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READ THIS...

This book is for the entertainment
and edification of experimenters

and hobbyists. While reasonable
care has been exercised with regard
to the accuracy of the information
in this book, the author and publisher
assume no responsibility for érror§,
omissions or suitability for any 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 impossible to answer letters
requesting custom circuit designs,
technical advice, troubleshooting
assistance, etc. But though we can-
not acknowledge individual letters,
we will nevertheless be delighted to
review carefully your comments, im-
pressions and suggestions about this
book. Address your comments to:

Engineer's Notebook -
Radio Shack Technical Publications
Dept. DG

1100 One Tandy Center

Fort Worth, TX 76102

Thanks in advance to those who write.
And special thanks to Robert Pease,
Michael L. Ardai, George W. Jehle,
B.J. "Stan" Staneslow, Chris Rogers
‘and Desmaret Henri for finding and
informing us about a number of errors
(all of them minor) in the first
printing of this book.
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kv Ohm's law.

g electrical current.

REVIEWING THE BASICS

INTRODUCTION

NCan‘i use a 0.22WuF,capaCitor
insteadaof a 0.10 uF unit?"

IN"Is it OK to substitute a
12,000 ohm resistor for a
, 10 000 ohm unit?"

 This sectlon,w1ll tackle these
__common guestions and many
~others.
~ will be well prepared to tack-
~le the circuits in this book!

‘Master them, and yéu;

~ RESISTORS
Resistors limit the flow of

A resis-—

. tor has a re51stance,(R) of 1
ohm if a current (I) of 1 am-

pere flows through it when a
potentlal difference (E) of 1
volt is placed across 1t In
other words ~

= = I == : = J
R I,(Qr),Tw = (or)ME,;WIR

These handy formulas form .
; ~_Memorize them! :
You'll use:them often.

Resrstors are 1dent1fled by a.
color code.

2 3NIMultiplier)

~_COLOR 1
~ BLACK. 0o 0 L
 BROWN 11 10
"RED = _ 2.2 100
ORANGE. . 3. .3 ~..1000
_ YELLOW . 4 4 10,000
~ GREEN 5 5 100,000
BLUE = 6 6 1,000,000
_ VIOLET 7 7. . 10,000,000
GRAY 8 8 .100,000,000
9 9

__WHITE

(none)

i P i Y

! '

; ‘ e
i 4

~stitute resistors.
it's almost always OK to use a

A fourth color band may be pre-
It specifies the tolerance :

sent.
of the resistor.
and silver is + 10%.
band means t 20%. '

Gold 1s + 5%
No fourth

Since no resistor has a perfect :
tolerance, it's often OK to sub—«
‘For example,

1.8K resistor in place of a 2. OK

unit, Just try to stay within
10~ 20% of the specified value.w

What does K mean7‘ It's short for
1,000. 20K means 20 x 1,000 or
20,000 ohms. : M is short for meg-
ohm or 1,000,000 ohms. Therefore
a 2.2M resistor has a res1stance'

of 2,200,000 ohms.

Resistors which resist lots of

‘current must be able tokdissigate

the heat that's produced. Always
use resistors with the specified
power rating! No‘power rating
specified? Then it's usually OK
to use 1/4 or 1/2 watt unlts

VAlmost every electronlc Clrcult
. uses resistors. .

Here are three
of the most’ 1mportant appllcatlons

«for re51stors.t

”l. L1m1t current to LEDs, trahsiefj

tors, speakers, etc.

2. Voltage division,“For‘ihStance:N

+I0v. The voltage at ? is

I x R2. I means the
current . through Rl and
R2. So.I-
or 0.005 amperes. ...
Therefore,,- (0. 005)
x (1000) or 5 volts.

Note that the total .
. resistance of Rl and
' R2 is simply R1 + R2..
This rule provides a .
handy trick for making .
custom resistances. . .

10/(R1 + RZ)?”



Voltage

bias tra

dividers are
nsistors:

PwW5,fng;Wf T

ouT

POTENTIOMETER 4
(VARIABLE

;R£$§TQK);

;And the
sensing

compars:

‘noteboc

ator

ok.

q}{we ”?e5e‘,;€ o

;,They rewalso a convenlent .
source of varlable voltage.:

ny're useful 1n voltage
circuits., R T T
01rcu1ts 1n ‘this .

See the

time

ij. Thé& conEfeiwthe chérging
of capa01tors

"Read on...

PACITORS

used to  marked

0-10 VOLTS

fCautlon:

’ its leads!

1y placing a resistor.

.001-1000 are rated in uF.

‘ Electrolytlc capac1tors prov1de

~_high capacity in a small space.

_Their leads are polarized and

_ must be connected into a c1rcu1t
,1n the proper direction. ,

/

| THESE LEADS MUST GO
N___TO THE MOST POSITIVE
COMNECTION . POINT,

Capacitors have a voltage rating.
It's usually printed under the
capacity marking. The voltage
rating must be higher than the

highest expected voltage (usually:wy

the power supply voltage).

A capacitor can store a
charge for a considerable time
after power is removed. This =
charge can be dangerous! A large

- electrolytic capacitor charged to

only 5 or 10 volts can melt the

tip of a screwdriver placed across
; High voltage capaci-.
_tors can store a lethal charge!

Discharge a capacitor by careful-.
(1K or more;
use Ohm's law) across its leads.

3 Use only one hand to prevent
Capacito s store electrlcal touching both leads of the capac- .
energy and block the flow of 1tor. ‘- , - S T R F
direct current while passing . , 0 LT O O T T 0 U
alternating current. Capaci-. ,Importantgcapacitor'applications:wi
tance is specified in farads. AU WU VAN DU TR U O DO RO DS VOO DOt DO
One farad represents a huge 1. Remove power supply spikes.
capacitance so most capaci- - (Place 0.01-0.1 uF across power
tors have values of small _.supply pins of dlgltal ICs.;Stops
ffactlons of a farad false trlggerlng ) o

lemm;gx farad (uF % 10 , farad 2. Smooth rectified AC voltage
1 pidofarad (pF)- 10‘12 farad _into steady. DC voltage. (Place

. or. BRI 100~ lO 000 uF across rectlfler

uF =1, 0001000 pF iOUtPUt )
The value of agcegacltqr is . g >t
usually printed on the compo- = .

_nent. The uF and pF designa- i
tions may not be present.w > GMND
Small ones marked 1-1000 ar
‘rated in pF; larger ones.

,,,,,, Y



3. Block DC signal while pass-
ing AC signal.

4. Bypass AC signal around a
circuit or to ground.

5. Filter out unwanted portions
of a fluctuating signal.

6. Use with resistor to inte-
grate a fluctuating signal:

I} »E[: AN

7. Or to differentiate a
fluctuating signal:

Mj}:%

8. Perform a timing function:

+ i&i:s R
ANt Yy
s ¢ )
NV
— L
C will quickly charge...then
slowly discharge through R.

9. Store a charge to keep a
transistor turned off or on.

10. Store a charge to be dumped
through a flashtube or LED in a

fast and powerful pulse.

Can you substitute capacitors?
In most cases changing the value
of a capacitor 10% or even 100%
will not cause a malfunction,
but circuit operation may be
affected. 1In a timing circuit,
for example, increasing the
value of the timing capacitor
will increase the timing period.
Changing the capacitors in . a
filter will change the filter's
frequency response. Be sure to
use the proper voltage rating.
And don't worry about the differ-
ence between 0.47 and 0.5 uF.

8

SEMICONDUCTORS

Usually made from silicon. Be sure
to observe all operating restric-

tions. Brief descriptions of im-

portant semiconductor devices:

DIODES

Permit current to flow in but one
direction (forward bias). Used
to rectify AC, allow current to
flow into a circuit but block its
return, etc.

DN ANy — —— AN

ZENER DIODES

The zener diode is a voltage regu-
lator. 1In this typical circuit,
voltage exceeding the diode's
breakdown voltage is shunted to
ground:

1K
+ +
ouT 3
IN DY OuT (V) o
GND 32 69 12

IN(V)
= b VOLT ZENER DIODE

Zeners can also protect voltage
sensitive components and provide
a convenient reference voltage.

LIGHT EMITTING DIODES

LEDs emit green, yellow, red or
infrared when forward biased. A
series resistor should be used to
limit current to less than the
maximum allowed:

Vee Rg = vee ~ VLED
LED;

Rs
Example: Vyigp of red
- LED is 1.7 volts. For
LED a forward current
¥y (LED7) of 20 mA at
Vee = 5 volts, R =
- 330 ohms. Don't ex-
ceed LEDp!!



Infrared LEDs are much more
powerful than visible LEDs,
but their radiation is total-
ly invisible. Use them for
object detectors and communi-
cators.

TRANSISTORS

In this notebook, transistors
are used as simple amplifiers
and switches that turn on LEDSs.
Any general purpose switching
transistors will work.

INTEGRATED CIRCUITS

Since an IC is a complete cir-
cuit on a silicon chip, you
must observe all operating re-
strictions. Reversed polarity,
excessive supply voltage and
sourcing or sinking too much
current can destroy an IC. Be
sure to pay close attention to
the location of the power sup-
ply pins! Most ICs are pack-
aged in 8, 14 or 16 pin plastic
DIPs (Dual In-line Packages).

A notch. or circle is near pin 1l:

&-p’N‘

When the IC is right side up,
pin 1 is at lower left:

MANUFACTURER PART NUMBER
(MOToROLA) (4021)

HHHDWHH

@ MCIHO2IB =

o /CP782L1
U%ﬂ_l ] 5] o] 17

DATE CODE:

78= 1978
24= 24% weex

Incidentally, a date code may not
be present, but other numbers may
be...and the date code is not al-
ways below the device number:

7835 DATE CoDE |4Y 78120
CD4H4066BCN
l ZidL MM 5666 BN

2114L 4066

Store ICs in a plastic cabinet if
you can afford one. Or insert
them in rows in a styrofoam tray
(the kind used for meat in a gro-
cery store). CAUTION: Never
store MOS/CMOS ICs in ordinary
non-conductive plastic. See p. 12.

CIRCUIT BUILDING

Build your circuits on a solder-
less breadboard to make changes
and find bugs. Then make perma-
nent versions. Radio Shack plas-
tic modular sockets (276-173, etc.)
are ideal. They include two sock-
et rows for power supply connec-
tions and snap rails for attaching
sockets together. Parts and wires

can be inserted directly into the
holes in the socket. ,

For permanent circuits, use Radio
Shack PC boards. Catalog numbers
276-024 and 276-151 are ideal for
simple IC projects. Use larger
universal PC boards for more com-
plex projects (276-152 & 276-157).
You can cut them into smaller
sections with a nibbler tool or
small saw.

I prefer to use wrapping wire for
IC projects. Insert wrapping sock-
ets in board and make connections
with a Wire-Wrapping tool (such as
276-1570). Apply wrapping wire
directly to leads of transistors,
resistors, etc. and solder in
place.

Ic
A WRAPPING SOCKET
“ 7 NUNIVERSAL PC BOARD

SOLDER NI __uwrarrinG  wigE
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DIGITAL INTEGRATED CIRCUITS

© INTRODUCTION  AThwer

8

>
®

our

DIGITAL ICs ARE 2-STATE DEVICES. L ey
 _ONE STATE IS NEAR O VOLTS ©R ~_ OR
GROUND, (LOW OR L) AND THE OTHER : '

IS NEAR THE IC's sSuppY VOLTAGE

(RIGH OR H). SugsTITuTE O FOR L

AND | FOR K- AND DIGITAL ICs

CAN PROCESS  INDIVIDUAL BINARY

DiGITS (BITS) OR MULTIPLE B8IT WORDS, n L
A u-mr woko 1s A mesie Awo Aw NOR
B-8IT woRD IS A BYTE, ' ‘ N

TITrr
Trzxr

LouT

=T r:J’, '
xrzrile

 THE BINARY SYSTEM A oo

B«

IT's  VERY HELPFUL TO KNOW THE

FIRST b BINARY  NUMEERS. IF OsL | EXCLUS\VE'OR | |

 AND I = H, THEY ARE:
N ]

fer L &Ex
EXCLUSIVE-NOR

rxrrl»
TrITrije

- 9-
1o -
n -
1z -
12 -
e H=

7- IS -

. MNOTE  THAT LLLL(O) 15 AS MUCH A RN ,
 NUMBER AS ANY OTHER MNUMBER. L A . : o
T YES (BUFFER)

© LOGIC GATES  alsener

| L‘Q,,Gil'c‘i,,Ctuéuuisi':AREQ‘M,’A?DE BY INTER= o e L
ComnveeTing  Two or more of These  NOT (INVERTER)  w

'BASIC  LOGIC  GATES:

Txzrrlp
T r-Xr|w

cuLtwN -0
rrrrxTcr~

T~
IETEITITT

FrrEREE -
TTTTr~F
NTAL N ©
=TT rrer
Tz~ T
TrrErrrrIxr
AN nen A

=r»

> OUT s
 CONTROL —

5. OUT

Trrrilo
Trrric

conrtroe |A]louT

10
c
.

o no
Ri-z

p 3

L
L |n
m

 HI-2: OUTPUT IV RIGH IMPEDANCE STATE.

TrIrjo
rTxT X




- Vl THE uu?u'r vu.:rhﬁf. SuouLD M

”“i,mwmm RISETINES FASTER "‘”PREVENT STAT\C D\‘aCHARGE‘

THE Pawsn s OFF

. ),]‘NT"RG]SUCﬂOﬁ”f |

MOS ICs CAN  CONTAIN _MORE. F;UNQ“
- .Tions  PER CHIP. THAN TTL/LS LAND
ARE._VERY EASY TO USE. MOST cmps
_IN_THIS SECTION ARE CfMo< (com=~_
__PLEMENTARY MOS). THEY CONSUME VERY
_ LITTLE POWER AND OPERATE OVER A -
*3-15 voLT RANGE. €MOS CAN _BE Pow-
_ERED  BY THiS:! W WO N N

FROM PMOS

RAN&Q#&RS, MOS. MEAN’VS”? "
SiLicoN (on _S,Emt.onoucrog)

3 AND N REP,E_ To

‘ +Voo

(B A‘r’

o !-VifALuA@\wmA N j ;
! Lwi34,sJéL,lcou

f,PAQs TRANSISTOR IS IDENTICAL L

~.BUPP) MADE 'F&OM A 7&951731‘7./
Ssz‘rns ,,,,,

XCHANGED. THE S\ oé. (,sn;iiégu,
YER; s A ~GLASSY LM

. cMos cig:
 CONNECTE
A 9-12 vm:r 50??1.*1 i
BETTER PERFORMAN&. ‘

;,]OPERATlNG RIELQ“V:

, ,m; FlLM ;s \NH‘I f\ Mos ’TRAN%STO&
_OR_XC PLACES PRAchcV LLY | NO LOAD .

on THE saunc& . OF AN ;NPur S\GNAL,
THE . FiLM_ 1S VERY Tum AND 1S THER&
on% gASSLY ; ' L . '

m,excssa Voo ! (Two Excsnmy 8
'me ‘-lD'-lQ _AND Amso) k

RO NS—

2. AVmD IE Possnan.e SJ.owu _ggsma_
AND. FALLtNG INPUT SIGMAI S AAAAA 5]MCE (-
~ THEY. CAN CAUSE EXCESSIVE _ POWER

-rmw s mcaosecanos ARE. ss&n

ugg swgs Mos Ias w chow-
. ,3 AL.L uuus&n mpurs Mgsx: s.c. ... DucTivE . PLAS‘IIC “5Now TRAYS sAGs
 CONNECTED. To. Voo (#) OR  Vgg (ﬁnp;. I OR_FOAM. .

. OTHERWISE . E&nxru: CHIP BEHAVIOR
. .AND _EXCESSIVE CDRRENT cousum?ﬂ:mn
oL occug._m ]

2 PLAS:E. Mos ICs PINS g o» AN
Al.ummum smL ﬁaeer oa :rgiw wueu
TRE‘LARB . MOT IN A cmcm ‘

Sm&EQ JNW, C&A’DUCTW& FQA

4. NEVER fcounsci' AN Lo
- s;cmALw,WTp,‘ ,A;;;,;cmos,w,, CIRCLUT WHEN

Za us& A E»ATTERY Powsaspg ,,,,,, uzow To
SOLDER . MOS CHlPs. Do NOT uss. AN
,,WAQ ?Qweaaa JRON ~




l. IF SUPPLY VOLTAGES ARE EQUAL:

5. (Veo)
Reoi . | ~ . Reo? 470 ~47K

PulLuPp I Rew. | ForR TTL, | GLows Vpp=+5—isv

_RemizTOR. 3 ___Jk -1OK . WHE L Glows
| ] R O T 30 4 S WHEN

PN V°°(+3A,lsv)f)HlGA

R=""or — (FOR 10mA LED CURRENT)

O OHMS FOR MOST APPLICATIONS,

)

el L e CMOS ,,%Loci?li;c CLOCK

. MANY_ CIRCUITS w THIS s&c*now
_REQUIRE A ) ‘A,:Pu:.ss.s

HERE'S A SIMPLE CMOS  CLOCKR:

 2 IEFERENT M/U”L‘L VO 7“5553‘

5

+3-15

~

5 o

S 1Mo . _TYPICAL VALUES: R=|00K

CURRENT _WILL BE REQUIRED. .

~CMOS TROURLE SHOGTIN

- " n . 00 ALL. INFufs,,§ G

HOY9 R 2. ARE ALY TC Pms i

oR.. LS | ... .. . THE BOARD OR .isgcxa'r‘?

B 15 TH :cgcz,wﬂg;‘?j IF
; Ll __ABOVE _AMD. MAKE _ SURE .
IS NOT V,,,,io“vagcop;o D,
__NOTE .. THAT...CMO MUST _BE. POWERED ' ) SN OO0 O U 0 B TS N S
_BY LEAST 5 VOLTS | \WHEN Y. DoEs T}-\& mp.c 1T OBEY _ALL CMOS.
105 1S | _INTERFA f e&xrnuc.w_,, gr;cayme~= T2

O
g
I
3
o
.

i

MERWISE . TRE  CMOS. _ INPUT. WiLL S Lo

CEE \pp.. L e 5 ,‘.,,HA\l&M JG?AUV;,F R ‘== :




‘fTaEH,aA&c, CMOS

BUILDING

L SUAD-NAND GATE
R

CHIP.. MORE  APPLICATIONS

,;CONTROL GATE

VDD

ﬁﬂ

wf"LNvERTER

A

BLOCK
" THAN = TTL
:;7ﬂoo/7HLsoo ‘QUAD. NANDL;GATE-

‘:Ifh

Trxr

Vop (+3-15V)

"i 3 12z] n} :él"‘lf 8

2 BE BRI T I B B

I MPORTANT: CONNECT ALL UNUSED INPUTS
TO PN 7 OR I4]

- NOR GATE
ABlouT

™~ P'P‘I

-INPUT NAND GATE

iABC DlouT

XXX
rEZXrx:

sw‘qn 5 AB ouT
& Lo U T i :
1 R ,3 4oil. .




QUAD NAND GATE (conTiNuEeD)

4011
GATED OSCILLATOR

‘ >
ENABLE O
(WHEN H)

Ci
.Ol/qF

s
SQUARE WAVE.

. OUTPUT FREQUENCY
) KRz

 SIMPLE OSCILLATOR

T .01 uF

OUTPUT NOT AS SYMMETR\CAL
~AS.. ABROVE CiRCL\T,

~ GATED FLASHER

+9 1K

LED FLASHES I-2 H=z

. WHEN ENABLE \S HIGH.
LED STAYS ON WHEN

. BNABLE 1S = Low.

TOUCH SWITCH

00K

e

22M

. <
TOUCHﬁ

CAUTION:

ENBLE
WIRES (WHEN H) BATTERY
POWER
L onwy!
OUTPUT GOES HIGH WHEN
TOoucH WIRES ARE BrRIDGED
By A FINGER,

ONE-SHOT TOUCH SWITCH

100K 22 M VDD
100K

ToucH —

WIRES

OuTPUT GOES HIGR

WHEN TOUCH WIRES . ==

ARE  BRIDGED BY A -

FINGER. OUTPUT THEN RETURNS LOw
AFTER ABOUT | SECOND.

INCREASED OUTPUT DRIVE

Vop

NAND GATE

INVERTER

USE TAIS METHOD TO INCREASE
CURRENT TRE. 4ol CAN SOURCE.
OR SINK. OK To ADD MORE GATES.

15
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TRIPLE 3-INPUT NAND GATE

4023

HANDY FOR MAKING

CONVERTERS

AND

CusToOM DECODERS,

MULTIPLE

6-INPUT OR GATE

Voo
: N3 Vo
¢ S y 3 Vs
D b %' 5]402
E : ﬁ. 10

ouT

DECIMAL-TO-BCD CONVERTER

DECIMAL

IN  (SELECTED

DIGIT M,

ALL OTRERS L.)

9876543210

Bep
ouT

Voo

1o

INPUT - GATES.

IMPORTANT :

N Y i

9] 8

1 2] 3

CONNECT
INPUT S

41 s}

ALL

6 7

UNUSED
TO PIN 7 OR IY4.

9-INPUT NAND GATE

A _3]
B __d
C 3]
D __._l.\/s 3 \/
B __2lows\W9$ 4 4] b
F_8 S o
6 "1 =
H 12 4o3\/0 ? b
T 13
= ALL uNnUSED 'INPUTS
MUST BE GROUNDED,
Voo
14
134 I3
3 407.37 (o]
'/
[+])] 1y v” 1
3 D] =
1 3
143 z Y4 lyo23 e 1
8 5
- ]
_— \/3
o Ju 12 29)9-)2
,2,3,4,5 = Y% Ho49
‘-::L' Y3\ 10
Yoz 3
ENABLE%ls 3
7



DUAL 4-INPUT NAND GATE

4012

VERY USEFUL IN  MAKING
DECODERS . ALSO CAN BE
VSED TO ADD ONE OR
MORE ENARLE INPUTS TO
VARIOLS CIRCUITS.

ENABLE INPUT

YA
3
L]
INPUTS S

)

ENABLES

Voo
2 \/ 14
3 2.
H[qoz
15]
Voo

12

aAsN__ 4 Ay I
10
[9]
2

a9 1o u 1z 3
ol
s

= 1,2,3.4.s:
Sl 40499 lﬁ. }

n] 2

ENABLE _!4 %&5 10| 4o
lq

WHEN ENABLE 1S L, THE L
OUTPUT CORRESPONDING TO -

THE BA BINARY INPUTS GOES. Low. ALL
OTHER OUTPUTS GO HIcH WHEN ENARBLE /S H,

OLTPUTS

V°°(+3-|sv)
4y 3| 2] u| o 9] 8]
)2 3] 4§

ef 7L

BCD DECODERS

DECI MAL O

I 2
VDD
BS 4 2
(-} 3
= 4 ouT
C.7 b 5
D 9 10
DECIMAL )
A
Voo LLLH= R
AAAR= L

w

<o
<

[ah3

DECIMAL 9

o
i} pos
L—“lo. sl




QUAD NOR GATE

4001

AN [IMPORTANT
BLOCK  CHiIpP,
INPUT  MAKES

APPLICATIONS THAN

JHLS0OZ  QUAD

CMOS BUILDING
ITS HIGH IMPEDANCE
PoSsIBLE MORE.

NOR GATE.

BOUNCELESS SWITCH

look

Voo 470

TONE FREQUENCY

RS LATCH

Vop

THE TTL 74902/

8

SPKR

,]TOl/uF'

IS ABOUT !KH=z.

R _sla o)
L L | NO CHANGE
L H|H L
H L L. H
H H

NOT ALLOWED

HT 3] 1z 1] 0]l 9] 8

T 2] 3] 4] s e 71

pu=—

IMPORTANT: CONNECT ALL UNUSED
INPUTS TO PIN 7 OR 4.

INCREASED OUTPUT DRIVE

I NVERTER NOR GATE

USE THIS METHOD - TO .INCREASE.
CURRENT = THE 400l CAN  SOURCE.
OR SINK. Ok TO ADp. MORE GATES.

LED FLASHER

+9 1K

LED FLASHES [-2 TIMES /SECOND,

OR GATE

kS
}%

Txrrr~
rrxTr
ITrr



QUAD EXCLUSIVE-OR GATE  voo (r3-i5)

4070 ; 4T 13| 1z} u{ 10| 91 8
THE OUTPUT OF EACH GATE GOES

Low WHEN BOTH INPUTS ARE

EQUAL, THE OUTPUT GOES HIGH ’_‘_3Dr~l ['d(l_'

IF _THE INPUTS  ARE UNEQUAL.

MANY APPLICATIONS [NCLUDING BINARY ]

ADDITION, COMPARING BINARY WORDS 2T s 4] 5| el 7L
AND PHASE ODOETECTION. -
IMPORTANT : CONNECT UNUSED INPUTS
To PIN 7 OR 14, | CONTROLLED [INVERTER
1-BIT COMPARATOR Voo
. o : . 1 4
L P NS S 5 o , , IN 23 ouT
_THIS CIRCUIT IS ALSO A HALF-ADDER -
 WITHOUT A CARRY OUTPUT. )
' . Vpo . , CONTROL -
AB|ouT
: (yLi IN = OuT
H: IN = 030T

T~
rr-rrr
rrrr

B1NARY FULL ADDER

4-BIT COMPARATOR  carrtm __ %o
e s e tj sum

DETERMINES F TWO 4-BIT WORDS “ CARRY
ARE EQUAL. | |2 5[e] Voo v 2 ouT
| - , vy |7 V4 iy oo
prt ‘ pr “ o o) Hon LA s
3 = 4 | 14 3
S by 3
2z 2. Juool 3 _
71 © L 1,23="4049

]

Jon & w[w

PHASE DETECTOR
‘ ~ AVoo

IF._DeeA=D'c'8'A
OUTPUT IS LOW,

OTHERWISE OUTPUT
IS _HIGH- USE k
SN TS DU N DU MR O DO NS _ SECOND ' HALF OF  LED STOPS GLOWING WHEN THE
4012 AS INVERTER TO REVERSE OPERAT/ON. INPUT FREQUENCIES ARE EQUAL.

19




HEX INVERTING BUFFER T
Hoqﬂ , SR _ ‘  @

IN ADDITION TO STAMDARD

Los!'C AND cMmMOS TO TrTL
INTERFACING, OFTEN USED

IN OSCILLATORS AND PULSE :
GENERATORS. FOR LOW CURRENT \
APPLICATIONS |, USE 40/l CONNECTED

AS INVERTER. (OK TO USE Yol FOR o Zl 3
CIRCUITS ©oN THIS PAGE)) o Vw(+3 lsv)

CLOCK PULSE GENERATOR Sn. Q‘,STEPO;,‘;";S“M L;q;;-mw;

; SuPPL,y Pws

. . |

(loo K)

T( 0= 10uF) |

2 S8
=3 4049 PuLSE RATE=TTRC

BOUNCELESS SWlTCH OUTPUT;iR%QUENCYT 3.3&;;

; 1 l‘zgl/s L‘qu IR

FREQUENCY ® 1 k‘ikl(!t

SQUARE WAVE GENERATOR

Ll NEAR lOX

REPETIT/ON RATE = /4 RC

Nor& THAT" TI-fE S |
, lmvek'rsﬁ.s _ARE _ USFD | ; ;
N A ngﬁk MQDE‘ GAW R’Z.’ .

2=Ys 40499

20




4050

PRIMARILY INTENDED FOR
INTERFACING CMOS TO TTL.
SUPPLIES MORE CURRENT

THAN STANDARD CMOS.
IMPORTAN’T ALL kumus‘ED ,J'NPVUTS
MUST GO TO PIN | OR 8. -

 OUTPUT EXPANDER

N ___4___5__l>i__> OUTPUTS

~ OUTPUT BUFFER

o on2,34=
2/.': L\oso '

_Vbo el

8™ '

Yeuoso .

. lemosf{ 3

- aC‘Mos TO CMOS
AT LOWER Vob =

B

HEX NON-1NVERTING BUFFER

1,2,3="%2 4050

Voo 2

3N 2 . : : . ; 2. TT;L
\ J\‘>~' ‘ CMQS ; L CM{OS _—3D>“ ' oR

T Voo | EXCEEDS Voo 2.
. . I=Ye 4o0s0 ,

Je) 1s| s4) u3] 12} n} ro] 9

ISIENES
YIVI]Y

1;z|32 q] 5| el 7] 8]

Voo =

NOTE UNUSUAL LOCATION
OF Pow&k SUPPLY PINS.

LOGIC PROBE

~ Y% 4os0 3 A Voo ,
3N 2 :
INPUT 8 . // 1K
. - LED GLows

= WHEN INPUT
IS LOW.

INCREASED OUTPIJT DRIVE

CMOS TO TTL/LS

AT LOWER Vec
Voo +5 (Vo)

T Jr\

8 LS

= 1= Y% Y050

21



ANALOG MULTI PLEXER
4051

INPUT ADDRESS AT CBA

I—OF-8 ANALOG SWITCHES.
AT SELECTED SWITCH I/o (lNPu‘r/
OUTPUT)
O/T (OUTPUT /INPUT). THE INPUT
SIGNAL  MUST NOT  EXCEED Vop.
THE

 SELECTS
SIGNA L.

IS THEN APPLIED TO COMMON

INKIBIT (INK) INPUT SHoOuLD BE

GROUNDED . FOR NORMAL OPERATION.
ALL  SWITCHES ARE  OPEN WHEN
INH. IS RIGH.

3—\5 ! | l o
Von(+ v) I/O I/o I/O I/d AR |
N:T IS |q, ‘3 ‘|2 H’ o PO T

"1zl 3] 4] s 6] 7] e
I/o /o O/x1/0 1/O INH Vgg =
4 e 7 5 I

|-OF-8 DATA SELECTOR

I-0F-8 MULTI,PL.EXER | (DEMULTI PLEXER) |
7 & 5 4 , 1 0 Ve DATA OUT Vg (SEE NOTE gV,,i E
A AT LEFT) [
HT 'LT ST T nT .sT wT BT ‘3T 7T N
A 1] o) A1 ~ Tel
g__to] 405! L __10] ;;‘40’51‘ Ad |
. g . ;l Bl
. 3 T e ‘z.] s] (n.l lsl | ,3] 1
ADDRESS | S»;Commec:r PIN 7 = =
INPUTS Vee”. . TO. GROUND  OF :
DATA INPUT  CIRCUIT, )
IN IF GROUND. IS , DATA INPUTS. ‘
COMMON, CONNECT- ,
, R2 , , .
TONE SEQUENCER , S s HY,V.V.\ _ DO NOT REDUCE  RIO.
+9 Hos! R3 USE  AMPLIFIER FOR
: , 12 _AAAd MoRE VOL.UME
CYCLES THROUGH {‘ T I 5 Rk
8 ToNES AND ol 16 Rio SPK
REPEATS. R c2f el zvo 8
CONTROLS TEMPO. V24518 5 AA
R2~R9 ARE DLl ne
INDIVIDUAL TONE e N
RESISTORS. USE cls __9c
IK -~ loOK EACH. . , jo.
: B4 10/g f S SRRSO S N
1 A 3 R9 4 { | l?_ R
-1 /vv\.'}5>° K oo ll
el7] 13 -
= | z 3 “i \5, c, Hoq?




QUAD BILATERAL SWITCH,

'-iObL

,, ONE oF

- C

] | fﬂé,
CMOS  CHIPS.

MOST VERSATILE
PINS A,B,C AND D
ONTROL FOUR ANALOG SWITCHES.

" CLOSE A SwWITCH BY CONNECTING

TS .

CONTROL .

PN

_RESISTANCE = 80 —250 OHMS.
OPEN A SWITCH B8Y COMNECTING ITS
CONTROL PIN TO GROLA D (v 7).

OFF REsISTANCE = 10 OHMS. Tfo (INPUT/
ourpur) AND O/L PINS ARE REVERSIBLE.

oN

DATAI BUS CONTROL

Voo ("’ 3-\5 V)
p /o o1 0/1 1/0

HT 13|_lz| Hy 191 91 81
5 (m

i( { zj ﬁ\
12 31 4 sl 6] 71

——

I/o o/t o/t xjo B C

DATA SELECTOR

chrl‘m. IN.

USE 4518 COUNTER

FOR

AUTOMAT IC _OPERATION.

H0bb Voo H4obb Voo
oA —u | - s
DATA B 1 ‘ L/oq_g___ A DATAR __ ' . l/ 2
IN l/ A IN L/ '
- c _8l AO_-T—-L B DATA c 8] o3 DATA
: B ‘ { ouT * t o> ouT
D d Ol « 19 C ____l o—1 119
" ,1\ | I A :
7 t 1lie p e L lo
» i A T 1 !
1. m el 5] 13 ’ L 2] e} 5113 MAKE
= o CONTROL: = SELECTED
L= OFF D € B8 A INPUTH,
H=Loap KEEP ALL
DATA SELELT OTHERS L.
Ve DIGITAL TO ANALOG (D/A) CONVERTER
4066 ‘ THIS Is NoT A
2z 3 9 /0 LINEAR DJ/A CONVERTER.
e e ] —f e~ INSTEAD IT PRODUCES
91 r R TN RO -t > /’1': A PSEUDO-RANDOM
T WL ——p 7 OuTPUT THAT RANGES
L R Y T S a1 ; FRoM 3.06 — 5.62
I B R S ) vocrs (Vop =9 V).
l2 | 5| 13 I USE TO DRWE HO406
1 o VeO OR PRODUCE
Dt

UNUSUAL  WAVEFORMS.
R=47K AND ZR=I/00K.

ANALOG VOLTAGE
ouT

23



BCD-TO-7-SEGMENT Veol3-15V) € ¢ a b ¢ d e

LATCH/DECODER/DRIVER ol sl o) ol 2| n) o) 9
4511

]
CONVERTS BCLD DATA INTO ,J
FORMAT SUITABLE FOR PRODUCING
DECIMAL DIGITS ON 7-SEGMENT
LED DISPLAY. |INCLUDES BUILT—IN il 2] 31 4] 5] el 71 8]
H-BIT LATCH TO STORE DATA To BE B ¢ D A —T
DISPLAYED (WHEN PIN 5 IS HIGH). B
WHEN LATCA IS NOT useD (PINS Low), | LATCH ENABLE
THE 7-SEGMENT OUTPUTS FOLLOW THE | BLANKING INPUT

BCD INPUTS. MAKE PIN 4 LOw To LAMP TEST
EXTINGUISH THE DISPLAY AND HIGH FOR

NORMAL OPERATION. MAKE PIN > LOW

TO TEST THE DISPLAY AND HIGH FOR Voo

NORMAL  OPERATION.,

DISPLAY FLASHER

DISPLAY FLASHES E | DISPLAY

ONCE PER SECOND

WHEN E S HIGH. H | FLASHES
L OFF

DECIMAL COUNTING UNIT (DBCU)

VDD VDD
IMPORTANT ¢ ALL
T [INPUTS MUST Go
lte [1e Rl SOME WHERE. |
couNnT IN ol]Va 4sn B_MA . a
4518 RL
ENABLE o2 D |l tlp P2 MA_s b
R3 2
RESET oL c |5 Zlc LUNEV,V,V N
; RY £ ) lb
B |4 g 10 AMA__o 3
OPERATION: RS ,
B A3 7 A B, e el ‘C
TO COUNT, R6 —
ENABLE 1S BLANK o1 1S Ao F d
HIGH AND 0_7 R7
RESET IS Low. SAVE o2 Hd AN g L
BLANK SHouLd \ -
BE HIGR (Low 8 Voo !3 RI-R7=220 1L
TURNS OFF , COMM ON
DISPLAY). SAVE J 4 = Voo =+5-9v CATHODE
SHouLD BE Low. L LED DISPLAY

MAKE SAVE HIGH
TO STORE INTERIM COUNT
WITHOUT AFFECTING COUNTER,

24
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BCD-TO-7-SEGMENT
LATCH/DECODER/DRIVER
4543 (14543)

TO DRIVE
(Le) DIsPLAYS BUT WILL DRIVE
OTHER DISPLAYS ALSO. INCLUDES
BUILT-IN 4-BIT LATCH TO
DATA TO BE DISPLAYED (WHEN PIN
IS Low). WNEN LATCH Is NOT

DESIGNED

usep (PIN | HIGH), THE T-SEGMENT

OUTPUTS FoLLOW THE BCD INPUTS.

LIQUID CRYSTAL

STORE

Voo (+3- lSVZF 3 ¢ d c¢

le, 15] 14 izl ) lo

|

4f 5
B D A

PHASE .

2
c

l ! 3 b6

g

LATCH

MAKE PIN 7 HIGH TOo BLANK THE DISABLE(LD) BLANKING (BI)
DISPLAY AND LOW FOR NORMAL
OPERATION,
LIQUID CRYSTAL DISPLAY DECIMAL COUNTING UNIT
Voo Voo LIQUID
Voo : +3—9 volTs 1\"0 T CRYSTAL DISPLAY
1
COUNT INo-] Y2 |& 4 9 5 a
S
ENABLE 2] 4518 |5 2) 4543 O p ’Ol lb
RESET o—1] 4 3 o e _3_
OPERATION: 3 5 2_d el Ic
TO COUNT, ENABLE IS BLANKo 7] 3 e d
HIGH AND RESET IS
LOW. BLANK SHOULD BE SAVE o ! s f BACKPLANE
Low. MAKE SAVE o
LOW TO STORE INTERIM 19
COUNT. FOR NORMAL I 3 SQUARE
COUNTING MAKE SAVE 8 Vop = 6 WAVE
HIGH- ] 12 ¥ GENERATOR
TV iy
Y oli 12 8
= 3 ﬂ
To NEXT Deu (4 L ¢
DISPLAY FLASHER DRIVING LED DISPLAYS
Voo {OUTPurs(a—F) Voo COMMON ANODE
4
7o 4543 h5493 Rs lo] |G
(PIN 7) R
RO F 8] {& 2 4543 N
100K 4.7,.4;:[ 4 Ved ‘
| 1,2="/3 4ou49

ouTpPuTs (a-F)

25
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BCD-TO-DECIMAL DECODER
4028

DECODES 4-BIT BCD
I-OF-10 OUTPUTS.
OUTPUT GOES HIGH;
STAY LOW. USE FoR DECIMAL
READOUTS , SEQUENCERS, PRO-
GRAMMABLE COUNTERS, ETC.

INPUT INTO
SELECTED
ALL OTHERS

0-9 SECOND TI/MER

| Hz CLocCk +9
LA
2 5 D|
\& ¥\
U518 |lb | lef 4028 |9 >
3 1o Y N
GROUND T lg)
uNuSep|d 13 7 l
INPUTS c 2 . g
OF [>‘ )|
\SECOND v | W
4518 ! WL -
8 8 ) s E Iﬁ‘{
2 0
+9 7 f—"‘[>| 3
/[ TR
— 5 L 'g .
RESET RUN __DH Voo
| Rl
OK TO USE F F.L ‘ !
OUTPUTS TO - N

CONTROL EXTERNAL
LoGiC oOR DOEVICES.

Ve /

4o49
COUNT TO N AND RECYCLE

ADTACENT CIRCUIT  WITH

USE THE
THESE CHANGES:
Voo
. OMIT 4049
TE. Yo |7 o To N*I 2. MAKE PIN 2 HIGH
4518 (4o28) 3. use PN T AS
CONTROL [NPUT.

26

Voo (+3—|s v) |
3

uoT IS 4] 3] 12| nf o0

] 2] 3 4] 51 el 7 |
H‘Z?,O79‘56«—_;

I-OF - 8 DECODER

o i 2 3 oy 5 ¢ 7
S N Y T
| 3] wyf 2l 15| ! o] 7 ‘l
8 4028 N
1]
L lzl tsg lol
C B A
ADDRESS IAIPUTS

COUNT TO N AND HALT"

TO N

7 Voo [ 1509
8 Vo ‘ ’
| - le 1 o8

4518 4o28 |
3 10 i —'i--o'7

| aRounp |4 3l ,.__07 k b
UNUSED ‘ .
INPUTS |5 12 b o5

oF | ‘ 1

SECOND e It] [l o4
Ve 4518 : , IS A
18 8 3

B 4 14 51
cLock = B
..3,.00




60-Hz TI MEB'ASE"
MM5369 (276-1759)

PROVIDES PRECISE 6O Hz SQUARE WAVE

Vop (t3-18V XTAL
oo TL“ ]

| ol 5]

XTAL: CRYSTAL,

WHEN USED WITH 3.579595 MH=z NC:NO CON-

COLOR TV CRYSTAL USE FOR MOST NE CT/ON

Do- iT—YOuRSELF TIMERS cLocks, CONTROLLERS '

FUNCTION GENERATORS INSTALL IN SMALL

CABINET FOR WORKBENCH PRECIS!ON CLOCK. L 1] 2] 3] uj
‘ bOHz = Nt NC

L0-Hz TIMEBASE

V‘po s

’ 5359 LZ.-).CRYSTAL
~ FREQUENCY OUT
(3.579545 MHz)

21 ,’ . :
€z , , [E Ri— USE TwWO 10Mm

= IN SERIES.

MOTOROLA SPECIFIES THAT CI=30pF
AND 02=6.36 pF. OK TO USE SIX
4.7 PF CAPACITORS IN PARALLEL OR
47 pF CAPACITOR FOR C1. TRY TUNABLE
CAPACITOR (€.3.5-50pF) FOR 2. TO
TUNE, CONNECT FREQUENCY METER

10-Hz TIMEBASE
Voo

o] 5

GOHzoﬁ_ 40|17 5 10 Hz OUT
IN i ; 15 '

s I3
1 THIS IS A

= ¥ DIVIDER.

|-Hz T1MEBRASE
‘ Von‘

o

TO PIN 7. TUNE €2 UNTIL FREQUENCY 10 Hz o4 o ;
IS 3,579,545 Hz. Accormc\: FAIRLY IN 4o17 |25 1 Hz ouT
GooD EVEN IF You DON'T TUNE CZ. ‘ 4 ;
s 8l 12 s s A
D ‘ G l TAL STOPWATCH —  ©I0 DIVIDER.
D ¢ B A <_V‘B,cip . D C B A OPERATION: L TOGGLE S| FROM
o KRR OUTPUTS , ; B CLEAR TO READY,
Voo T : : 2. SWITCH S2Z FROM
f" 4o e—— | connecT 10 » STOP TO START.
b o] 5] 4f 3 LED or Le 4] 13] 12| Il 3. SwITCH S2 FROM
a2 ; DE CODER/ Va START TO STOP.
bl 458 | DRIVER (e.9.|  45i8 v
_HIGH D16iT | | lasn or4sy3).| Low oDiGIT KD
, 1 CLOCK IN
3 <
START | I Hz = 00 -99 SEC

Js2| | !

IOHZz =0.0-9.9 SEC

Ok TO ADD MORE

——

STAGES.

27



DUAL D FLIP-FLOP

H013

VERY VERSATILE
FLIP-FLOPS. GROUND

PAIR
UNUSED

|- OF-4 SEQUENCER
Voo '

Voo (#3715V)  Clockz
' 20 286
HT i3] 12| n

OF D-TYPE

I cLock
Y2 4013

Q M3

INPUTS.

D Q
| 8[:'_°J_“l

10

e
9

12

OUTPUTS GO H
IN SEQUENCE.
ALL OTHERS
STAY L.

Y
V24013

COUNTS
LLLL—HLLL

1,234:4900]

13)]4

V2 4013

AND

A ,
’ T
4  Jo

RECYCLES. S b

ry

v oo

[

L

v
”}’i wxo

CLOCK o—

MODULO-8 C

B

—

"Rz D2

o 9] 8

sz

,k”;

T

Q

D

OUNTER

Voo f
| HT; ,;

Slp

Y2 4013

Q
R
S

2
|

3] 4

!
Q
CLOCK |

DIVIDE-BY-2

HT Vooy

IN o3

ju
V)

cLock Q@

\ N
“yo13 |

RS

- Q

>

7

qle

e
——
-

cC
.

I
4
6

i

SERIAL IN/OUT, PARALLEL OUT SHIFT REGISTER

Voo

‘mT |

Y2 4013

A

Y2 4013

SERIAL o-S]p Q .
DATA , R |4

IN

olsle
wmo

l]}*

3J "_z_

3]

8

D

llk

Yz40:3

Q

e
£

D
S

-1

CLOCK o

28
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| A A T S A T A

-LOP o V°°(+3..|5v) _ CLOCK |
:; . Ql Ol Ri Kl I s
DS S S

v

USE FOR ;D‘i\v DERS COUN"I’ERS AND 1, ,
REGISTERS. S (SET) AND R (RESET) CL i 2
~ INPUTS MUST BE Low FOR CLOCKING

TO OCGCUR. iMAK&NG.H S orR R HIGH
SETS OR RESETS FLIP-FLOP INDEPENDENT | ; -
OF CLOCK. |MPORTANT: ALL INPUTS MUST

G,c,g,wﬁ>0ME\mHERE| HEREEEEE. 2| 3] g1 51 o1 71 8}
1] b 2@ 28 RZ k2 32 52 =

eLoCKk 2

vioe-v-z
L DIVIDE BY S COUNTER
1 = UNTER . VDD

Vs’sb :

—>
o
NiZ
o
;’-
[ 2
Lo
£
¥
;
00
£
NN
ulz

%07.-7 | 4qoz7 4027

A
4027}
cLock | ..

K

w Uife~le

K. .Q u ‘ Q Q
clock | CLOCK cLOCK

,;;| _ — .'
: m;q:lmrrj

OV 0

N-—n

=S

x4y

| ©

|G

I Cal

w4

|

)

DIVIDE-BY-3 COUNTER  DIVIDE-BY-4 COUNTER

Voo

b4
o

IN
[

w[ V2 o5 ef7 el

v 4 le] " alls, /T @
Yo7 | | = :

; 4 | |f0 J Sk V2
(D G T a | 4027
8

2| gpe  zle 8] N
= CLock | 1 ctock | o ' CLOCK A CLOCK

N o 13] -'»_J  we Bl T I

"I‘ efalc \L-

] "l- LT SER\AL S\-\\FT REGISTER
VDD A B Vop | | ¢ D

4y

| | ‘
DA'IA% o::r§ Is L g ol T ; I8 | T Q {

; P 4 212 T 14
N/ | 1027 [9 '

oo

[

Ve SERIAL
4027 |8 ouT

Y AR S R K
e B O . L‘07‘7 1z

NSRRI
' R

~<
N
I
r
Arlatule

Use | e
yon _nl oy

OR 4049 : . ;
LocKo 4

- e b
- -—
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8-STAGE SHIFT REGISTER

7 ser

Vor(#3-15V)7 6 5 7 s  LoAD
T IN IN IN OuT N Clocx
4021 o] 1s] 14} i3] 12] w| 10} 9qf
PARALLEL INPUT / SERIAL OUTPUT ,
SHIFT REGISTER. ALSO SERIAL -
INPUT. DATA AT PARALLEL
INPUTS 1S FORCED INTO TRE o
REGISTER IRRESPECTIVE OF THE ; ,
CLoCk STATUS WHEN PIN G IS i : |
MADE HIGH. KEEP PIN 9 Low Vo2l 2 41 5] 61 7 E___
FOR NORMAL  OPERATION. 8 6 8 4 3 2 I =
IN ouT OuT IN IN NN ,
PARALLEL-TO-SERVAL 8~STAGE DELAY LINE
DATA CONVERTER  Veo
PARALLEL DATA IN : e 1l
Vop 402!
7] o 5| 4| 3] M| 15| A B
H 66 F E D ¢ B Ale —
T c':J 8171 s\
H4o2| 9 CLOCK 1IN , 0 \o——o
‘ - RUN INITIATE
'Dl 3] 8 DELAYED DATA ouT = ‘
CLOCK IN , o AR
SERIAL DATA ouT L. SEND  Loap THE FIRST PARALLEL INPUT (PINT)
- IS GROUNDED, THIS LOADS A
ALt s (H's) ARE SENT AFTER THE SINGLE L  WHEN SI IS SWITCHED
8-BIT WORD IS TRANSMITTED, TO INITIATE. THE SINGLE L BIT
REACHES THE OUTPUT AFTER 8
CLOCK PULSES.
PSEUDO-RANDOM SEQUENCER
INITIATE RUN |
Vo CLOCK . — Sl ,
d Voo ’ , « ,
I ' q] = 0] 1} 3
ﬂm y 10 o | 1% 4oy
402 3 il o
Rl ¢l
500K l/uF :
_q-l_ 71618ty in3lry)isti
B INPUTSH
THIS C/RCUIT GENERATES A Voo k '
PSELDO — RANDOM  BIT SEQUENCE ‘ , (N VO R U S
AND  RECYCLES. ¥ TO  CHANGE 1K (ORW TO AUDIO AMPLIFIER
BIT PATTERN, CONNECT DIFFERENT 4k 1t FOR SOUND EFFECTS.
PATTERNS OF INPUTS OF SECOND Q T 10uF (ADTUST Ri; CHANGE
4021 TO Vp, OR GROUND, LED =

30
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'H"STAG E Bl NARY COUNTER Voo (+3-15V) RESET !
noto 8 9 CLoCk
4020 @) 1s| w{ i3] iz] u)| 10] @
A RI\PPLE COUNTER WITH CARRY ouTPUTS  |INPuTS |
OUTPUT . THE I4—-STAGE BINARY |
COUNT IS COMPLETED IN 16,384 (2 AnD 3 UNAVAILABLE)
CLOCK PULSES. THIS  MAKES
POSSIBLE VERY  LONG DURATION
TIMERS, ASSUMING THE OUTPUTS
ARE  DECODED. THE OUTPUTS 1z] 31 4] s el 7] 8]
REQUIRE A BRIEF SETTLING TIME 12 13 14 ¢ § 7 4 =
AFTER  EACH CLOCK PULSE.
\
) ‘ N 3 bb
4020
I4H-B1T BINARY COUNTER M2 w,
L <! 8
THE | SECOND AND THIRD OUTPUTS
£4 AND +8) OF THE 4020 ARE NOT K 2 l
AVAILABLE. THIS CIRCUIT INCLUDES A =
3-BIT COUNTER TO SuUPPLY THE J Y
MISSING  OuTPUTS., A IS THE LOWEST 12
ORDER  OUTPUT. I <
cLOCK H '3
—° | cLock 1o
G
Voo A Voo B C <
: A F Yy
"lT V "/T , reset|/!
3lciock Y2 ol Y2 QL3 E < 5
, Yoi3 qoi3
bls Q2 Slclock @ & g cock GPZ_ Voo D 7]
Ve els _J B A B
7] hoi3 DLSI 7 D[S 9
I R ~ R R
= q = q = 10 S| =

T

STAIRCASE GENERATOR

SUGGESTED VALUE O

2R R = 50k
R R
-——- ANALOG —a -7
OUTPUT
2R 2R 2R
_ _ , OUTPUT IS A STEPPED
A B C—-——> M N VOLTAGE. APPLICATIONS
INCLUDE ANALOG-TO- DIGITAL
(CireurT ABOVE) ; CONVERSION AND  WAVEFORM
' SYNTHESIS.

31



DECADE COUNTER/DECODER
40\7

SEQUENTIALLY MAKES l1—-0OF -10 OUTPUTS
HIGH (OTHERS STAY Low) IN RESPONSE
TO CLOCK PULSES. MANY APPLICATIONS,
COUNT TAKES PLACE WHEN PINS I3 AND IS
ARE Low.

RANDOM NUMBER GENERATOR

FAST Si: press Anp|le 'S |73 ]8
CLOCK 0B RELEASE. +9 1

COUNT TO N AND HALT

‘ To N
9 8 7 5 4 3 2 | <
o I A T
Ho17
ls_Rf_S;T/o_nC_;VDD 8 Lw 13
RUN o :-' cLock
COUNT TO N AND RECYCLE
8 7 6 5 4 2 | (o) on
4—7
o qT ] sl
Groons
PIN 1S, 4017
Voo E‘ T,:P_r"‘l_o cLock *

32

RESET CLOoCk ENABLE

Voo (+3~I5
o ByS )

CLOCk| CARRY? 9 8
14] 13| 12} n| 0] 9
INPUTS ]

DE(CODED ouTPUTS

T2
5

3
{

y
2

51 6
6 7

~

3

0-99 COUNTER

2 >
CLOCK o149
| I
H4o17 |4
Voo 7 s
\ 10
f o >
!
8 | —
5,
13
11 >
— 15 19
12} carry |
—>
—0 3
{ 19 cx.ocx | Rl
s 2 R
S|
Hoi7 |45
8
7
13 7
‘IO
1 b | ’
—>
S]t A= RESET
B= RUN 5,
6
——>
Ok TO ADD 9
MORE 4017's I’
‘b ]

8l

& U L w N

~

0 J

o0
10
20
30
40
50
60
70
80

90



DUAL BCD COUNTER RESET ENABLE

Vop (+3-isv)] 1D 1C I8 1A cLOCK
4S18 Do(w 15] 14} 13} 12| un} o 9L(

l—’rJ——

|

TWO SYNCHRONOUS DECADE
COUNTERS IN ONE PACKAGE,
WHEN ENABLE IS HIGH AND
RESET IS Low, EACH COUNTER

‘ 2
ADVANCES ONE COUNT PER ____l l;rr_l
6| 7

crock PuLse,

T 2] 3] 4] 5 8]

CLock ZA 2B 2C 2D | -

CASCADED BCD COUNTERS T e
Voo D C B A
\Y/ c A
Ar A \ A A » 0 B
i
b 5 Y 3 » g 13 2 I
1o ‘ ) 15
i
h 4sig $< 4518
2 | ENABLE cLock 8
ENABLE CLOCK
7 8 I 10 Q _L_
) LM 5 OK TO OMIT THE
THE TWO GATES 2|4 No3 m, | 4011, IF sO, CONNECT
TRIGGER THE = PIN o OF FIRST 45I8
SECOND COUNTER o COUNT L TO PIN 1D OF SECOND
AT HLLH (DECIMAL 9). IN - 4518. GROUND PIv §
.OF SECOND 4518 AND

APPLY INPUT TO PIM |
OF FIRST 4S518.

BCD KEYBOARD ENCODER

PRESS S0-39, THEN TOGGLE RESET  SWITCH
Sio T0 Voo AND BACK TO GROUND,

BCD  EQUIVALENT OF  SELECTED KEY (SO-S9) APPEARS—> D C B A Vg

15| v ' 15] qu |3T /zT uT j
] oo lo

CLOCK RESET 8 |RESET
qol7

‘T

SO0 SIi S2 S3 S4 SS Sb S7 S8 sS4

10| ENABLE
9icLock Y2 4518




3-DIGIT BCD COUNTER  veo(3-18v)  clock

| - DS3 OF MR DIS LE A
MCIN583 ‘ el sy Ty 13y gl wy ey
COMPLETE 3-DIGIT COUNTER. USE FOR B T
DO~-IT-YOURSELF EVENT AND FREQUENCY , SEE RADI0 SHACK
COUNTERS. BEGINNERS: GET SOME ‘ DATA Booxk FOR
PRACTICAL CIRCUIT EXPERIENCE BEFORE MORE INFORMATION...

USING THIS CHIP. PIN EXPLANATIONS:
DS (DIGIT SELECT)|,2,3— SEQUENTIALLY

STROBES READOUTS, LE—LATCH ENABLE 11 21 3} 41 sl &) 71 8.
(WHEN H). DIS— INHIBITS INPUT WHEN H. psz2osi _—H p ¢ B T
CLOCK—INPUT. MR— MASTER RESET (WHEN R). /7 .00IuF i
OF —oveRFLOW. A B,C, D — BCD OUTPUTS. (ForR DlGIT seLECT OSCILLA'TDR) |

3-DIGIT EVENT COUNTER

/WAL RIO
A Ra I
R8|1K| Voo
15| ] 2] v RI 13 PR A
 LATCH (LE) o 19 A a9 a N
; 19553 [l | lel 4543 RZ | I"l"l ; :
RESET (MR) o3| ' blIOAAAL] | == \ @ ||
Lo 6 R3 . laz
EVENTS ol ¢ AL COMMON
(cLock). Al 5]A RY ANQDEQ '
Bl _3ls d PZamd) 5
DISABLE (DIs)o 1] clée 2c , R5 — -1} 1 1
(WHEN H) NEED DL5 4}p e B e Q-Q3 |ez |
; OVERFLOW | Rb - : RS2023 {4 | . .
lq! HiwaAarning? [N 7| R\-R7: f 1_‘5_/vv\_ﬂ , B (VAU . @
ocn,«FJ:_T PIN 14 GOES |8 8l IK IF - RY 1710 —
“T_3]K AT overFLoW = | Vop=Qv. 9 _‘i‘/\/\/\_f'_ - = TS DU SO T TS S
o : , W, SEBES ' _lcommon Auons. ;;;;; LED
~ OK TO USE LIQUID CRYSTAL DISPLAY. (> SELECT RI-R7 SO Oispiavs. se mucti—
. OR COMMON CATHODE LED DISPLAY. . LED CURRENT DOES DIGIT DISPLAY OR WIRE .
. SEE 4543 FOR DETAILLS. ,,,;,NOT EXCEED:JOMA-  TOGETHER _MATCHING
' e cm-uooes OF. 51:15291.@{5. -
6-DI GIT FREQUENCY COUNTER
: .00\ i i ; 7
Voo LATCH: . STORES

~ |TOTAL COUNT IN
{ONE COUNT CYCLE.

TIMEBASE h
(O.1ov] Hz) s TH
c

5lp g
2l

RESET: CLEARS COUNT|
TO 000000 . PRIOR. . .|
TO NEW. COUNT CYCLE.| .

% woi3) 1COUNT: counT INPUT |
qLe] - RNNRES
- FREQUENCY SEE NEXT PAGE 6-D1GIT COUNTER

INPUT FOR MORE INFO...  (FACING PAGE)

34



3- D‘GlT BCD COUNTER (coNTlnusb)
NW\4553

6-DIGIT COUNTER

COUNT o-

RESET o
- LATCH o
v
] T ; , < 2|
; i ’ ’ IUTU, s
overanowol‘.*. ; ; « él 14
ouT 14553 T 14553 '
413 | 2
8_8 '
] n
Voo D ¢ B A D ¢ B A
'Y\ s| e 7] 9 s{ el 71 9
‘ , gl 21 3| s 4 2| 3] s
L |6
L) D ¢ & A O ¢ 8 A
' 14543 147 14543
‘ : 8 18 L
e d ¢ b o g £ e d ¢ b a
’ i3] @] ul wl 9 .:_L Ml is) 131 1 u] o] 9
RI-R? 3 < S , R8-14
a e d ¢ & a 3 f e d ¢ b a)|
Flsle B I I ] I
el e | 1 1 i |
. d R
_.T0 R\S
'ADDITIONAL al
 STAGES
! Rl(o
L e » . 73 g\
THIS CIRCUIT SHOWS HOw To CASCADE (
TWO 3-DIGIT COUNTERS. MAXIMUM COUNT @3 </ Rn
15 999,999.  DISPLAYS ARE COMMON N AR
CATHODE (COMMON ANODE CONFIGURATION W) ANA
SHOWN on. PREVIOUS PAGE) NOTE THAT ’ o : AN
PIN. b OF 14543 (OR 4543) GOES To GND Q-Q3= Rs,2023;
INSTEAD 'of Vop WHEN COMMON CATHODE _L |
DISPLAY IS USED. , ; =i
e ) B ~ INPUT BUFFER
FREQUENC‘{ . COL-JNTER? . ‘ Ll +v°,

usa INPUT AND CONTROL CIRCUIT  ON.
PREVIOUS  PAGE. INPUT FREQUENCY SHOULD .
NOT EXCEED Vop. = NON-SQUARE WAVE = g
INPUTS. MAY REQUIRE _INPUT TAILORING, / ;
USE COMPARATOR TO SHARPEN SLOw RISING WAVES.




.TOo

. R3:

fPHASE-LOCKEDLLoov (PLL)V»@}55 "“

;Hoqs

: EXCEPTfoNALLY VERSATtLE cmP CONTAms
_TWO PHASE COMPARATORS AND VOLTAGE

. CONTROLLED OSCILLATOR (V¢O), USE VCO

AND ONME PHASE COMPARATOR TO MAKE
PLL. ' CIRCUITS ON THIS PAGE
ONLY.

REFERENCE HANDBROOK FOR MORE.
, lNFORMATlON.

SPEAKER AMPL\ F\ER

8-0HM $PEA\<E.R
=

‘as
ON THIS PA(;-,E

[chlRP BURST SEQUENCER

P
40bl

)
"/

1l

NE.RN S5
4

Sle @2

ouT

N

13

VCO_

USE VvCco
_SEE RADIO SHACK SEM\CONDUCTQR -

USE WITH CIRCUITS

o2
P2 ¢
ouT OUT

q

(COM VCOo VCO

AN ouT INK

Cl

R
; soo&_,

-

OlﬂF

7

=

TUNABLE OSC!LLA WW

5

096

4

T i)

Amp

R3

| ; . To
.. DO0K

R2: ADTUST FOR lq CHIRPS PE& c.vcua
- cma?s wiLl HAVE DIFFERENT FREQU&NCJES.@

CQNIRDL.S Prrcu o:-' ,';1-115215‘9.‘w
..FOR. . TONES . IN STEAD OF . cmgps !
cm\mscr TO PIN 12 INSTEAD oF PIN ll

‘a {xméf

R4
ook

Mcaemsa RUOR CL To | A_Tp
... CHANGE R4 OR (2 TO ALTER.
CHANQE B3 or c3 To AL.‘EER

L=
=

CNCL

FREQUE

TIME. ..

WAlL




LOOP (cou-rmuab) |

T‘IMEBASE
OSCILLATOR

'PQASE Locxl
Hous

| ',;'IS,OUND EFFECTS
~ GEN L. RAT OR

__CONTR

- ! /SDOK

V34049

DLS ;

NCY +9

 FREQUE

.

401

ooy |

To
AMP

O

L2 3 4= R L | WO D O T O O 4
ok «,,FREQUENO{ ouT . A
HT_*, ‘ ' "f\u.

2/3 ‘tO‘iq

) e
 '=1 HI :o? 'l sl eI qi né u

000 S PO NS S O R U SO O T S RO DO . WO ; x R3E ,xﬂ XS X6 X7 X8 X
PRODUCES FASCINATING -~ VARIETY OF. ... .| |

UNDULATING - AND . CROPPED . TONES. . L. SELECT TlMEBASE FREQUF_NCY
RV . CYCLE TIME. R2. . . . SET.
tonT TIME.. . .RY CONTROLS .. -l
FREQUENCY. RANGE. RS . CONTROLS ... .

CHOPPING ~ RATE. . CH ANGING RS’s .
SE TTIMG leES ~MOST . QgAMAth RESULTS

4017

331*; ‘

Sy
o WLuF

——
-

, MULTIPLICATION FACTOR.
, Tm&sASE TOo ~ 100 H=z.

TONE BURST GENERATOR?T

R

CONTROLS
ROLS ... DELAY .

2! s&Ts T‘ONE FREQUE,NC\{‘:

i’

9
4
o
KJ

le

oc To AMP i

>

:‘4{:%:} o

. (VQO}

¢ .| R3 seys
o.coluf] BuRST
. RATE.

L
V00K
AL

L.

it o]

gt

(3
T
]

H@\
i

R

<
=

49
i i
O

~4

A 049

USE--TO
VERIFY.
OF 40 ‘l!.“; ’NJ
PLL M

R
7 R U U T




~ 1024-BIT STATIC RAM

- 2102L

1024 I-BIT

STORAGE LOCATIONS ADDRESSED

BY PiNs. AO-AQ. TTL/LS COMPATIBLE.
CE (CHIP ENABLE) INPUT CONTROLS R/W
~ (READ /wRITE) OPERATIONS). 3~STATE OUTPUTS.

A7 A8 A3 CE ouT IN +5 GND
o] 1S] 141 131 12} 1} 1o} 9

NOTE UMNUSUAL LOCATION '
OF POWER SUPPLY PINS.

(AO-AQ: ADDRESS INPUTS)

CE |r/w]| oPERATION
| | 2] 3] 4] 5] e] 7] 8]
L L WRITE (LOADS BIT AT PIN 1) At AS R/w Al A2 A3 A4 AD
L H READ (OUTPUTS RIT AT PIN 12)
H X Rl Z  (ouTPur EMTERS THIRD STATE)
_ CLEAR o Iq | | |
Cumen ) [ I 74193/ 21 02L ADDRESSING CIRCUIT
S T B e} =
74905193 | 2 . ;
8
S| 3 5T
4 5 H
b | 74193/
: 14 b > G
4o 137418193 :
[
| 2 o F
_8l
sl 1 o
‘ 7 ;D’
12 ‘_
74193/ | ,
sl b 5 C
it 7405193
[T , 1
B R Lz > B
8| T ;
> 3 » A 1‘
N  ADDRESS
l‘f 1S 16 { 7 G S 4 8 LINES TO
I o ‘ OTHER -

B ~2102L7s
o | 9y 2/102L :
Ly ul izl 'sl zl : ,

=+ cLoCK , THE ADDRESS INPUTS MUST BE

IN OUT CE RMW  STABLE DURING R/W OPERATIONS. .



2\

~OR. MANUAL Jump

'ABDING PROGRAMMED

ADD THESE CONNECTIONS TO THE

—ST: ULSE

POSITION DIP

SWITCHES OR

NIATURE ToseLES. | |
OREN-=H CLOSEO L 74193/ |

s J 7405193 |

| 74193/

T | raesies

ADDRESSING CIRCUIT _on FACING PAGE.

4-BIT STATIC RAM (conTinueo)

S| NGLE I/0 PORT

)]
111
5
28

o

I/o conTRoL

22} 3 —o0I/0 PORT
21021

1= Yo 74L6307
i

ADD THIS CIRCLIT TO THE :
ADDRESSING CJIRCUIT ON  FACING
PAGE.  WHEN T/o (InpuT/ouTPUT)
ConTROL IS H, PIN3 OF THE
7445367 ENTERS THIRD STATE (HI-2)
AND I/0 PORT = ACCEPTS INPUT
DATA. WHEN PIN 3 OF THEe
79Ls367 1s L, I/o PORT
~ OuTPUTS DATA. BOTH THESE
_OPERATIONS ARE DEPENDENT
uPON THE STATUS OF THE
2102L  CONTROL _ |NPUTS,

CASCADING 21 ozv s |

ADDRESS BUS

74193

sc L 10

QA
C

W

74LS19

,U,NQIZMALY THE LOAD [NPUT IS RIGH.
;,Mmgmt LOAD..LOow. LOADS THE

_ADDRESS  PROGRAMMED IN. SW T CHE ¢

_SA

- INTO THE 74193’s.  THIS

L OAD

_PE

QB

TS A PROGRAMMED. JTUMP

AD

DRESS,

MANUAL. TUMP TO ANY .

PEOOMTOT HY

In A
IN_B o

»|
RAASARAARS AN

 2102L-A . 2102L-B

alz|7]e[sla)|8l wlhisju]ifz{r]e]s]4]e

33 qro( [z [s[afie] . +5

> GND
o CE

e ouT A

39

oR/wW .
> O0UT B



1024 x 4-BIT RAM

*S A7 A8 A9 A B ¢ D WE

211 4L /4045 | 18] 17} le] 1s] 14] 3] 12[ W[ o
1024~-49-BiT STORAGE LOCATIONS ADDRESSED INPUT/ ouTPUT
BY Pins AO-AQ. TTL/LS COMPAT/BLE. PINS
FOR READ/WRITE OPERATIONS, CE (CHIP ENABLE,
ALSO CALLED CHIP SELECT) MusT BE Low. AO-A9: ADDRESS INPUTS
WE INPUT MUST BE tOow TO WRITE WE: WRITE ENARBLE
(LoAD) DATA INTD CHIP. WHEN WE
(S HIGH, DOATA IN ADDRESSED to2f 31 4 5T o] 7T 8T al
LocATion  APPEARS AT INPUT /oOUTPUT Al AS A4 A3 AO Al A2 CE GND
PINS., TIDEAL CHIP FOR DO-IT-YOURSELF (¢9)
MICROCOMPUTERS AND CONTROLLERS.
CLEAR ¢ Ll \
(WHEN H) 74193/ 21 14L ADDRESSING CIRCUIT
[T6
74Ls193|2 > T
8
s 3 » I
12 7 > H
M) 74193/
b » G
I_“J, 74193
1o
2 > F
8
= 3 . _ E
12 7 =D
] 74193/ ‘
A _»C
] 7415193
] o
2 B8
8
s 3 > A A
| ADDRESS
5] ley 17( ] 2] 3f 4 7| of & LINES TO
_ 18 : OTHER
214L 2114L°s..
q

= Jf. CLch ny 2] i3 loJ> |
THE  ADDRESS INPUTS
D . C

; CE WE MUST REMAIN  STABRLE
INPUT/OUTPUT €s) DURING R/W OPERATIONS,

HO



1024 % 4-BIT RAM (conTiNUED)

211 4L 74048

MRANUAL JTUMP: 1. SET SWITCHES A-J

1024-NIBBLE

DATA LOADING CIRCUIT

TO DESIRED ADDRESS, 2. PRESS S6,
(NIBBLE= 4-BIT WORD OR Y2 8-8IT WORD)
SI— CLEAR
—0"0 A
8| 74193/ USE THIS = CIRCUIT TO MANUALLY
le STORE UP To 1024 4-BIT WORDS
9| 74L5193 IN A 214 L. AFTER THE DATA
lo IS LOADED, IT CAN THEN BE READ
T ! 2 BACK AT THE CLOCK SPEED. THE
I[Z:& IS DATA OUTPUTS ARE PINS |I-14 WHEN
1 I DATA INPUT SWITCHES ARE AT NEUTRAL,
» 5 3
SPST WRITE: - SWITCH S2 TO THE
TOGGLES BOUNCELESS PUSHBUTTON.
l 2 7 2. SWITCH S4 AND S5 TO L.
Un) 2. CLOSE S3.
8174193/ 4. INPUT  DATA.
o b 5. PRESS BOUNCELESS PUSHBUTTON,
2 {7915/193 b. REPEAT STEPS |-5
H . g .
g 1 .
Fio o Z READ:|. OPEN S3.
Ebo 0o IS 2. SWITCH S5 To H.
A" o
, | d 3. CLOSE, THEN OPEN), Sl.
,__)p_ﬂ 5 3 4. SELECT CLOCKED OR
7 MANUAL ouTPUT (S2).
USE AT
ALL Tc 2 7 NOTE:
PWR sy 14 BEST TO OUTPUT DATA
PINS. 8 7‘1/93/ THROUGH 74L3367 HEX
lo e BUFFER.
D4 o ‘L 7418193
Ch o ll )

B 4o SY — CHIP
Ay oo '“5 ENABLE
Sb—LoAd 5 3 cad

—olo-
(NormALLY 51 | ] t} 2} 21 4 7)1 6| 5 a
CLOSED 18 CE
) 2114L (cs)
9
O—s CLOCK D < B A WE
I 12 13 14 10
S2 __o\
SPDT — 0> BOUNCELESS
TOGGLES ™ PusABUTTON
DPsST— ———n L HT L HT L HI L HT L H
JTD LE o ol ' s <
1 1
| t
!‘o/cf \ A 1‘ 4 } = 45
¥ L] " DATA INPUT SWITCHES S5— WRITE
= +5 S3—~WwWRITE (SPOT WITH NEUTRAL CENTER) ENABLE

Hl



COMPLEY SOUND GENERA‘TOR
SN76477N / SN76‘188N

INCORPORATES S.L.F,
(SUPER Low FREQUENCY
,OSCILLATOR), vco
(VOLTAGE CONTROWED

BUuT SN0488 bDoES

NOT NEED = OUTPUT
A MPLIFIER. NOTE ©
THIS CHIP EAsY
TO ULSE

Is

'NOTE: THE SN76488 INCLUDE S s Buir-
N SPEAKER AMPL!F:ER T”f§f~§?~’2le,ﬂ,

IE._ You Fotiow .

.DOES  NoOT.

ENVELOPE SELECT 1 1}

‘ | Ppnours
_FOR BOTH
CHIPS ARE

GRounD 2

, ENVELOPE sascr_ z'

'M:xee seaen FA

AuDio oUTPUT 131

+4.5

—izv (qv gesT) 4] |

DATA SHEET INSTRUCTIONS.

PERCUSSION SYNTHESIZER

OScitLATOR), NoIsE EXTERNAL NOISE clock3| 1DENTICAL |26 MIXER ssaecr A
GENERATOR AND A : | Excepy: } Ll
MIXER  THAT ALLOWS  NOISE CLock _MA_ 4] ,;}..,;SWMAxER ssl.ec*r B8

THE OUTPUTS FROM Do | SNwygs—|

ONE OR MORE OF NOISE F\L,Te,&,../wx__..‘e'.. PIN 12 s |24 OME ~SHOT _.AN\_

THE ABOVE To BE A&Au,{zwgr ]

COMBINED. CAN BE NOISE  FILTER __j,— & InpuT, 4..2.;?.;ONE*SHQT -_-\L—
OPERATED TOGETHER
WITH APPROPRIATE. _DECAY _va\_'l ol ‘2{2 vco SE‘E"T,“,,; ,,,,,
RESISTORS AND snredn |

CAPACITORS TO ATTACK/DE.CA‘{__"___Q. REQUIRES [

PRODUCE MANY KINDS . SIMeee |

OF SounDS. CAN BE SYSTEM ENABLE 9] ouTPUT

CONTROLLED BY EXTERNAL ‘ e ;AMPLIFIE‘R,

LOGIC. SEE DATA ATTACK MA_ 0] | !

- SuPpPLIED _wiTH CHIP FOR , ; Bl S

MORE  INFO. SN26477 AMPLITUDE _AMA_ IL] snaelag i ,

AND  SN76488 ARE . outPutT: | ’
INTERCHANGE ABLE. ... FEEDBACK.JVV\_ld ;ilwvco ._4p_.

EXTERNAL Vc;oi

H2

+9 N ey
I ‘ SI— PRESS TO ACTIVATE SOUND. . .
o) : e
47K t] 1sf 19 9 “J L Rsz009.
SN7647IN
100K le | ‘ -
(veo mins) s 3‘ -
2] 7 u 11 8 22
+|
22 100
- lOM 33 Im K .47 100K
4
Y N R
1 CONTROLS Aoos ‘use 270K . FREQUENCY cqnnm.s 1
= DECAY = EXPONENTIAL TO Stew . CanTROL  SounND |
DECAY ATTACK  (Low=DRumM) DURATION .
™~ ~ o T




COMPLEX SOUND GENERATOR (continuen)
SN76477N /7 SN76488N

~ NOISE GENERATOR

+9
A
| NOISE SELEQT PIN ; o
15| 28 / G ,
- RS2004
SN76477N Lo
- . 8-0KRM
} YA 3 4 far] 12 SPKR
47k
T !

= PRODUCES STEADY HiISS. MAKE SNARE DRUM
BY CONMECTING PUSHBUTTON IN SERIES WITH
SPEAKER. ADD S.L.F. OSCILLATOR TO MODULATE
THE RISs. (SELEcT Ss.L.F. + NOISE BY COnNNEC- |
TING PINS 25 AND 26 TOo GND AND Pin 27 ToO
+9v. ADD IM POT FROM PIN 20 TO GND AND
ILMF  CAPACITOR FROM PIN 21 To GND.) SoumnDs
LIKE STEAM TRA(N OR  PROPELLER AIRCRAFT
DEPENDING ON ADIUSTMENT OF IM POT.

'UNIVERSAL UP-DOWN TONE GENERATOR

100-500
(vorume)

A 1 e SI—PUSH FOR ,
—D 0—— TONE SEQUENCE

9 25| 26] 27| ze]

'Rs2009 |

o SN76477N

2 7] 8] o] " i8] 20 2 23 24] 12
i +] +] + + :
: I

1om R .22uF [ 10ek < took .l)uFI‘-l.'IK M z.;.T.s;,.FT 1M
pF L

. B-OHMm.
SPKR...

B N X A L X A
- L. CONTROLS Vco S.LE CONTROLS e .
DECAY FREQUENCY EREQUENCY QOUND == - l00~
‘ DURATION. louF %soo‘ ‘
: Jlvocume

PRESS SI AND RELEASE TO HEAR UNDULATING TONE

THAT GRADUALLY DECAYS AND SToPs. CHANGE VCO
AND  S.L.F COMPONENTS FOR MANY DIFFERENT  SounND EFFECTS i e
RANGING FROM . SIREN  TO SCIENCE FICTION MOVIE  SOUNDS. FOR CONTINUOUS

SounD, OMIT CoMPONENTS AT PINS 7,8,23,29 AND GROUND PIN 9. ]



 DUAL - ANALOG DELAY LINE N 918 owe g ams
SAD-1024A it it i I

: S&CTIOH B

_CONTAINS TWO INDEPENDENT 512 STAGE
 SERIAL AMALOG . DELAY (SAD) LINES
_ (ALSO CALLED ANALQOG  SHIFT REGIST£RS) R .
__OK TO USE EACH S5lz STAGE SAD . SECTION A
__SEPARATELY OR IN SERIES. ANALOG ' , Lo
_DecAYS of UP To VY2 SecowD can BE 7 ‘ i : .
_ ACAIEVED. A 2-PHASE Ciock IS REQUIRED V] ‘7-' 31 a7 sT e[ 71 8
__TO DRWE INPUTS I AND 2. [NPUT . GND | ¢2A OUTA I+io-ovl
DATA  RIDES THROUGH THE SAD ON - INA NC  ourA @lA
__ALTERNATING CLOCK PULSES AnD ST IR P
__APPEAR AT THE TWO OUTPUTS AFTER ~ CAUTION: THIS NMOS CHIP IS
PASSING THROUGH ALL SI2 STAGES.  VULNERABLE TO DAMAGE FROM
_ ComnecT Muw To Voo (PINT) oOR, FOR = STATIC DIScHARGE! FoLlow
_OPTIMUM  RESULTS, TOo | Vour ;,Bs\Low, . CMOS  HANDLING PROCEDURES.
Vop.  THIS CHIP CAN BE TRICKY To = SRR o
. USE  SINCE  SEVERAL EXTERNAL
. ADTJUSTMENTS ARE REQUIRED. cmcun's NN PR R P ‘ e SR
__ON TRIs PAGE EXPLAIN OPERATING SER\AL OPERATION
__REQUIREMENTS WAHILE A COMPLETE S o
~CIRCUIT IS SHOWN _ oM~ FACING PAGE. . .

IN/OUT CONTRQLS

¢IA P2A

8] a3l

S 2| sap-l024A |
PR || (secTion &)

_INPUT BIAS /

RI ;:ot«ﬂ'ROl.c el Jo_.
. _.NOTE_THAT onLY. QNE ouer
18 CONu&crep To INPUT or s

L Ab:ms%r R (tnpuT sl‘;;s),”L]éq,.a,,j'gefmi\un‘” o
AUDIO . OUTPUT.  OUTPUTS .. APPEAR . LIKE QUTPUT SU MMER

LTHIS. o oNL . A SCoOPED

~UK ) ‘uc,s;euc;<:r‘|<,;,ww

\1; c:.ouc Gurcags |

SUMMED ournrrs (A+A )

. Amt OP-AMP CAN BE us&D BUT
 SET SCOPE TO vtsuAanF_ InpuT SIGNAL ~Low.  NoOISE FET INPuT TNPES ARE
‘(CQMPaessmG CLeck RATE) N O N Bes’r 100 T




uugx

ANALOG DELAY LINE

o

SAb

10

2‘IA

AUDID o_)

TCeonvingus)

(ADI USTABLE FLANGER

C

Y

| R2

ey

1 /q

DGE HERE TO ELMINAT
HIGH-PASS CUTOFF.

e Cl
‘ tOoPF— oo!,4F ‘-H?.V

ot O

vy

sl

 2-PHASE cLock

‘bﬁ%PHASER“'

HELPS TO

CONNECT
FREQUENCY
COUNTER. HERE
TO MONITOR
CLoCcK FREQUENCY.

2

Rzl

0K

Fi

+12V

SAD-
SECTION

lOZ‘iA

SCOPE HERE.
¥ , :

SECTION B

EASIER TO

k

T J 2o

. LOW-PASS %z,z&
ﬂ’ﬂ,‘i& \

SET_BIAS

[rR®

(Ri3,R7) BY |

CONNECTING
SCOPE TO
5 oF SAD,

RQ's CENTER

P |
THEN]

ok] |

RS

WIXE

TAP. START.

57

T AUDIO | T
_.ouT.

T

RI® |

Ce

R\
ISk

| IOpF. 10K g

LEVEL  AUDIO

| Sok
=t

USE .O\mF FOR |

AbJusT. .

c
ECT

N

IRCUIT.

FOR
(]

BY com
AUDIO oy

PUT

TUNE  RADIO .

FOR

SHow
CONTROL..

ST RESULTS.
To_ s

crmns

Low ¢ RA’TES

D&s:RED EFFECT
TRAN$I$TQR RADlo, TO.

R13 AMD R‘?

THE _SAD

PuTs.

BALANCES
ROLS THE

Ri? 1s

AN

IT Co

oLS

OF TH E ...
APPLIED.. .

TO

ouTPLT TO

. TH,
OR) G)MAL.
'EHE.,,;,,M

AND

¢
_BALANC
E RiE.L,ATl\J,
[»

TH

E.. CONMTRO
AMPLIT

E_ B

A AND BOF
E SAD ouT- .
CLOCK.  RATE.

REVERBERATOR

_+y
— 1=
.'\Q}AF

i am

TO Pin.2 .

Lo .
)DES

ELAN

VED SIGNAL

XER.
YY)

ADIULST. . BI

CONTR

c:oum’:c:r
ER AMPL.IFIER,
LS. PROPERLY f

DR

OR PIN 3

RESULTS.

T

R2 FoR.

<‘mc~.LE~

(3-8kHz) F
CLOoCK. .FRE

ClE (z

LOwW. FREQ

SE

Ki

THE
U Most, I
BEST
JENCIES

OF TLO84 (ﬂn wrr\)

THIS ,,F,ﬁ&QBACK
L

CLOCK . FREQUENCIES  GIVE
STRIKING ~ REVERBERATIONS.

ADD._

LsL
OW
MOS

CIRCUIT FOR

T

ECHO,
) =100 K H

~

2

FOR..

GHER
HOLLOW)

D

1R

. TRY. _5-20
100 KH2)
__GWES

SWISHY.

I\
ER

o1 2

THIS. €

COIT. LS

NOT

l

FOR BE

z,;,,,;,;SOHE SCIENCE Facnom MowES

KWz, FASTER CLOCK (20-
AND  CAREFUL ADJIUSTMENT
ROSOT LIKE  SOUND USED

‘45

HELPS TO CONNECT

_REVERBERATION EFFECTS.

N



TOP OCTAVE SYNTHESIZER S .

478 239 253 268 284 30! 39 338

5 5502"50 I o ' 'wa’usl‘, ] 13| 12| u| o} 9

V "f”ms' _PMOS CHIP  ACCEPTS AN  INPUT - NOTE :
FREQUENCY (@) AND THEN DIVIDES IT ~ CHIP NUMBER
INTO A FULL OCTAVE PLLS ONE. NOTE MAY BE INVERTED,

on Tﬂnyyry—. , ,‘EQUALLY TEMPERED SCALE.
THIS  cHIP 1S IDEAL FOR Music

SYNTHESI12ERS, ORGANS , ETC. FOR
__TOP  OCTAVE oPERAT:oM ¢ SHoulD BE , W 7] 3] q7 sl e.T 7| el
. 2.00024 MHz, LOWER FREQUEMCIES Hi-leVv @ GND =+ +
Gwe ~ LOWER  OCTAVES. . ; , usI 42 qoz 379 353

_ ADJUSTABLE OCTAVE SYNTHESIZER

+H1y 4 e Cs# IM‘PORTAQ;:: U
PRESS omnuY ONE SWITCH AT
! 5 55 D, ANY  TiME.  TO  OBTAIN
; , S\MULTANEOUS  TOMNES (cHoRDS),
b . D * |
55— 4 Dg USE. AN OP~-AMP MIXER OR
; , SUMMIN G AMPLIFIER LIKE THIS:
7 5 6—+4Es T L 100 100k
. i WYY S
o &5 4Fe s o veok | 7y
50240 ‘ - 5o AMMg - HY
) q _"—'Q_1 Fa ; 2 -
—° 100k 74916 >-2
= [
_FOR Top OCTAVE, ADIUST | e 55 4Ga oo || ¥ e
. RIL__FOR (CLOCK Feeaueucv, . 2sls a4 L T
__OF 2.00024 MHz. FOR 55 4Gs ~ 33k
_ NEXT  LOWER OCTAVE, USE | Y
10001z MHz coek | i_#-M Ag |
FREQUENCY. ‘
: ; 13 A H
g A
ii—-o o——+4 Bg
15 55 4Ca
el

b———» TO AUDIO AMPLIFIER

A% . TO PIN 3 OF CLocK.,

T | _22 . Lo S NS T S W
oK ; , : ) NULI T R
i l 5 TO PINS I-2 VOF,L.CLo,chk-J

= THIS PRODUCES BAGPIPE AnD DTHER Q‘NAUSQA:L
SOUNDS. ADIUST RI To VARY  INTERRUPTION RATE.

SPECIAL EFFECTS |
Yy qobc\

A



NOISE GENERATOR
$2688 / MM5837N

PRODUCES  BROADBAND  WHITE

NOISE . FOR. - AUDIO AND
OTHER  APPLICATION S. THE
NOISE  QUALITY IS  VERY
UNIFORM. IT 1S PRODUCED

BY. A 17-BIT SHKIFT REGISTER
WHICH 1S CLOCKED B8Y AN
INTERNAL  OSCILLATOR.

 WHITE NOISE SOURCE

+ly-15v

yl

B Y1V B
MMS83IN

| NOISE OuT
CONNECT QUTPUT. TO _AUDIO
AMPLIEIER  TO  HEAR  NOISE.
USE . 781S VOLTAGE REGULATOR

TO OBTAIN tIS VOLTS.

~ COIN TOSSER

PRESS  Sl, BOTH LEDs GLOW. RELEASE
S} AND. .. OMLY ONE  GLOWS. . GROULND
INPUTS  OF UNUSED HALF OF 4027
(Pivs 9,001112 AnD 13).¥(ok TO  LSE
9-voLT BATTERY AS POWER SUPPLY.)

RN
e \ ‘
e ,
T S 1.5K
41 | ] 5
o] . ; HEADS
szeee/ {3 31 HO27
IMmsgaN] TAILS
I 8 7 e

8l 7| el 5|

Vss = OV
Voo =-14V 1V

Vee =-27V £ 2V
- (oerionAL)

1] 2] 3] 4
Voo Vg OUT Vss

PINK NOISE SOURCE

+14-15
4 R
IK—10OK
S2688 i/\/\/\,]
MM582N +
T
c PINK NOISE
i .O\MF=2uF -
£
CRANGE R AND ¢ TO

ALTER  NOISE
Auso , - TRY
VOLTAGES

SPECTRUM.
LOWER. SULPPLY
TO CHANGE SPECTRUM.

'SNARE /BRUSH NOISE

RL .
. B.qK E%K c3 V‘
; J—_,N\A_A_% AA_OMF
Ci ct
OS5 uF -OluF
o R
S "‘Q IK ?
,+H-|5vk
L’ e
s288 /31 ;
MMSBITIN PRESS S TO OPERATE.
‘ INCREASE  C2 AND
_l_ C3 To LOWER. OUTPUT
- FREQUENCY.,

H7



H8

RHYTHM PATTERN GENERATOR TIME TRIGGER OUTPUTS
F Time
MMS871 lof 1S] 4] 13] 12] 1| 0] 4qj
PRODUCES SIX DIFFERENT RHYTHM SEE FACING PAGE
PATTERN S AND TRIGGERS FIVE FOR PIN EXPLANATION S.
DIFFERENT INSTRUMENTS.
ADIUSTABLE TEMPO. COMPLICATED
TO USE, BUT WELL WORTH THE EFFORT.
VD21 3 Al s o 7] 8]
RHYTHM BOX Ves TEMPO[ Vop Vss ‘“——dJ
; % TIME
POWER PULSE WIDTH
CORD
) ! 2 CAUTION: YOU MUST
n T INSULATE  POWER CORD/
7815 |2 LM317 [CASE TRANSFORMER Con-
N NECTIONS |
; ‘ / 4] 3 I
T A B1 T\m RI
120V=-24 v BRIDGE 1000 u F R2 240 =t 27V
TRANSFORMER RECTIFIER BV J 5K L
(273~ 1480) (2%~1172) J T . > GND (T)
= < -t 15V
J .
g T r .
h TEMPO y 2 z ‘fj b2
RS 8 & 2 2 3 3
+ ] IM &  J = 2 8 0
T ~ R7 e e o
c2 |RrR3[e3 | Ry §\00\<
.|/uF 200k| .fuF | 2M (o] Re<C5_|_
€ ¢ 005 <100k |.0085T
‘ Rl PP PP
ylijz 1] 4l s 2] =2 Gf 7| 8] f 15] b
3{S2688/ MMS87iN
MM5837N
J 2] 3 [ o] 9
+27 1
DI Re Ql TRIGGER OUTPUTS
INQI1y4 ook 2N2222 (SEE FACING PAGE)
<
l BASS DRL
+27 — M
D2 R9 % pLOCK
NGy 100K, Q2
_M_é ZN2222 - BONGO
- SNARE
- BRUSHKH



RHYTHM PATTERN GENERATOR (continued)

MMS87I
PERCUSSION SYNTHESIZERS: MMS871 PIN EXPLANATIONS:
OK TO TUNE BY MAKING \ ~VNee (-27Vt2vV)
SLIGHT CRANGES TO RC 2 — TEMPO CONTROL (RC NETWORK)
COMPONENTS, 3 T TRIGGER OUTPUT PULSE WIDTH
BASS DRUM CONTROL (RE NETWORK)
—J 4 = Nop %wvizv)
€77 g 5-Vss (OV)
e Jl(_ 2 PATTERN SELECT INPUTS —
b— ROCK 8~ MARCH I5—-Cf/w
3 7 - LATIN 14— WALTZ l—SWING
R\
2.2K TRIGGER OUTPUTS—
+15 9 —-BASS 11—~ BONGO 13— SNARE
10~ BLOCK 12~ BRULSH
: !
BLOCK > MA_{cq " Rz
; , M | RHYTHM BOX OPERATION:
Cio 13 |
\ /\{\- PoTS RIO-R\Y4 CONTROL VOLUME
1] RIl OF EACH INSTRUMENT. EXPERI-
R20 R2) 5K MENT  WITHR SETTINGS FOR
IK 1K M\ c9q,c10 BEST RESULTS. OK TO SELECT
+1S R23 005 mF TWO OR MORE  PATTERNS SI-
1M MULTANEOUS LY
R24 cit Rup A
220K 4IM R 33 SUMMING
BONGO > AMA{EIZ " 1K AMPLIFIER /
- ) b PREAMPLIFIER
4+ Riz
, 50K 3
15K cn,ene l— -
.OOSIMF SS/AF
+i5 AUDIO POWER
7\% AMPLIFIER
R27 c13 Ry R34 D3
3.9K e.zx% { +3 150 12V ZENER
SNARE > My [l 0 ; {
4
5‘:»\4319 RI3
R28 i 5K R35
1K c13 C14 10K
+15 022 uF GAIN
CONTROL
=
R30 |cis R32
, 33K 62K ! a8
BRUSH > MAJeley 2 b/\i: SPKR
R4 SK
I " cis,ce
® ox vo LSE LM324; IDOK OIMF

TLO®4H  \WORKS BETTER.

H9






TTu../LS

INTRODUCTION

TTL ls T‘HE BEST Esrnbususb mvo
MOST DMIV{ERSIFIED ¢ FAMILY. LS
1S FUNCTIONALLY I[DENTICAL TO TTL
8ur /s SLIGHTLY FASTER AND USES
80% LEsSs PowgR. TTL/LS CHIPS
REQUIRE A REGULATED %. 75—-5 25
VOLT POWER SUPPLY. HERE'S A
SIMPLE - 6ATT$£Y SuPPLY

fhal B :muo‘of' 40
6~ vou's = j‘;L. bl IR
- P
= 1FouF T TUuF ,
T i > GND

THE DIODE DROPS THE BATTERY VOLTAGE
To A SAFE LEVEL. BOTH CAPACITORS
SHOULD BE INSTALLED ON THE TTL /Ls
CIRCUIT BOARD. CIRCUITS WITH LOTS
OF TTL /LS CH/P.S CAN USE LOTS OF
CURRENT. USE A COMMERCIAL 5
VOLT LINE FwaRED SUPPLY TO SAVE
BATTERIES. OR MAKE YouR OWN.,
(see THE 7808 own PAGE 94.)

OPERATING REQUIREMENTS

I Vee MUST NOT EXCEED 5.25 VOUTS.

2. INPUT SIGNALS MUST NEVER EXCESD

Vec AND SHouLd NOT FALL BELow GNO.

3. uNCONuEQrED TTL/:.S INPUT'S
LVSVALLY ns.smn& THE H STATE .

BuT DON'T counT OM IT!  IF. ﬂN
INPUT IS SUPPOSED To BE FIXED HT
H, CONNECT IT TO I/cc. V

4 IF AN wpu'r IS SuPPOSED TO BE
FIXED AT L, CONNECT T TO GNO.

S. CONMECT wvus&o AND/NHIVD / oR
INPUTS TO A _USED. NPUT . OF THE
SAME . cmp

6.FORcs OUTPUTS OF u~us;=.1> GAIES ﬁl
To SAVE CURRENT . (NAAID—‘QNE wmr
H; NOR— AL INPUTS L).

[ IK'I\]\

_ THE BOARD OR

JNTEGRATED CIRCUITS

7 USE AT LEAST ONE DECOUPLIN G
CAPACITOR (0.0!— 0./ uF) FOR EVERY
5-10 GATE PACKAGES, ONE FOR EVERY
2-5 COUNTERS AND REGISTERS AND

‘ONE FOR EACH ONE—~SHOT. DECOUPLING

CAPACITORS NEUTRALIZE THE HEFTY
POWER SupPLY SPKES THRT QOCCVR WHEN
A TTL/LS OUTPUT CHANGES STATES.
THEY MusT HAVE SHORT LEADS AND Be
CONNECTED FRoM Voo TOo GND AS NEAR
THE TTL/LS ZCs AS POSS/IBLE.

8. AVOID LONG WIRES WITHIN C/RCUITS

9. IF THE POWER SUPPLY IS NOT ON THE

CIRCUIT BOARD , CONWNECT A [/—louF

‘CAPAC/ITOR ACROSS
WHERE THEY

THE POWER LERDS
ARRIvE AT THE BOARO.

INTERFACING TTL/LS

. | TTL OUTPUT wWiLL DRIVE UP TO
10 TTL oR 20 (S INPUTS.

2. | &S OUTPUT witl DRIVE UP TO
5§ TTL OR /o0 LS INPUTS.

3. TTL/LS LED ODRIVERS :

K A
D 7L

GLOWS WHEN H ~

Vee

- GLOWS WHEN L

TTL/LS TROUBLESHOOTING
. DO AlL INPUTS GO SOMEWHERE ?

2. ARE ALt IC PINS /NSERTED INTO
SsockeT ?

3. DOES THE CIRCUIT OBEY ALL TTL/Ls
OPERATING REQUIREMENTS??

4. HAVE. You FORGOTTEN A CONNECTION?

 5,, HAVEUVV;,You USED ENOUGH DECOUPLING
CAPACITORS ?

ARE THEIR LEADS SHORT?

€15 Vec AT EACH CHIP WITHIN RANGE?

Sl



QUAD NAND GATE

7400 /7HLS 00

THE BAs\c BUILDING BLQCK

FOR THE ENTIRE TTL FAMILY,
EASY TO USE.

CONTROL GATE

\
——] \/‘{

,|

21900,
4

w

OUT

8 (CON:FROL)

INVERTER

Yeeo

l"/
E::] “ 3
A 2 {7400,

AND

&
ouT . |

G ATE

HUMDREDS OF

CHIP

VveRY
APPLICATIONS,

T

NOTE :
REARRAGED

52

o

PIN  NUMBERS

cAn
IF DESIRED.

vu (+ 5 V)

12

l'f
|

5HT

13]

X% %10

T X o o

T XX xwlo

—

A W o

rr-xrlip

i -

ey

U1

St ol b3 B

rC T




QUAD NAND GATE
7'-!00/ 7'-“.500

1 HALF ADDER

4
S
—t

(con-rmuzo)

sl

?r-Tf-{

RS LATCH

Vee

| @ 3
NOoT ALLOWED

R L

L H
NO CHANGE

TIrrjpo
Trzrlp

0l

GATED RS LATCH

Funcnows " As RS LATCR

ENABLE (E) INPUT IS AIGH,
__FowLows D INPUT,

NO_

WHEN E IS tow.

WHEN ENABLE (E) INPUT 1S

HIGH. IGNORES RS INPUTS.
WHEN E IS ,,l.ow, .

_ FLAS|

MAMALS wbb'z' o

AMb cz AR&. 47

2 Rz WHEN Cl.

2 {9460) 3 %’“ *

F

SWITCH DEBOUNCER

4k

{ FLASH RATE IS § 0% T 00 5 U O U O O

_ PROVIDES |
snANDARb _SPOT TOGGLE SWITCH.

Trieapt——> 0vT

Y | > ToGGLE s
© Ny _TO OPERATE.
N e ‘ ;

7]
5
£ £
8

DES NOISE FREE OUTPUT FRoMm

5 3 :




TRIPLE 3-INPUT NAND GATE

Ve (#45V)
T4HLSI10O e L A )
VERY USEFUL IN DO-IT-YOURSELE
DECODERS. ALSO VERY  HANDY
FOR ADDING ENABLE ConTROL
TO DIGITAL CIRCUITS.

STAY HIGH.

54

| -OF -4 DECODER . Sel I
Vec SR R
’ | - Gt
/3
kA 2410 | iz 0 ) ’
. 13 ENABLE INPUT
’ 7
INPUTS Vee L ‘ Ve
3 \
4 /3 | ' el
s|™Mio ‘ 2 7/3 12
__—-‘_4 110
; 13] s /
: s INPUTS , . OUTPUTS
B’ 13 2 |n 10 10] '3 8.2 3 7
" " MIO :
' " — ol
’ Vee S us
1,2,3,4,5 = S/ 7904 /791504 KN 17
: L3 123 =
- —1 %10, e
E L{>¢g 3 ENABLE (WHEN )
/ :

: = TYPICAL ENABLE  INPUT
FOR EACH oF 4 PoSSIBLE BINARY INPUTS CiRcuIT. USE THIS METHOD
(LL , LA AL AND HA) ONE INPUT GOES LOw ~ TO CONTROL ONE OR
WHILE ALL OTHERS STAY HIGH. E SHouLd Be H. MORE GATES.

OUTPUTS > O 1 2 4 6 7

' ‘ g Vtt " . 8 “v,“ bk 2 .
INPUTS s/ Vs & e 2R N\
Jauusio 14Ls 10 741510 Lo , 240510 LS 10 24L$10

B3 3"151 gl n [ 2] 13 T4l s FA K 3| «T s

N | ‘ | = ] , £

B 3

C 313 L

7 1,2,3= Y2 7404 /24Ls0Y
FOR BACH  OF 8 POSSIBLE  BINARY  [NPUTS (LLL, LLH, LAL... HHH),
ONE  OUTPUT = GDES LOW = WHILE = ALL OTHERS e




7"'".5 i o] ] ol 3] 2] n| w0 9| s

BN

MANY DECODER AND ENCODER
APPL;lc "IONS. . CAN  BE  USED.

AS DUAL 3-INPUT NAND GATE | L |
WITH  ENABLE (cournoi.) INPUT ):_‘»'

FOR. EA(.A GA‘! E-.,,

T BCD DECODERS

X

\w

<

N

u

-l:

e

Wi NI

~ B t :
* RSREINA. * % S S S SO
) [
£ Y=
S~

~

&L

~

"

©

,t

~

C
L
%

o d B d
p 11

OUT

D Ay >0 V,;_LBC;D% OOOO{-:I-L b ZD% ' ‘ i g;BWC‘DWIool=:H

. ouTPurs GO HIGH | WHEN  APPROP IATE . BCD  WORD. .

... MPPEARS . AT ENPuTS cce,.e. OUTPUTS.  STAY _ LOW

,,,,,, . FOR CALL omsk INPuTs. (omir. FINAL INVERT'ER. TO.
;mz‘pum ACTIVE Low OUTPuT) LSE THIS METHeD . TO

.. DECOpPE . ANY  4- 5)1’ MBBL& T B ,

DE"T'CV“LIMAL-TO-'BINARY CODED DECIMAL (BCD) ENCODER

BeD. o‘urPurS«»A B - c ... b

Ve 0%

DECIMAL  Twm /7 N1
INPUTS . [14Ls30 L

: 1400/
_74¢(500

| 2z

IHHE0UEN

— NG

OPNEULWN -0 <«

SELECTEAD;M:M-E'NPU?E, "Hyopr,;,,,, B’e Low AND. __ALL ,ZOTH:ER% INPUTS SAQULD
BE HIGH.  BCD  EQUIVALENT _ WILL = APPEAR . AT . THE  OUTPUTS, '

55




8- INPUT NAND GATE
74LS30

HANDY FOR BYTE-SIZE (8-8IT) DECODING
APPLICATIONS. CAN DECODE UP TO
2Sb INPUT  COMBINATIONS. Also
USEFUL AS PROGRAMMABRLE NAND
GATE. ?

8-BIT DECODER

Vee (+5v)
I#'rtsl 1] | no) 9] 8]
1l 2] 3] 4] s ¢

7.

UNANIMOUS VOTE DETECTOR

A -I—-Do}____ Vee .
lj 1,2,3,4,5,6 37404 /791504
B é_Do.“___ 1,2/= 74049 /74L504
¢ - 270
Vee '] Vee
” | W
s |74Ls30 - QUT
E 3 8 el
3 n ?
- 13 :
F H =
G L2 3H ST “Vee LED GLows
7404 [79450Y L__o/&\l_woi__ WHEN  ALL
INPUT . SWITCHES
H M 10 ’ ARE CLOSED.
J 3 4
OUTPUT GOES Low . O0ONLY WHEN .,‘_... =
INPUT IS LHRLLHLL (DECIMAL 100). B
UP TO 2ZSe INnPuTS  CAN BE DECODED
BY _REARRANGING UP TO 8 INPUT =
INVERTERS. ; o
PROGRAMMARBLE NAND GATES
5-INPUT - INPUT T-INPUT
' Vec N Vee 1
= 2 14 ——E
$ 3 3
4 q : 8 4]
s 5 |74Ls30 S
|lb k l‘l,' 7 k ) l‘l’ kk
12 Vz = 2
— 17 — —

56




QUAD AND GATE
7408 /74LSO8

ONE OF THE BASIC BuLILDING BLOCK
CHIPS. NOT AS  VERSATILE, HOWEVER,
AS THE 7400/74LS00 QUAD NAND
GATE.

AND GATE BUFFER

Vee A
[l i« .
IN !@ ouT IN=OUT
= ,

LSE  FOR [NTERFACING
CHANGING LOGIC

WITROUT
STATES.

NAND GATE

‘Nee Vee

A s 14
S ol
2
B = 7*\\
— 7404

—

'NOR GATE

VCC .

Al 4 2
Dt's'l;

< :

é?v}o‘l I

B 3 “ o —
]

4-INPUT NAND GATE
Vee o S :

P\ { 1y

=Y k3

c H
DS

el
2
T

‘W¢ is| 1] u] ol 9] 8|

DIGITAL TRANSMISSION GATE

Vee
IN _E Jout
ENABLE 1 H L L |L
L on |t
R L L
H H H
E=ENABLE

"Y4-INPUT AND GAT

.. Nte .

1 4

; AB cD |our
. HH HH |H
; Xx X x L

57



QUAD OR“GATE]* |

74HLS32

FOUR 2-INPUT OR GATES.

NOT AS VERSATILE AS 7‘#9;/7 BN

74LSO02  QUAD NOR GATE,
BuT VERY USEFUL
DATA  SELECTORS.

OUTPUT GOES HIGH WHEN _BOTA

INPUTS  OF EITHER QOR BOTH. AND

GATES ARE HIGH,
THE  ouTtPuT IS Low.
CIRCWIT  1S: USED
DATA SELECTORS ...

BELOW . —‘;

OTHERWISE

TO MAKE

DATA IN

IN SIMPLE

AND-OR CIRCUIT

Vee

THIS  BASIC.

As SHowN . .

 Vee(+5V)

T2 3 & 51 & 7]

JouT

~ NOR GATE

; Vee-

. Vee

L rrrr
- ri®
rrrxX

2 5 OUT
= Yerlyo4 =

. Vee

‘:l:irI'I‘ v - R B

“2-INPUT DATA SELI

ADDRESS (DATA SELECT)

.58

_ NOTE: FOR 3-INPUT DATA SELECT

USE  74LS27 NOR GATE  FOLLOWE
_BY _ INVERTER
74Lsio

.. SELECTS I-OF-2 [NPUTS
. AND TRANSMITS TS | |
L LOGIC  STATE _TO THE
ouTP Lo ~

| eara N |

®
4

ITrr
ITrexx |
X XL

-~

. AND.__ PRECEEDED BY
AND GATES. ‘

3-INPUT




j QUAD NOR GATE
7402 /74LS 02

JUST AS VERSATILE AS THE
7400/ 74LS00.  QUAD NAND GATE...
Bur NOT _USEP AS OFTEN.
ADD INVERTER (7404 /74L504)
TO BOTH INPUTS OF A ' NOR
GATE  AND AN AND GATE IS
FORMED.

EXCLUSIVE-OR GATE

- THIS.  CIRCLIT IS EQUIVALENT
TO A BINARY HALF - ADDER.

RS LATCH
. Vee .

| a &

RS

L L INO CHANGE
LH | H L
HL | L H

R H

4-INPUT NOR GATE

~Nee :

NOT  ALLOWED

Vee(#5 V)‘

H* i3] 1] n] o] ] 8

<7

t} 2] 3] 4] 5] & 7

ONE-SHOT

Vee

THIS CIRCUIT IS A  MONOSTABLE
MULTIVIBRATOR ~ OR PULSE STRETCHER.
AN INPUT PULSE TRIGGERS . AN
OUTPUT PULSE WITH A  DURATION
DETERMINED BY R AND (. OUTPUT
PULSE wiIDTH IS APPROXIMATELY O.QRC.

AND GATE

59



TRIPLE 3-INPIJT No; BRRETCT S -
'7HL527 B ;;;f;jﬁgigjwfw'#“h“w 9] 8|

USEFUL  FOR DATA SELECTORS |
AND  NOR GATE FLIP~FLOPS

THAT REQUIRE CLEAR AND
PRESET  INPUTS. ‘ ‘

GATED RS LATCH

PRESET

R —

CLEAR

FUuNCTIons  AS RS LATCH WHEN
- E (ENABLE) INPUT IS HIGHA. IGNORES
RS INPUTS . WHEN E IS LOW. x

DATA N Ve
A

NPUT D DATA SELECTOR

,SE,L,,,E.éctlgs - oF 3 /mpm-s ; AND TRAN,SMlTS
TS Loaic STATE TO THE  OUTPUT.

24110 P2 >0 — 5 ,O"U,T' B

N

7qLs1e f2 T

_ ADDRESS | DATA 1N

ol
z
O
e
—

h23 M= ko)
L14Lsod

TTIrrrr

ErrEzrrl
XEF S|
CXxxIrAxim
XXXzl

Fxrxzczr

0




DUAL AND=OR- INVERT GATE  vecsv

4yLS b ] v) ug e &r

: VERY _VERSA

E BUILDING BLOCK

[}
*HiP. IDEA FOR CusTOMIZED
e j

DATA  SELECTORS, LATCRES =
AND . EXPANSION OF A  SINGLE

INPUT  To AN AND=-OR INPUT.

3

_ATCH WITH ENABLE INPUT

Vg

P +—0 DATA

ST ™™ TYPICAL AND-OR INPUT

1 oEnABLE

it

Miw‘ : o ;w?H HfW ,,;E,E : 4 , ‘Mw¢

14

out = (AB)+(CD)

ENABLE | TYPICAL TTL

CINPUT , LOGIC  CHIP

| UTPUT  FOLLOWS  DATA  INPUT
| _\WHE ENABLE INPUT IS HIGH. NO -

HANGE _ WHEN . _ENRBLE IS LOW. .

YRR l-OF-Z DATA SELECTOR

~0F - H4-8IT WORDS. .. ..

TE RAT _THE.

INVERTED AT THE .

o : U U T — ' :
ELECTED  WORD IS NPUTS => D o e ¢ B 8’ A

UTPUTS. TRE CIRCLIT
Emu{ggg ITWo :

MLSE L CHIPS. ‘ IR 2

| Vee

, INPUT ; ADDRESS . L ]
A ouT CA).- N

~ /77

JTHLSSI

4SS5I

rrrx
X
Ol <0
>

bl




DUAL NAND SCHMITT TRlGGER“‘“"

74LSI13

TWO H-INPUT NAND  GATES

WITH A SWITCHlNG THRESHOLD.
OuUTPUTS Go Low WHEN [INPUTS
EXCEED 1.7 VOLTS, OUTPUTS GO
RIGgRH WHEN INPUTS FALL TO ,
0.9 vocLr. IF  ANY INPUT IS Low,
TRE& RESPECTIVE QUTPUT wiLL
STAY HIGH AND  THE GATE will
NOT TRIGGER.

GATED THRESHOLD
DETECTOR

7 OUT
=== INDICATES -

THRESHOLD LEVEL. INPUT JS HIGH)

GATED OSCILLATOR

R1
r Y A
Vee

\ 14
YA \/Z.

CONTROL @ u-’l‘iLS)}
5

a

OVuF

Nt

b=
—
-

WHEN CONTROL IS  HIGA.

AND CI TO CHANGE :

OK TO LSE THIS CIRCLIT

CLOCK FOR LOGIC CIRCUITS.

OSCILLATES
CAANGE Rl
FREQUEMNCY.
AS. GATED

b2

(WHEN ConTROL

 CONTROLO—

LED FLASHES TW\CE

: HT’ 131 12 'Vu[ :IO'

,, Tr- |

P2 3f

34
hd |

PHOTOTRANSISTOR
'RECEIVER

Vee

33k

(RADIO sHACK =
27-i30 ,eTC)

b
o
-

USE TO CLEAN UP INCOMING LIGHT PULSES.

TWO-STATE LED FLASHER

2200

ERCA. SECOND . .
WHEN  CONTROL INPUT IS HIGA. ; ‘
LED . STAYS  ON_ AND  DOES NOT
FLASH = WREN (ONTROL IS LOW.

Q1! PAOTOTRANSISTOR =



QUAD NAND scnmrn TR\GGER e STUE] umunanawas
ﬁf;,f,,7"iLS|32 NN 1 ml n] iz} n] o] af s}

"ﬁf;’“‘NAND GATES WITH A SWITCHING I -l—::D'

_THRESHOLD. OUTPUTS GO LOW WHEN
__INPUTS EXCEED L7 VOLTS. OUuTPUTS

| G0 Low WHEN INPUTS FALL TO = ?— .
0.9 voLT., ven\;l USEFUL FoOR Loy ‘ ‘

_CLEANING  UP  DIGITAL SIGNALS ; N i
__BEFORE  THEY ARE ALLOWED TO S
i‘,,EN('TEQ:? 'A_ LOGIC CJRCUIT

WA\IE SHAPER T ‘;L‘E*D #LASHER

FLASHES
ABOUT ‘
TWICE ;

EACH .
SECOND.

ouT

2208

WL+
i

10O uF

RS

__ouT . , o B

ENABLE Vee

NOISE ELIMINATOR ;,‘Eﬁ‘fé"f:smii‘f?s”

HIGH, outPuT HIGH

WHEN ENABLE LOW.

- ouT

“THI ESHOID DETECTOR

Bt o et B b e o

I pi. S , 7NS50mF f PRESSING 1
R« U T N B V,_;wa, T . __GIVES  SINGLE,
AN oo 4  CLteAN ouTPOT |
- PULSE., USE FOoR

THRESHOLD  LEVEL. Sl MAmDAWY  INTECTING

LOGIC SIGNALS, ETC.




HEX 3-STATE BUS DRI VER

74HLS 367

EACH GATE FUNCTIONS AS A
NON-INVERTING BUFFER WHEN
ITS ENABLE InpuT (G) OR G2)

1S LOW. OTHERWISE EACH GATE's
QUTPUT ENTERS THE HIGH
IMPEDANCE (HI-Z) STATE.

Here's The G 1IN ouT

TRUTH TABLE: H X Hi-2
L L L
L H H

| ~-OF-2 DATA SELECTOR

vt(

he

74LS 367

s/

-

ouT
A 2z _I\ 3
L1 |
Vee S (sELECT):
Mg h=a
s ot N 2 l L=B
T =
= Vo 7404 ;
I-OF-2 DATA SELECTOR
Vee
INPUT SELECTS
WORDS 74?5"‘«,7 1-0F -2
3 2-BIT  WORDS.
B 2 [\ 3
A 4 I 1 5
-4 14 I~ |3 -
, OUTPUT
) WORD
A 1z h >
Vee l/
SELECT:
oJ Ny, 5 |8
SELECT T Vordq0q H = B A
= L=8 A

64

Vee (+5V)

o] 1S] 4] 13

G2

2] nl o] 9]

Do [{?J
FLE

P

vl 2] 3] 4] s ¢ 7] 8
Gl =

ADDING 3-STATE OUTPUT

TO TTL

Vee

TTL oR LS
CHIP

3-STATE OUTPUT

ENABLE INPUT

BIDIRECTIONAL DATA- BUS

v
PR Fio A4
74LS 367
D 2 l\ 3 TWO - WAY ‘
L (BIDIRECTIONAL)
DATA . BUS
y 5
c | > /
12} b '\ 7
L
A 1ol N e Ve paTA
1///' THo ouT
24LS367
waire o 7 |8 t >t o
5
- {>——> ¢
et > 8
L >—q—> A
YYYY Jf " oreap



HEX 3-STATE BUS DRIVER

74LS348

EACH GATE FUNCTIONS AS AN
INVERTER WHEN ITS ENABLE
INPUT (GI OR G2) 1S Low.
OTHERWISE EACH GATE'S OQUTPUT
ENTERS THE HIGH IMPEDANCE
(H1-2) sTATE.

HERE'S THE G lIN [ ouT

TRUTH TABLE: H X |HI-z
L L H
L H L

BIDIRECTIONAL
DATA BUS

1,22 Y3 7408308
3= 724(53C8

ONLY ~ONE INPUT

GATE CAN BE
| ENABLED AT ONE
TIME. ANY NUMBER
ENABLEG_'S] 18  y oF ouTPuT GATES
- CAN BE ENABLED.

GATED TONE SOURCE
—6

IN 14 ]

=
Vee .0S Y3 7415368
Cih le 13 1,( . 12[> 1
8 15
.05
Yax ENABLE
(L=ToNE)
8 5L
SPKR

—  TONE FREQUENCY = 3.8KHz

Ve (+5V)
G2
] as] 14| i3] 2] w] o] @}

ol
Fﬁ l

‘|2| l"lSIBIﬂe

GATED LED FLASHER

Veeo

1,223 74LS 368

ENABLE

1_ (L = FLASH)

BOUNCELESS SWITCH
(WITH ENABLE)

Vee 1,2=74L5368
e
) 14 13 2 2 1l ouT
Is 4
ENABLE
(wHEN L)
L H

65



HEX INVERTER
THOY /74LSOM

- VERY IMPORTANT IN ALMOST
ALL LOGIC CIRCUITS. CHANGES
AN INPUT TO ITS COMPLEMENT

(i.,e. H>L AnD L->H).

BOUNCEFREE SWITCH

| 5. 0UT

QUTPUT FOLLOWS
. SWITCH POSITION.

,2= "3 7404 [74Ls0M

~ UNIVERSAL EXPANDER

Vee

ALLOWS . ONE
SIGNAL. TO

our(:TG) CONTROL 2 OR
MORE INPUTS.,

Vc:i(“‘,er)‘ § .
' H? 13 s2] u} o] 9] 8]

e
oo

—
- . - -

AUDIO OSCILLATOR

ourpur Tone |}

Vee

15 4 KRz,

1, 2= 7404 /749L 804
. 270

8
spmz{

| -OF-2 DEMULTIPLEXER

Vee.
, 24 .
2 3 ouT A i
THIS CiRcUIT STEERS THE
Y2 7408 INPUT  BIT TO THE OUTPUT
S ¢ SELECTED BY THE ADDRESS. -
. . 5 OuT B | | N
= Lo THIS  TECHNIQUE . CAN  RE
. USED.. TO . MAKE . MULTIPLE
= OUTPLUT DEMULTIPLEXERS.
A |
s DATA | ADDRESS| ouT A | ouT. B
, L L L H
H L H H
/3\ L H H [
3 H H R H
A
(ADDRESS)

b6

s A s e

TgEEd



 COMPARES TWO 4-BIT WORDS.
WHICH

~ 8-BIT COMPARATOR

. iu(

;*,;V,H-BlT MAGNITUDE
iy COMPARATOR
 74LS8S

INOICATE S

IS . LARGER OR IF THEY A ARE EQUAL.

Vee(5V)

] 15}

A3 B2 A2 Al
i

Bl
it

P\O BD

i3] 12| o] 9]

- INPUTS

outeurs \

&

N

HIGH

EQUAL

i 3 q S y 7\? 8|
B3 A<B A8 A>8 A>R A=B AB
Low :

(ourpur LEDs ARE opnouAL.)

ANIE

270

Vec o

e 5] Ly

S

741585

N H

74185

£ W

b ¢ B A

T &l n] 9

B IN

BINARY Hi- LO GAN\E

Vcr.; e

be

Vcc

i

Vcr.

$2-SS5. AN OPEN.

SWITCH
A CLOSED
1S Low. |

SWITCH

. _PRESS S |
A __FEw. SECONDS.
RANDOM .

0. ID

D
MNUMEBER .|

FOR

244

7«193/

si92

<1".

IT 'L\ AR

-t

ES . F

.D'G

SR S

se 0P |
R.S2-8§. .. . 7

, . TOO HIGH
A

74193 /7405193 [741s85

) S CORRECT
S o s

s3 Ble

. Too . Low

_izlg

10}

ENTER  GUESSES IN

IS AIGH AND




'QUAD l-OF 2 DATA

" L7¢u.su 57

o ‘Fouz Z-,Lme To
. _MANY  USES
_H oATA

BuUS.

Y- TR A 0 I I S

SELECTORS .

I-LINE
N ROUTING.
AR

E.

ATA. .

WHEN PIN_ IS IS Low.

| DOUBLE DUTY

Vcc

BUS 74LS157

DIS PLAY

_2]
1
)

 7-SEGMENT |

~ DECODER.

(7447 [2448)

AND

71— SEGMENT

|

DISPLAY.

s

13]

Il o SELECT

Low= Bus A
HlGH SUS B

| ENAB
rSy)l

 MULTIPLEXERS.
rA. AL
ENAsgep “

15

LE.
y

12

1y

PUTS

..ouTP

uTSs:

2 A AND |

setEeT o M

Low =BUS A

t 2
SELECT IA.

BU s; 'SEL_\E,CTOR

3
{13

7] 5] &
NZA‘L&Z

Ve

2]

BUS

W

173

7418157

HIGH=BUS B

q
Y

_OUTPUT .

g

13

[ o}

 74LSIST

1o

13

THIS = CIRCUIT
 KIGHEST  MAGNITUDE

CONTINUALLY  MONITORS

_ DATA w0

RD...IS

TWO

ROUTED

DATA  BuS
AUTOMA

[ A<B

wo

ES.
ICAWLLY.

BUS  WITH
TO. .. OU




"OF 8 DATA E| ECTOR Vcc(&»Sv) 5 B INENERE

4] 3] 2] u] o]

EQUIVALENT TO 8-LINE TO [-LINE Myt PLEXER,  |E:envnse

i B OUTPUTS |
 PROGRAMMABLE GATE ||l S an!

3-BIT ADDRESS SELECTS o~s ok : 1 1
 SwiT¢H AnD  APPUEsS . ITs status i 2] 3] 4] 5] ef 7] 8]
_ (OPEN= HIGH AND CLOSED =LOW) TO . . e Z (I 0; our Ut E =
 THE OUTPUT.  ANY  3-INPUT
L LOGIC  FUNCTION CAN BE

L ST, B PATTERN GENER ATOR

. RIGH +

a3l 2] ] us| u4) 3] 2]
Vee IR I L | R 4
t..__.*“ . 7HLSI51

L TTTIIT

3
T
lTls ',CL;B;A‘:

8 .. 3-BIT . TO LED, GATED
E . COUNTER TONE SOURCE , ETC

e ... PROGRAM ANY DESIRED LOW-HIGH BIT

¢ B A ourT BOT . PATIERN. THEN PLAY IT BACK. |

X

o;c‘TAL;KE‘YBOA’RD;;ENCODER
NENRER Vel Lt Ve INPUT
T”o . L 5w:TCHES ;

e 7‘{‘L$‘15| ; BN
; | : I3 ‘-J-— . lp

! L E
M5 5

e WO
=

74-1!93/ 1
|rawsiaz |

s -—l-—co: 4

BT AR RN AN - SR 1] N B

S N U O O 1 N N L U O O S U OO WO | 0 S 2.
Bl N N R o« ef |

_PRESS  NUMBERED SwiTcH .} ... = . . 1

CAND  vTs  BNARY o Lo 0 blour "' =
_BQUIVALENT. APPEARS ON_ ‘ ‘ { - ' ' ' ‘

ol
o

__THE READOUT  LEOs. THE READOM‘ LE sg- 7.8
.. LEDs ARE . OPTIONAL. . . S 1 ' L

69




, o 1 5 4 Guo G: 7 3
7I.|L" | ,, | 1| Is ] 13  |7.] Wi ol 9]

y;oecqogs ’H-Bl‘r’, BCD INPUT  INTO | | R
- INOF-10  OuTPUTS.  SELECTED ~
. QUTPUT  60ES Low ALL OTHERS
_STAY. . HIGH. ogtswALLY ~ DESIGNED
TO  DRIVE GASBOUS GLOW DISCHARGE
- TUBES.  ALL OUTPUTS  Go HIGH FoR ‘
 BINARY . INPUTS  EXCEEDING HLLH (loo), 1| 2| 3| & sy el 718
- , 8,9ADVC¢BCZ;

(#sv)

1-OF-10 DECODED‘COUNTER

AR S[Z TTIT1T
8 9 13] 141 n 10 1z
2 3 4 5 & 7 8 9

7441

1 3 S 2 ) ) | I NN
- ~ LEDs FLASH ON SEQUENTIAWY =
L " lNﬁ RESPONSE TO DECODED .

COUNT: = ONLY ONE LED SERIES

RESISTOR IS  REQUIRED.

e

e

fz

)
W 16~

>P®NPO
~O
>®h 0

N " | 7490 f741s90 1

10-NOTE TONE SEQUENCER

Nee Ve

|5

ol

8l | 7490/
 |74Ls90 ¢l

AM
Z__AAAL

] Gl TO DECREASE TEMPD. INCREASE c2 To INCREASE  TONE .
,M,‘,A,j:zeausmmesd _TONES  ARE. DETERMINED = BY R3-Rj2. : ‘




| “““““ ‘1- HlNE‘“ TO 'B Ll NE v“(+5v) ¢ b’ ’E'l El I5 14 13““:2" "

..QDER N 24] 7.3 | ul 20| @] 18] 7] w) is|] 14] 3]

7;7q|5u

ANPUTS

 EACH  4-BIT aopress |
,,WDR\VES . ONE QUTPUT LOw.
_ALL _OTHERS STAY HIGH.
ENABLE. _INPUTS (ElL AND EZ : ; U L
 MUST BE  LOW. (lF on&ioz op o2 o3l oqf 5] el 7 8] af o] u]
_BOTR  ARE  HIGH, ALL o6 1. 2 3 4 5 &6 71 & 9 10
_OUTPUTS GO LOw. ' ' ' '

+

EEEEEREN 'BACK AND FORTH
:t;-To~|e DEMULTIPLEXER.'5;;  FLASHER

DATA ,OUT

s MM ¢

7’-!\5‘1 ] =

,,29\, ‘Zl‘l 22] 23l , RN N R CVE T

';<ELZE TED; OUTPUT B FR S e =
Ll ,,i;Low _ WHEN .. _ADDRESS IN
 DATA 1S LOW. (sELECTS 1-OF-lb
IFDATAINIS ... _OuTPUTS)

. HIGH, SELECTED i

~..OUTPUT IS HIGH.

3
L

=
wX

o

W~

Vee

=
LA

w

470

THESE
LEDs
FLASH :
BACK . AND |
FORTH.

ifﬁpwngH,i T

VISuALLY
APPEALING.

-

8 _ul —171 3 4 Jpown D7 _20|p
j 2 19400/t ‘ ‘ , ~ ~

-

, 21 L. bl T oy d b ulc
LK o2 ) . BSS 13 4 7405193 , 1

-
8_
e
™M
>
I
-—1
<
po 7.0
C fal
‘D
L
G e < ® |o 1 =
LN U W R Y L AN B Y RN R

—J" e Sle Az BIA
7400 . !

£

' I I

.,.

AF

33 uF

, u} >

ry
'\"il_&_

__INCREASE Rl TO SLOW FLASH RATE.

e e e




BCD-TO-7 SEGMENT o VelSY) IS NN O
DECODER /DRIVER | el 1s] | 3] iz u| o] 9]

7HYT 7 7HLSHT

CONVERTS BCD DATA INTO
FORMAT SUITABLE  FOR PRODUCING
DECIMAL DIGITS ON COMMON
ANODE LED  7-SEGMENT DISPLAY. i

23‘15678_]_

® —
0O

—

WHEN  LAMP TEST INPUT IS LOW, ALL D A
OUTPUTS  ARE LOW (ON). WHEN Bl /RBO ,
(BLANKING INPUT) 1s " Low, AL — RBI
OUTPUTS  ARE  HIGH (OFF). WHEN — Bl /RBO
DCBA INPUT IS Leee  (beciMAL ©O) — LAMP TEST
AND  RBI  (RIPPLE BLANKING  INPUT) |s) ;
Low ALL OuTPUTS ARE  HIGH (OFF
RIS PERmiTs  DNWANTED  LEADIoS s DISPLAY FLASHER
IN A ROW OF DIGITS TO BE ‘
BLANKED. 1K ,
AA__ THIS SIMPLE
CIRCuIT  wiL(
MANUALLY SWITCHED DISPLAY v FLASH DISPLAY
Vee ¢ TWiCtE PER SECOND.
At . o ~
D R E > |, TO PIN 4,
¢ o—o——2] 7447/ TO . DISPLAY LN 7447 [74Ls47.
B '] 74Ls47 -/ (SEe BELOW) 100,.F_4:L M -
A O 7| '7"|LSI31 DISPLAY
H,STEADY :
LiFLASHES

0-9 SECOND /MINUTE TIMER

Vee Ve
Vee Vee T”" R3
RI EL A 5 _MA_, a
m o <o 7447/ RY
S , ERTRL b} LCAVAV N N ; ,
t[__ﬂ - plu elp RS LI
7490/ A, ¢ ol b
4 8 \ st | 74Ls90 R6 | 91
4 c |8 2lc 10_AAA__o d =
3 R7 ‘ ,
R2 555 19 AMA, e e ¢
13 z B9 L{s R8 —_
3 15  AAA £ d
e ~ Rq
7 Al 7]A Ly g ,
| 100uF COMMON |
1: 1 1 de 18  Rri-re=330n ANODE LED
= - § B 3 DISPLAY
CLOSE  SI TO START TIMING CYCLE.  CALIBRATE 555  FOR | PULSE (COUNT) PER
SECOND  OR | COUNT . PER . MINUTE 8N ADJIUSTING R1.
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BCD~TO~-T7- SEGMENT Vcc(*SV)F o b e d e
DECODER /DRIVER o} sy ] ] e ] ] A
7448
CONVERTS BCD DATA INTO
FORMAT SUITABLE FOR PRODUCING
DECIMAL DIGITS ON COMMON
CATHODE  LED 7-SEGMENT DISPLAY.
] 2] 3] 4] 5] &) 7 ?.[_
B C D A —
DISPLAY DIMMER -
Vee - . /RB‘ ¥
M g 47408132 — Bl / RBO
E %—iJTﬁ.t}i_»TO PIN 4 DISPLAY — LAMP TEST *
4 = 7448 H{NORMAL ”
-’l‘l-;.F‘ LI oM SEE 7447 FOR
4 K EXPLANATION S.
0-99 TWO DIGIT COUNTER
LOWEST ORDER DISPLAY HIGHEST‘ ORDER  DISPLAY
Vec a b ¢ d e £ 3 a b ¢c d e f g Vee
A Rl A A 4& A A A J} A I} 1\ 4\ 4\ 4\ \ RS A
p— VA L A4 R\-RIY:
R2Z R9 330 10
{V—MN N\/\._-o
R R10
M /\NL_J
RY RH
b AN NN ¢
RS R\Z
4r—/vv\— NV\._.1L
Re Ri3
|/
R’ Ri4 COMMON
/M MA__$  CATRODE
LED
13 12z{ n| o] 9| 15| 14 i3] 1zl n| 1w}l e i1s| 14 DISPLAY
‘ le 16
7448 7448
8 8 a
‘ A B C D A B8 C D
7 1 2 b 7 2 s Pl lb
= = | 3
1 9 8 n 12 9 -3 " : e 1
i A B c D Vee| L) A B C D Vee —
d
_ﬂ_ﬂ_ 4] 7490 / 74LS90 s T B 7490 / 74LS90 5 T
IN ' 1
2f.ﬂ ¢l 7] 1o 2l 3] 6] 7] 1o =
. s

o

—
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ARE  FOR  EXTERNAL TIMING

DUAL ONE- SHO‘I‘ e fvc;@s;) N T T
N T ' . R/c C IQ 5 2WR A B
7"'“.5'23 S u F I _is) w] | ’rL _uj 1o af -

 TWO  FULLY INDEPENDENT R — o JEPY B R W KO |
MONOSTABLE MULTIVIBRATORS. ST 1 Bl RV AR I e
BOTR  ARE  RETRIGGERABLE. N 1 it=1 08 ‘ '

PINS DES\GNATED R AND R/C L oe ] Ler

RESISTOR AND CAPACITOR. i ;; ; '
SEE RADIO SHACK DATA BOOK FOR [ 2[ 374 5] <] 71
INFORMATION ABOUT R AND ¢. 1IN N ICLR I8 2@ C k/c

A B |

BASIC ONE-SHOT M\SSlNG PULSE DETECTOR

Vee TWO WAYS To ‘ o Nee g ouTPUT STAYS
. TRIGGER: o f A Wieh so Lowe As
b (U o\ _INCQMING _PULSES
I. KEEP INPUTS o o—t _ ARRIVE BEFORE ONE-
QU2 A AND B LOw; - Q3. sworT TiMING PERIOD
THEN MAKE B , 32 RUNS  OUT.
HIGH. ‘ o 1 , S N ' '

74L3123 2. KEEP INPUTS R g LMLz kADJ‘UST R AND C

l A AND B RIGH, { |  To GWwE TIMING
L THEN MAKE A o 5/ | PErioD ABOuT Y3

L Low. ST TN 1 N I ;LONGER CTHAN _ TH
INA g o , . INTERVAL BETWEEN
IN 8o 2] 1. To cLemR: o H | INcomine  PuLses

\
1

CLR o2 MAKE PIN 3 LOW.  INg__ | . oPerATiON:
; THIS _ALSO IN- ; § L - ¢ S
‘LS HIBITS. TRIGGERING. ' N

TONE STEPPER

Vee
‘ :

lo f . THIS CIRCUIT STEPS
'  AcROSS A RANGE
OF  TONES WHEN Rl
. AND/OR R3 ARE
. _AD3ILSTED. VERY
HNUSUAL SOUND
‘EFFECTS ‘

|74Ls123|

CHANGE c; AN,D»,;cz,:
. FOR OTHER TONE
» . RANGES. ALsSO, TRY
;SPKR ... PHOTORESISTORS FOR
_ RI_AND R3.




~ Two D (DATA)
_.SINGLE

* DUAL D FLIP-FLOP
CUTHTH/THLSTH

FLIP-FLOPS

DATA
_AND

PACKAGE.
1S  STORED

Av D

INPUT - MADE

i/f‘,fM,,,;I\\uxtmm.ﬁ, AT Q@ OuTRuT
_ CLock |
_ HERE'S THE TRUTH TABLE:

 peeser

_ WHEN
puLse (@)

CLEAR _ CLOCK

IN A

c-.oeg HIGH. |

TITETr
=X

> X X
rzxx|o

2-BIT STORAGE REGISTER

“’,VC,(,,,’

rIrE|o

o " DATA OUT
7 Q3 Q

S Yo
7414/ 29es29 | 129494 /240574
ale [1 ~ @

8

e

13 n

clL

WAVE SHAP ER

Vcc :
T...

Ve

R T VO T 74:;7*!/7%579
P o249 qle

Bid

IN = D CLR ¢ PRESET

zrxrlo

_DNEQUAL

| 7i f;i
LL;:  ¢M:
l "Li 3 '\;; :5' el 7

CLlR D @ PRE-Q & =
: S&T 4 :

@ ‘ts CLOCK INPUT.

} 1S RISING EDGE OF cnocn R

PULSE

PH ASE DETECTOR

7474 /7-4:;5')4

THE LED GLOwWS  WHEN |NPUT

FREQUENCIES FI AND FZ ARE
OR  OUT ©OF PHASE,

FZ SHOUD BE

WAVES.

Fl.  AND
SQUARE

DlV\DE-BY TWO COU NTER

Vee

¢ Q__é.,qb v QlZ o p/2

e qarsm |
2lp Gle

kA




‘f[Twow;Kf

__OUTPUT STATES)

7"!'73 /7'-ILS73

Fu?—FLoRS .

N A.Qf'

PACKAGE.
_INPUTS.
wiLL

 SINGLE
CLEAR
FLoPs

NOTE THE
. THESEe FLIP-
TOGGLE (SWITCH

CLOCK PULSES
I ANK T
_HERE'S

TO INCOMING
WHEN  BOTH
. _ARE  HIGH.
TABLE:

- CLEAR _ CLOCK

_IN RESPONSE

INPUTS
_THE TRUTH

X
Ju

zxEr

3k % @ T % a

7473 f24Ls73 |

z
=
D
y .

ol

1 7#73/7%:.5?3& .

" DUAL I‘K FLlP F’Lop:

. ARE

__AND
___CONNECT A
__OF __DIVIDE-BY-—
__BY-FOUR

ONE — OF - THREE

SUMMARIZES
[COUNTERS:

DIVIDE-BY: Two | T

S 6 @ mmk Q 6
M) ous)

W R
;¢ CLR k

Vee (#5V)

¢ 15 cLock NPT

BINARY COUNTERS

ETHE THREE. cuzcun's ON THIS PAGE
COUNTERS THAT COUNT

BINARY
UP TO THE MAXIMUM
 AUTOMATICALLY
DECODER
THREE -
COUNTERS TO
AND

COUNT
RECYCLE
- TO OUTPUT ;
AND DIVIDE" ~
OBTAIN

OPERATION. |

 OPERATION OF | msseu_w

outPuTS: __A
L
__H

Tr-rlex
rxrrlrPm

TIrri®o
o e
xrzrp”®

DIVIDE-BY-FOUR

W[y R qlz

14

lll ll_L w0 a} 8]

| ONE —OF=FOUR i

T 2 alY

7473 /79L573 7473791573

5[




rué;t.a PACKAGE.
7473/ wz.svz
A PRESET
fPUT‘>.;V I FUP"FLOPS

TO(:i.:LE, (SWITCH

STAT

Hi GJ:\

ATES)
INCOML NG
BOTH

J AND

)‘ -K ru p- FL op

—FLOPS INWAA«;
SIMILAR
_BUT HAS
AND  CLEAR
o wiLL
~ OUTPUT

RESPQMSE To
CLOCK PULSES WHEN
K INPUTS ARE

HERES -rms TRUTH TASLE-

QIrECE O .
;rn?;’* z e

f:x: T xR
Gy

mrzxx|u

”T’

1}%#}%;1

_ TOGGLE =

T H
4]

K @ '5 GND K
] s |3|

—“0
—'0‘

T

L\L_
3] 4 I3

PRE CLR J' ‘ ¢
k Vcc(*S\I)

Sis ey T, SUECE

_ Pre

R
P

PRESET )
CLEAR
ccocn (or cu<)

i “ ‘

Fupf FLDP ;swnrcues
OUTPUT STATES IN
RESPONSE TO CLOCK
Pu:.sss

‘-l BIT SER\AL SHIFT REG!STER

~N

vk‘Q:H

2]

,V“

5

I;

1476/ 241576 |

|7476/742574

B
1
el

™

Ve | 4
SERIAL
s _ouT

Ko
. 3

I

Ve

 4-BIT BINARY UP COUNTER

hg Q T Q i

5 EF Ry

Ul

J. Q J.

7HL$7{0
et

7HLS 76
¢ . Qle

CBA.BIN

K 7970/ |

@
Ve e

K 1476 |

| 74L57%6

T4LS e
¢ ajie

4’ Q

.Q-r---

_L*‘

PRE cm B



CRUAD TEATER [ i e
THTS/THLSTS nls] e LI

A H-BIT BISTABLE LATCH.
_PRIMARILY = USED TO STORE
THE COUNT IN DECIMAL
_COUNTING  UNITS. NOTE THAT
BOTR @ AND & OUuUTPUTS
ARE  PROVIDED., ALSO NOTE
. THE E (ENABLE) INPUTS. WHEN
__E 1S HIGH, Q@ FoLwows D.

20 E Vcc 3D 4D '-m IR
, f 3 @esv) |

Y4-BIT DATA LATCH  oara sus Ve *;m

N S P

DATA ON BUS APPEARS AT 2 e
OUTPUTS  WHEN  LATCH INPUT , ; 7415/ , L
1S RIGH. DATA ON BUS ; 3[74Ls7ss . DATA
__WHEN  LATCH INPUT GOES LOW N , _ouT
1S STORED  UNTIL LATCH INPUT bl - P, ‘
GOES HIGH. (LATCH INPUT CONTROLS | 1.
. BOTH ENABLE INPUTS) TWO QUAD - 8,
,“LATCHES CAN BE USED @ AS AN . .
~8-8BIT DATA  LATCA. S VoY Y 4’ An

DECIMAL COUNTING UNIT

. To. . LATCH
Vee NEXT Vee Vee

[l N EARRNETE. ‘m‘ \T

7490/ 3 7415/ | 7447) 13 a
74LS90 U3] 241878 74Ls47 R2

N oy 2] L o R3

‘_ll° 1 ‘_L'z - 8 RI-R7=270 ANODE LED

L L . DISPLAY

— = - —— T " S
- B - -—

EXPANDABLE DECADE  COUNTER.  FOR TwO DIGIT COUNT, CONNECT PIN Il
OF 7490 /74LS90 OF FIRST ULMIT TO INPUT OF SECOND UNIT, A Llow
AT THE LATCH  INPUT FREEZES THE DATA  BEING DISPLAYED. nun
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_HANDY.

s

" QUAD D FLIP-FLOP
. 7HLSI7S

OF FOUR D-TYPE
AT D-INPUTS

CLocK GOES
CLEAR INPUT
ALL Q ouTPUTS Low
. RIGH.

PACKAGE
__FLIP-FLOPS.  DATA
LOADED WHEN
ot MAKING
Low MAKES
AND & = OuTPUTS

 DATA BUS 1
; , Vee
| ? e

1210

__OCLEAR (CLR)
i B
o [is

B

DATA
ouT

1 aze ¢ ho

S5ls  Bl7

Hia Alz

BRI AR AN | i\l“_.omm

AT

T74LsS11s

MODULO-8

B

51p Q

DATA

AT

g
7:T’|'LD QIOJ_" 13| p HQISIV

Nee (+5V) N
4a 4G 40 3D 38 3@
ol is] ] i3] 2] u| 1o

U s

—

Tz 3 4| 5] & 7] ®
CLR 1@ |G ID 2D 2@ 2@ —

4-BIT DATA REGISTER

ON BUS 1S LOADED

74LS17S WHEN LOAD INPUT
GOES RIGH. DATA IS THEN
STORED A ND MADE AVAILABLE
ouTPULTS UNTIL ~NEW  LOAD

ARRIVES.

INTO

PULSE

COUNTER

 JUL o8¢ al2

) =L I “

| ruesis 74LS(15
4 |p

—8

T CounTs LLLL To HLLL (O-7) AND RECYCLES.

| % V4
74LS1TS5 T4LS 1S
6 14

' SERIAL IN/OUT, PARALLEL OUT SHIFT REGISTER

Ve , A

sErAaL _te] V] T .
‘ 2] Sip Q

B c 5

7 IIZD Q

IOJ 13| D

Sl

| K |l RIS
o |74Lsiis | 74Ls175
cLock ¢ ¥ |op

Ly

SERIAL
DATA
ouT

Y | Yy
74LSITS 74LS175
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OCTAL D-TYPE LATCH Vec (+5V) | ENABLE

8@ 80 7D 7@ 6@ LD 50 5@ 6

7L|L$373 ' 20 19] 18] 7] 1e] 1s] 4| 3] 12| u]

EIGHT “TRANSPARENT' D-TYPE &8 i’ & Im._S
LATCHES. OUTPUT FOLLOWS
INPUT  WHEN ENABLE 1S
HIGR. THE DATA AT THE I 2 3 Y

INPUTS IS LOADED WHEN
TRE .  ENABLE INPUT IS LOw.

THIS CHIP  HAS 3-STATE | 1J 2] 31 4f s & 7] 8] 9 '°_L
OULTPUTS WHICH ARE CON- IQ ID 2D 2@ 3Q 3D 4D 4Q =
TROLLED BY PIN |. SEE QUTPLT
TRUTH TABLE BELOW. CONTROL.

H G F E D A 3-STATE REGISTER

C 21
Vf‘ ol ol ef ol St
] o 1s| 2] 9 €] 5] 2 ouTPUT THIS 1S A GENERAL PURPOSE
20

8@ 1@ L& 50 4a& 3@ 2@ (Q)' o CONTROL S-BIT STORAGE REGISTER.
741373 HERE'S THE TRUTH TABLE:
10 Il__o ENABLE
8D 7D D 5D 4D 3D 2D |D OUTPUT

| s n|’m| B[ e] 7] 4] 3 ConTROL ENABLE D | Q
— L H H H
H ¢6 F E D C B A L H L L

L L X Q
H X X RI-2Z

DATA BUS REGISTERS

D C B A

NP ERE

REG. 2 (74L%373)

)
ShENG
JWM‘HYVWV s 18
| <

H: PLACES OULTPUTS IN HI-2 MoDE}
L: MAKES DATA AVAILABLE

OUTPUTS  FOLLOW DATA oNBuS\, |
LOAD DATA FROM BUS

mx

18 17 14 13 8 7 Yy 3

S TOTMTMOOE >
A A }h AL AAA

<

y

o] 15] 12] 9] @] S| 2 {H: DISCONNECTS REG.|! FROM BULS.
J—O' L: CONMECTS REG.I TO RUS.
REG. 1| (74LS373)

101 LN {H: OUTPLTS Fowow INPUTS.
, : , L: INPUT DATA (ON BUS) LOADED.
l 18] n F wl :3] sl 7~’ 4 l 3
= l AT ANY [INSTANT ONLY ONE 74(5373
H G F E DO C B A CAN  WRITE DATA ON THE RUS. AWNY

NUMBER CAN READ DATA FRomM Bus.
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OCTAL D FLIP-FLOP

Vec(#5V) ENABLE
T 8Q 8D 170 7Q@ 6@ bD 5D 5@ 6
THLS37H 20 19] 18] 7] 6] us] 4] i3] 12| n|
EIGHT D-TYPE EDGE TRIGGERED e ML~ & IS
FLIP- FLOPS. UNLIKE 74LS373,
OuTPUTS DO NOT = FoLLow :
INPUTS. INSTEAD, A RISING I M4 2 3 B 4
CLOCK PULSE AT PIN Il LOADS
DATA APPEARING AT INPUTS.
THIS CHIP HAS 3-STATE 1 ) 3] 4 5] & 71 8] 9 ‘o
OULTPUTS  WHICH ARE CONTROLLED r__J I 1D 2D 2Q 3@ 3D 4D 46 =
8N PIN 1.
OUTPLT
CONTROL
CLOCKED
S S S b 3-STATE REGISTER
A RPRERRE
: 9] e IS] 124 9 |l S 2 OuT PUT GENERAL PurPOsE
20l 8@ 7@ L& 5@ 4@ 3@ 20 1@ |! oconTroL CLOCKED REGISTER.
7415374 HERE'S THE TRUTH TABLE:
[2) Rl CLock
ab 3 b Sp 4b 3D 2D 1D OUTPUT
i 'ﬂ;"’ Hl 13] 8] 7] 4 3| conTROL  CLock D Q
= L I H H
H 6 F E D C B A L I L. L
L H X Q
H X X [ HI-z
COMMON INPUT/OUTPUT BUS REGISTER
-<— BIDIRECTIONAL DATA BUS—>
.
B < .
C - S
D - >
E = >
F = >
6 = -
H o e
al 6| is| 2| 9| e| s| 2f e 7] u| 13] 8 7| 4f 3 Vee
8 70 bQ& 5@ 4@ 3@ 2@ IQ 8D WD b 5D 40 3p 2D P _2_0_____1‘
U
10
1 _ =
o THIS CIRCUIT GIVES 7415374  COMMON INPUT AND
CLOCK ouTPLT QUTPULUT LINES. WHEN  OUTPUT CONTROL IS KIGH,
CONTROL DATA ON BUS IS LOADED INTO THE 74LS 374
on THE RiISING EDGE () OF THE cCLOCK PULSE.
WHEN OULTPUT _ COMTROL IS Low, DATA IN THE
74Ls374. IS WRITTEN ONTD  THE RUS.

8)



- 8-BIT SHIFT REGISTER
74HLS 164

DATA
INPUTS
EACH

AT
s
CLOCK

EXTRACTED

OLTPUTS
ANY

CLOCKING
PIN 9
TO  LLLL

LOW

.

OoR
SINGLE
AT EITHER

_INPUT. MUST BE

ONE OF THE
ADVANCED ONE
PULSE. DATA
FRom THE 8 PARALLEL
IN_ SERIAL FORM AT
OUTPUT.
THE UMNUSED
RELD RHIGH = OR
witl  BE  INHIBITED.
CLEARS THE REGISTER

Two

INPUT,

SERIAL
BIT FOR
CAN = BE

ENTER DATA

MAKRING

Ve (*5 \%

IHT 13] 2 5 '

OUTPUTS:
A,B C D,EFG,H.

,r

b

I 2 3 q 5
A B A B C DO
-/ i
IN CLR=CLEAR
@ = CLOCK

=T

—
-

8-BIT SERIAL-TO-PARALLEL DATA CONVERTER

USE FOR PARALLEL
RECEIVING Ve H G F: B D C B A
BINARY DATA
ONE CHANNEL. 21 3] I [ tef Is| 2] 9] 6 S| 2]
5 ' 5 20 !
CLOCK o Ml 7490 /74LS90 j 7HLS37Y
8 1 10
il ej 7} 10 18| 17} M| 131 & 7| 4] 3
8 3] gz n| o] | 5| 4] 3
= 14 1
THE 7490 DIWVIDES THE CLOCK 2 7405164 7 4
PULSES BY 8 AND LOADS 9 ~
DATA IN. 74LSIEY INTO THE .J._
7415379 AT S-BIT INTERVALS. 8 'L, SERIAL DATA IN =

DATA . OULT !

(AT CLOCK RATE).

PSEUDO-RANDOM VOLTAGE GENERATOR

13

ouT L
2R R R R R R R S N I L N
A B SR (N (T
= , , 3
TYPICAL 2R 2R 2R 2R 2R § 2R §2R 2R| 31 14 2
R=1K—10K (Y N Y 3 ]
3 y 5 b 1o 2l 2 13 Vee [6. 1
CLOCK o8] 74LS 164 ]2} 9] [
OUTPUT IS PSEUDO—RANDOM STEPPED VOLTAGE.  CHRANGE 4 Hl 9 17
7| PATTERN BY MoviNG PIN 2 OF 7400 TO PINS 3,4 5 6, |9
_.’__ 78,9, 10 OR 1| _OF 74LS51k4: ‘

82

1,2,3,4 = 7400/74L500
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4-BIT
7HLS194

i ﬂuﬁamgtcﬂoNAL OMvERSAL SWFT
__REGISTER. SHIFTS RIGHT WHEN SO
1S _HWIGH  AND $l 'S Low. SHIFTS

__LEFT _WHEN SO Low AND SI

IS __RIGH. ;snn:Ts ONE POSITION
_PER  CLOCK PULSE.
__INPUTS  WHEN
_ HIGH. IMPORTANT:
_SupPLY PINS wnH

Sow, AND Si ARE
 BYPASS POWER
0.1 mF CAPACITOR!

_ SEQUENCE f‘GENERATOR

FULLY
PROGRAMMABLE

CLOCK o

sq ol o2

: F?. TuLs194 |
e 8

o] SN

il 7usind] |

LOAD . ANY :uema’ﬁc 311‘ PATTERN

_INTO 9—58 (OP&N HIGH AND
CLOSED = Low) _ PRESS .59

(NORMALLY ,_,cL <¢E;E>)f TO. ,Lo,m:\.. . D’AT,N

WILL MOVE  RIGHT _ONE OUTPUT PER

CLock ;,“vu:.sﬁ.,u,qi.epa ARE. OPTIQN}\L

| ”tsmr'r REGI STER

_LoADS DATA AT

A

. _ONE. AT A TIME FROM
. RAGHT

_GOES  Low, ALL
_THE  FIRST GO

t Vee (#5V) — DATA OUTA
A B C D @ sl so
lo] IS| f4) I3} 2] 1| 10 9]

, SERIAL INPUTS:
g SHIFT LEFTA
~— SHIFT RIGHT

'] 27 3] 41 5] ] 7| 8

CLR RIGHTA B C D LEFT <=
: IN LDATA W N

BARGRAPH GENERATOR

WHEN POWER \S FIRST APPLIED, MAKE
ENABLE INPUT LOW

TO START  CIRCUIT.

t] VCC
i\ A
1o

Yy 17 8
2400 7HLS194

_1_lF
M
L

1 Ts 31N -
| Vee i A

14 \ 7400,

ENABLE

*_—_————-
o
3
Z§/

| 74Lsiaq W16

CIRCUIT RUNS
WHEN ENABLE
IS RIGH., HALTS
AND CLEARS °

|
1
|

WHEN Low. It |} B HQ‘IQ AMA r
: |
l .
|

. QLocCkK

< T
R

RE

LAST
_.L__ OuLTPUT RI-R&:

= 3300

-

OUVTPUTS GO LOW. AND STAY LOow
LEFT TO
SEQLENCE WITH
FINAL OuTPUT
OUTPLTS BUT
RIGH = AND RECNCLE,

85
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7490 /74LS90

ONE OF THE MOST  POPULAR .. :
DECADE COUNTERS. EASILY USED
FOR DWIDE-BY-N = COUNTERS.

LESS EXPEN SIVE THAN . MORE
SOPHISTICATED COUNTERS. . RST .
INDICATES RESET PINS. THIS.
CHiP. 1S, USvALLY USED 1IN .
DECIMAL COUNTING ULANITS | BUT
CIRcuITS oN  THIS PAGE  SHow. .
MANY  OTHER  POSSIBILITIES.

DIVIDE-BY-5 COUNTER
Vee . I

5

vl

J—Lﬂ_o__'i 7490 /74LS90
IN

2 £} 0 ) |

.
—
-

DIVIDE-BY-& COUNTER
n

2 1 iz 5'

.ﬂ_ﬂ_o__. 7490 /74Ls90 L e

el 2 1o]

DIVIDE -BY-7 COUNTER’
Vee .
o[ st

JUL o 7490 [74L590 ﬂ_,,_—'.;i .

IN
=] 7] ,31;_0_]‘

—

84

ANA

N

13] 2] n| o

INB R&T RST

DIVIDE-BY-8

T3 ﬂs

,,,,,,,,,,,

3[k"|; 5

TN o t4] 7490 /741890 |

oz

D\V\DE

BYq

5 y“«,

A

]

ST o

JULo4] 74907745

0

i

2 |

-BY-IO

M‘,"
»%
L

AN

| ,_ﬂ_ﬂ_o 7&90/7«:.59,‘0.,

" ?ﬁjlesfl ;61

~




‘IZ/

O H2

o IN

'CWOFr&N

__DIVIDER

) __INDICATES

~ DIVIDE-BY-7 COUNTER

PULSES
_INTO
 APPLICATIONS
RESET PINS.

7"I LS‘I?

$ED TO DIVIDE.

1o Kz

_FROM.__ AC
PULSES.
ALSO.

CONDITIONED ‘

POWER
omea SN I N O

RsT; U T T R R O |

12JUL$*

74#1/7'%59'2 N

mgbﬂn

j—

Vee

i

1] 74927741592

4

IN
3

8]

Iq

—

DIVIDE BY IZO COI

V“

- ST

]

iy

“"‘f’,,;,V“VDWIDE-BY ‘2 BIN ARY COUNTER T T

a

A Q
3

INA

is G~o cc_

¢ : i

‘;lns .

imemE

‘ '-I

-BY \2

| ) R

'| sjl

Ve (+$ V) RsT

COUNTER 

Vccf 4

14

7492/ 741542

10-HZ PULS

E

'SOURCE

IRLV

TUULot] 492 /7aesez
_WLOH2 | ‘

|85 10 Ha
- our

=

‘CA

l‘l,”‘o}: 1Yy

| 7490 /741590

RIS

;lo\

o] 7

7492 /74L992

_CAN.

D\VIE

lm R
O}Z 00 W T T

Cour

7

)

o

,,j,TH!S Mgmoo oF y
CASCARING _COUNTERS
‘ BE USED TO
_CREATE ANY .

E.BYN
uT&ﬂ

NN § Janps



I.):
o
7o)

4-BIT (BINARY) coum'ea Q Enu
7493 /74Lses '.:‘“3. A ..4°}.¢:”'2>4,;

e

EASY TO USE H4-BIT BINARY

COUNTER.  LESS EXPENSIVE

THRAN MORE $OPHI STILCATED

COUNTERS. RST INDICATES

RESET PINS. NOTE  UNUSUAL SRR i 1
LOCATION _ OF = POWER  SupPPLY o ) 1

PINS. ; i R R AL I l "|~5V l 7|
; , | | me. Rsr rst A \{;,_(+;Sv’)

DIVIDE-BY~ 10 COUNTERZ  DIVIDE- BY 12 COUNTER

Vcc . | - e s Vcc

T s} o  ' 3§‘ .8 L ST

JU_LO.._i 7493/ 744593 |
IN B}

z
Y
z

|

H mo_ﬂ. 7%3/791.593 m "
- AN BSIL

o

WN

DlVIDE BY-11 COUNTER[ DlVlDE BY u, COULNTERT;’

Ve
A

sl o= e m

-

TN o) 7493 /740593

7493 /741893

LN ; . . L i

Ft IR

T BIT BlNARY COUNTER

cQust ~F=,Ro,m

o 1 .. . O=I5 IN BINARY.
DI 3 \ 4 . AND  RECYCLES.
R2 | GLOWING LED= L

QLK}___MH (0); OFF LED=H
& R3 ~..(1). 5S5 TIMER

u
B

IC  MARES GOOD

INPOUT  CLOCK. .

~
7493 /74L5 93
> ®
: i—b
n ) : : ,’

TXrecIzer oS
LEFETCEC ,

L_

S rxITx
T s
Irx

recrrerE @
Frxxrroeor o 5
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NERAt

'c,;

w

TH P

JTER
N

C¢

XV
E

W

A
,,,,,,,,,, _RESETS.
__UPON
P AdvD T

_HI
AN
__THE

PUTS

LOAD |
Low AT

THE NEXT

GH TO |
: ARE ; .
€ OTHERWISE MORE ADVANCED 74LSI93.

 PURPOSE
ROGRAMMABLE
_ ACCEPTS
INPUT
_THE ;

_ARE.
_BoTH

c«oqw*r_
NOT

BINARY
INPUTS.
PATA AT |
_GOES
CLEAR  INPY
COUNTER TO L
_CLock
CourJT

_ THESE  ENF
AVAILABLE

TES;BiT t0uNTER  |

1905161

| 74Lst0l]

7o

_ADDITIONAL
 COUNTER(S)

1S LOWEST ORDER

COUNTER

INPUTS
Low.

PULSE.
ENAGLE
P AND T MUST BE

' (ARRY
Vc; (+5v) ouT A
o 15| 4]

B C

131 12

D T LOAD
o] ot

n

DATA OUTPUT '

T
LLL

i‘l) 3| 4] 5] &
CLR¢ABCD

\BLE. INPUT

WITH

ADP\TA :

RAMP SYNTHESIZER

’ %UT

| 74ts100 |

CLOCK o

e

REMOVE €| TO OBTAIN THIS STAIRCASE.
FR&QU&NCY OF RAMP AND STAIRCASE
1s ‘/u. CLock . czeouencv
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BCD UP-DOWN COUNTER
74192/ 74LS 192

FuLLy PROGRAMMABLE BCD COUNTER.
OPERATION IS IDENTICAL TO 74193 )
74LS193 EXCEPT counT IS . JO=STEP
Bep (teel—HLLH) INSTEAD OF
lo-STEP BINARN. MANY APPLICATIONS
FoR 74192 [ 74¢5192 AND. 74193/ 7415193
INTERCHANGEABLE. ;

ARE

CASCADED COUNTERS

Y
/

(24

, IN CLEAR CARRY IN IN
Vee(+sv) A BoRROW | L@AD C D
16 asl 4y 13] 12} | 10 9
CounT
~
vl 2] 3] 4] 5] ¢f =7 EL
IN B A bownwur C D =
B  ouT our ouYT OUuT

SINGLE UP-DOWN INPUT

) 7fetedst \ 2 fetatst N3, wp
4 15 (to PN S)
o] 7419205192 (S le| 7u1azjis192 [2
9 ]lo[l [:s[ ) |;o]:[rsr cLock ©
716 TZIS_T ﬁGTAtST 12
4 | n I 13 n
hg 74192 /Ls192 (844 1e] 74192/Ls192 |8, 14
TL zalwo]i s L L H]ATelTs 1 “Low= wp
B - HIGH = DOwWN
upP (0-99) DowN (99-0)
PROGRAMMARBLE COUNT DOWN TIMER
v R3 | thc
Ve cc 330 R4-RID= 3300
RI A A [— 1o R Ry
M %( 4 5lup 13 s Q
Y 8| 3w 14 4 . ol7 b|D RS
U 2 {1400 2 s 7300 4/DowN - 12 MAL, b
cle. 2lc RG ,
R2 555 7 13 |BoRROW L AML, e
1K W B |2 e R7
4 { o520 10 A d
2 o1 Al3 TIA Re
COUNTS DOWN 53 4,__0/0._'0 1 C T WA ;.- €
Tl _cl FROM N TO o N ¢5 | 7447 RQ
A= 100uF LLLL AND $? g8 S l 74Lsqr 1S AAA_, £
RALTS. A }‘ R1O
St Lo SIALT M AMAL g
CALIBRATE RI AND Cl
TO PROVIDE  DESIRED , 8] ™ , 8] )
NUMBER OF CLOCK PULSES J_? COMMoON
PER  MINUTE. SET DESIRED N INTO SI-s4q (CLOSED - ANDDE
SWITCH = Low  AND OPEN  SWITCH = H:GH). PRESS S5 TO LED
LOAD N AND  START (OR RESET) CounT. LED GLOWS AT RALT. DISPLAY.
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4-BIT UP-DOWN COUNTER

IN CLEAR  CARRY IN IN
- Vee (45V) A BORROW]| toaD € D
749193 /74LS 193 ioh ‘5] ] u3] 2| | o] 9]
VERY VERSATILE 4-8BIT COUNTER
WITH UP-DowN CAPABILITY. ANY
H-BIT  NUMBER AT THE DCBA CoonT
INPUT S IS  LOADED INTO THE
COUVNTER WHEN THE LOAD IMPUT
(PIN 1) 1S MADE  Low. THE
CouNTER IS  CLEARED TO LLLL i 2] 3] 4 5] ef 7 B_E
 WHEN THE CLEAR INPUT (PIN I4) IN B A DOwNUW ¢ D =
IS MADE  RIGH. THE BorRow AND B ouT our oUT ouT
CARRY OUTPUTS INDICATE  UNDERFLOW '
OR OVERFLOW BY Goine Low. COUNT DOWN FROM N
Ve AND RECYCLE
SI '7T eT 2L3T
; D ¢ B A 14 SET  DESIRED N  |NTO
Cclock ot lpown 74193 / 74L5193 -S4y  (CLOSED SwITH =LOw
8 AND OPEN  SwiTcH = HIGR).
D _¢c B A , WHEN  COUNT REACHRES )
nyi i3 9{ 10 ll l LLLL AND THEN UNDERFLOWS,
TRE  BORRoOw PULSE LOADS N
% AND THE  COUMNT RECYCLES.
$S4 3 Sz S) €
COUNT UP TO N AND HALT COUNT UP TO N
\j
T“ AND RECYCLE Y
PRESS  SI (NORMALLY 24 N T"“ N
CLoSED) TO RESET. 7o 18 7 oiS
74154 [lb 4 74is4 e gy
Vee 15 _ 13 , thc 15__ 013
1412 o 12
1 () o I 1o 13 I
4 D17 20|p Nn_o 10 4 D7 20 i 10
10 9 ' 10
cle 2le L9 8 1l cll 2 9 8
, 18 o 7 8,7
B2 22le 7 o © B2 22 76
oP oo 5 cLocko—2|uP L oS
A3 23| A |5 q A3 23 5 q
4 o3 Vee 74193/ 4 o3
,7Lm3/ 18 3 o2 I 24L5193 L) 3 o2
|74Ls193 [ (2 5! ! 2__|cLEAR 12 o !
330 ¢ 1451 0 4 Lo o 7 M 9 ! o ©
Si. 3
] ] ( B ]
Glows £ TON 4 To N
AT BALT B T Ye 7904 - ) T




BCD (DE CADE) COUNTER
THLSI196

SDPRI STICATED VERSION CoF
POPULAR 7'490/741.590 BcD
COUNTER. INCLUDES
INPUTS WHICH PERMIT
NUMBER TO _ BE. LOADED
PN 1 IS MADE Low. THE COUNTER
IS _CLEARED To LLLL  WHREN
1S MADE Low. @ INDICATES
INPULT.

MORE
TRE

ANY
. WHEN

CLOcK

DECADE COU NTER

Vcc

Iy

BCD —3lc  clzy B
DATA } » . COUNT
IN elg  Bl9 . N

COUNT N o 81
7415196 L
S , Y S

i ! 12 A

PRESS .. S2.
7 70 cLEAR
: OUTPUTS .
TO LLLL.

PRESS .SI. TO .
PRESET TO
BCD  DATA
AT INPUTS.

DIVIDE-BY-5 couNfrER,j;

[ 'v;c |

IN

= o-4 COouUNT IS
. AVAILABLE AT
DCBA  OLUTPUTS.

4_pRESET RN
B¢cp

PIN 13

7418190 ;Dl - ug

. CLEAR D D B B gy
Ve (+'5v) _ouT IN IN ouT
~ 13 1z} 10 9] '8

Tl 2 3 4 s ,@4,
LoaD C C A A
ouT m m ouT

4-BIT LATCH .

LINPUT IS
OUTPUTS  FOLLOW INPUTS.
. CAANGE ' _WHEN _LOAD |NPUT
IS _HIGH. NOTE THAT A PAIR
_OF _74LS(9G’S  CAN. ’
_IN. A DEC{MAL
LbmIT . (CoumTER

_WHEN _ LOAD

COUMTING

@L‘?W,s o 'k

Be uUsep

PLOS REGISTER),

Ve

_DIVIDE-BY-I0 COUNTER

IN 7asi96 |

-3
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DUCTION

ouT P

UT

ORTION

INE

PuT.

ASSIC LINEAR

GRP

HE
\PH

-

»

m
0535-1

=0

YWTP

PUT

VOLTS)

TN LN YN LA (I ||

02 o4 06 0B

N

INPUT (vaTS)

AND

N-io;enm ICs-‘ mc,wome,
- CAN_BE USED IN__BOTH
NON,-LIN‘EAR  MODES.

SOMETIMES DESCRIBED AS.

AL _COMPONENTS THAN

_THIS |NCREASES

_,cw.epréggu- ITY TO  EXTERNAL

S TREM A LITTLE

OGN THE _OTHER

NTI AI_LY T

SAME— TRING AS

TWORK | OF

K
E.
NEAR TCs. CAN DO
E.
E

DIGITAL CHIPS-

A

LINE,

R

HIPS IN

< LONG, As TRE SupP-

e.ovs THE. [DESIRED

: NAL AMPLIFIER,
SHOWS THE LINEAR
DT RELATIONSHIP OF A
~AMP  CIRCUIT: '

CHRANGES . IN. THE. Svp-

_IDEA

LN

up

IM

PEDANCE  AND  GAIN.

e

UT

M

PEDANCE. _GAIN IS

NTEGRATED CIRCUITS

 EASILY CONTROLLED WITH A SINGLE

ST :::c;s
THE  SIGNAL AT

ENERALLY REQUIRE e

__FEEDBACK RESISTOR. FET INPULT
0P-AMPS (BIFETS) HAVE A VERY HIGH

FREQUENCY RESPONSE. IT'S USUVALLY
OK TO SUBSTITUTE OP-AMPS IF BOTH
ARE NORMALWLLY POWERED BY A DUAL
POLARITY supPy (Y2 LF353 FOR 74ie,
ETC.)... BUT PERFORMANCE WILL IMPROVE
OR DECREASE ACCORDING TO THE NEw
OP-AMP'S SPECIFICATIONS,

COMPARATOR

SAME ~ AS AN OP-AMP  WITROUT A

FEEDBACK RESISTOR. ULTRA — HIGH

_GAIN GIVES A SNAP-LIKE RESPONSE

To AN  INPUT VOLTAGE AT ONE

INPUT  THAT EXCEEDS A REFERENCE
VOLTAGE AT THE SECOND  INPUT.

TIMERS

"USE  ALONE OR WITH OTHER TICs FOR

 NUMEROUS TIMING AND PULSE GENER-

EF | Desc_kw Tion OF
s sec-

REGULATORS

\DY LyoﬁmAe&, EITHER
STABLE , THAT 1S UN=

NA AMPL\F! s |

AMPLIEIER ... ALMDST.

ATION  APPLICATIONS.

LED CHIPS

MOST IMPORTANT ARE A FLASHER CHIP
AND A DOT-BARGRAPH ANALOG-TO-
DIGITAL DISPLAY, VERN EASY TO USE.

'OSCILLATORS
A VOLTAGE CONTROLLED OSCILLATOR
AND A COMBINED VOLTAGE=TO- FRE-

QUENCY  AND FREQUENCY-TO- VOLTAGE
CONVERTER. ALSD INCLVDED 1S A

. TONE DECODER THAT CAN BE SET TO

INDICATE A SPECIFIC FREQUENCY.

AUDIO AMPLIFIERS

THIS SECTION INCLUDES SEVERAL EASY TO

USE  POWER  AMPLIFIERS TRAT ARE

__IDEAL . FOR  DO-IT-YOURSELF STEREO,

_PUBLIC ADPRESS SYSTEMS , VNTERCOMS

_AND OTHER  AULDIO APPLICATIONS.
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VOLTAGE REGULATORS
7805 (S-VOLTS) avAcH wear © &

7812 (1Z-VOLTS) SNk IR RgEQm'R%:; 2N
7815 (15-VOLTS) = [ O W AR )

: - 1~ INPLUT
FIXED VOLTAGE REGULATORS. 2~ ouTtPuT
IDEAL FOR STAND- ALONE L 3 — GROUND
POWER  SUPPLIES, ON—CARD ‘ ,
REGULATORS , AuTOMOBILE
- BATTERNY POWERED  PROJECTS,
ETcC. UP To I.5 AMPERES
ouTPUT IF PROPERLY HEAT
SUNK  AND SUFFICIENT INPUT
CURRENT AVAILABLE. THERMAL
SHUTDoOWN CIRCUIT TURNS OFF BT B
REGULATOR IF HEATSINK TOO SMALL.

5-VOLT LINE POWERED TTL/LS POWER 35_;L§Efff
S PRIMARY T

‘\\/‘

CAUTION: YOu

R e

MUST INSULATE
THESE CONNECTIONS!

S

SECONDARY

b B 4 78051‘_];_'

AC LINE

N ci-¢3—tooauF, 35V
T B N

TI— N7 -12.6 V, 12ZA OR 3A TRANSFQRMER (273-1505  or 273~ lsl)
Bl = IA—49A FULL WAVE BRIDGE RECTIFIER  (276-llel, 276=IISI OR 27~ /m) !
(RADIO SHACK CATALOG NUMBERS IN PARENTHESES) . |

VOLTAGE REGULATOR 3 [;icDRkENTlR£GuL; OR

, B T O AL N O T - . USES INCLUDE
VOLTAGE ' [7axx | % +5,12 . IN g o l78%X |2 _ sTABLE

IN +l 3 +| . OR S VOUTS .. J — | BIASING  FOR
Tcm Cour T ) SV NN R T N 3 :: 3L R E 2, |
». GROLND. , . Cl ek f Bye. e

= | ...} outeuT  _ 3rLoap

Cin = OPTIONAL; USE O.33uF OR SO IF ,
REGULATO AR OM  POWER SUPPLY, SN N T N
AToR . F FR OWER.. SUPPLY, REGULATOR VOLTS

1]
~4}

Cour — OPTIONAL;, USE OJuF OR.  MoORE f:tg; %Q‘.afr?ur: Cuizgen‘ﬁr = il ol O
TRAP SPIKES THAT BOTHER Logic ICs. .. .. ... .. {H R T

9y




| |2-—37 VOLT REGULATOR
’,‘:‘;LM3\7
CAN SUPPLY o To 1.5 AMPERES

. OVER A 1.2-37 VOLT OUTPUT
. RANGE.

'NOTE  MINIMUM  NUMBER
__OF EXTERNAL COMPONENTS IN
 BASIC REGULATOR CIRCUIT BELOwW.

_USE__HEAT SINR FOR APPLICATIONS
mREQumlNG - FuLL POWER OUTPUT.
__SEB APPROPRIATE DATA BOOK FOR
ADDI]‘IONAL INFORMATION:

o2 Vi

ol AD3UST

|

BOTTOM CASE = V’ou-‘-
VIEW

(to-3 cAsE)

\25 25 VOLT REGULATOR &6-VOLT N\CAD CHARGER

DI' ¥
1,1 N
'r---!‘w"‘f*"“-wl
' : ” :
v CASE
lz o W“* * [ - VOUT
Vme—-——-«}-— LMm31? | 1T
(= 28v) ; TSR .25 —
O T T L 24D 258 VvV
.l S O :
o T Jwm 1t
oy «;é 5K ;32 4 | €2
o ) : c3 l/uF

,,MN SHOULD BE FILTERED. OK TO OMIT
Cl IF Vin VERY . CLOSE TO (mM3/7.
Rl CONTROLS QUTPUT  VOLTAGE.

ADD IF_OLTPUT >25V AND CZ>25uk

R

22N
CASE

’Y.N o—_2/| LM317 ____/\/V\_-Ts.]:

(+12-20V) B

L

—
-

Bl 1S BATTERY OF 4 NICKEL
CADMIUM  STORAGE CELLS @ IN
SERIES. THIS CIRCUIT CHARGES
Bl AT A CURRENT OF 5.2 wiA.
INCREASE RI TO REDUCE CURRENT,
FOR EXAMPLE, CURRENT IS 43 mA
WHEN Rl (S 24 oHMS,

PROGRAMMABLE POWER SUPPLY

o> TO ADDITIONAL STAGES

, Vw 0._3:._ LM3IY

(> zsv)
1 Van;qu—-ﬁ‘ T

. Rs2009. Y
. - (VouT

~ LIMITS _MAXIMUM  Veur
- TONRZIV.  WHE INPUT
(s 28 V. ‘

R DCBA INPUTS: CONNECT
TO PIN 27 TO <SELECT.

Q4 ,

R ) VOUT
100 1.8
330 2.0
470 9.0
1K 7.3
Z.2K [13.5
3.3K |18.0

15



2-37 VOLT REGULATOR
723

VERY VERSATILE SERIES
REGULATOR. bLP To 40O VOLTS
INPUT AND 2—-37 VOLT OUTPUT.
MAXIMUM OUTPUT CURRENT OF
ISO mA  CAN RBE EXTENDED To
10 A BY ADDING EXTERNAL
POWER TRANSISTORS. SHOWN
BELOW ARE Two BASIC
CIRcuITS. TRY THESE, THEN
. SEEBE APPROPRIATE DATA BOOK
FOR  ADDITIONAL CIRCUITS.

2-7 VOLT REGULATOR

Nne 11 Ne
cuRRENf LMiT 2] '3 FREQ.
CURRENT SENSE 3| ‘_":'C\;)rp'

~ INPLT 4 L Ve
+ INPUT §_1 10 Vour
Vrer % 9 Vv,
V- il 8 N

7-37 VOLT REGULATOR

Vin  O— 1 10 —/ M, Vour Vin o " Vour
Rsc r’ (Vm=VouT+5)
(+10v) 12 2 22 L 12
b 3 Ll
723% : 723 b
RI R3 R3 ‘ R!
5 Yy Y
R2 |13 R2
guil o
ol T 100pF
| 7 | | 7
TYPICAL VALUES TNPICAL VALUVES
Vour Rl RZ R3 Vour R R2 R73
3.0 442 K 3.01 k 179K 9 1.87 K 7.5 K 48K
3.6 3.57K 3.L5K .80K 12 4.87 K 7.15 K 2.90k
5.0 215K 4.99 k l.50K IS 7.87 k 7.15 K 2.7S K
l.O 1.IS K 6.049K 966 28 21.0 k 7.18 K 5.33k
FOR ANY VOLTAGE BETWEEN 2-7 FOR ANY VOLTAGE BETWEEN 7-37
VOLTS VOLTS !

Vour = (VRE?)*(

*Vaer = 6.8-75Vv (MEASURE AT PING)

R3 = BIaE
96

R+R2

R3=

Rl+Rz

Vour = (VREF ) (

RI¥XRZ  (R3, WHICH IS OPTIONAL, GIVES
RITRZ  TEMPERATURE STABILITY)



OPERATIONAL AMPLIFIER
741\C

THE MOST POPULAR OP-AMP.
LUSeE FOR ALL GENERAL PURPOSE
APPLICATIONS. (FOR  SINGLE
SUPPLY OPERATION AND = VERY
HIGH INPUT  IMPEDANCE , USE
OTHER OP~AMPS IN THIS NOTEBOOK.)

INVERTING AMPLIFIER

UNITY GAIN FOLLOWER

USE To V=%*5-8v
COUPLE HIGH
IMPEDANCE.
To Low
IMPEDANCE. L 2
b VOu'r
Vin 0——_..3
Vour = Vin

"SINGLE POLARITY SUPPLY

o R2Z
+V= 5-i18Vv
Vin MUST
BE NEGATIVE,
R\
V\NQ—-.M/\
e VOUT

TYPICAL USES:
AMPLIFICATION _OF

DC

VOLTAGE AND PULSES.

OFFsET 1| 8 NC
N
INVERTING 2 = 7 V+
INPUT
NON-INVERTING 3 + & OuTPUT
INPUT ;
v- 4] 5 OFFSET
NULL

NON-INVERTING AMPLIFIER

COMPARATOR
+V .
V= ¥5_18v
Viv ol
Vour
Veer o3
TYPICAL
APPLICATION

SHow N BELOW2 :

LEVEL DETECTOR

: +q 1K

50k THIS CIRCUIT
SHOWS SINGLE

POLARITY OPERATION

= OF A COMPARATOR.
Rt SETS THE VOLTAGE DETECTION
THRESHOLD (UP To +9), WHEN Vi

EXCEEDS THE THRESHOLD (ALSO CALLED
THE REFERENCE), THE LED GLOWS.
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“OPERA‘HONAL AN\PL\F\ER (commugo)
7‘-I i1c | i

BASIC INTEGRATOR BAS|C DIFFERENT\ATOR
i ;R'L_ ..o KHz IN

c\ o | ; | H
10 KHa IN: o e—M
, ¢ ;=,,-,0°Q22,44,F o

X | - V=*5-lsv | ’
Y Ri= 00K

. y=t5-iay |
i L ama | ca=.oot
: RI Cl _R2,R3=I10K

R2L Ri= 10K o

+V R2 = 100k /A oA 2[>N
\ R3= JOK IN st
ouT bt V. WHEN_ V= *qv

‘ AND N = X.25V,

ouT =% zsv X

I RI
R

AN

wHen veiay
AND IN = tzsv

wr=*lh. . BRRIDGE AMPLIFIER
R3 RS ) Ek Rb

CLIPPING AMPLIFIER B, SO AN

L N=x5-18V DLAND D2= @
- [ l: R2 EJ ZENER DIODES.

‘ b A4 IF N = GV,
THEN. . OuTPUT ,
+V CANNOT EXCEED
L.

)}
1
<€

*6.1 V. B Ve ; I el S
RY RY: BALANCE L

Ly Vour T took IM l Y. Re: zERO
' . , i B

,H Vour ="\”/|~k (%—?') .’.. ‘ .
WP To Va+0O. 1 V. Rl 1S UNKNOWN  RESISTOR.
o CELL FOR Rl TO. MAKE A VERY

.SENSITIVE L.IGHT ..METER.:

SUMMING AMPLIF R DIFFERENCE AMPL\FIER,’f

1%‘ K R
o oK et , i
AAA L V *s-18v &;LK L

R}
Vig oM

_V’

Vin - R2 . +V
¢ ook |

2 o-MA

R3

33K
100K ,"V’ :

4-V‘

fg«;g Cds .

Vour = “(V;»l + szy) , \/’ o | L o 00 0 T T O O TR O B
, LT Vo,urf"' VLN 2 _,MVJNl FI

-NOTE: Vour CANNOT .
 EXCEEp ¥V,
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r;tff7q| c ST

L‘GHT WAVE RECE\VER - sosHE NOTCH F\LTER

: cr o ct . .
R3 2o pf zzopF
-

oM. [ o ; -

Ao ] | Sl L5 FREQ. =

S A P : out

| R R2 : ; S
10M oM 6OHz INPUT

| 1o ; v X

L0 FREQUENCY N ~ pownN -3dB

 GOH2
2 ,

” : Q\ . \qu3 o
RADIO SHACK
/ 276-130

 _DSE To RECEWE VOICE. AT TN R o
__MODULATED . LIGHT WAVES. OK L ; - ,
7O USE  SINGLE POLARITY POWER 4-BIT D/A CONVERTER

su‘PPLY FOR  NON=-VolcE RECEPTION.

iﬁ'HIGH PASS ACTlVE FlLTER FrRy

g“lk , V"*'S"l& “ i8 : ¥ R R | K

.C=ai=c2{ L IR X Y - 0917,,,

_ADD  CIRCOIT
BELow. FOR

IMPROVED

Ri0  OPERATION. .

40 +4V

a : ,
. YALUES SHOWwWN:

___CUTOFF 20 .
RN

L P2 0dB =
.. ZTRC ..

-3d8
_*~354d8

|Ri-Rs:

Ra| ok To use

IR | L8k, (2k ot
|eesty - zdTm----omte

Hopon
m H
0
4
'Yy

 ouTPUT :
i VOLTAGE :

| "’;‘f‘"’LOW PASS ACTIVE FILTER

@b e
e ot Vsts-a 4B
2= ma,izzm _ °

Coeeaecz VT N

i FRE.Q R Rz LLZIND |
m mox 100k a0 e . FREQ.
i + : . .ouT
4 VALUES SHowN:

-HV
oooo-——-—~—-—-—> nn

lOK, RN

our. .

n o A BASELINE. +
cz. ... 0dea = SOH2 ADJ'usT _E—_

-olu —345-2501-\1__

, -50 d8 = 10KHz2




(conTinven)

)b
I~
-
;
T
m

ARG

o®
OFf

R3: OFFSE.T

__ADIUST 49
R A s

RI 1 R3 150 R
K 10K

' 4

e 210 ®

Ny
)
£

330 3

R®

g K 7"”>-L HSWEY { 1S A PHOTOTRANSISTOR 390 N
— 108 . - " ) (R ¢ x, |

R4

K3

r -
—

1ok

oot *9 oo  fAnaaa HRBLYE RN >4k S QIuF

T TO AUDIO . 2 100K | A

o -
.

e,

N

/.
~
~

|

e
L
~J

3l 7 AMPLIFIER /Y,

)
by
R o
av]

PC2— CdS ‘ PHOTOCELL S

ADT si‘g 3To JUST  BELOW ¢ , | 5 ;
oiNT. _ADTUST AND. R3 | F SOUNDS IGH1 Cl DECREASES TONE FREQ

..,
0
e |
c
£

%

; AND . R :
SUCH As BELL, DRUM, TINKLING , ETC. LIGAT oN  Pc2 INCREASES TONE FREQUEMCY.




,,,,,,,,,,,,,,,,,,,,,,

TwWo 741C OP-AMPS IN A
SINGLE 8-PIN MNI=DIP, TRY = ) |
0 USE THIS CHIP FOR AN I
{RCUITS  THAT REQUIRE ‘ N :

741's. YOULL SAVE 0 0 T T
_TIME, SPACE AND MONE mu

1}
()
s O

{{l NG T VOU

v

b4
i

LL
10K é )
r

APPLICATIONS  INCLUDE USE AS

\TUDE
Vo

_FLUCTUATING . AMPL

S 3

R} RS _1ooK ; AN FEEQLS N
’ ‘ j 2 look | -

i

ARSI [T (P SR (P (A Y
| vy R +9 .oonn
1] el N \DOK :

3 ‘é‘/‘l.'

<
AA
L4
D
]

Ul
=
>

\RE: £7.5) TRIANGLE:




'DUAL OPERATIONAL AMPLIFIER

i ‘LF 353;N ,(,IFET} f'l’NPUT) n

HIGH lMPEDANCE (lo oam) JuncTioN | FET
INPUTS.  OUTPUT SHORT CIRCOIT
 PROTECTION.  HIGH SLEW RATE . (3V/msec),
- Low NOISE OPERATION. AMPLIFIERS ARE
~SIMILAR TO THOSE IN THE TLO84YC. NOTE
- THAT PIN  CONNECTIONS ARE THE SAME AS
J4sa.  THIS OP-AMP, HOWEVER, OFFERS |

U,MUCH ~ BETTER PERFORHANCE- o

 SAMPLE AND HOLD

‘+H-18v

Cl.

: f~V|M o—l—t

. OPTIONAL. -

AUDlO MlXER . GAIN

LSELECT

~MAXE

Vin o

~ REDUCE <l
FOR FASTER
L , o . RESPONSE
_. . ; TO CHANGING. Vw

TRACKS Vi
AND STORES
PEAR Vin IN

I
RINLIT

Al

=

=4 -18V

PROGRAN\N\ABLE GA\N OP-AMP

415

o “l Obb

L AR Y . SELECTED
Ry N [ T GAIN _INPUT

o o~J\M ; C:3 N TS Ry oTHERS L.

RZ. | = -4 lav

) | Ri= Rz Rs R'-1=1m< Vv oA

 CONNECT QUTP,UT,S‘ QF‘,,,_PRELAMPLLFIERS,

TO . INPUTS I=3. . OK TO ADD MORE
- CHANNELS. .. WORKS = WELL  WITH
;,,TLoa'-l M\CROPHONE. PREAMPLIFIERS.

102
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GUAD O ER‘ATi“ONAL AMPLIFIERM? e
LOBHC w‘; IFET ‘NPUT ) R “, l‘-l _ 13 f \z "', o] 9] 8l

MIGR IMPEDANCE (10" oums) soneron | =]

_FET INPUTS. OUTPUT SHORT CIRCUIT

PROTECTION. HIGH SLEw RATE (12 v/ -l oA Py
., MSEC) PLUS Low. NOISE OPERATION. | T <€ 22

7

PERFORMANCE SIMILAR TO LF2353 N.

_NOTE THAT PIN CONNE¢"TlONS ARE L - e
SAme As Lmz24. b 2] 3l 4 sl el
» ' R ' ' 00 A

“MICR v ONE F’REAMPL\F‘ER LOW—Z PREAMPL\FIER

: ;22 (GNN R R2 100K
_/SXA_M conTROL) | A

_R3 100k #4-18Y | _USE tow

f . | IMPEDANCE
les  (Low-2)
1uF . MICROPHONE

—4-18v  RADID kSHVACK |
. 273-1380
: f :

SRY | GAIN= BT . 8N SPKR AS R4
look |  MICROPHONE. _took(
o _CONNECT DIRECTLY = L. =
= L To INPUTS (PooR RED

JOTE. SINGLE POLARITY PowER SyPPLY  To FAIR) OR USE (S siack

Cl_Rs

WE 1K

z

o

THANKS TO  R3 AND rzq) AND "Ac . TRANSFORMER (GOOD):

oup mjc; ,
o 8L SPKR

WHITE Be

1NFRARED _VOICE COMMUNICATOR

100K ~ IM

v ¢ B

(RO PH 7
e ﬁ\oni& 1rLosy > \P

. To

-9y poweR

L J
— n
\l Al

BTN 1 Y-V 0 E —_ AMPLIFIER |

T , S _ 1 inFrmrep R I S T O
N . O T 1T O O O 0 O _ LED _ LSE RADIO SHACK 276-130

b N SR T O O sz. wz) ___ PHOTOTRANSISTOR FOR Qi.

' £ LED AT QL. AND ADTUST R ONTIL . MAXIMUM RANGE : HUNDREDS

oICE ALITY 1S OBTAINED. (R4 APPLES  OF FEET AT NIGHT WiTA

__TO . LE Re  LIMITS _MAXIMUM LED . LENSES AT Q1 AND LED

NT . TO. A SAFE 40 mA.. ... PoweRr. AMP SEE z.me,:p




"QUAD OPERATIONAL AMPLI FlER

LM324N

OPERATES FROM SINGLE POLARITY
POWER SUPPLY. MORE GAIN (100 dB)
BUT LESS BANDWIDTH (! MHz WHEN
GAIN IS 1) THAN THE LM3900 QUAD
OP- AMP.. NOTE UNUSUAL LOCATION
OF POWER SUPPLY PINS. CAUTION:
SHORTING THE OUTPUTS DIRECTLY
TO V+ OR GND OR REVERSING THE
POWER SUPPLY MAY DAMAGE THIS CHIP.

BRANDPASS FILTER

RI
150
Vin oA 11{' ~% | v .
324 —> VouT
V.V 1 .
R2 / BANDPASS
150 FREQUENCY !
e

I KHz

PULSE GENERATOR

+4-320v
r b
D\-D2:
oK TO
ELIMINATE, R!
I so, 00|
CONNECT ¥
R2 TO PN}
AND. ELIMINATE ,
R3. 2. J_L
W 3 +314 ; > -
L 386 KHz
Ry .
a L RS lcOK CHANGE RY.
ool F T floong , ANnD /oR Cl
TO VARY PULSE
__L_ . REPETION RATE,

104

"

IN 47 :
: >"our

GND .

H[ 130 12] nl o 9

8]

Fy

4] s ol 7

il 2] 3
‘ +3-30v

INFRARED TRANSMITTER

M

CAREEULLY ADIUST ~— USE DYNAMIC

R3 FOR BEST VOICE MICROPHONE. AT
QUALITY, FOR MORE INPUT,  RECEB\VE
POWER REDUCE RS SIGNAL  WITH

TO 5o0n... BUT DO PROTOTRAMNSISTOR

NOT ALLOW MORE THAN PLus of- AMP

30 mA THROUGH LED)

INTERFACE C\RCUITS+:
,~OfBSER\(E Ql;s k& ; i jk 'E
POWER . RATlNG\ \Q\

B

ITL DRWER € ™. ArL Y47 LAMP DRIVER™
T LM324N X z

To
TTL

 ——

e

. BUFFER (out=IN)  LED DRIVER =



QUAD OPERATIONAL AMPLIFIER

LM39 OON

OPERATES FROM  SINGLE POLARITY
 PowER SUPPLY. LESS GAIN (70 dB)
BuT WIDER BANDWIDTH (25 MHz AT
GAIN OF 1) THAN  THE LM324 QUAD
OP-AMP. NOTE = STANDARD POWER
SUPPLY PIv. LOCATIONS. CAUTION:
SHORTING THE QUTPUTS DIRECTLY TO Vt
OR GROUND OR REVERSED PoweR.
CONMNECTIONS MAY DAMAGE THIS CHIP.

ASTABLE MULTIVIBRATOR |

+9 , i
USE As CLOCK, ,

PULSE GENERATOR OR
DUAL FLASHER (SHOWN).

, +]l. ¢
. e 1ouF
L,% I IN
RI ; cL
500k L LOMF
/‘I 10
12 %331 W
/A
] R2
= VK

FUNCTI ON GENERATOR i

R3
33K

 ¥4-36v

IHT 13 2] nl 1o

N

1] 8

L

NOTE: DO NOT SUBSTITUTE
LM3900  FOR  OTHER OP-AMPS

)

T 2] 3] 4] 5| |

TOGGLE FLIP-FLOP

+5-12
: z + 14
i | V‘i ~ Z > @
R 2 y ~
100K c2 ||
; ool L ;
_ | AAA_J R3
H(__.. M
o : : RY
e % o c3 LM
001 - 2. .00} l s
- \
V4
R2 - [e}
100K 2 3900
TO TOGGLE MAKE

INPUT LOW, THEN HIGH.

: ‘XIO AMPLI FIER

R2
VM

TERE VU S0 T O S ?15 PULSE .. : L 4v. RA
FREQUENCY = 1.2 KH2 , -

— VOUT

VOUT‘ VIN ( )

105



A SINGLE POLARITY  POWER SUPPLY

 QUAD COMPARATOR
~ LM339 (276~ 17 L0 ey

_FOUR INDEPENDENT VOLTAGE COMPARATORS,;,AMT;
IN A SINGLE PACKAGE. __NOTE  THAT

IS REQUIRED. (MOST COMPARATORS ARE
. DESIGNED PRIMARILY FoR DUuAL SsvPPLY
__OPERATION,) NOTE UNUSUAL LOCATION OF THE S I
SUPPLY  PINS. COMPARATORS MAY oscittATE V2] 3]
_JF _OutpuT LEAD IS TOD CLOSE TD INnPUT LEADS

GROUND ALt PIns OF uwusso COMPARATORS ’

 NON- \NVERTING COMPARATOR INVERTI NG com ARﬁA\ofkf |
OPTIONAL .‘;‘K R R AR §+;§2'3Z |
o ANPUT —V :DE?\‘ERM,\NE,W,, ;,‘,+|,zmur,,;,; A
. NOLTAGE ~ | REFERENCE. ;M‘\IQLT«A.‘GE.E

] fq / 3

Rl q\

__VOLTAGE U T O | T A ouT
('-is V. AS squn) +REF§E&&M<:&,...;_§;,

vouAéa, R

M R N g 'I@N?VERTIN“G con uP’A‘Rf TO
LOW N oL N4 . \. L
FALLS BELOW REFERENCE VOLTAGE (p ’) ; W|TH HYSTE E \S;

NON INVERTING COMPARATOR T e

WITH HYSTERESIS -+, e N

. voutase . |TW\X

r2-32. 33K A A O N O 1 X

+ REFERENCE, Nz | B - +REFERE”‘E~°—-—-NV\ AMA.
YOLTAGE , A 2 45007 VOLTAGE . am. [ oam L
L s |3Sq A. : ’ : ! ’ ; . E -

+INPUT \ A . NOTE: HYSTERESIS PROVIDED /4
VOLTAGE. . ok 1om . “$&—— BY FEEDBACK RESISTOR SToPs™
‘ ‘ OSCILLATION.. : :

'3¥StAIEfo¢ PU

TTL DRIVER ;CMOS DRl\IER

| +3A\l5 IQOK NN oo

EmAsL,a




ffoUf D COMPARATOR (commueo)ff 1

LM339

R S
lOOK s i

K

LK

R4
SR

- RS .
LK

L ANRPUT.
- VOLTAGE

D BARGR APH RE ADOUT

k;Rl

.

S IO

M

y, (]
}o

 Re
K

ADJUST R} To. ACHIEVE .

L SENSITWITY LP TO A

T _FEW._MILLIVOLTS PER
LED. SEE. PQPULAg Egecraomcs S

' (sEPT IQ73‘PP Q2- 97)

 SQUAREWAVE OSCI LLATOR

 +°1, |

R\

R2
100K .

look.

R

47K

2,124
309

. ‘NPUT .

WI NDOW COMPARATOR

R 1K

R

1| o .

VOLTAGE |

22,078

.30

THE LED GLOWS WHEN THE INPUT VOLTAGE.
IS WITHIN _ THE  WINDOW DETERMINED BY :
RI-R3. THE wweow 1S 4-8 MIL.L.WOL.TS WIDE
WHEN Ri= 5000, R2=12008 AND R3 = | M, T
EXTENDS. FROM \s =4,2 VOLTS WHEN RL AMD R3=

15,0000 AND R2=25,000R. USE POTS FOR

RI-R3 FOR A FOWY . AD:usrAaLe WINDOW.

PROGRAMMABLE LIGHT METER

4 S PHOTOCELL

R
(ﬁlAD!o SHACK 2%-ue)]

M

ADIUST Rl AND R3 so LE.D GLOWS - vime«x~~ :
__LIGAT AT PCL IS ABov& on BELOW . ANY,
U,Dssaaeo LEVEL.. L

07

"\Rrs-2009



EAGT \ § ; € Sl.O’W,k RC

T TO USE TC._ IN__THIS _ . ouT. 2|

K. FLASHES LEDs OR .. . . . 7
USED . AS TONE SOURCE. . N& 3| 3ak

; RIVE = SPEAKER. DIRECTLY. f | P

. WILL _FLASH A RE ED WHEN Vi B ND 4
. 1S _ONLY 1.3 VOLTS. f f

RO+ prr=nupod

RI-R2:

2Hp oPTI NAL
SED=5.5 Ha2 ELASH

N e
"

d
-
o

100uF

T Ag?gsr;m (S

STEADY IR LED. ..
b L KM (h:;qui} IN

TONE.. .. et . TRANSMITS __JA 1A 'P

Wp Foofo o oismimerve g N

ZQDQ; ¥

WA
»
T
LS
A
24

(%)

B Ra 1= LT G

I_

n

‘/\_\

INcREASES N f
YIT !r\y_T ‘lrl:n 4 ,5

- 1 ¢y . (
o2 er 4704F -
. OTHER +34 '

N
0
O
0

W

\.58 =3V

j51.11.&, e

R P
.
'




-+ =3

3 39019

I mF

oo T SPKR

I

+It

€T

CELLS | %R’Li— 0K (719 Hz

o

SPKR 1 R3-330 (173 KM

\/67" (o], ] - S 24 \/5 74 oh | 5

3
29 e N o N . 2309 2 o MA

\ A+

7}
-
0
m
+
-

N
(>
r\
»

‘, } 1
CLASH ED. . . «: cL N

r

"
A
€
»
—)

= INHIBIT. s I [1.y7




DOT / BAR DlSPLAY DR\VER

",LMZ‘!I'-IN

...ONE_ OF THE MOST. IHPQRTANT
~CHIPS IN THIS NOTEBOOK.
LIGHTS WULP To 10 LEDs
~ (BAR MODE) ©OR
~.(bor MODE) IN RESPONSE TO
AN _INPUT  VOLTAGE.  CHIP
CONTAINS . A
. AND 10 COMPARATORS THAT
~TURN  ON N
~ THE __INPUT
_ HERe's
OF THE.

VOLTAGE RISES.
A  SIMPLIFIED VERSION
CIRCLIT

LED

Rw

R 4l

IN. 5]

REFERENCE
_ouT - | VOLTAGE

REF.. L]

- SOURCE.!

REF 8
(0.2 v)

ADIUST

Rut - -AND - Ree
THE — DIVIDER -
~ VOLTAGE:
- MOLTS.

DOT MODE

1o

CRAIN..

1-0F-10 LED,S _y

VOLTAGE DIVIDER )

SEQUENCE AS

+V

ARE THE. Eubs OF ..
THE aepezewcr:
outPut (REF oUT) IS L2—1.3
CONNECT ' PIN-§ . . TO PIN u FOR.
OR *V. FOR RAR MODE. .

Z
A,I,s

:3”:  ’1 5 ¢ 7 8 9
17] 6] is| Hl ls‘ l?.l uLlo["

TO OUT PUT LEDs

| A capacitor (o. os,.f: To

|To pPnv 2,

IE THE LEDS FLickeR, commga]

22 uF) FROM LED AnoDE. Lm& )

N B B R N R IR

<V *V R IN Rw REF REF. MODE

_ouT ADI‘

DOT/BAR D1 SPLAY

Rl _conTROLS
LED. . CURRENT,
CURRENT . et
TRROUGH R\ ‘

IS 75

CURRENT. SINCE ,
CuRRENT (T) %R\
THROUGH . A e
. RESISTOR (R)
1S VOLTAGE o
ACROSS R 4
,D\VIPED i o
R, IK GlVes 8
AN teo L
CLRRENT . OF
10 mA.

CWHEN +V = +3-18 vOUTS, THE
RANGE
CHANGE  RANGE
(o:t vour PER LED),
POTENTIOMETER.
AND 7.
ACROSS PINS. 5 AND & AND

RZ ', +3}l8

3 i ‘ f

To. INPUT

LED 7

B8Y

=

e
READouT
(S O3 —1.30. VOLTS. TO
T0 O.d=lo vorT .
_INSERT A 5K
BETWEEN . PINS 1a
CONNECT  VOLTMETER

Rz For .1 . VOLT AT PIN S, THEN.

_ ADTUST

Ik POT UNTIL. LED.

_LED 1. Ok
K . POT WITH A

RESISTOR  OF THE PROPER

o

_ADTUST .

10 c.l.owsmi,
REPEAT THIS PROCEDURE FOR O.1 . .
‘VOLT .. AT . PIN S  AND
TO _REPLACE. THE
FIXED
~VALULE.,




Lqu IHN

‘.e‘v

ffOT / BAR DI SPLAY

LM3914]

_al

| LMz

=

f

w

o
x

:5: ' s
L s

| S
*% N

- THE - CIRCLITS -

- MRE - ADAPTED
= ?S&M;conaum'oz s
;;BOTH WoRk . WELL.

- FROM

onN- THIS-

W

zsz%

'DR\',VER (conrinugn)

20-ELEMENT READOUT

THIS  CIRCUIT = SHOWS .
2 OR MORE
.5 vocTs,
o4 v. To 2.7V,
‘STA\IS ON - DURING
§UBST|TUTIONS

DPDT
.. BAR.
OMIT
. REQUIRED.
.CORRELT

‘R3
2?..)(

READOUT

DIRECTION. ..

PAGE

~NATIONAL. -

LM ZQIH L:TE RATURE.

' lOOIAF

How ToO CASCADe
WHEN  + V. =
THE  READOUT RANGE IS
HIGHEST ORPER LED
OVERRANGE. AVOID
_FOR Ri, Rz AND R3.

LM39iH's,

USE A
SELECTS
SELECTS = DOT.

1S THE MODE SWITCH.
..TOGGLE. POSITION |
AND . POSITION = 2 ,
sl IF. _OMNLY _ONE .. MODE IS
SIMPLY WIRE IN THE
_CONNECTIONS.

FLASHING BAR READOUT

J
3}

‘ R3IIK| ..
RY ,
100

o

»

LM394

RI
470
+3-18Vv .

|4

=
»

z
1;
| x‘ W

PIN. Q9 TO
Pin.
INSTEAD
oF tV.

N
=
w|

r
®

[+ 2]
"i&g“‘

o)

LEDs = ARE. oON
FLASHES. .

ALL 1o
DISPLAY
.THE = LEDs DO NOT.  FLASH.

INCREASE Cl TO SLOW FLASH RATE. ...

e

WHEN
THE

DOT MODE:
¢ COMNECT .

OTHERWISE. .



DOT/BAR DISPLAY

LM3914N
+9

)

DR\VER (conTinued)

SOLID - STATE OSCILLOSCOPE

R
q

LmM39/4 {1

SCREEN:

100 RED LEDs
CONMNECTED TO
INTERSECTING ; BE
LINES  LIKE THIS :

THIS 1s AN
EXPERIMENTAL
‘3S0LID -~ STATE

SCOPE  THAT WiILL
FIT IN A POCKET |
SIZE  HOUSING.
THE RESOLUTION IS
POOR, BUT VARIOUS
WAVEFORMS CAN
VISUALIZED.
EXPAND BOTH .. THE
VERTICAL AND
HORIZONTAL  CIRCUITS

RL: VERTICAL GAIN

R3. HORIZONTAL
SWEEP (TIMEBASE
USE R3 TO
SYNCHRONIZE
SCOPE  WITH
INCOMING WAVE.

FOR  MORE RESOLUTION.
FOR  MORE |NFORMATION
SEE POPULAR ELECTRONICS,

v
,@m

ADD oP-AMP TO
INPUT FOR MORE

SENSITIVITY. USE

AVGUST 1979 (pp.78-79).
Rl To CALIBRATE, .

3
21 9 71 10f 1 5| | 9| n
) z 3 4 5 ¢ =7 8 9
RESET 4017 il
(cLear)
- 3] 8] lb\l
= SI: )= TRIGGERED SWEEP 4

2= FREE RUNNING

USING THE LM39I14 AS A CONTROLLER:

RELAY
+
4 RY1 (LV,500R)
(I
pd W |
ANY Lep |
ourPuT
JLmaauy W

Cl —47uF  (PREVENTS CHATTER)
DI — IN9QIY
RY1—RADIO SHACK 275-004

112

OPTICAL COUPLING

RY1
-———0 RELAY: NORMALLY OPEN ‘
ﬁo POINT @l AT NORMALLY: CLOSED
+9 1-0F-10 LEDs +3

1 .

A\ .TO. DETECT
4 SPECIFIC

Rl OUTPUT RI
47k LEVEL.

Qi
. X “17
ol | 12=73 7404
Ql:. PHotoO~ Q1f: VUSE. RADIO SHACK
TRANSISTOR 27-130 ETC.




DOT/BAR DISPLAY DRIVER

LM3915N

 LOGARITHMIC VERSION OF THE

2 3 4 5 6 "7 8 9 10
18] 17| 1e] us) 4] 13| a2 n] 0]

TO ouTPUT LEDs

IF THE LEDs FLICKER, CONNECT

LM39qi4N.  THE LM39J4N USES A CAPACITOR (0.05 uF —2.2uF)
A STRING. OF IK RESISTORS FROM_ LED ANODE LINE TO
 AS A VOLTAGE DIVIDER WITH Pin 2.
~ LINEARILY SCALED DIVISIONS,
THE VOLTAGE DIVIDER RESISTORS iIT 2T 3] 4] 5] | 71 8] 9l
OF THE LM3A5N ARE SCALED I -V +V R IN Rw REF REF MODE
10 GIWVE A =34B INTERVAL ouT ADT
 FOR EACH OuUTPUT. TRIS CHIP
IS IDEAL FOR  VISUALLY MoONI- SEE LM39I4N FOR EXPLANATION
TORING THE  AMPLITUDE OF OF PIN FUNCTIONS.
AUDIO  SIGNALS.
O TO -27 4R DOT/RAR DISPLAY
_¥3-1av LED DISPLAY
A
: *
BAR MODE
3
: ..___'0_*4_ 4 O dB (FULLSCALE OR FS) @000 00O OO0
Lmzais (1L | -348 ( 707 FS) ®e0sees0s000
SIGNAL o2 y :
IN 12 - -6d48 ( .So0 FS) e00e000000
(AC o8 50) AR - b
_B__K}__A -9dp  ( .354 Fs) ®eee00 0000
¥y ,
b 4 - [0} ®e0o000080000
! ,,I<l 1 yl d’s ( 250 FS) |
7 IS -15 d . 000000000
- __ZKI.__A dgd (177 Fs)
R % __*Q_,W’ | ! -18 48 125 Fs e0p9e00O00O0OO0CO
K , ¥y . i )
2 17 - 0 000000000
,)Q d 21 4B .088 FS)
4 18 _ -2948 ( .062 F 000000000
-——K}-—W 2 s) ;
8 I e -27 dB o044 FS 000000000
L aB  ( )
I 4
= 9
; * OK TO LSE
_ol o~ DOT MODE.
BAR  DOT
; THE ’: WPUT :S’\GNAL CAN BE CONNECTED
DIRECTLY TO = PINS  WITHOUT  RECTIFICATION,
LIMITING OR AC COUPLING. SEE THE

LM39i4n  FOR  MORE . IDEAS AND TIPS,

113



TIMER

55§

THE FIRST AND STILL THE
MOST  POPULAR TC TIMER
CHIP. OPERATES AS A

- ONE-SHOT TIMER OR AN ASTABLE
MULTIVIBRATOR. THE 856 Is
TWO 5SS CIRCUITS ON ONE CHIP

555 EQUIVALENT CIRCUIT

8| y
INTERNAL
5k ____K REFERENCE
& +
5 |
5k g CONTROL “*f
, FLIP-FLOP
2 t,
Bk
POWER 3
CuUTPUT
! J X
ﬁ
-1 AND 2. ARE COMPARATORS. CiIRCuUIT
—CAN BE. . .~ MADE FROM INDIVIDUAL PARTS
AS. . SROWN... BUT 58S IS MUCH SIMPLER.

ONE -SHOT TIMER

+5&‘15V
sl 4]
RI 2 5 TRIGGER® ,
M INPUT. U
7] .
535 T4
-

L6 3 ooreer [ L
ey ! cz,iL T=LIRIC
T[T
S | | VALUES SHOWN GIVE

R W, I SECOND OUTPUT
= PULsSE.

GROUND ] e .V“g,, ;'

TRIGGER 2] ' DISCHARGE
ouTPUT 3 %_T‘HRESHOLD
RESET A4 ;i..5._c;o~rakou,;,

| VOLTAGE, -

BOL\NCELESS SW\TCH

+5- \.S , ‘
PRESSING s;\ |
CLEAN 0.1 SEconp
R1 OUTPUT  PULSE. -
100K N ST T S ;
4 | =
4 S)
.Cl : |._ o
VuF T o
TI MER PLUS RELAY
+}q TRIGGER “Lr—
4l [ reway:
2y bV, 5ao.n.,.%
, ‘ 12 mA *
Ri 7| s5ss |
IM :
o
¢y ;: ez S_L
IOJqF °|/AFT

= *paoio SHACK 215-004

VALUES. OF Rl AND. cl  SHOWN
WILL - PuLL RELAY
ABoouT L SECONDS.
KNOB  AND  PAPER SCALE . TO
HELP = CALIBRATE CIRCUIT. USES.
CLUDE  DARKROOM  TIMING.. ‘,cm,curr‘

CAN. BE TRIGGERED BY A

NEGATIVE PULSE. oz W rrH A.
PusHBUTTON SWITCH .. Ac Ross
PINS | AND 2. ;

,c,livt-:s, -

IN FOR UP TO .
USE . POINTER . .



LED TRANSMITTER

R3
1on

Too Loup? R <
.. ADD 1008 oK &
_RESISTOR,

USE INFRARED
 LED FOR BEST
Q& RESULTS.

 (conTROLS.
FREQUENCY
| ANGE)

[ O A T N
ge Sl lsekr] .

. -l e !

CIRCYIT PULSES LED

WITH 45 mSEC LONG,
120 m A PULSES, AT

A RATE OF 4.8KHa2.

TYP!CAL v ALues

| Cl—ow MF ,‘ ,“ )
€2 - 005 uF. . 1.
.. 3 — 0.0l MF ] > { :

€57 000l mF M

_ LSE ANY. ... RZ
__AVAILABLE VALVES . IK
__IF _THAESE ARE
__NOT. AVAILABLE.

USE TO SupPLY
CLOCK = PULSES
TO TTL  AND
LS LOaIC
CIRCUITS: RI
CONTROLS PULSE
REPETITION RATE.

. ADD _pODIMIONAL . 4
_ STAGES [F DESIRED. .0}

_ SWITCHES ARE NORMALLY :

: ,,;OPEN ?USHBUTTONS. o

M\SSING PULSE‘ DETECTOR

TR S 1S CONTINDALLY  RETRIGGERED BY

N TS (U VA VR O WO S o o __INCOMING . PULSES. A _MISSING . OR
? N 4Tl 555 H*—Lr . DELAXYED Pulse  THAT PREVENTS

0 Ll I3 our . RETRIGGERING BEFORE A TIMING
; A b cY«E IS COMPLETE  CAUSES PIN 3

] SR . To 60 LOW UNTIL A NEW INPUT
LYy PULSE  ARRIVES, R\ AND cl ;
wNy ke Q. conTROL  RESPONSE TIME.  USE  IN
@ N/ Taurl L SEcorITY. ALARMS, CONTINULITY
] - O TESTERS, ETC.

 MissiNG Puse RL % 8l 4] THIS CIRCUIT 1S A ONE-SHOT THAT
; < ——

—~M\

zADIO isl—l}\g{lg i 2f7bé—201 3




R

CONTROLS

~PULSE RATE .
__FROM 5sSS..
THIS RATE \s,ﬁ

- DWIDED BY

. ,THEW,SOHLS
..TO. GIVE .

LN

o~
ovoc
<
r~

XO,
X100 ABD

,;*looo DELA\S i t

W

LONAL

k|

i

"o

~RUN

LIGHT'DET

RESET

: Tyhc,al..;wqumuﬁ:

| 555 |

- PRODUGES -WARNING TONE. = WHEN ua.a

PROTOCELL .

~ALARM. FoR - REFR\GERATOR OR F&aszeg

llé

MAK €5

msmmEsﬂ ’
AL _GOOD.. opem Doo& !

SN.E&T WHEM

P

OTOCE

) %Ranﬁ_ue. LIGHT

TOoN

kﬁs?ausi e 'uuf;u

DIA

'lg:{'.u_;gr




NEON LAMP POWER SOURCE Qu‘m@r ,,DIVIDER

R!

Kk S R

1 7 3 " D|v|DED

00K FREQU ENCY :

3ol k]I e

WK T ‘ WHlTiF }

2 0 Tiem—ik e HLoo

i (RADID SHACK 273-1380) «1,4?*5 THE Sss | FUNCTIONS
¢l Cl: o.1 uF, 250V AS A ONE-SHOT

N
1]

**

JuF 7 *L: neon LAMe TAAT IS  RETRIGGERED

BY TRE INPUT WAVE.
WORKS | BEST [WITH HBE WAVES ARRWING DURING

QUALITY | NEON, LAMPS. dEpoce | THE TIMING CYCLE

R\ _SULGATLY « FOR : MORE ARE ‘GN‘ORED,A

hoPuT VOLTAGE

R
100K

K

L
lnF

PRESS  SI AND  STEADY OUTPUT'
FREQUENCY _ APPEARS = AT PIN 3
S G U O O . 9O | .- _RELEASE S AND OUTPUT FREGUENCY
ADJUST R\ TD PROVIDE LP tOo CONTINUES = UNTIL C¢2 Vs
IO KHz.  OUTPUT  FREQUENCY .. DISCHARGED BY R4, INCREASE

THIS. MIGH = PRODUCES CLOSELY ... C2 (6R R4 _TO INCREASE  LENGTR
SPACED  TRIANGLE WAVES. TRE € BURST.  CHANGE FREQUENCY
WAVES ARE SEPARATED AT  SIOWER . ONe 50RST _VIA RZ OR Cl.
FrReauencies (VTVTNT). » ' NN I

Niva




DUAL TIMER
S56 |

CONTAINS  TWO  INDEPENDENT
TIMERS ON A SINGLE CHIP.
BOoTH TIMERS = ARE  [DENTICAL

To THE S55s. _ALL THE ‘
APPLICATION . CIRCLITS CAN

ALso BE BOILT WITH TwO 5SS,
THIS.  PIN . CROSS REFERENCE WLl

SIMPLIFY  SUBSTITUTING Two L
555's  FOR A 556 OR HALF
A 5s¢ FOR A &s5s: Lt
FuNchoN 555 556("’) SS“Z.“(?-)
GRoOuND | 7 7
TRIGGER 2 (A 8
OuTPUT 3 5 .
RESET Y g 1o
CONTROL VL S /} N
THRESHOLD b R 12
DISCHARGE 1 L -3
Vee 8 14, .
INTERVAL TIMER
, . ; L
A
il ] 1ol
R3
100K
RELAY:
556 iz bv
5000
13 INGIY 12 mA*
"9
5
o I 2 T I O
Cl ’[cs T cq’]:cz
4

¥ RADIO SHACK 215~004

TIMER 1. IS CONNECTED = AS = ASTABLE
OsclLLATOR. TIMER 2 IS A  ONE-SHOT
RELAY. DRWER.. ). FIRES 2 .. ONCE EACH
CCYCLE. 2 PULLS RELAY IN FOR 3-S5 SECOWDS.

s

DlSCHARGE-—‘-ﬁ - e ; M Vee
THRESHOLD 2| | ' 15 DISCHARGE
conrro. 3} | S I (2 THRESHOLD
VOLTAGE TIMER | ‘ Cl
RESET 4} ; 1L conTROL
TIMER 2 ¢ |  voLTAGE
outpur =] |- 1 Tl'g RESET
TRiGeER &|_J 19 oureur
Grouno 7] L|8 Triceer

3-STATE TONE SOURCE
+q NENSENES

R1
2.2K

R2
100K

St o
= Two TonE .
2- STEADY. TONE
3- TONE  BULRST

555/556 SCR OUTPUT

Veo —

F}_ REsEf(»om‘«ALLY
. CLOSED)
SCR : ¢

LoAD
(SHALL MOTOR | LAMP,
ETc.)




ée““ER7

(con-rmu») L

i”ﬁfsiﬂT“Esyz,ig;Qipf

TWO STAGE TlMER

+S IS

:;a] ;

S Al

556

Ri .

5K

(voLUME)

Rz ' OLTRUTS |

Z"ll(

.05

— +
; ’_,.l_ ¢5 Cl

ey 21

S
€L

ez

3

OIMF

“IRCUVILT 1S

Lt

L BY A ‘,F_REQU&ENC.Y

Dt

DWE

|DE9%

kD":m T R\ AI\D Ry FOR

UNIUSUAL SOUND EﬁFECTS

VERY.

%PROGR

: +5 IC;

AN OSCILATOR i

_|.oos
LoTrRiceer

__BOTH  TIMERS
~MODE.
N
TIMER'S

. TIMER'S
__FIRST |

L ‘:OOES#‘FT‘; ! T .OSuF l"lOO,«-F,]\

_ARE "IN ONE-SHOT
GROUNDING . THE  TRIGGER '
INITIATES . THE  FIRST ,
_CYCLE  TIME. THE SECOND
CYCLE  BEGINS AFTER THE
1s coam.ere :

PUT

AMMABLE ‘-i STATE TONE GENERATOR

ﬂ 14

R4 5K MODE SELECT

s SR S

AN\
AV

2.2

loutPur

o
P i

RZ

A MODE ;

1 STEADY

AMA

4osl

o B SELECT :
RS ;

Sey |

BURST .
‘ METRQNQME .

Txror-
r-.x-r.

16

Lok | L=GAD
H = 15-is (Vnu)

Ct

2.3

2108

fe;sz.; n |

CHAMGE Cl
AND..CH. . TD

PR

ALTER THE

OULTPUT TOMES.

9

| Two-Tonve .



TONE DE CODER

557 _ouTPUT } L ouTPUT
CAPACITOR
T N Low pass | 2] 7. GRouwnp
CONTAINS = A PHASE —LOCKED LOOP. CAPACITOR J L ,
PIN 8 GOES Low WHEN THE INPUT CinpoT 3 }_"_{ TIMING,
FREQUENCY = MATCHES THE CHIP's i - B CAPACITOR
CENTER FREQUENCY G‘Q) THE LATTER  +4.15-%.0v H S { TIMING
FREQUENCY IS  SeT BY THE TIMING L RESISTOR
RESISTOR AND CAPACITOR (R AND c) Lo , L
AND  is (1) *(RC). R SHoutD BE = THE VALE im MICROFARADS OF THE Low
BETWEEN 2K-20K.  THE 567 CAN . PASS CAPACITOR SHoub BE /Fo WHERE
BE ADIUSTED TO DETECT ANY INPUT . w RANGES BETWEEN ]300 (For up To
- BETWEEN 0.0l Hz TO SocokHz. NOTE:  14% fo DPETECTION BANDWIDTH) TO 62,0060
| SEcond oR MoRE MAY Be REQURED  (UP TO 2% fo DETECTIOM 'BANDWIDTH).

FOR THE 56?7 To Lock onN TO Low
"FREQuewmcy  InPuTs! See THIS cuip's
SPECIFICATIONS FOR MORE INn FORMATION,

THE OUTPUT  CAPACITOR. SHoutpP  HAVE
ABoLUT  TWICE THE CAPACITANCE OF
THE (Low PAgs FILTER CAPACITOR.

BASIC TONE DETECTOR CIRCUIT

+9

+9 ”
THIS: CIRCuUIT IS

w

s

HANDY EOR. LEARNING
"TONE . DECODER ;
BASICS.  THE 8567
PORTION  CAN  BE
USED "IN MANY
DIFFERENT APPLICATIONS
(SEE BELOW). THE

R3

561 1K

ez
A uF

' SOURCE

ADITUSTABLE TONE
(opTionAL)

+

T
3.
2.2/4F

2

¢y
l,uF

PREDICTED fo IS
Il KHz..  THE TEST
CireuIt fo wAS [L3KH2.

I+

INFRARED REMOTE CONTROL SYSTEM
RECEIVER

TRANSMITTER

+9

8 “I R3
. 10
Rl
10K 5588 INERARED. .
Lep ¥

R3 . 100K

OK TO

R2
12K
A ~ 3. )
.‘s&,ﬁ}j ¥RADIO SHACK
; , 27~ 142
= ADIUST RI  UNTIL (RADio suAck

RECE\WVER LED G6LOWS. 276-130)

120

RANGE.© SEVERAL ~ INCHES. - ,Au;sa LV
LSE ' LENSES TO INGREASE. _ RELAY.



... REMOVED.

TONE DECODER (Cou-rmueo)'
567 RN

:,32;-*FREQUENCY OSCILLATO’R‘ z PHASE OSC!LLATOR

+9 : [ . ,+

o M : ; - q. _,‘ k_snn:r
y :

- &———4—-> 3.98 kHz | , ” 3 .ﬂm
567 | g se
f 3 .o 1.S5S KHz _L , _FU—LH

B N | - -l 10K
51 VA e ; A4 5-voLT
IK ; T auE 13 SQUARE WAVE
A mad  (1KkH=)

 BOTH CIRCUITS
SHOW  ONLY 8
THE  LATCH

COMPONENTS- 567 !5 o RESET
L Re IS THE PUSH !
_toap (LED,. 22K jl' L=OFF
_ RELAY, src) i , RESET H=RESET
e N
~ *outPur  sTAvs ,’r
oM EVEN AFTER |

—_
—

INPUT  TowE IS MANUAL RESET LOGIC RESET

'NARROW BAND FREQUENCY DETECTOR

Lo FREQUENCY 1N

ADIUsT RI AND
. RZ TO RESPOND &
TO CLOSELY SPACED
. FREQUENCIES, LEDs
1 AND 3B WL Glow
IF ' FREQUENCY 1S
HIGH OR Low.
LED 2 will GlLow
WHEN  THE INPUT
FREQUENCY IS

~ T centeren.
]

121




. HAS

L ANTO A

VOLTAGE-TO-FREQUENCY
FREQUENCY-TO-VOLTAGE
CONVERTER
9400 (276-1790)

IN VOLTAGE~—TO~FREQUENCY (V-F)
MODE | AN
_BEEN  CONVERTED INTO A
CURREMNT _BY A RESISTOR AT PW
3 .15 TRANSFORMED INTO A :
_PROPORTIOMAL  FREQUENCY. N
- FREQUENCY —TO~ VOLTAGE MODE A

.. FREQUENCY AT /TS ||
. PROPORTIONAL VOLTAGE

. TRIS  CHIP CAN BE OPERATED
FRoM. . A SINGLE oOR DUAL Pomﬂlr*/
PowE.R SUPPLY.

BAS | C V/F CONVERTER

+ ?—ls

A
RS
33K

R4
33k..

R3S
IM

Y /10

9400

il

M
; % , I
1 RL ,;;.ooi,.F
lookK '\ . .

Y|
N

. . 15
FREQ - to
L ouUT 5

(KH:)

Ri- oPTIoNAL (USE T

. TO. SuPALY. ANPUT. voLTAGE.
DURING. res-rs)

o 24¢s vo:.rhc»a IN

122

INPUT  VOLTAGE WHICH

IS corousxTEb

~__To Avoip.

FREQUENCY E
. OUTW,? i

BN Y7/ R
[T T  BINARY

_NeTE uwusval |

,,,,,,,,,

X ,LOCATION oFi,
POWER V,SO‘PWPLY,ﬁ, )

Pns,
N o 7

Wburnuri B

PULSEM

cAu‘r;oA‘sw‘ THIS cHlP
BoTH B PO&AR

: ; : i
mcoa PORATES

THEREFORE (:Hos i
PRECAUTIQN§ . MusT BE
 PERMANENT |

AND CMOS CIRCUITRY.
i AND(_I" :

DOAL i

,->°UT

FBEQUEMCY

- ;‘.:._ /4 Ry

T

‘ 33k
CONTROLS
FREQUENCY |

RS 3

| ey |
L 100K % 23K

IN

M

/l

B S W~ 3

e ez

oo uF «79F !

ouTpPuT ( H:.)

L N Hw

ici ’ u>ol<'w

‘479 39‘13 17 ml

_EaaauachY

1000 W.S _ SHIET KE

YING,,

.To $END

RE

BINARY.

RZ ConTROLS oothT- ,ove& Wi




 VOLTAGE-TO-FREQUENCY (conrinuen)

FREQUENCY-TO- VOLTAGE I A I T B TR O NN
CONVERTER s
Q400w ' —

RARASARRR SRR aves SEADEe:
~ METER | Fv

IN oL

. _INPUT  FREQUENCY  MuST
_ CRoss O VOLT. WORKS UP
. TO 25 RH2. R7 IS 2ERO.
__ADJUST FoR METER. ADJIUST
RS TO  GIVE  MAXIMUM
READING AT 2SKHz IN. L
_FOR__ MORE STARILITY, CHANGE ;! ‘|%%K§H~
" Re TO 6V ZENER .DIODE. . L MA

Rl
10K

RN

R?
100K

~ ANALOG DATA TRANSMISSION SYSTEM™
| TRANSMITTER N7 -, RECEIVER
T ;g,zs % B TR D o | -
M 33k I Lo ‘ &l

9400

R4 S |  Q4oo o
33K S L}
Load 1 VIF énor | F/V

U N [ Aoy Ry R7
cL : 12  ; S ; ; 100K ,;1= SK
.00l c2 i ' L ¢ , ' e
. . : i 3 -OOl/uF
- 4
S ] €z 1ek]
__47pF

I ) S

@

FADAPTED FRoM A DESIGNT
BY MICHAEL PAIVA OF
[N L O RN ; _ TELEDYNE.
THE SPKR IS OPTIoNAL BUT MAY PROVE HELPFUL  DURING  INITIAL TEST/NG. use A
INFRARED LED (RADIO SHACK 276-42). QI CAN BE THE PHOTDTRANSISTOR . SUPPLIED WITH
THE  LED OR RADIO SHACK 276-/30. R7 IN THE RECEIVER (5 2ERO ADJUST.

, ANALOG
SIGNAL. N
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 ouTPuTs.  RI_AND. €1 CowTROL |
. CENTER FP-EQuEMCY ,§VQLTAG§ % 0 S S SR O OO
AT __PIN 5  VARIES ERE&UENC

| IMPORTANT :  OUTPUT WAVE DOE‘:;

VOLTAGE comkousbﬁf |

OSCILLATOR (e
566 *'

f"VERY STABLE EASY —ro use“ :

",:rmAuﬁus AND  SQUARE WAVE |

_NoT  FAWLL TO o Vour! AT 2

. VOLTS (PIN &), FOR EXAMPLE, TRIANGLE |
L OUTPUT  CYCLES BETWEEN. t4 ANB ‘

yoLrs.. SQUARE . OUTPUT __ CYCLES
,;,BETWEEM +(a Apb +ns vous

FUNCTION GENERATof

+9 zq

R2

o s los|
ok 3

e

TWo- TONE ‘WAR BJ.ER

?.‘"*

ou‘rs }' B

| CENTER FREQUENCY = —

FSK GENERAT

3
MBS

I o« T

=0 s T | &t contrOLS

‘?w ]ourPuT )
FREQUENCY. . 1

Q.DATA ov . TELEPHONE.
S C»R;,mérgeaw;;mfav
rAf ;qm MAGNETIC TRPE.

R contROLS .. T R

‘WARBLE .. RATE.
R3 CONTROLS .
TONE  FREQUENCY.

1,2=Y5 doyq

,,,,,,,,,,




—INPUT 2

OLTAGE MPLIEICATION. Wity + NPUT 3
gmv DIRECTLY | AN B +~0OH? : :

BUT _CAN. BE  INCREASE

X Fszv o R o Rl A
’  SIGNAL | 10K
N '

B

z
X’
W

7
N
o
¥
hat

| ICONTROLS  INPUT SIGVAL  LEVEL. |

»

I tox e eeeqr Sl A g\om
S e COuF o 2akRa, (0 L3[TRb lg  22uF
; ac>~SS . i CREDUCE | | 38 NS I
e A ev T Wzl

NCREASE | | e d CAuTION:  SR3

o1l | - eeequenex| ¢t | | veey couol fiok
‘ bRl 4 1

&\
>
K M
')
™~

]
¥

age LI sx

=

D 2 7

IGH GAIN POWER AMPLIFIER

IGHT . [ WAVE ” R L RI| RZ 49 SPKR CAN ./ SEE ABOVE).
4 ‘ : 32

. 220uF
J2op |

el o'R ',',,,; R4 //
L/ AMF Tuie ! o oK 7 B ’
RADIO SHACK 276T130) ) - ; -

st LR s i o G .
; : : [ P , : : : :
: : ; ! o T A R o :
: ¢ : . : ; : : A S R
i : H ] £ : H A : X P i : i . : i
[ : [ : ; [ : : :

on -
| SPKR

/,’“\ 1)

IS |VERY. SENSITIV , A DSE CARE,  4q  GAIN=20 (TO CHANGE



8-WATT POWER AMPLIFIER
LM383 / TDA2002 |

POWER

AMPLIFIER
FOR  AUTOMOTIVE

IDEAL  FOR

SYSTEM.

ANY
DESIGNED

DESIGNED

' SP&CIFICALLY
 APPLICATIONS — BUT
AULDIO AMPUF!CATION .
TO DRWVE A 4=OHM
LOAD (EQUIVALENT TO A SINGLE 4~OHM S

SPEAKER OR TwWO 8-OHM sPEAkeRs
IN  PARALLEL).

THER MAL
PRoTECT

TRIS . witlL ZAUSE
OVERLOAD
USE = AN APPROPRIATE
(¢-3- RADIO. SHACK 276-1363).

Durinv e

SHUTDOWN

THIS CRHIP
CIRCUITRY

CONTA(N S

T0

ITSELE FROM Excsssws LoADmG
DISTORTION

SEVERE
CONDITIONS.

“You. si-

HEAT SINK
SPREAD

SOME HEAT SINK COMPOUND (276-1372)

ON  THE LmM383

THE  HEAT  SINK.

TAB BEFORE ATTACHING

8-WATT AMPLIFIER

+5-20V
»

AUDIO o _)l."' L4+N\5
LM\SGIN"

¢s

1000-2000uF o

2 RI

3

. 2t0

C"l

. ,
fgcs ,
40uF

==l

RZ

rh
2uF J_ u

22n

* Cy~PLACE CLOSE AS POSSIBLE TO THE TC.

RZ-0OK TO uUSE 4-10N RESlsroRs «

AUDIO

cT .
10uF

IN PARALLEL

LI

l—‘UL stg

OoR

 OPERATION:

. :'.Uk.

2.

ZKGJLSPKRS
N PARALLEL 3. Don'T

Use i

REDUCE

POWER s

PRLY

VOLTAGEf
(As v ¢ireu
B SEVERE
OCCULRS..

To -9

Dl ST@R if/c

Ve

oLTS |

N

IVE

2

Lmsss\" —— . \
R q_]:t Ry ¢s _|

WF] . 220 ZuE

470uF

.

H,v i :
) S 4 Y
Yl I-HQ sPRR ] .._.R6
oR oMo et
1 100K

o lemin |

PARALLEL

. OR LSE 4=lof | RS
RESISTORS "IN | 2.2 o

470,




R H PO B :
e P L B E ‘ : SRS TP JA RN S EAN T S i
T : [ - e e e e O e o B b

C4lo-2ev__ GND
out

1y

/
| HIGH, QUALITY, EASY TO USE POWER
_ _AMPLIFIER.  IDEAL FOR  DO-IT-YOURSELF
. STEREO , PA;- SYSTEMS, INTERCOMS, ETC.
AUTOMATIC  THERMAL SHUTDOWN  PROTECTS
MAGAINST OVERI—\EATING 7048 CHANNEL
SEPARATION  MEANS  VIRTUALLY NO ; :
CROSSTALK. ONLY 3 MICROVOLTS NOISE INPUT. IT 2] 3] 4] s| 6] 7
HEATSINKING: UNNECESSARY IN MANY BAS oot L __J +IN -IN
APPLICATIONS  SINCE = AVERAGE POWER IS
USUALLY WELL BELow BRIEF  PEAKS. /N ;
ANY  CASE, PINS 3,4,5,10,1l AND 12 SHOULD NOTE: GND PINS SHOULD
BE. CONNECTED TOGETHER. IF LOAD EXCEEDS BE HEAT SUNK FOR
DEVICE RATING, THERMAL SHUTDOWN wilLL | MAXIMUM  POWER.
OCCUR.... AND WILL CAUSE SEVERE DISTORTION,
USE HEATSINK (UP TO 10 SQUARE INCHES OF
COPPER FolL ON PC BOARD OR METAL FIN)
IF THIS  OCCURS,

BUR IS . H-WATT AMPLIFIER
STEREO AMPLIFIER = w. o

100K

1.8k

i

y.7
MF

Y4TpF

S
: J,
HTuF [+
+10-26V

!

" 100K

220

IN 2 ,@__f* I -: ‘1§7,A4Fi

RIGHT) ... j

10K
USE _LOW. . .
To. MEDIUM |
imPEDANCE . tL
,(z.oo-(.oQJL) 5

« DYNAMIC . e ) , : : : , . PARTS  IN

i M\CRQPAONE. | L . Jul , “34S, LMi8?? [ LM377? o
. (__,. ) oo : 10,11, 12 | STAGE ... THANKS

RSV " SN = TO SPLIT POWER
SUPPLY.

THIS CIRCUIT
WORKS WELL.
NOTE FEWER

27




TEMPERATURE SENSOR AND

ADJUSTABLE CURRENT SOURCE

LM334 (276-1734)

1= R
, 2= +V
VERSATILE 3-LEAD COMPONENT THAT LOOKS 3=-V(eNnD)
MORE  LIKE A TRANSISTOR THAN AN IC. ,
CAN BE USED AS A TEMPERATURE SENSOR,

CURRENMT SOURCE FoR LEDs
COMPONENTS OR Cuzcurrs,
ETC.

AND . OTHER

BASIC THERMOMETERS

+5-20V +S5-20v
fa A=Y | 2
ouT \
LM334 LM334

21015

OUTPUT VOLTAGE
VARIES ~ 10 MiLLi-
voLTs /° KELVIN.

VOLTAGE REFERENCE

, J AA 3 +2.5-~20v
68K LM33y ;Z__T(MUST BE 1V
INGI14 J OR MORE AROVE
OUTPUT.)
|
—) AL, OUTPUT :
._] 1ok 1K 3.3k o0.g— S.0v

ADIUST VOLTAGE
OUTPUT

RAMP GENERATOR

+3-20v

1
L& LM334 /’{/’L>
6.2 )
k TOP FLATTENS
: .ﬂ_n_ 3 4 . IF INPUT
' ~ . .Colf| PULSE RATE
| KH2 K
IN

| Too Siow.
RS2009 4

128

VOLTAGE REFERENCE)

BASIC CURRENT SOURCE

+2-20v L
T MAXIMUM
Iser = ‘ 2z CURRENT
CURRENT OuT =10 mA,
INTO PIN 2. | M334 (! ;
— 3 Rser -
’DEVICE.
BEING —
POWERED .0(077

RseT = "Tser AT 28°C. -

CALIBRATED LED

+3-20V TR |
z_ R |current
! L o
LM334 loQ 6.4 mA
R 150 H3 wmAL
- ,

CONSTANT  LED
_ OUTPUT FOR ANY
INPUT  BETWEEN
~ 2-20 voLTS.

A

LIGHT METER

+1L.5-20V

0=l mA ,
? +i )__ L
A

W :
®222 BULB CLoSE |Lm33y | @
TO Pcl  GLUES N
2.5 m A OUTPUT. 3‘ CPC_I o

PC1-CdS PHoTOCELL
(RADIO SHACK 276~116)

=
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