJMrI

* \WHEN L

~ BUS

Bus B

o 8 n

13

17

ENABLE .

™ =A->B
H = ISOLATED

A = INVERTED .

BUS A “

YYYvYYVYYY




 OCTAL BUFFER  Ve(59
- ayLsauy 2| 0] is] 1| 1] 15| 14| 0|

¢ 7 NON-INVERTING  VERSION %/ [ i

' OF 74LS240. IDEAL FOR
COMPUTER  INTERFACING.

o lwez i1 21 3]
E\

4-BIT BUS TRANSFER

, ‘VV“: - To . BusS’ ) FRTiM BU;S 13 | *
WOV VY A AL ARD

8 e |m | B 13 15 7 ¥ wuen L

BUS

Yvyvy

~ 8-BIT BUS BUFFER

BUus B

el la e 1q ” 5

HAALNALNAL M

1z & e |8 (v 13 |5 1 R=IsoLATED

l/~ “ VL!i\}‘LV\H'

ENABLE

BuS A

g
S,
C
I
I
ol
—p
>
i
.
L3
—
>
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OCTAL D-TYPE LATCH
74LS373

EIGHT ‘TRANSPARENT D-TYPE
LATCRHES. OuTPUT FOLLOWS
INPUT  WHEN ENABLE IS
HIGH. THE DATA AT THE
INPUTS IS LOADED WHEN
TRE ENABLE INPUT IS LOW.
TRIS CHIP HAS 3-STATE
OUTPUTS WHICH ARE CON=—
TROLLED BY PIN |. SEE
TRUTH TABLE BELOW.

H G F E D Cc 12}
Vee

S A A A

Vec (#5V)
8Q 80 M0 7@ Q@ 6D 5D 5a G
20 19| 18] ] e} 1s] 4] 13) iz] U

ENASBLE

L{q

I 2 3 Y 5 5 7 8 q

‘ iIQ ID 2D 2@ 3@ 3D 4D H4Q
QUTPLT
CONTROL

1

A 3-STATE REGISTER

OuUTPUT THIS 15 A GENERAL PURPOSE

0l 8g 1@ LA 50 4& 3Q 2Q

74Ls373
10

(o' __oconTROL  B-BIT STORAGE REGISTER.

H 6 F E DO C B

DATA BUS REGISTERS

‘ g0 7D 6D 5D 4D 3D 2D
1 e lq H\ 11 a] 7] 4 3} CONTROL
A

HERE'S THE TRUTHA TABLE!
l__o ENABLE
10 ouTPUT

ENARBLE D | Q
L R H H
L H L L
L L X Q
H X X 1wi-2Z

e D C B A

H G F
VCC
H: PLACES OUTPUTS IN HI-Z Mooe} ‘qT “'T '51_\ 'ZT QT ”T sT_zT
L: MAKES DATA AVAILABLE ! 20
’ ; REG. 2 (74LS373)
H: OUTPUTS FOLLOW DATA ON sus} ' i 10
L: LOAD DATA FRoM BuUS
sl 21 4] 3] s 7] 4] 3 l
A -
B < >
¢ < >
D "JV L —
B < -
F < >
G < —>
H < -
Vee -
el 1s| 12| 9] 6| 5] 2 FROM  BULS.

lN
Q
R

REG. | (74LS373)

9

{H: DISCONNECTS REG. |
_‘_J—o L: CONNECTS REG.I ToO BRUS.

LN {Hi OuUTPULTS
L:

INPLT

FoiwLtow INPUTS.

i

H G F c B8

T T

DATA (oN Bus) LOADED.

AT ANY INSTANT ONLY ONE 74LS5373
CAN  WRITE DATA ON THE BUS. ANY
NUMBER CAN READ DATA FROM BUS.

e

IR W A e e

|




“OCTAL D FLIP-FLOP
CYLS3TH

© EAGHT D-TYPE EDGE_TRIGGERED .
_FLIP-FLOPS.
__OyTPUTS DO.
__INPUTS.

- CLOCK .

UNLIKE .

NOT .
INSTEAD, A

CCHIP

FOLLOW . .
RISING.. ..
¥ PuLse AT PIN
_DATA  APPEARING AT .
L THIS
.. OUTPUTS
.BY  PIN 1

HAS _3-5
'WHICH ..ARE .

HM ,.,G S VF - E DR [T, i . s e o s e
”TGT”JaTHST‘WiT N¢T ’#TWWéT“2T“;‘”"o;{pgf ["” GEkdéRALilPQRROSE;W f"fi]ff"ffﬂ;f{

ENRBLE
7Q Q@ bD 5D 58 G

Vc‘(+5V)
8Q 80 10 v
;zo 191 18] vl ie] is] w] 3 12

e W - 11 e s ]

MLS3T3,

11 _LOADS. .
INPUTS. . . : o
stAaTE =3 4l 8T el 71 8l 3 o
,‘_;4,.JQHID D 2@ 3@ 3D 4D 460 T ..
ouTPUT. o
CONTROL . .

CONTROULLED -

CLOCKED
3 STATE REGISTER

‘5 ¢ s A

8D

ol e 7@ o Sa@ 4@ 3620 IR
- T4LS 374

9 oD Sp _4p_ 3D 2D ID

r____ocomao;.  CLOCKED. .REGISTER. .. .. .. ...
, _ _HERE's THE TRUTH TABLE: S

‘_._.o CLOCK

LOUTPUT .

ERCYE

UCOMMON

fjél

RH. G ..F _E.

e b)DlRECTIONP\L DP\TA

CLOCK

,a} '71 H/M,sl . cowntROL D
o C_ B A ... ... Y TR NSRS S SN
X

I SR
‘H. X..

\NPUT/OUTPUT BUS REG\STER

BUS—?‘

rpnMmo N ®>

LA A {\ A A vx AL

Q. 5 4G .38 .2Q.

iQ 8D 72 D SD 4D. 3D 2D .ID

ouTPLT
CONTROL....

cLocCk

 THVS  CIRCUIT.. GIVES. 74L5374.
. OLTPLT

~WHEN

INPUT  AND. . . R
LINES. _ WHEN . OUTPUT . CONTROL IS HIGH,.
DATA . ON BUS . IS . LOADED INTO. . .TRE. 74LS 374 . oo

on THE RISING - EDGE (J) OF THE CLOCK PULSE..

OLTPUT  CONTROL IS Low, DATA IN_.THE T
94Ls374 . 1S . WRITTEN . ONTD. THE. BUS. .. . TR

COMMON
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~ OCTAL BUS TRANSCEIVER AT |
7"“.32"'5 | ' Tzo 19 he [ Jie pis P4 |13 Pz

ALLowS DATA TO BE v v &E& 517 VAN q

TRANSFERRED IN.  EITHER

 _DIRECTION = BETWEEN TWwWO
. BUSES.. INCLUDES  HIGH

_IMPEDANCE (HI z) OUTPUTS.

BUS TRANSCE\VER DR

N A —> B WHEN H O ENABLE WHEN L
' B HI=2 WHEN H
] 20

S T U N N U SO meuey T S S S S O

. 2
T
3 X
gl :}
) " <‘J o |
s S
e {: , s

- B I
e ~d |
o M 3
R ~

| <‘l I
\ { Y Y Y v ¥ 7 ' " Jy v YL ‘L {, v vy

o

“_?lfffl;ﬁéisw O | | | T



| ,,INTR&‘ODUCT\.ON

_THE oUTPUT OF A LINEAR IC 1S
.“PROPORTlONAL 'ro THE SIGNAL AT
~1TS  INPUT. | THE cLASSIC LINEAR
IC . ls THE OPERATIONAL. AMPLI FIER,
S THIS GRAPH SHOWS THE LINEAR
MIMPUT OUTPUT RELATIONSHIP OF A
TYPICAL _OP-AMP  CIRCUIT:

) 1 Loed

o7 o4 Ok 08
~ INPUT (VOLTS)

 MANY . NON-DIGITAL. ICs— INCLLUDING.

OP- AMPS — CAN. BE VSED. _IN BOTH
____LINEAR_ _ADND . "NON-=LINEAR MODES
. THEY ARE SOMETIMES DESCRIBED AS

MANALOG.MIC,S.,, et .

" LINEAR  TCs. GENERALLY REQUIRE

uv,,D\GlTAL ICs- CTAIS _INCREASES
LTHEIR SUSCEPTABlLITY TO. EXTERNAL .

 NOISE _AnD. . . MAKES _ TREM. AL LITTLE .

 TRICKIER ..TO . USE. . ON THE ,MOTHER‘,
_HAND, SOME. LINEAR . ICs CAN DO

ESSENTIALLY THE  SAME. TRING _AS..

A __NETWORK . OF DIGITAL CHIPS.

HERE'S A BRIEF DESCRIPTION  OF

 TRE LINEAR. .. CHIPS IN TRIS SEC-
TioN:

VOLTAGE REGULAT OR S -

..,;PRova A STEADY voLTAeF_-, EITHER
___FIXED. OR . ADIUSTABLE, THAT. I5. UN=
__AFEECTED. BY . CHANGES IN. THE SuP-
PLY. VOLTAGE.. AS. LONG -AS TRE SuP-

.. OUTPULT . VOLTAGE.

" OPERATIONAL AMPLIFIERS
 IHE ADEAL AMPLIFIER ... ALMOST..

RIGA . INPUT . . IMPEDANCE AND GAIN .,
_LOW.... OUTPUT _1MPEDANCE.. . GAIN 1S

. MORE ' EXTERNAL . COMPONENTS,MTHAN USE . ALONE OR W\TH

DIGITAL DISPLAY, VERY EASY. TO USE..

P\ voLTAGE CONTROLLED ,oscuLA'roa,,,,
AND. . A. COMBINED. VOLTAGE=™ =TO= FRE~=
QUENCY._  AND FREQUENCY=TO-.VOLTAGE..

__PLY. .VOLTAGE. IS ABOYE. _TRE DESIRED.

THIS . SECTION INCLUDES - SEVERAL EBASY. .TO ...

EASILY CONTROLLED WITH A smc,:.s
FEEDBACK RESISTOR. FET INPLUT
oP-AMPS (BIFETS) HAVE A VERY HIGH
FREQUENCY RESPONSE. 1T'S usUAu.Y
OK TO SLVBSTITUTE OP-AMPS IF BOTH
ARE NORMALLY POWERED BY A DUAL . .
POLARITY SUPPLY (Y2 LF353 FOR 74IC,
ETC.)... BUT PERFORMANCE WILL IMPROVE
OR DECREASE ACCORDING TO THE. luew
OP-AMP'S  SPECIFICATIONS,

'COMPARATOR

SAME  AS AN OP-AMP_ WITHOUT A
FEEDBACK _RESISTOR. ULIRA — \-\\GHM
GAIN GIVES A SNAP—LIKE RESPONSE.

~To. AN INPUT VOLTAGE AT ONE. .

INPUT TRAT EXCEEDS . A REFERENCE
VOLTAGE _ AT. TRE . SECOND,“ NPT

| T\MERS :

NUMEROUS _TIMING . AND PuLsE GENER—
ATION  APPLICATIONS.

LED CH\P‘S;'

MOST. IMPORTANT. I\RE A FLASHER CH!P.M/.M

AND . A DOT-BARGRAPH.  ANALOG= -TO-..

_OSCILLATORS

CONVERTER. ALSO .. INCLUDED 15 A e :
TONE .. DECODER . TRAT. CAN. BE -SET-TO -
IWDICATE A SPECIFIC _FREQUENCN. oo

AUDIO AMPLIFIERS

_AMPLIFIERS  TAAT ARE.
DO~ IT-NOURSELF. . STEREO,

vse POWER
IDEAL - FOR .

_PuBLIC. _ADDRESS. SYSTEMS, INTERCOMS oo

LAND = OTHER ALDIO . APPLICATIONS.

69



3”“73\2 (12- VOLTS)

,..s«»\

i
i

”f““78l5 (lS \[OLTS)

e lDEAL
. POWER/
! REe
BATT!
! Tc : N e e o i s 4
- ouTPuT IF

REEULAToa IF HEAT‘S)NK Yoo éFlALL

| cavmion: You :
. MUST 'NSU’-ATE I Y X
g THESE COnNECTIoNS!

T Tl Tin =126 V, VZA OoR 3A_ TRANSFORMER (273 -1SOS  op 273-(SH). '
Bl— IA—4A FuLL WAVE BRIDGE _ RECTIFIER (276-16, 2761151 OR 276~ DR

(RADIO SHACK CATALOG A NUMBERS IN_ PARENTHESES) .

Wiéﬁ&?é&lﬁ&ﬁﬁﬂLATQRﬁjf”%”

. _USES_ INCLUDE
L2 (- STRBLE.

R 1_,5()s o LAMPS.

' [ raxx |2 oo

-J<Clu,3 ,g‘avx._w,, e L =
' j>- GROUND

. Cw‘ OPTlONAL USE_ 033,uF oa so T S
e REGULATOR FAR__FROM _POWER S weey, T

 Cour— OPTIOMAL, USE ol,uF OR _MORE _ URRENT =
e TRAP _SPIKES . THAT E>OTHER '—OGIC.ICS:,;,..‘,,y.‘,.,‘.w,m ;

REGULATOR VOLTS S et £
_RL s




"’5 VOLT REGULATOR | |
%i;'V’qu : - - ATTACH HEAT

x

SINK |F REQUIRED

" FIXED -5 vouT

.~ REGULATOR. CAN BE

~ USED To  GIVE , S
ADJUSTABLE VOLTAGE | — GROUND
ouTPUT. UP TO IS 2 — ouTPuT

" AMPERES  OUTPUT IE 3~ INPUT
" PROPERLY  HEAT SUNK

~ AND  SUFFICIENT INPUT

~ CURRENT AVAILABLE.
THERMAL  SHUTDOWN  CiReurT

~ TURNS  REGULATOR OFF

" IF HEATSINK T0O SMALL.

FIXED -5 VOLT REGULATOR

" -5.570-35 VOLTS f |

IN 7905
I

o Ny
2.2 uF
R, S—

. V;A(BAC K')j

—
- WORKING VOLTAGE MUST EXCEED Vin.

ADTUSTABLE NEGATIVE POWER SUPPLY

P L.
Cam

1] |=5 Tt ..
L ‘ , L 'S 270 |-30 voLTS
 ~-5.5 10 -35 VOLTS ! < ] . ouT.

. ; 7905 \

o/ J: ——— |3 O (1M | EXAMPLE:
% |7

(BACK) . L iN=-20vV
- :

, 2.2,«Fﬁ ,

,\.L 22 MF - RADT o

\\l




12-37 VOLT REGULATOR
LM317

CAN SuPPLY uP TO 1.5 AMPERES
OVER A 1.2-37 voLT OUTPUT
RANGE. NOTE  MINIMUM NUMBER
OF EXTERNAL COMPONENTS IN
BASIC REGULATOR CIRCUIT BELOW.
USE HEAT SINK  FOR APPLICATIONS
REQUIRING FouLL POWER OUTPUT.
SEE APPROPRIATE DATA BOOK FOR

ADDITIONAL INFORMATION:

o2 Vin

ol ADIUST

]

BOTTOM CASE=Vouvy
VIEW

(To-3 CASE)

125-25 VOLT REGULATOR 5-VOLT NICAD CHARGER

Ok TO. OoMIT
TO LM3I7.
VOLTAGE -

Vis SHOULD BE FILTERED.
Ci IF Vv VERY CLOSE
Rl CONTROLS OUTPUT

*Apdp IF OUTPUT >25V AND CZ>2SuF

R\
22N

Vin o] LM3I7 E‘ES\AHT

(+12-20V) 8l

r 13

L

——
-

Bl 15 BATTERY OF 4 NICKEL
CADMIUM STORAGE CELLS [N
SERIES. THIS CIRCUIT CHARGES
Bl AT A CURRENT OF 312 mA.
INCREASE RI TO REDUCE CURRENT,
FOR EXAMPLE, CURRENT 1S 43 mA
WHEN Rl {3 24 OHMS,

PROGRAMMABLE POWER SUPPLY

—— o> TO ADDITIONAL STAGES

Vin 0_3_ L35

220
(>28V)
CASE e
QI-Q4 = *
RS2009 &
Voot
33K

LIMITS MAXIMUM Voot
TO~ZIV  WHE INPUT
i1s 2a V.

72

R R DCBA INPUTS: CONNECT
TO PIN 2 TO SELECT.
Q3 Q4
R VOU‘\'
100 1.8
= = 330 | 3.0
33K 470 4.0
1K 7.3
A z.2k |13.5
3.3K ]I8.0




-1.2 TO -37 VOLT REGULATOR
3377 .

ATTACH REAT
SINK |F REQUIRED

CAN SULPPLY up TO -V5

AMPERES ~ OVER A —-1.2

To -37 VOLT OuTPUT

RANGE. FEW EXTERNAL

COMPONENTS  REQUIRED. I — ADJUST
COMPLEMENTS  LM3I17 2 — oUuTPUT
ADJUSTABLE POSITIVE 2 — INPUT
REGULATOR.

ADJUSTABLE NEGATIVE REGULATOR

” | ) Ezk
N .
Vin 2 Vour . __
+ _ T =
S m— L] g *
\O/uF'*' 1 \O/AF
337 R
N aca — |3 120
-1.5 To -38 VOLTS (ToP)
IN 2
N L2 4 R2 J—l_ -1,2 TO-37V
~Vour = ~ I sv( 1{5) | ouT

o

¥ WoRKING VOLTAGE MuST EXCEED V.

PRECISION LED REGULATOR

SUPPLIES J'R'L
CONSTANT P
CURRENT (T) I
To LED. 1.1 T WF
T
337
IS oo
;____‘__3 O 4 1.8K
LED | (ToP)
p — |2
¥ J L
-5 T0-37V TR
Leo I = LSV/RI,
j_ R7 GIVES * 15°% ADTUST MENT. _L
L LED I = 15 wmA wHEN R= 1000, =
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[T U e SRR L A e e e e P e S R st i s s B i i v

‘,ffﬁﬁ,ifiiZif-?S?fi'fﬁlV‘OﬂLTT“ "REGULATOR _ | ,,
230 T NTO
S CURRENT LIMIT 2l |3FeEq. N
MVER\L vERSATu_E SERIES ; ; o v ] Comp.. ..
 _REGULATOR.. .LP TOo 40 VOLTS o CURRENT SENSE nNzvs
~ INPUT..._ _AND .2-37 _.VOLT. OUTPUT. o
! i,wMAxmum "OUTPUT _CURRENT .. .OF ~ INPULT W Ve
10 Vour. .

.. 1s0. mA CAN _BE. EXTENDOED .TO L
L 1OA ADDING .. EXTERNAL . . + INPUT
BV

14 ne

= o

,_WPoweR TRAMSISTQRS SHOWN e
] _WEELow CARE.TwWO BASIC .. . ~Veer
- CIRCDITS. i} RY THESE _THEN _ R

SEE . APPROPRIATE "DATA BOOK N V-
A.FOR« ADD«T(ONAL. CIRCUITS..

s o o

fﬁZ 7 VOLT REGULATOR 7 37 VOLT REGULATOR

O . Ay Vour Vi oyt Tle A > Voor
bl Rse (V.,,=VM+S> } , Rsc ... ...
I 2 T X 1 N | il |2 229

1 723 | 723 |

3Ry R3 DI i

l e . . ) IIDOPF o . =

T rypieAL vAwes. TyPicAL vAwes 1
 Ver | R | R2 | B3 Ver | ®I___| ®2 | R3]

—

30 janrk | 3ok .| LK 9 | 187k | K| o4k

T 36 ) 351k .| 365k .} 180K 12 4, - 2.90k.
50 | zisk | 493k |} LSok IS 4.7 3ISK. |
 vo luisk | G6o4k | 96k 28 21. 53K ...

Go

om® ®
oI
XXK
RN R Rl

P
K AK

For Ay vorAGe  BeTweew 27 FOR AW oiTAGE BETWEEN T
MOLTS.:. - - voLTs:

Vour = (VREF )7‘ < 2 + g7_ B Vour = (VRE;*) *\TR2 ) e wé

Vaes = 68-15Vv (MEASURE AT PIN c,) o i o
RIXR2 , CRIXRZ  (R3, WHICH IS OPTIONAL, GIVES .
R3 = ‘QT»,%" : ) - - R3= RItRZ TEMPERATUQE,“STABlLlTZ},{)w B r




‘ADIUSTABLE SHUNT (ZENER) REGULATOR
- )TL"!'S! .

8 REFERENCE
(R)
7 ne

1° AnoDE (A)

cmnooe (x)!

" EASY To USE THRee - . Ne 2
. TERMINAL  ADJUSTABLE B , o ,
_PRECISION SHUNT ;; ‘ ... NC 3]
_ REGULATOR. OUTPULT o o ; R ,
_CAN BE SET TO FROM - Nc 49} , S NC

.. .25 To 36 vOLTS.

; . ADJUSTABLE REGULATOR VOLTAGE DETECTOR

:YV~f

e = T UsE Tto DpETECT

_TTL Lo6lC LEVELS.
(l+ R\/gz) Vaes T cosl

Vow = 3=30V o

MM i S l MPLE TlMER | , .1| 5 TO 5 \ POWER SUP,PLY:,;.::,
' 390 e T

. LED..GLOWS . R
. AFTER_DELAY. . .. . 1 IN
\‘,..,;,P‘ER{OD;,W SRR

o

o 15Tosv
L OUT. u

- OWT

=k

T peav s o) (Inth=)

R ) Mo e
S e I TYPICAL ST S
| vALues: =

R S S S SR SR S S S
d | D Gt I SN S Lot
)'4’ ¢ H ! ¢ 1 : ] : :

\ Ny i Tt W s Sy £ vt e et ces )

431

b . T

RESET ... . SN

_RI=IM

eno 1

100.. .. .
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— [2 To 33 vou- REGULATOR R S e e et

MWM Sl ... ATTACH HEAT —
_i_w;_w;,,w_w.w_ ... SINK IF REQUIRED
_WM_MCAN SuPPLY .VP_To B
- AMPERES _OVER .2
MWW'BWWS:{ NMOLT  OuTPuT
RANGE . FEw. EKT‘ERNAL N S L
_LCOMPONENTS _ REQUIRED. oL~ ADTFUST
éHEAr _SINK IZEQfomED 2 T INPUT

——FOR__FutL PoweR ooTPUT. T 3-opgrpyr B

§ 2! c.on*rgot,s
m,_.;u S J,..MOQI PUT

+ -O—
MWMZ TO 35 VOLTS, R |
Ll IN_

POWER PULSE GENERATOR

B \V’lch}S 70 rsvoc e

_IuF

= . |350T . out[3 A2

e T 1 S |

N N ADT SR

~Sssso o T T 220 RS SETS AMPLITUDE
L 2N . .. Rl_CONTROtS  RATE

AR

SRS UsE o mash 1
L AOK - INCANDESCENT S
- - LANP .VARY

Y




 4V= S-1gv

- N

OPERATIONAL AMPLIFIER
74HIC |
~ _THE MOST POPULAR OP—AMP.

LUSE  FOR _ALL GENERAL PURPOSE
__ APPLICATIONS. (FOR  SINGLE

_ SUPPLY. OPERATION AND  VERY

 MIGH  INPUT  IMPEDANCE , USE
- OTHER  OP=AMPS IN THIS NOTEBOOK.)

INVERTING AMPLIFIER

RZ

V=t5-igy

s Vour

Vour ==Yin ('%'?')

|7 UNITY GAIN FOLLOWER

~AJSE.-TO. o .
- COUPLE . HIGH. |
- JMPEDANCE. . . .
L0 _LOW. R
Mpepance. L2

V=2s5.1gy

. —— >V°u’r
VIN o_:’s_.

 Vour=Viw

. SINGLE POLARITY SUPPLY

RT ‘
— AN

. INVERTING 2

NON-INVERTING 3

oFFseT 1|
NULL

. ANPUT .

OFFSET . .
NULL .

NON-INVERTING AMPLIFIER

Vin

1]

+V.

TYPICAL.
e APPLICATION ;
-~ =V SHown BELOW 2

LEVEL DETECTOR

Ninv. o

k; +V" :

R

.2

——
-

- ~TYPICAL USES: ~ - ~
AMPLIFICATION. . OF  DC . VOLTAGE AND _ PULSES.

3

1. Vin. MuST
.BE . NEGATIVE.,

- VOUT

~RL.
... 50K

3|

THIS _CIRCUIT .

SHOWS SINGLE
POLARITY OPERATION.
OF A COMPARATOR.

T

Rl SETS THE VOLTAGE DETECT/ON. . . . .
THRESROLD (UP TO +2), WHEN Vin .
EXCEEDS THE. THRESHOLD (ALSO CALLED .
THE REFERENCE), THE LED GLOwsS. .
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Ci’ERATlONAL AMPL!F\ER
7‘-! IC B

: ‘;,;;”’ff,B’;Af;S’ilifC lNTEG RATOR

L
‘}f

.- ,C,l= OOl

e AND N = tzsv
_ OuT= =t\v

THEN. ouTPUT .
.CANNOT . EXCEED
ELT VL

VauJ’ ""Vuu (
MR To Vz * 0;1 v

SUMM!NG AMPLlFlER

Rl

“1OOK -

ook

VOUT = —<VIN‘ + VtuZ)

l m - - .EXCEED XV,
.18 " IR

,WIQ:KHz AN

_ WHen vstqy

W,.D,LAND 02.?—7. FENT
- ZENER . OIODEBS. .| .

by Voour.

-NOTE:. V’w‘- SCANNOT..

(coNﬂNueo)

- BASIC DIFFERENTIATOR

Rz

Ri = \00K.

L OUT .

By
AND. IN =
OUT. =% 25y

R3

- RS

Rk
toOK -

... R4: BALANCE
. Rb: Z2BRO -

9.

ASi. UNKNOWN RESISTOR..
CELL ~FOR_.RL.TO. MAKE. A SVERY.
_SENSITIVE. . LIGHT. METER.

R4

» R3 ¥

JOOK.: ..

100K =V

10 KMz IN:
C1=.000224F
|oR2,R3=100

WHEN V=*qy
x .25V,

CUSE.. CAS. e

DIFFERENCE AMPLlFlER,,,,

V= is-lav




LIGHT WAVE RECEIVER

OPERATIONAL AMPLIFIER (continveo)
741¢

NOTCH FILTER

60-Hz
R3 20pF  ioeF  VaiS-im
+9 M J—y ) o
R2 +9 R3 b SEY__
\k (& oM 6OHa
4.3 uF 3 12/ "\ . S
+cl q470pF 741 FREQ. .
N av IuF 3 ‘ 31y ~>,,Uou1'. e
RADIO SHACK R R2 | 4 ‘ s
276-130 1OM IoM OHz INnPUT
o FREQUENCY N~ bown -3dB
1 exn |
USE TO RECEWE VOICE - SPKR , SR S
. MODULATED LIGHT WAVES. oK i
TO USE  SINGLE  POLARITY POWER 4-BIT D/A CONVERTER
SUPPLY FOR = NON=-VOICE RECEPTION. . N
HIGH PASS ACTIVE FILTER BINARY )
Rl ' INPUTS Rq
27K V==*_'-5-IB 4B ¥ ‘§l|< \K s
1z=m=rzz’4w\ o DoMA_ | 2 B
C=C¥=C2 -2 ouT~H . .
E R, .32 - 2 s
: FREQ TR JADO. QIRCUIT .
a | ez .| c BELOW FOR
FRE@,-Ol -0l | > FREQ 9 iMPROVED .
N ’ ouT R7 §R|o OPERATION.. .. .
: O—’H VALUES SHOWN K[ 470 +L4y. .
CUTOFF = B e
i = 756 Kz RI-RS:
2T RC = 2350 H2 R8[ ok TO UsE
= = 6O Hz Ik |8k (2k
A BEST) "o
LOW PASS ACTIVE FILTER RS ouUTPUT o
. ¢l 2K VOLTAGE e e
.ol V=ts5.8 4B _ N LA
R=RI<R2 r_{(L ° +9 1 occo ————> 13,
C=Cl=C2 -3 ok =
+V &, oK
, FREQ
FREQ R R2 z 10k
IN. ook [1o0K | 5. FREGQ -9 lok
O_Nv\__;..m]3. ouT VA o
VALUES SHowN: OUT. oo
- BASELINE
- .CUTOFF = I ce Odg = 50 Hz2 ADIUST
1 OluF -3 4B =250 H2
2T RC = -50 dB = 10 kH2

79



~ OPERATIONAL AMPUFIER (continves)
mic o RO

- OPTICAL POWER METER BARGRAPH LIGHT METER

SRy
L AOOK...

i’ . R%: OFFseT. AA__

M ..CAUTION: - ADIST ) S .

11 .0-10.0 uA L_vag1 ;;;;;; TRIS |S

2uF AL yERN: R ..o} L RY.

+ 4 SENSITWVE B 57 S o] ek}
. 100K L} QIRCuiT —MA_ L 21 N5 |
S / w<,__4;._/\/vg__¢ .TOO _MUCH e

~ZuF | LIGHT wilL

__t.l(__. SLAM.  THE

_ oK L METER .. .|
L MA____4 NEEDLE.

FULL SCALE
-METER
READINGS

QL1 A PHOTOTRANSISTOR . 390
(RADw,W SHACK. 27&-4130)”. .
CONNECTED. AS A e
, ; _ PHOTODIODE . A silicon . Rq
CELL - SOLAR CELL.. .CAN.. ALSO 420

. o T BE L USED. -USE .GREEN
- THIS CIRCUIT . CAN BE.  USED AS. A. FAIRLY - LEDs - FOR .READOULT,
GOOD.- QUALITY RADIOMETER. . ; . . R

-SILICON SOLAR.

M /‘.005‘ oM , —U

RI
10K

| e ;__14(

o
A

PRESS
TO RING

PCl,PC2— CdS. PHOTOCELLS
. & : : - (RADIO . SHACK . 276 11G).
ADIUST R3 To Jusr seLow OSCILLATION

POINT. ADTUST R2 Anp R3 FOR SOUNDS . LIGHT on PCl . DECREASES  Tong FREQuUENLCY...

- SUCH "As  BELL, DRuM, TINKLING | ETC. . LIGHT oN. Pc2 INCREASES TONE FREQUENCY,

80

> = TO. AUVDIO.. .. 7 100K .} N .
AMPLIFIER . L L | ;
o LT P ; PC2. .. 8 SPKR

ELECTRONIC BELL ~  AUDIBLE LIGHT SENSOR |




e

DUAL OPERATIONAL AMPLIFIER
1458

TWO 741C OP-AMPS IN A
SINGLE 8-PIN MINI-DIP. TRY
TO UVSE THIS . CHIP FOR '
CIRCLITS THAT REQUIRE TwO
OR . MORE 74i's. You'LL SAVE
TIME, SPACE AND MONEY.

PEAK DETECTOR PULSE GENERATOR = "f',fﬁ}fff
fox | oM R %

MANA__ AN\ 4 ENCY e
Cl* N

. |..00\MF 5872 Hz | .
|0l amE: . bO _Hz |
K

I E
oM ra 1

q AA A 5-‘[458

¥ wa
X Cl STORES

& ; cl THE  PEAK

. 1001 F VOLTAGE
= AT Vi

9 V°UT

.

-APPLICATIONS  INCLUDE  USE  As o oK =
ANALOG "MEMORY" THAT STORES

PEAK AMPLITUDE ©OF A FLUCTUATING PULSES . ARE DC. AMPLITUDE .
VOLTAGE. ‘ ‘ - WHEN .Cl= 0l ufF 1S 5 vorrs.

FUNCTION GENERATOR

RS. 100K | —_—WA . FREQUENCY = | KWz
>__3}+_.~_‘ : 1. -R8& Iook] .. ... f
R4 cx apf | Ml T e T 1
oK . RT L 49 Loon]

| _AAA b Vo 1o OoK

l4se £

. 10K Yo

SQUARE: T 725y TRIANGLE: T2v



"~ DUAL OPERATIONAL AMPLIFIER L
TULF3S3N (JFET INPUT) a1 o] of s

—--—HIGH _IMPEDANCE (10 "0nM) JuncTion FeT N
‘ INPUTS.  OUTPUT SHORT CIRCUIT N

—. PROTECTION.  HIGH SLEW RATE (3Vv/msec), - B | |
L—.LOW_NOISE OPERATION. AMPLIFIERS ARE , ; ‘ 1]
L SIMWAR._TO THOSE IN THE TLOSYC. NoTe

L THAT _PIN._ CONNECTIONS ARE THE SAME As , ;
— 458 _THIS  OP-AMP, How EVER, OFFERS vl 2] 3] H ,
——+-MUCH __BETTER PERFORMANCE. o , V-

{

mn " “SAMPLE_AND HOLD - PEAK DETECTOR
b NS e ~AND SToRES +4-1av .
‘ ? PP S b1 SN B PEAK Vin IN _

. e i M o Cl.

w,,_»"/« feoo® 12N | WY
e ] HObG | INQIY . ;3 ~ L Voo N9y
Mww.,»\[m. ! : " - , Vin .

- F

REDUCE <l <y
FOR FASTER  \uF I -4-18YV
RESPONSE. ;
TO CHANGING Viv =

PROGRAMN\ABLE GAIN QP-AMP B
o“‘;_. 40606 jls‘ R

GAIN A
-3
Qs
D

- SELECT ..

MAKE

SELECTED 3 “odIAA] B
GAIN INPUT , R2.

H, oTHERS L. | 8 o o-JIn_{ ¢

| RI=R2=R3=RY= 0K

< CONNECT - OUTPUTS OF PREAMPLIFIERS .
—~TO . NPUTS =3, . OK To ADD MORE

.«ZWQQHANNELs,.W.M, WoRKS .. .WELL. _WITR

——TLOBY.  MICROPHONE PREAMPLIFIERS.

8

o
: ¢ . . :

o .
]




QUAD OPERATIONAL AMPLIFIER

V_
TLOSHC (JFET INPUT) ] 3] a2] u| o] al 8]
HIGH IMPEDANCE (10™ OHMS) JUNCTION 4y
FET INPUTS. OUTPUT SHORT CIRCUIT
PROTECTION. HIGH SLEw RATE (12 V/
sec) PLUS LOW NOISE OPERATION.
PERFORMANCE SIMILAR TO LF353N.
NOTE THAT PIN CONNECTIONS ARE
SAME AS LMmM324, il2] 31 4} 5] e
. V+
MICROPHONE PREAMPLIFIER LOW-Z PREAMPLIFIER
; R2 (GAIN . R2 100K
USE Low RI MAIM_conTrOL) AN
TO MEDIUM E R3 100K t4-I18V | USE Low
IMPEDANCE + IMPEDANCE R +4-18y
DYNAMIC (Low-2)
MikKe ~ MICROPHRONE
\ L—)-VOUT
. OK TO UusE
85 SPKR . AS RH -4-18Y  RADID SHACK
MICROPHONE. 100K 273-1380
CONNECT . DIRECTLY ¥
) . TO INPUTS (PooR = RED
.NOTE SINGLE POLARITY. POWER SuUPPLY To FAIR)  ©OR USE BLACK
(TRANKS  TO R3 AND R4) AND Ac TRANSFORMER (GOOD)!
. COLPLIN G. : : Ve IN
85L sPrR
- i . WHITE BLUE
INFRARED VOICE COMMUNICATOR
; R3
19y 100K ~ 1M
RI
114 Rl Ci. <R1
i . 220k JuF <K
- DYNAMIC :
-MICROPHONE RS2009 Ql
‘ RECEIVER ~
// _ -9V  Power
ok TIRAN | , B AMPLIFIER
: | INFRARED
1 ; LED LSE. RADIO SHACK 2%%-I30
- : (276-142) PHOTOTRANSISTOR FOR Q..
- POWNT THE LED AT Ql AND - ADJUST RM  UNTIL MAXIMUM RANGE . HUNDREDS
- BEST VOICE QUALITY IS OBTAINED. (R4 APPLIES OF FEET. AT NIGHT  WITA
PRERIAS TO LED.) Rb LIMITS MAXIMUM LED LENSES AT Q! AND LED.

CURRENT . TO. A SAFE 40 mA. POWER AMP: SEE LM3RG.

B3



QUAD OPERATIONAL AMPLIFIER

LM324N

OPERATES FROM SINGLE POLARITY
POWER SUPPLY. MORE GAIN (100 4B)

BUT LESS BANDWIDTH (! MHz wWHEN

GAIN IS 1) THAN THE LM3900 QuAD
_.OP-AMP.  NOTE
.. OF POweR SUPPLY PINS.. CAUTION :
. SHORTING THE OUTPUTS DIRECTLY
___To N+ OR GND
~ POWER SuPPLY MAY DAMAGE THLS CHIP,

'BANDPASS FILTER

£ ;
R2 A" sanoeass
150 : FRE,QUENACY:W
1 IKHz

PULSE GENERATOR

,+"+-'3‘ov
by DI
Di-D72: INQIY
~OK TO / _{>‘_
ELIMINATE, RI R2
IF so, 100 M
... CONNECT rr
_R2 YO Piny R3 .
~AND ELIMINATE \OOK y by |
R3. 3 INL- 17
T x>, n
-
386 KHz2 _
CHANGE RY
AnpD/or €I
TO VARY PULSE

REPETION RATE.

UNUSUAL LOCATION

OR REVERSING THE

ITL DRwER 2 N Avy Vo

IN

- BUFFER (ouT=IN)

., GNO
4] 3] 12

2l s 4T sl . 71
+3-30V

CARERULLY ADIuST =~

R3 FOR BEST voice MICROPHONE AT

QUALITY, FOR MORE INPUT, RECE\WVE
POWER  REDUCE RS ~SIGNAL. wWiTH.
TO S5oR... BuTr DO PHOTOTRANSISTOR

NOT ALLOW MORE THAN PLus op-AMP,
30 mA THROUGH LED)

INTERFACE CIRCUITS

- OBSERVE als  (d
POWER  RATING]

To
TTL

LM324N \

> out

. LED DRIVER. =

il ol 9| sl

USE DYNAMIC .




QU AD OPE R ATI ONAL AMPLI F lER +‘1fj,~f$‘;fv}

WOPERATES VFROM , ,swst.e ... POLARITY. S
. . PowER. _suvppLY. LEss GAIN (7O0dB) . .. .. .}  ————————————
.. BuT _WIDER BANDWIDTH (25 MHz AT .. .V
.. GAIN oF‘.;,l)«;THAN.' THE tMm3249 QuAaD. . . LY . I~
e OP=AMP. ... NOTE . STANDARD POWER .~ 1
o SUPPLY. PIN _LOCATIONS.. CAUTION: e , : b
.. SHORTING THE QutpuTs DIRECTLY TO V¢ ‘] 2] 3] 4] sf el 7] '

. OR GROUND  OR REVERSED PoweR . . . . . ... ... L

... CONNECTIONS MAY DAMAGE THIS CHIP. ... ... _NOTE: DO NOT SUBSTITUTE
j , Luzqoo _FOR. on—\ek _OP-AMPS.

~ ASTABLE MULTI’VIBRATQR,j,;,j. TOGGLE FLIP—FLOP

S VN R j _USE..AS. . CLOCK,... e e o e e
! ’ . PULSE .GENERATOR OR. . o
- DUAL FLASHER (SHown). .. . . *

e

il To TossLE MAHE«.V—«W

FUNCT\ON GENERATOR XIO AMIZL\FIER

Ry | T ey
B e e e

M ’

S R PULSE o od g CRAMP , :




_ QUAD COMPARATOR RN
S LM339 (276-1712)  welwslula)e)a

_FOUR_INDEPENDENT . VOLTAGE COMPARATORS
AN AL SINGLE . PACKAGE. . _NOTE. THAT | '—
~A_SINGLE POLARITY.  POWER suvpPrLY . | F¢—m—m— = |
_IS_REQUIRED. _ (MOST . COMPARATORS ARE || —

DESIGNED PRIMARILY:_FOR DUAL suvPpLy. . .t 1 NI
OPERATION,) NOTE UMNUSUAL LOCATION OF THE
L_SUPPLY _ PINS, COMPARATORS MAY OSCILLATE V] 2| 2] 4] 5]
_.{l.-;le QUTP&JI_,‘,;LEAD 13, Too . CLOSE.__TO _INPUT. LEADS +2-'S’LV IR U R
@Gzouuo ALt PINS. OF  LMUSED . COMPARATorzs %

"
e~
~

NON [NVERTING COMPARATOR lNVERTI NG COMPARATOR
,MQPﬂONAL .M.N,,/.,Rl RZ . .
u —INROT W...r,MDE.TERMLNEA + INPU‘F
o REFERENCE ... . VOLTAGE .. -
2 MOLTAGE. . - e e i e
(q.s V. AS_SHown).. | . tREFERENCE -

T len ctows wnen inmr veirace (s s) INVERTING COMPARATOR
:,;FALLS BELOW .REFERENCE . vo:.rAea (Pm? WIT H HY STERES\S ” :
~NON- lN\lERTlNG COMPARATOR s m.;y:ﬁ;
T OWITH HYSTERESIS rwer . un

--MOLTA GE

+REFERENCE \
:VOLTAGE

o ? o ;'ﬁf,was M"fle K
;;;M;WJ-WREEERENCEc, N ]

i ‘ : [ [ R
b NOUTAGE e MO 2 L o

-+IMPU1'°__NV\__‘ AN L - NOTE . H\{STE,RES]s PRQV[D&D / .
e NOLTAGE o JOK. - 1OM . e &Y -FEEDBACK--RESISTOR. STOPs”

3 STATE OUTPUT

,ff, CMOS DR ) VER

H,'f,mﬂ’s IS ;OQK L G CONTROL e
- e R ENABLE <« e




QUAD COMPARATOR (conTinued)

-R3

1K

R4
LK

RS

1K

R

100K
bk

R2 L

__look

| .ooo0l
.00l
.ol
A
l.0

LM339
LED BARGRAPH READOUT

R7
1K

M
~
4

ADJUST R TO _ACHIEVE
SENSITWITY ULP TO A

WINDOW COMPARATOR

+5-10
3 RS
Rl 1K
*
R1
W
INPUT 1 + y | Ql
g RS-
VOLTAGE ol 339 2009
- 12

w | 1

THE LED GLOWS WHEN THE INPUT VOLTAGE
1S WITHIN THE WINDOW DETERMINED BY
RI-R3. THE winDow IS 4-8 MILLWOLTS WIDE
WHEN Ri= 5000, RZ=12008 AND R3= | M, 1T
EXTENDS FROM .6 —4.2 VOLTS WHEN Rl ANVD R3=
15,000 AND R2=25D0Q 2. USE POTsS FOR
RI-R3 FOR A FULLY ADJUSTABLE WINDOW.

PROGRAMMARBLE LIGHT METER

INPUT ~ FEW MiLLivOoLTS PER
VOLTAGE LED. SEE POPULAR ELECTROMICS +
(sEPT. 1978, pp.92-97).
>

OUT (Ha) RY
» RI 5K
M o

22,078
2,724
309

30

l.l

12

pcl:
Cd S PHOTOCELL -
(RADIO SHACK 276-116)

ADIUST RI AND R2 SO LED GLOWS WHEN
LIGHT AT PCl IS ABOVE OR BELOW  ANY
. DESIRED LEVEL.

87



LED FLASHER Z0SCILLATOR
39019 _
FASTRC1] 2
) . ] bK
EASIEST TO USE TIC |IN THIS ouT 2 2
NOTEBOOK. FLASHES LEDs OR $
. .CAN _BE USED AS TONE SOURCE. Ne . 3 3k| L & Ry
WILL DRIVE SPEAKER. DIRECTLY. ¢ n.n.g
Wikt FLASR A RED LED WHEN Vi ' GND 4 2 5 \+
1S ONLY |.3 VOoLTSsS.
Top View
LED FLASHER POWER FLASHER
2‘ An"";t | Y 13V
RED LED W& +L5y N (AT~ 30mA)
3 | T PIN & ™ Rep Lep
S| l 8 el S RI-R2: R) l JE-Y 5’[
L : Sk : 100kl RS-2009 ,
:1," .2909 OPEN=2H; . OPTIONAL t 3909
e ! CLOSED=S5.SHz = rLAGH R2 ¢l
| HTuF RATE 100 100uF ;
2 C CONTROL. 2 9
| INFRARED TRANSMITTERS
TRANSMITS ~ , ‘ _ :
STEADY IR LED IR LED
) | KH=z (Be-142) . INQI4 415y (e-142) INU4 415V +L.Sv
TONE. ‘M—"Q_" T TRANSMITS
] ¥ ‘ oisTINCTIVE | ,
B #8 ‘ b 1S WARBLE TONE % ,‘v TS |8 1’5
L L 3909 : R 3909 ' 3909
LR Sa T . RI Ci -wf;
ASK [ AuF 470 LuF
N I I | 15 1 ]2 L Lee [T I8
o o : = = = + L 8IuF | =
. LIGHT CONTROLLED TONE LAMP FLASHER
: +L.Sv ,'l"one | tbv
. A FREQUENCY \
W INCREASES RPN
. 8 . WITH - LIGHT. - 8 5
VR . — . Rl ae .
g el L4 3909 100 Ci 39049
B Y 2 , ®12 orR | 470uF
b OTHER +.1/
L. Cds . [I 4 , .5-3v L R T 2 —\:{
ot PROTOCELL ST J_ (=018 , BULR.
it (27 =116) - : = SPKR =
.88 | )



LED FLASHER /7OSCILLATOR (conTinued)

3909
WHOOPER CHIRPER
| +1.5v +1.5v
. » ]
R g =2 3909 R Sa 3909 |
W [ uF |t 1Sk LAk [+
= Z gz _|H 8n T e _|H 8R
loo ~ SPKR 00~ SPKR
AL MA ,
T +\.5v 315V
33|<
5 8 S I
29019 3909
(4 c2 T 4
IOO/.AF | —:l_ zz-ﬂvﬂi 5 __‘
SUN POWERED OSCILLATOR TOY ORGAN
+L5V_
¥y I el 1
cl 8 ImF 18 5
R1 LuF ¥ : :
10K == 39049 Rl 2RZ SR3 SRY SRS z 34019 B I I
1 ¥ i
»—-—Jz SiLicON h ) .l_ EOO '%_‘1 .
R2 ' 1 SOLAR RI = 33K (376 He - - .
100 \ ; 8f ~ CELLS Rz-tok (719 H2) RY- 150 (2.88 KkHz) | -
L A SPKR R3— 330 (173 KH2) RS- 47 (.54 KH1) / :
' s .
TTL CONTROLLED 3909 SPKRS . ..
+5 R\ +5v l'
100
A AMA _ b .
Yo 7404 5 2 Ye 2404 Y
y | y | o0
Iy t 14
IN o) 41 2909 IN o 2 y 2909 (2
.,:h/;; 7 / 2 ’/ +
b0 l = 7 | ’ i = |
' 8 8 AuF
H= FLASH LED Ct H= TONE + LED GLOWS
L = INHIBIT 100uF L= INRIBIT

89



DOT /BAR DISPLAY DRIVER
LM39]14N

ONE - OF THE MOST |MPORTANT
CHIPS IN THIS NOTEBOOK.
LIGHTS WP To [0 LEDs
(BAR MODE) ©OR |-OF-10 (LEDs
(bor MODE) IN RESPONSE TO
AN INPUT VOLTAGE. CHIP
CONTAINS A VOLTAGE DIVIDER
AND O COMPARATORS THAT
TURN ON N  SEQUENCE AS
THE INPUT VOLTAGE RISES.
HERE'S A SIMPLIFIED VERSION
OF TRE CIRCUIT:

LED
+V

= A
‘ J—‘>—-5’-KH
] + %

Re

3 +3-8v

12 GND

IN S5} _MWA 4

. |
3 mooe

REFERENCE

VOLTAGE
SOURCE
(.2v)

REF 2
ouT

Rer 8
ADITUST

Rur  AND R ARE THE ENDS OF
THE OIVIDER CAAIN. THE REFERENCE
voutaGE  output (REF ouT) IS 12—1.3
VOLTS. CONNECT PIN 9 TO PIN L. FOR
pOT Mooe OR +*V FOR RAR MODE.

90

2 3 4 5 ¢ 7 8 10

?
18] 17| re] sl 1w} 1s) 12} n] 1

TO OUTPUT LEDs

IF THE LEDs FLICKER, CONMNECT
A CAPACITOR (0.05 uF TO
2.2 uF) FROM LED ANODE LINE

TO PIv 2.
]zl 3] 4l s] e <] e] 9
I =V +V R IN Rui REF REF MODE
OuUT ADT

DOT/BAR DISPLAY

R2Z +37|8

100K X LEDS
3
10 ‘|°
= LM3qIy| % _
1] q
To INPUT % o
12 8
5 .
IN 02|

Rt ComnTROLS
LED CURRENT,
CURRENT
TRROUGH R}
IS 15 LED 7
CURRENT.  SiNCE
CURRENT (I) Rt
THROUGH A IR
RESISTOR (R)
IS VOLTAGE

6
N
o

i

v}
®
n

3
R

N
‘?Z%\\Z%
w

AcRoss R H 8 K}

DWIDED BY s % , ,

R, 1K Gives ! |<l , 1

AR LED £ % o

CURRENT OF - 9 BAR:L (.Loor.

10 mA. L

Sy

WHEN +V = +3-18 vOLTS, THE READOUT
RANGE IS ©I3 —1.30 voLTS. TO ;

CHANGE RANGE - TO
(o-v voLt PeR LED),
POTENTIOMETER BETWEEN PINS b
AND 9. CONNECT VOLTMETER

ACROSS PINS 5 AND &  AND ADJIUST
R2 FOR | VOLT AT PIN 5. THEN
ADJUST K POT UNTIL LED |10 GLOwWS. .
REPEAT THIS PROCEDURE FOR O.]

VOLT AT PIN S AND LED |I. OK

TO REPLACE THE (K POT WITH A
FIXED RESISTOR OF THE PROPER
VALLE. :

o.l1-{.0 voLT
INSERT A 5K




cmcun‘ sHowS ]

THIS CASCADE
2| OR __MORE 5L%M3<t waew it Eed W N
__VOLTS, THE READOUT RANGE \;% L

04V TO 2.7 V. | HIGHEST ORPER LED &,
;smvs oN DURING oveznmsa ‘ Lo
'SUBSTITUTIONS _ COR R

POSITION,
Tiom | 2

" limzauy]

. TRE.. _CIRCUITS .

Dot move:
COmJch
PIN.Q To

N
_J_INSTEAD

L oF. +V.

wl s W

: [ ; i P

[ Pl : P : » b h
: [ S ! : : » ; N
ol H I Lt : 3o e G O MUY o~ 5 S SO S
i i H B 1 T 5 : i 4 H
4 3 { { ¢ i : ] : : Lo
B B = P i s H [ N d SR S P e M, N » 3

i : | i : B o [

; : { [
i ] k H : ; i
¢ i i i ¢ i i 1 : i : i : !
: ¢ : : : 4 ; : [ HE : i R 300 ?
; H H : H j § H : B ¢ : ; H i i H i .
X : H : | : ¢ P I vy 2 = m : :
§ . H | i et . P S H b | [ T P & U 5 4
g 4 : ; ¢ Vo ; ! : : :
? : B ‘ § H H i i H |
¢ : : : Hy >~ [ o H
: : : 5 : H H H H H H i i H :
5 il JpE PN RS - P ST B AN : LA RS SRS S €
[ O [ [ | H

]

ON. THIS . PAGE. ~

o ARE... . ADAPTED......FROM NATIONAL_ B SR RS LTHE,‘;“,;‘\DISRL;A‘,{,;,,,v;,,,ELASHES,,,_(;,OTHE?WISEL_
;..SF_M,\cVomp.sucrron,swK;“Lmzq:q; LITERATURE. ... ... . _THE LEDs . DO _NOT _ FLASH. . .
__BOTH.. WoRk _WELL. o : '

®
!«}Ik

LEDs ARE on

WANS

_DIRECTION T 91 ;

_INCREASE Cl T0 SLOW.  FLASH RATE




¢ i i : H
T s I e

Siti= ru\?cgiﬁiéﬁif
. 2= FREE _RUNNI

‘SINc

égf;RELAYZ

;z;é5l§

OUTPUT =
LM391y

LA

ANY. LED T

. -
y

Cl 1‘1'7,;4# (vkevems cmmea)
DI, —INQIY. o T
RY\—RA\)\o SHACK 2vs-ooq ) =

'F'\? AUV SRS Y SO
<

' *ms'mn SN NGNS IR




L:LOGARlTHMlC ' VERSION

A AEM3QUA N,
V,,‘.,:,A.AA.W,,‘S,,TR\N,,G _OF
. AS
,VLI,NEARILY, SCALED. DIVISIONS.,
_THE VOLTAGE DIVIDER _RESISTORS
___OF_THE
_TO GIVE A
__FOR__EACH. OUTPUT, THIS CHIP
. £-Y

. TORING
. AubDlo.

- SIGNAL

2

DOT/ BAR DTS PL AY DR lVERf’ffi R

LM3‘HSN

3 4 5 &L 7 8 9 0

8] 17| 1e] 1s) 1] 13 2| n}

OF THE
LM39HN USES

1K RESISTORS

A _VOLTAGE DIVIDER WITH

THE

" TO OUTPUT - LEDS

IF THE LEDs FLICKER, CONNECT
A CAPACITOR (0.05 /uF 2.2:F)
| FROom = LED ANODE LINE TO
PN 2.

ARE SCALED
INTERVAL.

LM3QISN
-348

IDEAL _FOR  VISUALLY MONI-

 THE . . AMPLITUDE . OF .
" SIGNALS. ... :

.‘\'3"-:-‘|av S

i Lmsélsy“ | -3 4B

o3
AN :
(AC OR-DC) . .

R} = 18, dB

K

—24 4B

-21.4B.

INPUT - SVGNAL ... CAN _BE .. CONNECTED . ...
-TO PAN.S
OR  AC .

FOR ... .MORE

THE.
- DIRBLTLY
LIMITING
~-LM3QIYN

COUPLING. SEE . THE
. IDEAS .. AND . TIPS,

bzl

0 TO -27 4B bOT

0 dB

-qdp
Thas

15 dB

L -21dB

| 3] 4] 5] 6]
1. T'V +V R IN R

71 8] 9}
REF REF MODE
ouT ADY

SEE(' LMsél‘lN FOR EXPLANATION
_OF _PIN. FUNCTIONS.

/BAR DISPLAY

LED DISPLAY

BAR MO'DE.

(FULLSCALE OR FS) @ 00800000

(707 FS) esscsscse

(.500 FS) ®esesseeo

( 254 Fs)' 000000

’LSO Fs) e®0000D0

177 Fs) e8 0000

Fs) 00000

[cNeleNeRoRe]

088 FS)

000000

062 FS)

(
(
(125
(‘
(
(

ocooo0o0O0

ou4 Fs)

*

oK TO OSE
DOT MODE.

WITHOUT RECTIFICATION,

q

¥

°

o

©

3



LED VU METER MODULE
NSM3316 *

O

INCLUDES  LED BARGRAPH DRIVER
AND LEDs ON  SAME  SUBSTRATE.
MAKE MODE PIN RHIGH  FOR BAR-

LED 10

GRAPR  MODE . LEAVE OPEN FOR LED 9 -
DOT MODE,  SEE DATA  SUPPLIED B

WITR MODULE FOR MORE [NFORMA-  MODE
TION. ALSO, SEE LM39/4 AND LM3915.,

REFERENCE ADJUST

VU BAR GRAPH DISPLAY |

REFERENCE OUT

~, Ru . |

+12 To 18V 5  rs e

T 10 \OuF

| q " 'o N N 7 . P SR ,\lw «f,\i ’ -
AUOIO o E.T. 1
. S S, P P

SIGNAL N
Re
e

GRouND

N gl  NSM3al

» s _LED 1

oliulclolciciolaliciclolc

Re | R3 R4 Vieo

220 10K 10K

e N

RI
Sk

o)

DEmEEE E E E

—
-

BACK AND FORTH FLASHER

‘Rl CONTROLS : ] ; RIS A TR IN
CYCLE RATE. _|.. . R, . . TWO GATE_OSCILLATOR S RTINS A
RY4. CoNTROLS oK ; SWITCHES . 406l oON . 7805 | GROUND.

RANGE. ‘  AND_-OFF, C7 1S v :

3 'Y CHARGED VIA_  R2
AND - DISCHARGED
BY R3 TO GlvE

,VQ,LTAG’E“; RAMP 5 q

el  NSM3%.

( 1=Y3 Hoy¢g ,, _ ,
G ROUND UMUSED
weurs— pins | L]

7, 9yl 1) , -

10K 10K

L




~LCD CLOCK MODULE
~ PCIM-1b1

 COMPLETE CLOCK MODULE. A
 REQUIRES ONLY 1.5 vouT C o oBAck) Iy

_CELL _AND SWITCHES. , , ; i

FOR COMPLETE INFORMATI/ON

_EXCEED 16 vocTs! | ALS MOD  LmP SET Vg Vop  ALZ AL |

.BELOW

use For | | N
ciRcults | 45 o—MOD ALl RED
_ ALsoO...

+

¥ LAUTION: USE

NOTE: ALL UNUSED PINS  IQUST Go. To ]
Vpp oR  Vsg ()‘ouk L‘Horcf)'

SEE DATA  SUPPLIED WITH

MODULE.  Vop  MUST T lonennnnenn

ALARM CL OCK ,

» pEzo , B ,
N . ALERTER TO SET‘ ALARM™:
(273-064) T

I PRESS ALS Tw:ce Pkess
SET UNTIL HOUR APPEAR

L
T
T‘

| 5 lALs ALz BLUE 2. PRESS ALS | pRESS SET.

UNTLL M(Nu-rgs' APPEAR

5o ltmMP  Vss | N | |
[o 3. PREss Als.
- Baek | PREss  Als

LSV

ALARM CLOCK RADIO

. o Tot9vorrs | AL
SCR L o ";
A SI: e¢LOSE TOo
BYPASS ALARM

INGIY4 ; T ‘ > TO RADIO »* ‘ ” U“
K G

CONNECTOR

'KEEP  RADIO
SWITCH ON.

N

3.3k

TO. AL
. 2N2222 ‘

TO Vss - : s TO RADIO ~— SCR
CONNECTOR (276-1067)

CLOCK CONTROLLED RELAY o
CURRENT  DRAIN:

470 Si « RELAY ON = 14.8 mA

alo—s +9y  RELAY OFF= 1.8 mA

DO NOT EXCEED Si: NORMALLY  CLOSED
K CONTACT gm-ms‘ PUSHRUTTON,

OPEN (PRESS) TO

INGIY Ijj IAMP _ RESET. _MuUST
@ 1zs8v WAIT FOR IS

2N2222 : RELAY SECOND . ALARM

TO Vss - (215-004) CVYCLE BEFORE
| 1 i RESETTING. _

CARE  WHEN
SWAITCHING
LINE VOLTAGE!

33k

A

T0 AUl




GROunD '} 8 Ve

 TRIGGERZ] 7 DISCHARGE

_ouTPUT 3| & THRESHOLD

MOST  POPLULAR TIC TIMER
"CHIP.  OPERATES AS A , , ;
. ONE~SHOT = TIMER OR AN ASTABLE = RESET 4 , S5 CONTROL

__MULTIVIBRATOR. THE 556 IS o : ~ _VOLTAGE

"7 Iwo 5SS CIRCUITS _ON ONE CHIP

-

555 EQUIVALENT CIRCUIT  BOUNCELESS SWITCH

+5-15 , N
! PRESSING S| GIves |
WTERNAL |} B Hi CLeEAn O.1 SEcownD
. REFERENCe| R} N R OuUTPUT  PULSE.

100k | N |
71 sss |3, _[T1Lo

2 .
——151

contRoL L4 |
_FUIP-FLOP| | | Cl

oL el TIMER PLUS RELAY |

IR , o +9 TRIGGER ~L—
U O OO RUUA SO S U O PO U AU B 4l RELAY ! . R §
e L AND. 2. ARE _ COMPARATORS. _ CIRCUIT o 2] LV, Soox.
o CAN._BE.. _MADE. _FROM. _INODIVIDUAL PARTS ' ~ ZwmA*
i AS.__SHOWN.... BUT . 5SS 1S _MUCH SIMPLER.

R 7] 555
IMm

> - , e e o o i e o S v e e

ONE-SHOTT\ MER o tl e 3 T

lolq/F,-,\ .ol,,.FT

s

- a'GIZADlo SHACK 215 ~004

JZ o TRIGGER . ‘ , ;
S INPUT U VALUES OF Rl AND C!  SHOwWN
T WILL. . Pull RELAY IN FOR UP TO . ..
SN TR IS SO (U . ABOUT Il SECONDS.. . USE POINTER . .
R R S, S ;,,VF,O,U,«TPUT : _.[——L ‘ KNOB . AND . PAPER SCALE . TO
: U s _ _ HELP CALIBRATE CIRCUIT. DLSES IN-
A B T 3 T L TELRIG CLUDE DARKROOM TIMING. CIRCUIT

l,«FToy.FT R . _CAN BE TRIGGERED BY A
VALUES = SHOWN GIVE NEGATIVE PULSE  OR WITH A

b} SECOND OUTPUT | PUSHBUTTON SWITCH ACROSS
T Pytse. PINs | AND 2.




TlMER (cowrmu&b)

555 LED TRANSMITTER

TOY ORGAN Y

R3S
o

o +9 Too toup? R
Rl . ADD (008 \0K
. wok | 4]  RESISTOR, | |
__(comTROLS . [ , Lo
__FREQUENCY _ S R S

_ RANGE) K <

 55s

LED. FOR BEST
5} RESULTS.

555

len]
Isoxr
+

g2 CIRCUIT PULSES LED

WK P

e T os,..F 120 m A Pulses AT

o L —amer A RATE OF 4.8KHa.

R e S S PULSE GENERATOR
e )S2 L . TINPICAL .. VALUES! :
P50 acow e R

|83 . - 005 uF 8 4

L e o,._'(_____. 3 - oot mF
[P . t4 — 0005 mF. R

s4 ¢5” 000l mF M

| ,)1

Q
S

-

l,

P

IR o usa ,ANY,‘ R

1 N,ss ..AVAILABLE. . VALUES AR CLOCK - PULSES .
L IE. THESE ARE. ... » e TO. TTL . AND

1 TR _.NOT . AVAILABLE. . . . .. . . LS. Loalc

[ S * ; b A CIRCUITS. LRI

f,.

o
I

. ..STAGES :|E _DESIRED.. i e 2O L
SWITCHES _ARE. NORMALLY A e e
OPEN PUSHBUTTONS.. =

. MlSSlNG PULSE DET ECTOR

100K . Ao 1S, CONTINUALLY . RETRIGGERED BY
e . Gt JINCOMIANG. . PULSES.......A . MISSING .. .OR
5585 . __,.T wr DELAYED  PULSE . THAT . PREVENTS .
43..00T . RETRIGGERING ... BEFORE A TIMING .
L CNCLE .15 .. COMPLETE. - CAUSES PIN 3. .
TJO.. GO _LOW.  __UNTIL. A NEW. INPUT .
e T T PULSE . ARRIVES, . . .Rl . AND cClI
. CONTROL. . RESPONSE . TIME, USE N

—1 . _SECULRITY. .. ALARMS , CONTINUITY

TESTERS , ETC.

o MesiNG PusE RL % B ‘1] - e THIS . CIRQUIT. IS . A . ONE=-SHOT THAT

. RADIO SHACK  276-2023

USE INFRARED

€l S~ ... WITH 45 mSEC LONG, .

..USE TO.  SUPPLY

CADD _ ADDITIONAL €L T B CONTROLS PULSE . .
- REPETITION RATE .. ...



"TIMER (conTinuen)
" ULTRA-LONG TIME DELAY TOUCH SWITCH
: ‘ +5-18 '
+4 » A
l a sl 4]
4] Rl CONTROLS 100K % 12~ TOUCH WIRE
PULSE RATE (Tovch AND
FROM 55S5. 1 ez 7 555 LED WILL R
~ :
555 THIS RATE 1S [ A uF GLOW | SECOND)
DWIDED BY | b 3
THE 4017's d] , WORKS BEST
To GIve *lO, atuF _Jt Ifez 5 INDOORS  DUE
X100 AND T |osuF ¥ | To STRAY AC.
X000 DELAYS. I_ FIELD. ELSE-
3 A4 R2 WHERE TRY
; = LK TOUCHING
N +9 ‘ ; PINS | AND 2.
B 2 o o] 16
ke
A qo17 2, 147 | 4o 12, 14 4017 12 ADDITIONAL
STAGES .
]
s 13 8 13 8 Is is| 131 8
5 X0 X100 x 1000
1 = RESET TypPicAL ouTPuT: 58S (Pinv 3) Jinnnnnnmnnnm,.
2 T RuN qom (xiooutPeT) T L,
LIGHT DETECTOR ~ DARK DETECTOR
+9 CdS PHOTOCELL (RADIO SHACK +9 R2 .
A N 276 —t16) A oK N
\@_~% _ /A m
| 3 | 8 YA
. R A oK RI 4 CdS PHOTOCELL
HIAIK 3 4K 3 (RADIO sHACK
555 | ct 7{ 555 27~ 116)
R2 R2 b T"~c2
1K 1K 47 uF
d | an |2
S o 4 , SPKR ci - 8n
o5uF T ' -O5uH ‘ SPKR
PRODUCES WARNING TONE WHEN LIGHRT STRIKES SILENT WHEN LIGHT. STR\KES PHOTOCELL.
PROTOCELL. MAKES A Goop OPEN DOOR REMOVE LIGHT AND TONE SOuNDS. FASTER
ALARM  FOR REFRIGERATOR OR FREEZER. RESPONSE THAN ADTACENT CIRCUIT
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e

T‘MER (C;NTINU:ED)’ -

55658

NEON LAMP POWER SOURCE

FREQUENCY DIVIDER =

+9 , +5-15
\ ~ GREEN  IN9H A INPUT FREQUENCY
] _ RED X
_ e 4] R3 Fg ‘
R1 | 10K __)% v 2
HIK o :
77 555 ) 5« R 7 5585 |3 . DIVIDED
) L L1 100K ; FREQUENCY
R2 b 3 BLUE b
K r WHITE 4 4 1
1z CTren-ik a*l ! |
+ (RADID SHACK 273-1380) .IuF THE 555 FUNCTIONS
e T ! L&l Ol uF, 250V AS A ONE-SHOT o
dpuF ' A Lt NEON LAMP L THAT s RETRIGGERED .
. = BY TRE INPUT WAVE,

WORKS BEST WITH BETTER

QUALITY  NEON LAMPS. REDULUCE

Rl SULIGHRTLY FoRrR MORE.
ouUTPuUT VOLTAGE..

"TRVYANGLE WAVE
- GENERATOR

0K

555

_ADJUST R}y To  PROVIDE UP TO
0 KRz, OUTPUT  FREQUENCY

THIS  HIGH . PRODUCES.. CLOSELY.

_ SPACED  TRIANGLE . WAVES. THE
WAVES ARE . SEPARATED AT . SLOWER

Freauencies V“‘V_\I"">

WAVES =~ ARRWING DURING
THE TIMING CYCLE
ARE \GNORED.

ONE-SHOT TONE BURST

+5-15 Sl R}

; 4\ s 4.7K
4131-0._/\/\/\ Py

8

RI 4
KL . R4

555 100K ny

Rz S 2 — |t

A SN ¢ |3 10 - IDOMF T
o WU
AuF Tt (88O H) .

—t

_PRESS  SI.. AND STEADY . OUTPUT ... . .
FREQUENCY .. APPEARS. AT PIN_ 3 . ..
RELEASE SI AND . OQUTPUT FREQUENCY. ...
CONTINUES LNTIL CC2Z IS
. DISCHARGED  8Y R4, INCREASE
€2 (OR RH) TO . INCREASE LENGTH . .. .
OF THE. BURST. CHANGE _FREQUENCY. ... -
OF  TONE BURST VIA RZ.OR C\,



-~ DUAL TIMER
~_SSb6 | DISCHARGE Y _ 14 Vee

| | THRESHOLD 3| | !> DISCHARGE ‘!
 _CONTAINS TWO INDEPENDENT , : F : B R
__TIMERS ON A SINGLE CHIP. ' controL 32l 'Z THRESHOLD ,
__BOTH.. TIMERS  ARE IDENTICAL VOLTAGE = | >TIMER | . ) .
. _To THE . S5S. ALL THE ReESET r S conTROL. |
_ APPLICATION  CIRCUITS  CAN | o TiIMer 2 { |  voiLTAee |
_ ALSO BE BUILT WITH Two 5SS, OUTPUT % e 10 RESET . .
. _THIS. PIN CROSS REFERENCE Wil . o S
. _SIMPLIFY  SUBSTITUTING TwoO TRiGGER ol | oureur ]
... 555's FoR. A 556 OR HALF , : : -
A 55 FoR A 5ss: ~ eeRouno 14 L8 TRIGGER -

556 | 556()

7 3-STATE TONE SOURCE
8 ‘ , o
9 , 49 :
1o
I o
1 . 4l 14 Ry |
3 ) e
4 L RL

22K

0
wn
s

7 FUNCTION

. _GRoumnD
. _TR\GGER

_...oureut

.. RESET
_EONTROL V

__THRESHOLD

.. DISCHARGE
~ Vee

webhe J

WIENLWN =
T =N

556

INTERVAL TIMER o
9 | ; : o 1O0OK &

N

R3 , [ I SR R & SPRR
100K . 33uF] i
A I _RELAY:. ‘ 7 . Rb
556 |t R bv ; ; N 270
4 .. 5o00% oL 1N RETT N I
3 [ Nad 1lzmA* g = | e
1= Two. TonNE - JUAMLILILrweATL ]
2- STEADY TONE - JUMAMUAARUUARGRR. |
3= TONE BORST  AMAMRARR __ WMMRARL . - o)

§55/556 SCR OUTPUT |

Vee

N I )
oG T ea T ledaTe T
. loouF { -OS .05] 22uF]

- *RADio SHACK 215-0oM

i . R lé_ RE.SET(NDRMALLY e ‘
22K  CLOSED)

: SCR
RS 2009

... TIMER | IS CONNECTED AS _ASTABLE- . TO SsS/sS6 N i
.. OSCUATOR. - TIMER 2 IS A _ONE—-SHOT _OUTPUT. LOAD . [ S
_._RELAY DRWER. | FIRES 2 ONCE. EACH. : - ] (smALL MOTOR | LAMP,
e CMCLE. . 2 PULLS . RELAY. . IN FOR 3-S SECOMDS. GND o ETC.)




R (CONﬂnulo)

AR S S TWO STAGE TIMER
:-,.it;s,;:;o.U“Nbf?:iffsYm;u«tesé.\,;zeR; FRh s hewn o Wl

PG D |

T an ] ’% 1 556
SPKR oy

N R4 %4, , ’T\l |oo,.F /
). BOOK S I
| RY y é,kz S Q,ODTPU.TS;
5K | Ryl o \
(voLUME) £ ef N

2 _ e LU es e AS
Teal o osue™|T T .oSuF I-100kF )

BN o
. OlMF..

Lo TRIGGER '-' A

_BOTH . TIMERS. ARE. . IN ONE=SHOT :
BT SR . _MODE. GROUNDING - THE. TRIGGER . e
L TRIS _CIRCUIT. IS AN . OSCILLATOR. ... ..~ INPUT INITIATES . THE . FIRST R

.FOLLOWED  BY' A FREQUENCY . . ... TIMER'S . CYCLE . TIME. THE SECOND . .. . ..
Dwiosg ___ADJUST Rl AND Ry. FOR .. .. .. TIMER'S CYCLE _BEGINS . AFTER THE. ..
i .. VERY _UNUSUAL. fsouwo‘ EFFECTS.. . . . FIRST . IS conm.e-ra A .

"H‘*—)r

PROGRAMMABLE '-4 STATE TONE GENERATOR

' ‘ ~ e , /YW PR VO SR
, ﬂ : . j L RY . 5K MODE SELECT oo

BENET-TH >SN N o !___Hg_:l___ o | Ba louTPur .
e 2K .88 o |—”——o A . MODE ;
R e lo 5 o o B SELEBCT | LL.. TWO — TONE.

: 3 LH | STEADY. s

RS % HtL | Bursr... -

5K RH METRONOME -

5 . 31 4opsi.

R3 :
100K - L= GNP
H = +S IS (v.,.)

CHANGE ol B

R : ~ - AND -C4 TO e
.8 B i CyY ’1 o ALTER - THE o o

-~ SPKR - ol MF OUTPUT.- TONES.

7+

N [0 | KA



~ QUAD TIMER SR n S SRGRL SR RS & A v n
558 o ourer L | |

e outpor -

TIMING D IS mmiING

i
CONTAINS FOUR |NDEPENDENT R
MONOSTABLE TIMERS.  EACH . _TR\GGER 3|

)
5

, / , 1, ,
r—;—.-—‘._—

/9 TRIGGER
. TIMER IS  SIMILAR TO PART . ‘ '
... OF A 555 TIMER. ASTABLE _ CONTROL
. OPERATION _POSSIBLE WITH ONE IO S
. _.MMER.  Vee = t48710 /8 vours. Ve
.. ConTROL AND RESET Pins O N 6N O S S SR S U
__ARE _€@OMMON.  TRGGER Gl TV T T Tu rriceer

l

|

!

]

13 RreseTr
|7 srounn

3
Commine 2 B0 ¢ [0 timng
8 9

~_outpur 8

ouTPUT

 asic Timew

i3 . | o
PBP—<TRIGGER

| ssg| L
o s eutPer ]
T=toourle T

. t=lige

e

PROGRAMMABLE 'SEQUENCER

R R1=R8=RY = LS TO 47K _

P &

OUTPUTS A,B,(,D G
RI-RY AND Cl-C4
R5 _CownrTROLS 'R




© FULLY ADJUSTABLE PULSE GENERATOR

A

Rl CONTROLS _PULSE RATE,
R CONTROLS  PULSE WIDTH.
CRI=RY= LS TO ; ;

VERY USEFUL
: . cirewr! Putse
«T;cz ... _RATE AND

f;_ﬂ JL  wote ToTAwty

] . INDEPENDENT.
- OUT_.. . SEE BELOW FOR

_ MORE. INFORMATION.

A{I

| SIMPLE OSCILLATOR  FIXED DUTY CYCLE PULSER
R ‘ . G o R A A O
sic  Asove e, Abe mes T

VOLTAGE DIVIDER To KEEP  DuTY
CYCLE CONSTANT  WHEN  RATE IS

CHANGED ~
Vee } L THIS wiee

DRWE LEDY 220 Vee

A\

PIN PN
4 8

Rl CONTROLS
__FREQUENCY

LONG DURATION TIMER R

RS =RL=RY = 4.7k

RG , R&gv
Ve :

{ Va4 )
s58 T

. slwm . | 1LY
| R B 7 O I I | | e ol Jes |
14, Lsst M | ~ LED

Pusy To. L

Yy
568 T

SEECT RICI, R2CZ, R3C3 AND R4C4 To GIVE DESIRED DELAY PER
STAGE. DELAY = RXC. TOTAL PELAY = SUM OF ALL STAGES. LED TURNS
_...OFF.. _AFTER TIME DELAY AND TURNS ON  AGAIN. e |03

START




TIMER
7555

CMos
- §55.,

v

. SupeeLy

. LONGER
CAUTION:
7588

VERY
CONSUMPTION.

o ~ BEFORE
EXTERNAL

ERSION

VOLTAGE
TIMING
APPLY

VCC

Low
WIDER

OF THE
POWER

RANGE.
CYCLES.
POWER TO

CONNECTING
CIRCUIT.

FREQUENCY METER

47¢|

1S8S

(3

<

A .

w

:I[

22

 *eaLerATE

T
T

INPUT MUST BE

SQUARE WAVE,

Vee

LT

 Tenz907

K

ALARM TONE
CLOSED

NOT.

- PHoOTO-~
CELLT

1ok
(ZERO)

o~ mA

GROUND
TRIGGER
ouUTPUT

RESET

LIGHT PROBE FOR BLIND

s conTROL
VOLTAGE.

Cds

22k &

Ik

VOLUME
s (voLume)

*RADlo SHACK

" EVENT "FAl“LU“R E ALARM

SOUNDS
WITHIN

IF s
5-30 SECON

.0l

276~ 116

:i::)b——4€*>1b

O47 AUDIO . ¢ ).
Ame o}

DS..

Vee (2-18v) @)

|7 DISCHARGE

& THRESHOLD

s |
SPKR

%7ﬂF “;




“fs'opms:rl CATED
’,INPUT
BY . ouTtPuT

_COMPARATOR.
. TO . MovE

PU LSE-F RE QL\ENCY MODU LATED

PH ASE- LOCKED LOOP
56S

ANARLOG SYSTEM
AUTOMATICALLY TRACKS A FLUCTUATING .
SIGNAL. VOLTAGE CONTROLLED
OSCILLATOR (VCO) FREQUENCY IS CONTROLLED
VOLTAGE FROM  PHASE

THIS CAUSES veo FREQUENCY
TOWARD - INPUT SIGNAL. THE
COMPARATOR  VOLTAGE  OUuTPUT s
AMPLIFIED  AND  AVAILABLE  FOR
COMMUNICATIONS  APPLICATIONS ... AS SHOWN
BELOW. SEE RADIO SHACK DATA BOOK FOR
MORE  [NFORMATION.

THAT

. TRANSM\TTER

, Veco Veo
NC Ne NC NC VE ¢ R
w] 3] ] wf 1o a} @&
vVeo
PRASE
CoMPARATOR L
\j )_\ AMp
1T 2| 3] 4l 5] 6] 7
V- IN N VCO Com REF OEMOD

+9 LENSES witL

+ q
y
N
=
555 3
\O/MF
Leo"ﬁzi*
ez [*2e-u3
RT L T 410pF | BEST.
S.6K = .
MIC: XTAL (270-09S) OK. OPERATION: POINT LED AT
* pLEeTRET (270 -092) BEST.  Ql. APPY POWER AND
R3:TRY IM FOR MORE GAIN. ADJUST RY IN XMTR uNnTIG
: G000 . QUALITY SOUND HEARD
 RECEIVER FRoM  REVR (~ 3§5-4S KHz).

" GIVE RANGE OF
A HUNDREDS OF FEET AT NIGHT.
¢

OuT IN ouT _OuUT. .-
|

' |
-

INFRARED COMMUNICATOR =

TRANSMITTER: R3

CONTROLS . GAIN. R4y
CONTROLS CARRIER

FREQUENCY, FOR
INITIAL TESTS, REMOVE
MiC AND CONNECT
TRANSISTOR RADIO
PHONE OUTPUT TO

R3 VIA 47 umF AND
GND. USE Low
VOLUME SETTING. 23
MUST BE 100K.
RECE\VER:® RS L I
_conTROLS  GAIN. €2
AND €3 GIVE VCO |

CENTER FREQUENCY
OF ~40.6 KHz. I
SHIELD Q1 WITH TUBE

To BLOCK EXTERNAL
LIGAT. USE Low GAIN
(RS)  WHEN ADIUSTING

TRANSMI TTER!

o R R3 R | cu J_cs | S L2uF
¥ W] M o 3K s .001 047 -
/- 2 N7 z , =
4y > e | 4 565 74 Co c?
3. [Sj 3 VomF 10O MF
, / 4 q RS (3
Ql B ‘ il 10K
" PHOTO- i ]
E TRANSISTOR . .001 T 00| ]\
KEEP PWR LEADS ON BOTH UNITS SHORT. USE O.[uF  ACROSS
PWR CONNECTIONS (AT CHIPS) IF OSCILLATION  OCCURS. HAVE FUN.
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TONE DECODER

, NS A PHASE—LOCKED _LOOP .

PIN_ 8. GOES  Low  WHEN THE |NPur

_FREQUENCY  MATCHES  THE CHIP'S

CENTER | FREQUENCY (Fo). THE LATTER

ME&@QQEMNCY IS SET_ BY | THE TIMING

1itor . (RAND C)

R _sunouwp Be

' THE. 567 can

____BETWEEN 0.0l Hz _TO S00KHz. NOTE:
L) SECOND OR__MORE MAY BE REQUIRED
___FOR THE S6? To LOCK.ON TO LOw
FREQUENCY. . mpursl . SEE _THIS CuiP's
SP&C(FICAI/ONS

-.CAPACITOR

B Ab:US‘rE.D TOM,DETECT ANY O NPUT

_FOR__MORE INFORMATION.

OUTPUT. } _L

CAPACITOR .

Low. pASS. 2]
inPuT 3]

+4.15-9.0v 4]

L QUTPUT. ...

ROuUN

_TIMWNG. |
. CAPACITO|
4 Tims NG .

THE  VALVE In

PASS  CAPACITOR.

4% fo DETEC
(ve 10 2% £

" RAMGES BETWBEN _J300. (FoR 0P TO

MICROFARADS OF THE Lo
SHouto BE. h /Fo  WHERE

TION . BANDWIDTH) TO 62,000 | |

DETECT/ON BAND wmm)

THE  OuTPUT . CAPACITOR _ SHOULD HAV,E.

ABOUT  TWICE
_TRE Low PAsS

o
o ’t\-’ﬂf-— .

561

02 ==

- ADJUSTABLE .TONE.. SOURCE. dpF. C
. 2.

-~
ilN
i+

= (opTIONAL). .

_R3.
O

L INFRARED

] -5;/.;: : ‘| *RAmo SHACK
* 2=tz

R3 100K .

THE CAP&AC,I«TANCE, LOF
FILTER . CAPACITOR.

__THIS . CIRCu nfr IS

BANOY. | FOR. . tEARﬁINﬁGM o

R3 . Tome. ... DECODER ...

IK. BASICS. THE §&
PORTION.. .CAN. .. BE
. USED . IN. . MANY
_ DIFFERENT . _APPLICATION
(sEe BELOW). THE .
PREDICTED fo IS .
LI KHz. = THE . TEST. .
_erreuir. fo WAS L3k

LR
=Sokl.
e

1 AT
cz T3 T
'NF zfzﬂE

— RECEWER - -LED - GLow& _226-130). .

W,AD;-US;- R ‘:um-m . (RADIO $HACK

RANGE 1. .SEVERAL .
L LSE LENSES. TO INCREASE.

lNCHES e




___BOTH_cClRCOms .

THE LLATCH .

S e S S T B L
! s Lo
-l [

E WCOMPDNENTS
Re 1S THE..
LOAD (LED

|- RELAY, evc)

L NPUT. ms

b EEMOVED

i SHow ONLY. ..

OUTPUTSTAYSI
L.OM.__EVEN AFTER . L . .o

‘—‘ MANUAL;,« ‘,,;sz_saiﬁ] e

NARROW BAND FREQUENCY DETECTOR

2 PHASE OSCILLATOR

+a7

| AN - S FT.;,.,;
o il "‘ “‘ ‘“'

5 VOLT .

3 -

o (lKHz) ’

i

R ‘J

o

a1

4 oser. ) L

8| 1

S o2k 2| ‘ .

| ‘/w ‘-Iob(. =

n

NBSEIC B
M‘”l

jfL;BfGNL},é ges ET

VY FREQUENC‘( m e

;\ 3 ADIUST Rn -AND-
o v RZ TO. Res?oMD
TO - CLOSELY. SPACED -
FREQUENCIES. LEDs -

RiGH

CE.MTE,RE.D; :

 SQUARE. WAvE |

). AND- B w:LL;.GmMLW
IE . FREQUENCY 15~ -~
LOR LOW e
b | LED 2 witlL GLow -
S WHEN . THE- INPUT -

FK&QUENC}( L ot



TONE DECODER (connnueo)
557 I

C2=4.74F

Tou CH- TONE ®; ,WDE,,‘cojDER‘:;:“' “

22k

. _Repear | |
. THIS cmcunﬂ
) BELow

567 VA R).

_ IN: 50-200mv | |

] 852 Hz

L CT=47uF |

ETVE

C2=2.2mF |

11209 Ha

C2=2.2uF |

11336 Hz

1477 HZ

s ..




jwfcex-qooo

12 KEY PUSHBUTTON TONE MODULE

O (FREauenties ™ Hz) O]

 GENERATES THE 12 STANDARD ' z 3
_ TELEPHONE  TONE  DIALING _FREQUENCY ©99.)] |699.7] | 6991]
. PAIRS. V4 SHouLD NoT EXCEED b 1218.9] 1331.7] |1421.9
C VOLTS.  REQUIRES 3.58 MHz CRYSTAL. S
Ok TO USE .  FROM | To 12 KEYS 4 5 6
__FOR ~ REMOTE .. CONTROL. 760.2| | 766.2] | 76¢.2
L ® ; 1215.9) [1331.7) | 19219
TOUCH-TONE -~ IS A REGISTERED o ,
TRADEMARK  OF AT +T, LA - LA I
- 8474 |842.4] [847.4
S V o , 12159 |i3312] |19421.9) |
PORTABLE TOUCH-TONE  GENERATOR * o #
V+ 1218.9) 113312 {rem9] | Z
. ; I O +b 3
- [Z] |Tone our | 3
, ‘ O O
q : . -
| mE ™ R
, | 8K ; ( \k
| 3] | voiume | 3ge>S +
] - | [ o 245" 7 LAY |
{ O o] [#] , T4 220 uF 8 1L
e . , , SPKR
GROUND
- .._.J_ -

REMOTE CONTROL

, PORTABRLE ®
fToucH =ToneV |
GENERATOR .

e

8y

7

CB TRANSCEIVERS

-~

DYynaMiIC 1ok

MIC
/ +

TOUCKH-TONE ®
DECODER

¢l¢¢¢4llll¢

12345678901‘#'

‘ qu



‘FRE}QLIENCY{I'O -VOLTAGE _

VOLTAGETO-FREQUENCY

_Pins

3 BE.EJ\);
CuP-REu'r . BYL_ A

CONVER'I‘EK’w MU\JTO A
RESISTOR

.. Nrer _out.

AT __GND_

INTO A

3.1s TRANSFORHED
lloPoD.t, d ?

FRE Gw

o

FﬂEQuEMCY : AT”, Puu

Is. CBIP CAN . BE

H

AL
f‘. INTO AL ERQPD&I‘IONAL h,VOLTAGE

NOTE wMUSULAL
| _LOCATION
_POWER _supPLY

1IN

OF .

ls F

s CON UERTED

. CAUTION:  THIS.
_BOTH .
; THEREFDRE. CMQS
PRECAUT:ONS

i TO AVmD

OPERATED _

PE.&

b

MusT
SNENT

>

_AMPLIFIER

_.COMPARATOR
NG
_FREQ* z our

_COMMON .
_PULSE FREQ. .
ouT

e 1=

ANCORPORATES . . .
BlPOLARW,AND .CMOS CIRCUITRY..,,
CHRANDLING.
. BE _ FOLLOWED
DAMAGE

= DUAL ..

- OUT

M Voo

FREQUENCY. .

g;,up-p-

UENCY - —
KEYING . USE.

FO-SEND

BlNA&Y




~ VOLTAGE-TO-FREQUENCY (conTinues)
"~ FREQUENCY-TO-VOLTAGE

‘®  CONVERTER
9400 u

AUDI O FREQUENCY | 4400
~ METER FIv

INPUT . FREQUENCY . MUST
CROSS. . O VOLT. WORKS UP.
_..TO. 25 RH=2. RZ IS 2ERO .
4. ADIUST _FOR _METER. ADIUST _
4. _R?7 TO . GIVE = MAXIMUM
. READING AT 25 KHz IN. .
 _FoR  MORE STARWITY, CHange '] B8 4f 7
. Rb..TO -V .ZENER DIODE. .

| ANALOG DATA TRANSMISSION SYSTEM™
e TRANSMITTER RECEIVER

7 & RG +q 

i/ \ 270 ; i A

o [ Rz % R3 % B : . : . ... Rs %
M 3K 14 SPKR & oK

" LED :
RY E Q400 . , Q400 o-1 mA
33K , LRI

1 V/IF « émx F/V

cL 12 ook == 5K |-

.00} c2. : R2

—~ 47pF ’
1. ’[ PS5, o | 33K 3 + .ooI/AFR,‘V‘,
L T,B 1 S l €2 Jokd.

LR L ‘ 47pF
Vo 1] 4| 7] 9 Ql i 4 7] P

- , RS | R3 - | L
~ ANALOG - 100K e j 100K aK'ADAPTED FRoM A DESIGNT

E’) ," CSWENAL ING - ! i BY MICHAEL PAIVA -OF

- TELEDYNE. ‘ .
. THE  SPKR - 1S- OPTIONAL -BUT MAY  PROVE  HELPFULL DURING  INITIAL TESTING, USE AV
~INFRARED LED (RADID SHACK 276-42). Q@ CAN BE THE PHOTOTRANSISTOR SUPPLIED WITH
CTRE ... LED . -OR - RADIO. SHACK 2% ~=I3C.. R7 IN. THE RECEIVER |5 2ERO ADJUST.
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 VOLTAGE coN'rROLLED"f‘“";iif’;1.;;‘1fi’f7- ERAR R S e A S R
 OSCILLATOR (VCO) srowwo ([ Ja vz |
566 B ST R ] e SR

R PR S S J—L.o‘uri‘ ST T e Ry
_ VERY STABLE, EASY TO USE ROV U WU SO [ S TS S S R N S
_TRIANGLE = AND SQUARE WAVE ANour 4l s nopuration
.OuTPUTS. Rl AND CI  COoNTROL U R R A ~ o ANPUT
. CENTER  FREQUENCY.  VoLTAGE ISR U i N B
__AT _PIN 5 VAmESMfHFREQUENCXpMQQ 2 (v“_ mwurumxg
o IMPORTANT : . OUTPUT WAVE  DoeES = CE.NTER eraueucx" -
oMot FAL. TO ovorl AT 12 T R Vee RN
__VoLTs (PIN 8), FOR EXAMPLE, TRIANGLE ‘ S N
;,,.AOUTPUT CYCLES. BETWEEN +‘f AND +o .
oo.NoLTs.. SQUARE OUTPUT  CYCLES = F SK GENERATOR M
_BETWEEN +& Awp +I.& vorrs., N , ; ]

FLINCTI ON GENERATOR

5

'+9 24

‘-1‘H<
OOS',MF ‘

B

L 10K

566 |

I o B

i

S A , FP-EQUE P AT S U

TWOTONE WAR BLER NN

.- Ri_controts . . |
- WARBLE.. RATE. . . |

v;.‘.RSMTW.Cj‘QN).'ETRQTLS AL U S T
-.TONE  FReQuemncY. | . |




AM .DuHTAL

W.PRowoes ANALOG - To—i

M\ckoPRocessoRS , CAN

 PROVIDE
w_lTH

‘OUIPutM;M
_PLUS

_COUNTER
MAKES _.6ooD

z_iLQecg,ﬁ

___TRIS.. PROTECT
..FOR..ADVANCED

MODULATOR;
OR . Vcc 2.

PULSE. . WIDTH
NoTE: use. ch‘

CONVERSION FOR

4-BIT OR 8- BIT',’«‘;’,N o T3l
CEXTERNAL
_STEERING

B ENABLE«, r

| CLonK,_:

T MSB

8 -BIT DATA Buqs“—a—fT T‘LE

+s 28 PULSE WlDTH MODULL{; R

(uonk-: IOOKJ—{-,.) ST -

8 BlT ANALOG-TO D\GITAL CONVERTERW;

LSBW””

F"ff
W

BUS ENABLE !
‘(WI-\EN. L"ow),‘.‘,, »

1 7w ts3vE. | T wor
Wijtoap. . .

i |20

[ ‘*'5 !*OMIT SE.ON;

78

. ExPerimenTeRs. | 4

o ¢

W vqesiez. ] %

LICl = 74L500.

T2 = 7qLso2.




~8-BIT DIGITAL-TO-ANALOG
_ CONVERTER  DAC 801

COMPENSATION

~Vegr tVose V¥ B8 87 B6 BS

ol 1s] w4l i3] | u] 0] 9]
__PROVIDES _ VERY FAST 8-BIT
... DIGITAL~TO~ ANALOG CONVERSION.
. WILL ACCEPT TTL LEVELS
‘AT __INPUTS Bl TO B8. CAN
PROVIDE % OUTPUT.  USE
... TO _INTERFACE  MICROCOMPUTER ,
_To. ANALOG DEVICES. 1\ 2] 31 4 s[ o] 7] 8l
S NN SO SO R VS AU - , Tae V- I 8! B2 B2 B8Y
...BlL = MOST SIGNIFICANT BIT. THRESHOLD T
. ...BB-LEAST SIGNIFICANT BIT. CoNTROL
. kt=1245 1O 18 V. :
8-BIT DAC
o 4 +10
- Bt B2 B3 B4 BS5 B B7 B8
Ho 11 1ok 10K
T 47K s e |2 |8 |9 T:o " T'Z
N I\ —~ ouT
DAC 801 > ’
‘ 3 OULUT
/ > o0
16 13- )

Ti: \tovAc /25.2 VAc oT  (273-1812)
(ox To LSE 2731505

DAC 80! POWER

SUPPLY

‘ FOR NON - %
i EQISION  APPLICATIONS.) ouT > +Fov (ADJUST
IN_| 3s0T e VIA RI)
2K
*¥onLy 75V s
ADJ AVAILABLE IF T/
! IS 273-1508.
i R!
* Sok
\ 7805 |
, LY OuT ' -+
S OO LS O W _ FuLL wavE [+ J_ > .S v
_.CAuTioN | RECTIFIER 7 CI GND |
U 0 0 T (2re-1en | T } common ()
You_MusT , - e )
INSULATE Cl,CZ:lOoo,uF_LCZ GND l | |
S 1 ]| 2905 OUTT _ =5V
USE. TO-220 HEAT SINnk. |




T afe::s:;irr;:m:a\;nn;: TO-ANALOG .
CONVERTER

DAC 80l

(con-rmuso)

fffZS;ArSTEPQfI STAIR C‘AsE;;G;ENERATOR‘T,' |

RV
100K ...

il ,i,\ .. | A

*'l ',», ‘3
o — 1 74Ls193 |5 2| 7415193
i 555

10K

,CLOCK

- RATE .
INCREASE TO
SLow RATE .

R‘l :

:;JW‘JWf _l;:  ;
‘ i - :1‘ oL
4 4? ’  

e

CLOSE FOR....

| - .WSH

OUTPUT . ..

A

... RUFULL SCALE
el . ADJUSTMENT

T+ DAC 80! TONE GENERATOR

+8

-8

R .20

100K

OR .OMIT

CHANGE

R

MNVWPOLAR -

10K

XV ey o
i g .

5SS

SPKR

Rl
CONTROL
RANGE.,

AND - Cl.

TONE

ONE

OR MORE.

AN
. ROLES -

INPUTS
TO

L MAKE

TO DAC. 80) -
UNIQUE

WAVEFORMS.

Nore : -
CAN

BE
NON=—= PRECISION

+10V REFERENCE:
+5 . TO +I10V

(e -9. TONE

GENERAT/ON)
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 CAN  BE USED AS A TEMPERATURE SENSOR,

 $3-20v — o +1.5-20V

‘TEMPERATURE SENSOR AND |
ADIUSTABLE CURRENT SOURCE
LM334  (276-1734)

VERSATILE 3-LEAD COMPONENT THAT LOOKS
MORE = LIKE A TRANSISTOR  THAN AN IC.

C.UP.RENT SoukcE FoR LEDs AND OTHER
COMPONENTS OR CIRCLITS, VOLTAGE REFERENCE)
_ ETC.

BAS\C THERMOMETERS BAS\C CURRENT SOURCE
- +5-20V - +5-20v

17- ; eson 1\2 . +2- zov

INTO . PIN 2. | LM334.

e . : L ‘ . . MAXIMUM
\ ouT S B Tser = , 2 CURRENT
o limz3y , m334 [ CURRENT . o | _ouT =10 wmA,
SN R ! | 32w0m t

o — . DEVICE. . . g
. IOK  OUTPUT VOLTAGE . 10K BEING ; v
e 4 ; VARIES ~ IO miLLi— § POWERED , L0677
-]
= . . vours [®KELVIN. L l ; ; Rser = Tm— AT 25°C.

VOLTAGE REFERENCE CALIBRATED LED

A

‘; . ... Toe FLATTENS *Z‘Lz BuLB. CLOSE -
i ;

j\L . AP _INPUT . TO- Pt - GIVES ... ...
00| PULSE RATE

: T x—dq TOo Stow. i . ) e
RS2009 _TL. , Pclstsj PHOTOCELL -« f e

(RADIO- SHACK 276-116). =

o A ' +3-20V
L v N o LED B |
| r_,Q_N\A 1 _tls-20v R ICURRENT
68k LM33Y _’L_T(Musr BE 1V ; B
N , OR_ MORE ABOVE 100 | 6.4 mA.
‘J OUTPUT.) s L4z wmA
4—:—-) o oK WK B3R o0.8— S.ov . . -~ .CONSTANT. .LED .. . ... i
©OOIuF W Y - OouTPUT FOR ANY. . .
ADIUST VOLTAGE o ¥ INPUT. BETWEEN
OUTPUT . 3-20 votrs.
RAMP GENERATOR | LIGHT METER




"POWER AMPLIFIER

GAIN Ll , _8_, GAIN

"'I‘NPUT” 2 BYPAQS

NLY  FOR  Low R |
LIF(CATION. Witl + iNPUT 3

DRIWVE  DIRECTLY AN  8-0OHM

[ o et sy

EAKER. GAIN FIXED AT 20 T ]
BUT CAN _ BE . INCREASED ToO v
ANY  VALUE . _LP TO 200.

[ X20 AMPLIFIER X200 AMPLIFIER

SIGNAL | I
2zomF IN. ‘

) 8n | o
S N Y L SPKR , al
e e NS

.’* R\ ComnTROLS INPUT SIGMAL. LEVEL. .. .~

" BASS BOOSTER ~ AUDIBLE ALARM =

. TONE. . .{ RL
FREQ: . .. K
) 2.0 K2, :
.. REDUCE 1.
L LVTO. :_ + 2
INCREASE Hl__‘
FREQUENCY.] = Cl

"
CAVTION: |
VERY Lowp!

,,_I_GNM,: . 100 Hz=,,ZSdE . : ;
= _2KHzt = 1948 ' A an

[ HIGH GAIN POWER AMPLIFIER

e CIRCIT. SHOWN . +9v
oS- VERY . SENSITIVE
L LIGHT. . WAVE o |
... RECEIVER,. .OK TO 220K
.. USE_ OTHER OP-.
@ AMPS FOR THE
1(\' _.TLog4d. . o0 X

Q)= PROTOTRANSISTOR ~ AuF  7uiC |
- (RADIO SHACK 276-130)

tH-12v

ouT ’

USE CARE; +q GAIN=20 (to cuanGe
SEE ABOVE). . ...



— 8-WATT POWER AMPLIFIER
‘-‘""LEM383 /TOA2002

_FOR _AUTOMOTIVE  APPLICAT IONS — BUT.
| _IDEAL  For ANY

RALLEL). - cA"«'p‘
] THER M. - SHUTDOWN - CIRCu:rRY

_.To.

SEVERE ,oasrom—:om R
, D . CONDITIONS.  YoU M sr
3 PPROPRIATE . HEAT _SINK
‘9,3“ RADIOWSHACK 276—4'363) SPREAD
SOME _HEAT SINK COMPOUND (27e~137z)
_ON_ THE,.N,\LM383 , TAB BEFORE; Al AcHING

Y0ufF 2. Z o

A ”,PuFAER Dﬁﬁ!@&g,_]'fs,P,é.é!féchLLY o

Auvpro A PLIFIC’AT:OM”""’”

CéNfA«Ns' L

/140 sprr

| 2-8 0 SPKRS. .. . OCCURS.

e \ NOTE. ;_ng'...{.,,,,;m_.f

. FORMED . LEADS. A —

use HEATWS:NK

2 _REDUCE . . POWER SUPPLY
VQLTAGE .To. =9 VoLrs.
(AS IN__CIRCULT. BELow)
_OR . T SEVERE DISTORTION

IN PARALLEL 3 (DON'T._APPLY. ExcEsstu&
; WPUT SlGNAL, I I




* [}
, Zz 2 Y
/ : y 3,4‘5H<__.]_/
i 100K r
NMOLUME F ;:/—\ l 8L SPKR ,
. ' \ N ,
/]

100K \ 9 \ 10,112 +1D-2LV
L

 DUAL 2-WATT AMPLIFIER
LMIB77/LM377

__HIGH QUALITY, EASY TO UsE POWER
. AMPLIFIER.  IDEAL FOR DO-IT-YOURSELF

STEREO , P.A. SYSTEMS, INTERCOMS, ETC.

 AUTOMATIC  THERMAL SHUTDOWN  PROTECTS
. AGAINST = OVERHEATING. 70 4B . CHANNEL
_ SEPARATION  MEANS  VIRTUALLY NO

CROSSTALK . ONLY 3 MICROVOLTS NOISE INPUT.

HEATSINKING UNNECESSARY IN  MANY

APPLICATIONS SINCE =~ AVERAGE POwER IS

USuALLY WELL BeELOW BRIEF  PEAKS. N
ANY  CASE, PINS 3,4,5,10,1l AND (2 SHoulD
BE COMNECTED TOGETHER. IF  'LOAD EXCEEDS

DeVICE RATING, THERMAL SHAUTDOwN  WILL
. OCCUR.... AND WILL CAUSE SEVERE DISTORTION.
__USE HEATsSINK (uUP TO 10 SQUARE INCHES OF
_COPPER  FolL ON PC BOARD OR METAL FIN)
_|F THIS OCCURS,

STEREO AMPLIFIER

s 1.8k 100K
/A
IN. mp +IO bV
(LEFT) - :
F= 21 14 ‘170/‘F

]

th 3K N
al| 317 F‘I
ek : 470 mF

N2z IR0 ) W/V.Y S—

(RIGHT) 100K

+10-26V

~ GND o
ouT T +IN —]N
] 13] 2] n] 0] 9].8

d

T 2] 3] 4] sl 6] 7

BiAs our L ___J +IN -IN
.. GND

NOTE: GND PINS SHoOULLD

BE

HEAT SUNK FOR

MAXIMUOM.  POWER.

4-WATT AMPLIFIER

IN. O-

i

l__ Ny

100K

PUBLIC ADDRESS SYSTEM

: : 10K 100K 1.8 Kk 100K 8Ju SPKR
USE - Low: i{:/vv\ — /
TO MEDIUM {7 mMF THIS CQIRCLUIT
IMPEDANCE  EL_ T WORKS WELL.
(zoo -eo0N) - NOTE FEWER
DYNAMIC ;_._{ PARTS IN
MICROPHONE . JduF 34,5, LMi187Y [ LM3I7
: L_» 10,1112 _L STAGE ... THANKS
q 100K = TO SPUT POWER
(VOLUME) SUPPLY. :
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 COMPLEX SOUND GENERATOR
 SN784TTN

NOTE: THEkSN"'IG“iBB wcwoeé BUILT-

IN SPEAKER AMPLIFIER. THE SN74717

- DOES NOT.
. INCORPORATES S.L.F, ENVELOPE SELECT 1 1l 28 ENVELOPE SELECT 2
(SUPER Low FREQULENCY ; ,
_OScIttAToR), VCO GRounD  Zf 27 MIXER setEcT C
(VOLTAGE  CONTROLED ; ‘ ‘
|_OSCItLATOR), NOISE EXTERNAL NOISE CLOCK3) 26 MiIXER SELECT A
_ _GENERATOR. AND A ,
MIXER TRAT ALLOWS  NOISE CLOCK _MA__ 4| 23 MIXER SELECT B
HE . OUTPUTS FRoMm :
3 ONE: OR MORE OF. NoiSE FILTER _AmA_ 5] 29 ONE-SHOT _AmA
- THE _ABOVE To BE ; o
COMBINED.  CAN BE NOISE FILTER _ | & 23 onE-SHOT ——
.. OPERATED. TOGETHER ,
_WITH . APPROPRIATE. DECAY _ma_. 7, %2 vco SELE\CT
.__RESISTORS AND. , o ;
..... ___CAPACITORS . TO ATTACKk [DECAY __||__ 8] 2! SL.E

PRODUCE . MANY . KINDS
E._SounDS. CAN BE

SYSTEM ENABLE 9

e

20 SLE _amL

CONTROLLED BY EXTERNAL . , L |
LoGiC. SEE DATA ATTACK _AMA_ 0 |3 PitcH conTroL
SUPPLIED . WiTH. CHIP FOR R ‘
.....MORE _INFO, AMeciTubE A M) 18 veo _mn
: FEEDBACK _AAMAL 12} 1 veo ——
Aubio ouTPUT 1] 16 EXTERNAL Veo
_THIS. CHIP Is EAsY. '+45-—i2v (4v 8esT) MM 1S Veeg

' _To use IF You FoLLow
i DATA . SHEET INSTRUCTIONS.

_PERCUSSION SYNTHESIZER

- Sl— PRESS TO ACTIVATE sduu D.

S TOR S 9 i RS2009
SN76477N .
100K :
(vCo B1A3) , o
B 8 22, zﬂ_, 24\ 12§ 8~0HM
1 , + SPKR
R: : .22 ) ,
: ,33]71\\, K< o - 100K ,\I‘*ZO
| 1] ] Al | ¢
N ] X/
S ‘CONTROLS . .~ ADDS. . * USE 270Kk  FREQUENCY = ConTROLS e
i ‘DECAY....  EXPONENTIAL TO. Stow . CoNnTROL SOUND ... 100—
DECAY. AT'TACK ~(tows=DruM) - DURATION 500 ... .
l\ D MWW T

- (voLume) -




v

i

COMPLEX SOUND GENERATOR (CONTmueo)
e SN76"|77N / |
o

NOISE GENERATOR TR

+9
’ﬂ\
NOISE SELECT PIN
25| 28|l “ :
v Rs2009
SN76477N ‘
i I T somm
1 2l 3 q 5 jq 10 nl 26l 27| 12 SPKR
41k S 41k S4roL |00 S 100 ‘
T LS

= PRODUCES STEADY HISS. MAKE  SNARE DRULUM

BY CONNECTING  PUSHBUTTON N SERIES WITRH ioo-soo-:
SPEAKER. ADD S.L.F. OSCILLATOR TO MODULATE (volume) =
THE RHiss. (SeEcLEcT S.L.F. + NOISE BY CONNEC- | -
TING PINS 25 AND 26 TO GND AND Pln 27 TO
+9yv. ADD IM PoT  FRoM PIN 20 TO GND AND
|l uF CAPACITOR FROM PIN 21 To GND.) SOuNDS
LIKE = STEAM TRA(N OR  PROPELLER AJIRCRAFT
DEPENDING O©ON ADIJUSTMENT OF IM POT.
+9 \
A | SI=PUSH FoRr
_ 5o TONE SEQUENCE
+9
| 9] 221 H q 25| 26| 271 ze
RS2009 | . .
SN76477N AU T
: 8-oHm |
2 7 8 1o u |1 ig] 20 2| 23 24] 12 SPKR. .. '
+
==
1oM < .22 IOOK ook < lﬂFI"l'H( IM % szﬂF M
L N4 - X A N
- CoNnTROLS VCo S L. l:. CONTROLS +
DECAY FREQUENCY FREQUENCY SOUND 00—
DurRATION 1o0uF 3 s00
] (vorumg) |

AND RELEASE . TO HEAR UNDULATING TONE

PRES]S. SI
CHANGE VCO

THAT GRADUALLY DECANS AND STOPS.
AND  S.L.F COMPONENTS FOR. MANY DIFFERENT SounvD EFFECTS
RANGING FROM SIREN TO SCIENCE. FICTION MOVIE SOUNDS.. FOR CONTINUOUS
SouNnD, OMIT COomMPONENTS AT PINS 7,8,23,29 AND GROUND PIN 9. ;



COMPLEX SOUND GENERATOR

SN76488N

~ MODIFIED VERSION ONE-SHOT ouTPuT _! 28 ENVELOPE SELECT |

_ OF  SNIGYMIN. , ;
INCLUDES = BUILT-IN VCO OouTPuT 2] 27 ENVELOPE SELECT 2 ]
AMPLIFIER  FOR ’ 5
DIRECT  SPEAKER NOISE cLock ouTPuT 3| |26 S.L.F. SELECT

DRWVE. NOTE '

" TRAT SN 76488N S.L.F. outPuTr 4 125 Mixer B8 INPUT

AND SN7647IN | -
HAVE  DIFFERENT NOISE —/MA_ 5 24 MIXER A INPUT
PinOUTS.

NOoISE —I— 23 MIXER ¢ [NPUT o

b

_ MANY DIFFERENT o
SOUNDS CAN BE DECAY MWA— 7] 22 ONE - SHOT —MA—

8

3

.I_O.

CReATED.  FOR "
2 ONE-SHoT —I6— e

BEST  RESULLTS, DECAY —{6—
 STUDY CAREFULLY
THE  TECHNICAL INHIBIT 20 VCO SELECT
DATA  SUPPLIED
" WITR  CHIP. AUDIO INPYT 19 S.L.F —6
 VERY EASY To , 5-voLTs ouT M 18 S.LF. —M— )
DEVISE YOUR OWN .
UNIQUE SounDS ! Vee (“‘ qV) 1) 7 veo M-
NOTE: SounD  ouTPuT Aupio ouT 3] It veo —
MAY CHANGE AS Vee B
GOES FRom +G T +9V. GROUND lq IS EXTERNAL VCo ]
» CONTROL

BOMB DROP PLUS EXPLOSION

+6T09
5-"-5,__11‘ ~ PRESS TO START
12 Ce

1 25 i {28 20 9 0o uF

SN76488N 3+ |
SN7648 e

5 o |7 J_B 7 [P T 19 eq 22 [a 9
L 470pF + |+ 22uF + 8

R T R2 R3 RY RS SPKR
680K 500k | C2 470k |C3 M ook | ¢85

R2 CONTROLS DURATION OF EXPLOSION.
RS CONTROLS ALTITUDE.

122 - |  1:§:‘ |




© SN7k4seN

N L.

> R

> R3

-

470K |

-AD3IuUS
_ULTRA

T

SL

. R"“”ﬁ’ e FOR ..




" DUAL ANALOG DELAY LINE

 CONTAINS TwO

SAD-1024A

INDEPENDENT 512 STAGE
DELAY (SAD) LINES
ANALOG - SHIFT REGISTERS).

SERIAL AMNALOG
_(ALSO CALLED

 OK To USE EACH 512 STAGE SAD

__ADJUST RI (INPUT BIAS)

 SEPARATELY OR

 ACHIEVED. A 2-PHASE cCrock
. _TO DRWE INPUTS ol
... DATA
__ALTERNATING
.. APPEAR
__PASSING THROUGH ALL 512

_ComneeT Vi

L OPTIMUM

. USE
__ADTJUSTMENTS
CON  THis
_REQUIREMENT S
_CIRCUIT IS

‘AuDIo

ANALOG
V2. SeconD CAn BE
IS REQUIRED
AND 2. |INPUT
THE SAD oN
PULSES AwND

IN  SERIES.

DELANS OF UP TO

RIDES THROULGH
CLoCK
TWO OUTPUTS AFTER
STAGES.

To Voo (PINT) OR, FoR
RESULTS, TOo | voLTt BELOW
Vop. THIS CHIP CAN BE TRICKN To
SINCE SEVERAL EXTERNAL

ARE REQUIRED. CIRCUITS
EXPLAIN OPERATING
WHILE A COMPLETE
SHOWN oN FACING PAGE.

AT THe

PAGE

- SAD

IN/OUT CONTROLS

GIA  P2A R3

2K ‘ RS
2| SAD-1024 A ouT
(secTion A) ’Y
1 1omF ouTPUT
_"'_.K__-o IN BALANCE

INPUT BIAS

FOR ' OPTIMUM

OUTPUT. OuUTPUTS APPEAR LIKE
L THIS ON A SCoPE:

A |

o N o

. SuMmMED ouTPuts (A+A'):

' - SET .

X CLOCK  GUITCHES

.SCOPE . TO _VISUALIZE = INPUT _SIGNAL

(campzesa NG CLOCK RATE):

”nzgx

NC P28  outa PIB
l INB NC | oute | Vb
lof 5] 13] 12§ u) 0] ef

SECTION &

e v e omen | emwn | e e e

SECTION A

T 2
GND | p2A
© INA NC

ouT A

CAULTION®
VULNERABLE TO DAMAGE
STATIC  DISCHARGE!
CcMmos HANDLIN G

SERIAL OPERATION

el
1uF
A 5 4 5 B

Rl ' R2
Sk 41K

Rl CONTROLS

IS CONNECTED TO INPUT OF B.

OUTPUT SUMMER
2K=100K

INPUT TYPES.
BEST.

THIS NMOS CHIP

+lo-vli
ouT A’ ¢olA

3[ 4 5] s" 7] 8]

BIAS To SECTION B.
NOTE THAT ONLY. ONE OUTPUT OF A

_ANY OP-AMP CAN BE USED, BUT

Low NOISE FET are @

.FRO,N PR TR S
FoLLow
PROCEDURES.




DUAL ANALOG DELAY LlNE (CONTmuso)
SAD IOZQA

ADIUSTABLE FLANGER

OR PHASER

1. _L 2-PHASE ¢cLOCK ~ HELPS TO ‘
; < T T connvECT BTN
100pF ~. 00luF  *12V  FREQUENCY
‘ COUNTER HERE &
To MOMITOR .
CLoCcK FREQUENCY.
BRIDGE HERE TO ELIMINATE -LJ(
 HIGH-PASS CUTOFF +12V
: RS 71 81 3 c3 o] wf 9] HELPS TO CONNECT |
) » Yy | A lLuF , SCOPE HERE.
“ wl2]sap-1024a |5 t 15| sAp-1024A |[Ra ld
12 TLOM/ SECTION A 4 SECTION B soof”
/n : ‘ : ;
‘ I oy re |'° 't
ERRRE A : cio ) 47K LOW-PASS
I ER HIV. | oIuF ; FILTER ~_ -
1. . Ersier To ;fL__A&Mﬂ € N
b"“ SET. BIAS Ri3} . __I__ o *
. (R13,R7) BY 10K _ - -00IuF
o CONNECTING (S : :
L . .. SCOPE TO _PIN RIS, . lO;uF ‘ o __*__NV\___,
5. OF SAD THEN 4.7k MIXER r_lé__> AUDIO + ~
siei-RA'S | CENTER ouT e RI&8. ]
... . TAP. START B 1OmF 10K ,gm
b L WITH . LOW L _AAA - ISK
. ~LEVEL AUDIO IN.. MK Rlb. .. 1R2 UV'»*C-,‘;CS: ‘
L 10K SoK| | USE .0 uF FOR
Low @ RATES.
--ADTUST  CIRCLIT  FOR. . DESIRED . EfFECT
f - -BY.: . CONNEBCTING.. . TRANSISTOR RADIO TO
~AUDIO. INPUT. TUNE RADIO TO A TALK REVERBE RATOR
..SHow. - FOR BEST. RESULTS. RJ3 AND R?
—ieei CONTROL-- BIAS  TO  SECTIONS A AND B OF il
_THE SAD. R3 BALANCES THE SAD OUT- Y LY
- PUTS. RZ CONTROLS THE CLOCK RATE. TO PIn 2 \ouF
~R17.45- THRE - MAIN. BALANCE & CONTROL. OR PIN 3

re———

(.

~IT.CONTROLS . THE .
- OF..THE . ORIGINAL

APPLIED . TO . THE

-OUTPUT 7O ..A. POWER' AMPLIFIER,
CONTROLS PROPERLY FOR. BEST.
SET. RZ2 FoR . LOW FREQUENCIES
~(3~8KkHz) FOR. . SINGLE ECHO.

-ADZLST. BIAS
REsu(.Ts.‘

RELATIVE = AMPLITUDES
AND  DELAYED ' SIGNAL
MIXER. CoONNECT THE
You MusT

USE HIGHER

~CLOCK FREQUENCIES (20-I00KHZ) FOR HoLLow,

SSWASHY sounDs.
FOR. BEGIMMNERS.

NOTE: THIS CIRCWIT IS NOT

OF TLO84 (TRY BROTH).

ADD  THIS FEEDBRACK CIRCVIT - FOR
LNUSUAL REVERBERATION . EFFECTS.
Stow CLock. FREQUENCIES.  GIVE
MOST STRIKIN G REVERBERATIONS..
TRY. 5-20 KH2. FASTER cLock (20—
100 KHz2) AND CAREFUL ADJIUSTMENT
GIVES ROBOT-LIKE .SOUND USED IN
SOME . SCIENCE FICTION MOVIES.
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 OPTOCOUPLERS

‘ ' B8 ¢ E g ¢
~ TIL V1l - PHOTOTRANSISTOR 6] s| 6] 5| 4]
TIL 119 - PHOTODARLINGTON + ] [k
INFRARED LED TURNS ON 2 3] T 2] 3T
~ PHOTOTRANSISTOR " WHEN LED A K NC A K nNC
IS FORWARD RIASED. USE | :
TO REDUCE ELECTRICAL NOISE TIiL 11 TiL 19
AND SHOCK HAZ2ARD. [IDEAL o |
FOR  ISOLATING AND |NTERFACING USE TIL 19 WHEN INPUT
BUS LINES. SIGNAL IS SMALL.

. MICROCOMPUTER

TILII /TILII9 TEST CIRCUIT

TIL NG IS SLowER  \/,
BUT MORE SENSITIVE.

Veel
IOOK
3 A
14 18
Lno
o Mo .
8§88 L,D
. ? _ﬂ_
. IUN'
! THIS

. TTL

¥ [

TiL 1

2

Veel = Vee2=5v
Ih2=Y3 7404

our <IN

cm‘culTk _ SHows
INTERFACING,

TI
ISOLATION,

T

LIl GIVES

CALCULATOR /COMPUTER INTERFACING

KEYBOARD INPUT

s . N . p NC
.. H = CLosE

| L,_fs I G
L= _open | '

b4 Y70 >

Y9Ny 3 A/ (3 FS
7400

i | -Ls;‘,

TO KEY CONTACTS ;
(REVERSE IF NECESSARY)

. H=ENABLE
. L= DIsABLE N

 IMPORTANT:

- . THEsE CIRCUVITS ]
_MAY  VOID  YOUR CALCULATOR'S

- WARRANTY., 1 HAVE ysSED BOTH
C WITH. A Low CO0ST CALCULATOR
WITH . LED READOUT.  SEE

. POPULAR ELECTROMISS , DEC 1979

(Pp. 85-87) For DETAILS. o
ALWAYS = FoLLow MOS  HANDLING
_PROCEDURES CWHEN WORKING
WITH  CALCULATORS ! IF NOT,
You  MAY DAMAGE THE  ONIT's

PROCESSING CHIP.
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CALCULATOR TIMER

FREQUENCY.

2. enter [0 [

RI ¥
10k 4
sl
lg 4
"IDII“ 1K
TO BLACK ‘To RED
BATTERY BATTERY
CLIP LEAD = CLP LEAD
TO OPERATE*
1. SET Rl TO GIVE 10 H=

LSKV

ne
I b )

fk

| ‘Nng:
THIS SHows

CMOS

INTERFACE,

3. PRESS SI FoR TIMING PERJOD.

DispLAY.

4. READ TIME TO TENTH SECOMD fFROM

V Fsv;.
to E] key.
CONTALTS.




"

 opTocoupLERS
" MOC3010-SCR

bo

SCS11C3 -TRIACL

INFRARED  LED  SWITCHES

" TRIAC (MOC3010) OR SCR

(scscg). MoC 3010 WiLL
SWITCH 120 VOoLTs AC AT

100 mA. Scsies witt
SWITCH 200 WvOLTS DC AT

200 mA.

CALCULATOR OUTPUT PORTS

SCR (DC) PORT

V+
I e @ RESET

—~—] hd
SEE L_j_'z I— (NORMALLY

§_? CLOSED)

3 4 |LoAD 1

SCSiie3 =

BELOW o 2]

_CONNECT PINS | AND 2 TO DECIMAL

. __POINT OF LOWEST ORDER READOUT

DIGIT. BE SURE TO  OBSERVE
POLARITY. USE ONLY WITH

CALCULATOR HAVING LED READOVT,

TYPICAL OPERATION: KEY IN
NUMBER WHICH PLACES DECIMAL
ANYWHERE BUT FINAL DIGIT. THEN
press 3 [ [ [B. Numeer

IN  DISPLAY WILL BE DECREMENTED.
EACH TiME [E] IS PRESSED. WHEN
COUNT  REACHES O, DECIMAL
MOVES TO LAST DIGIT _AND
ACTUATES OUTPUT PORT. FOR

L MORE INFORMATION _SEE POPULAR

ELECTRONICS | DEC. 1979 (Pp. 86~87).
SOME  CALCULATORS WILL REQUIRE

DIFEERENT KEYSTROKE SEQUENCE.

] MPORTANT: THESE . CIRCUVITS

- MAY voID THE WARRANTY . OF

YOUR . . CALCULATOR = OR  COMPUTER.
FoLLlow  MOS HANDLING PROCEDURES
TO  AvoildD DAMAGING CALCULATOR

.OR. COMPUTER. COMPUTER  PORTS

DE SIGNED TO INTERFACE WITH
TTL OR LS BuUS UINES,

B 3 N ) B BE
A K NC A K N

ESEE RADIO SHACK'S
SEMICONDUCTOR REFEQENCE GUIDE
FOR MoORE INFORHATION ;

TRIAC (AC) PORT

; ! b B
SEE } S - -
BELow 2] 1s AC
T VOLTAGE
"31 L Jioan} >
MOC 3010

THE LOAD FOR ALL THESE CIRCUITS |
MAY BE LAMP, MOTOR OR' OTHER. _
DEVICE  WHICH DOESW _NOT _ Exceeu :
RATING. OF OPTOCOUPLER.

COMPUTER oUTPuTIPGQts:

Vee < ! €
470

BUS <_/wd_} yig S AC

. VOLTAGE .

A i «’

MOC 3010 ~ AC PORT .
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or‘rocoun.slz SRR e
MOCS010 LIN EAR’“AMP‘ iFi ER o gtat

H
i

| [CONVERTS CURRENT  Fiow rﬂ.aotmu,.,QLZ“;)';QT;T’TL
1 ILED NTO | OUTPUT EvoLTAGE -

IDEAL___FOR  TELEPHONE  Live
_CDUPLING. _AND __VARIOUS Auolo _
- AjPLl "ATIONS i . ;
I“SO].ATED ANALOG D TA LINK
l M L VERY SENSITIVE, . SN

. BIAS | o 1’ oozs voeT IN e I
ADTUST > WK | GwES FuLL 4 ©
] J outpuT oF 8. *T 3
__REDUCE Ri OR |
). R2TO REODUCE [ 1 /9
_SENSITIWITY. '

31 q a f é

L. Low LE
I | _SIGNAL OR
MicgopHone - [ 1AM T
y X9 1

Sl
PUSH YO RESET 3

(uormALLY  closen) |
NEBE o | P . MOtso0 L;f;m ]
;,AC S\GNAL lSOLATOR

TANALOG

SIGNAL
IN’ .
!wmwfééw-" SIGNAL \ VOLTAGE

025
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