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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 
tò the accuracy of the information 
in this book, the author and publisher 
assume no responsibility for errors, 
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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INTEGRATED CIRCUIT INDEX 
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INTRODUCTION 

Though I've kept engineering 
notebooks for 15 years, the 
idea for this notebook came 
from Gary Burkhart, Radio 
Shack's parts buyer, and Dave 
Gunzel, manager of Radio 
Shack's publications division. 
Gary has long wanted to in¬ 
clude in his parts line a no¬ 
frills sourcebook of circuits 
for every Radio Shack IC. He 
and Dave have invested many 
hours answering my questions, 
providing components and tech¬ 
nical information and reviewing 
the circuits. I'm grateful 
for their assistance. 

Unless otherwise acknowledged, 
the circuits in this notebook 
are adapted from these sources: 

1. Applications information pub¬ 
lished by the manufacturers of 
the various ICs. 

2. My engineering notebooks. 

3. "Experimenter's Corner" and 
"Project of the Month," two 
columns I write each month for 
POPULAR ELECTRONICS magazine. 

Many of the circuits were devel¬ 
oped specifically for this note¬ 
book. I hope you enjoy working 
with them as much as I have! 

HOW TO USE THIS BOOK 

To squeeze the maximum number 
of circuits into this notebook, 
only essential information is 
provided. Therefore you will 
want to use this notebook in 
conjunction with Radio Shack's 
"Semiconductor Reference Hand¬ 
book" and other data books. 

For a quickie review of impor¬ 
tant components and construc¬ 
tion tips, read the next few 
pages. The remainder of the 
notebook is divided into two 
major sections: digital and 
linear. The digital section 
is further divided into two 
major IC families: MOS/CMOS 
and TTL/LS. The chips in each 
section are organized accord¬ 
ing to function, not numerical 
sequence. 

Though most circuits in this 
book can function on their own, 

consider them as building blocks 
you can connect to other circuits 
to accomplish new applications. 
Experiment! Change resistors and 
capacitors in RC circuits to alter 
frequencies and timing. Add new 
functions. Above all, work with 
as many different chips as you can. 
If you've always used TTL, you'll 
be impressed with the operating 
flexibility of CMOS. If your 
forte is digital logic, you'll be 
amazed at what you can do with an 
op-amp. Finally, keep a record 
of your experiments and circuit 
designs. A notebook with a grid 
ruling like this one is best, but 
a 50C spiral notebook is OK. 

For beginners only....Be sure to 
read the next few pages! Begin 
with simple chips (gate packages, 
timers, op-amps, etc.), and you'll 
soon be ready for more advanced 
circuits and projects. Good luck! 
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REVIEWING THE BASICS 

INTRODUCTION 

"Can I use a 0.22 uF capacitor 
instead of a 0.10 uF unit?" 

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

This section will tackle these 
common questions and many 
others. Master them, and you 
will be well prepared to tack¬ 
le the circuits in this book! 

RESISTORS 
Resistors limit the flow of 
electrical current. A resis¬ 
tor has a resistance (R) of 1 
ohm if a current (I) of 1 am¬ 
pere flows through it when a 
potential difference (E) of 1 
volt is placed across it. In 
other words: 

R = V (or) I = —■ (or) E = IR 1 K 

These handy formulas form 
Ohm's law. Memorize them! 
You'll use them often. 

A fourth color band may be pre¬ 
sent. It specifies the tolerance 
of the resistor. Gold is ± 5% 
and silver is ± 10%. No fourth 
band means ± 20%. 

Since no resistor has a perfect 
tolerance, it's often OK to sub¬ 
stitute resistors. For example, 
it's almost always OK to use a 
1.8K resistor in place of a 2.OK 
unit. Just try to stay within 
10-20% of the specified value. 

What does K mean? 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 resistance 
of 2,200,000 ohms. 

Resistors which resist lots of 
current must be able to dissipate 
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 units. 

Almost every electronic circuit 
uses resistors. Here are three 
of the most important applications 
for resistors: 

Resistors are identified by a 
color code; 

COLOR 123 (Multiplier) 

BLACK 0 0 
BROWN 1 1 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 
WHITE 9 9 (none) 

1. Limit current to LEDs, transis¬ 
tors, speakers, etc. 

2. Voltage division. For instance: 

+ )DV The voltage at ? is 
A I x R2. I means the 

current through RI and 
RI R2. So I = 10/(RI + R2) 

< IK or 0.005 amperes. 
—>. ? Therefore, ? = (0.005) 

x (1000) or 5 volts. 
R2 

s IK Note that the total 
—L resistance of RI and 

R2 is simply RI + R2. 
This rule provides a 
handy trick for making 
custom resistances. 



Voltage dividers are used to 
bias transistors: 

They're also a convenient 
source of variable voltage: 

+ IOV 

Pore^TiOMere^ o 0-10 volts 
(.variable ¡> I 
RESISTOR) ' 

And they're useful in voltage 
sensing circuits. See the 
comparator circuits in this 
notebook. 

3. They control the charging 
time of capacitors. Read on... 

CAPACITORS 

Capacitors store electrical 
energy and block the flow of 
direct current while passing 
alternating current. Capaci¬ 
tance is specified in farads. 
One farad represents a huge 
capacitance so most capaci¬ 
tors have values of small 
fractions of a farad: 

1 microfarad (uF)= 10 
1 picofarad (pF)= 10 -1 2 

or 

farad 
farad 

1 uF = 1,000,000 pF 

The value of a capacitor is 
usually printed on the compo¬ 
nent. The uF and pF designa¬ 
tions may not be present. 
Small ones marked 1-1000 are 
rated in pF; larger ones 

marked .001-1000 are rated in uF. 

Electrolytic capacitors provide 
high capacity in a small space. 
Their leads are polarized and 
must be connected into a circuit 
in the proper direction. 

CONNECTION 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 
the power supply voltage). 

Caution: 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 
its leads! High voltage capaci¬ 
tors can store a lethal charge! 
Discharge a capacitor by careful¬ 
ly placing a resistor (IK or more; 
use Ohm's law) across its leads. 
Use only one hand to prevent 
touching both leads of the capac¬ 
itor . 

Important capacitor applications: 

1. Remove power supply spikes. 
(Place 0.01-0.1 uF across power 
supply pins of digital ICs. Stops 
false triggering.) 

2. Smooth rectified AC voltage 
into steady DC voltage. (Place 
100-10,000 uF across rectifier 
output.) 

R-ECTi Fl ER 
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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; 

7. Or to differentiate a 
fluctuating signal; 

8. Perform a timing function: 

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. In 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. 

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. 

ZENER DIODES 

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

IK 

+ 0-AAA---4- 4 _ 

nL OUT 3 . / 
IN Z\ DI our (V) aIZ, ■ . , 
O-1->.GMD 3 I, 1 II 

IM (v) 
DI = L VOLT zEneR DioD£ 

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: 

R = vcc - VLED 
LEDj 

Example: VLED of red 
LED is 1.7 volts. For 
a forward current 
(LEDj) of 20 mA at 
VCc ~ 5 volts, R = 
330 ohms. Don't ex¬ 
ceed LEDj! ! 
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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 LEDs. 
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 1: 

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

78= 13 7a 
2H = ZH — WEEK 

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: 

2UHL ‘JObt, 

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 nibbier 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. 

ï " -VKt u sol&sr “ * -

IC 

wrapping SOCKET 
universal PC ¿OARD 
WRAPPING WIRE 
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DIGITAL INTEGRATED CIRCUITS 
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MÛS/CMOS INTEGRATED CIRCUITS 

INTRODUCTION 

MOS les CAN CONTAIN) MORE FUNC -

TiomS PER CHIP THAN TTL/lS AND 
ARE VERT EAST TO USE. MOST CHIPS 

IN THIS SECTION ARE CMOS (COM¬ 

PLEMENTARY MOS). THEY CONSUME VERY 

LITTLE POWER AND OPERATE OVER A 

+ 5-15 VOLT RANGE. CMOS CAN BE POW¬ 

ERED BY THIS.’ 

HANDLING PRECAUTIONS 

A CMOS CHIP IS MADE FRoM PMOS 

AND NMOS TRANSISTORS. MOS MEANS 

METAL - £XIOE - .SILICON (OR SEMICONDUCTOR) 

P AND N REFER TO POSITIVE AND 

NEGATIVE CHANNEL MOS TRANSISTORS. 

AN NMOS TRANSISTOR LOOKS LIKE THIS: 

OR YOU CAN USE A LINE POWERED 

SUPPLY MADE FROM A 7605/78IZ/78/S. 

SEE THE LINEAR SECTION. 

INCIDENTALLY, YOU CAN POWER A 

CMOS CIRCUIT FROM TWO SERIES 

CONNECTED penlight cells, but 
A 9-12 volt SUPPLY will GIVE 
BETTER PERFORMANCE. 

OPERATING REQUIREMENTS 

I. THE INPUT VOLTAGE SHOULD NOT 

EXCEED V do '■ (TWO EXCEPTIONS: 

THE H0H9 AND HO5O.) 

2. AVOID, IF POSSIBLE, SLOWLY RISING 

AND FALLING INPUT SIGNALS SINCE 

THEY CAN CAUSE EXCESSIVE POWER 

consumption. Risetimes faster 
than 15 microseconds are best. 

3. ALL UNUSED INPUTS MUST BE 

CONNECTED TO Vdd (+) OR V« (GND). 

OTHERWISE ERRATIC CHIP BEHAVIOR 

AND EXCESSIVE CURRENT CONSUMPTION 

WILL OCCUR. 

H. NEVER CONNECT an input 
SIGNAL TO A CMOS CIRCUIT WHEN 

the Power is off. 

5. OBSERVE HANDLING PRECAUTIONS. 

12 

A PMOS TRANSISTOR IS IDENTICAL 

EXCEPT THE P AND N REGIONS ARE 

EXCHANGED. THE Si Ox (SILICON DIOXIDE) 
layer is a glassy film that 
separates And insulates the metal 
Gate from the Silicon substrate, 
this FILM is why A MOS TRANSISTOR 
OR IC PLACES PRACTICALLY NO LOAD 

ON THE SOURCE OF AN INPUT SIGNAL. 

the Film is VERY trin and is there¬ 
fore easily punctured by static 
ELECTRICITY: 

PREVENT STATIC DISCHARGE! 

1. NEVER STORE MOS IC's IN NONCON-

DuctivE PLASTIC "SNOW," TRAYS, BAGS 
OR FOAM. 

2. Place mos ic's pins down on an 
ALUMINUM FOIL SHEET OR TRAY WHEN 

THEY ARE MOT IN A CIRCUIT OR 

Stored in conductive Foam. 

3. USE A BATTERY POWERED IRON TO 

SOLDER MOS CHIPS. DO NOT USE AN 

AC POWERED IRON. 



INTERFACING CMOS 3. CIAOS LED DRIVERS: 

I. IF SUPPLY VOLTAGES ARE EQUAL-' 

2. DIFFERENT SUPPLY VOLTAGES: 

NOTE THAT CMOS MUST BE POWERED 

BY AT LEAST 5 VOLTS 

CMOS IS INTERFACED 

OTHERWISE THE CMOS 

WHEN 

WITH TTL-
INPUT WILL 

EXCEED Vpp. 

R= Toi (FOR ^OvwA LED CURRENT) 

USE lOOo OHMS FOR MOST APPLI CATIONS. 

CMOS LOGIC CLOCK 

MANY CIRCUITS IN THIS SECTION 

Require A Source of Pulses, 
here's A Simple Cmos clock: 

+ 3-IS 

TYPICAL VALUES’. R=IOOK, C- O.oi— Ol^F 

OK TO USE HOH9 ... But Much MORE 
CURRENT WILL BE REQUIRED. 

CMOS TROUBLESHOOTING 

|. DO ALL INPUTS GO SOMEWHERE? 

2. ARE All IC Pins INSERTED Into 
the board or socket? 

3. IS THE IC HOT? IF SO, SEE 1-2 

ABOVE AMD MAKE SURE THE OUTPUT 

IS NOT OVERLOADED. 

H. Does the circuit obey all cmos 
OPERATING REQUIREMENTS ? 

5. have You forgotten a connection? 

13 



ANb-OR GATE 
CLUS1 VE-NOR GATE 

o " Out L L 

A 
B _£Jho/i 

^00 

JlH 

4 Oil/-’ 

AJL 
X X 

H H 
H M 

'N IQ 
MOll/O 

~P 

QUAD NANb GATE 
MOI I 

CHIP . MORE APPLICATIONS THAN 
7*100/ 7HLS00 QUAD NANO Gate 

THE BASIC CMOS BUILDING BLOC 

NOR GATE 
INVERTER 

OUT 

H-lNPUT NAND 
AND GATE 

O U 

L X 

H M M H 

OR GATE 

1 * I i 
—I 'M 
2ikoi| 

W\3 

Voo 

pÃ7\ 
Mou/ 

/ 'A 
Holl 

L L 
L H 

Il j__ 
1 r'v'Jl 
Lil 

±Jhou 

VO0 

GATE 
A ß <2 D 

out H L 
H H 

• n—V 
—ÍFv 
jJ^oii/0-] 
— (a 

q 

tTT\J 
±j90l| yM 

OUT 

I MPoRTQNT: connect all umjseù inputs 
TO P/N 7 OR H ! 

GATE 
A ñ 

XCLUSIVE’ÖR 
s n— 

VJhoh 

t ¿ L 
OUT L A 

N L 
H H 

GATE ab 

OU T 



QUAD NAND GATE (continued) 

HO 11 

GATEb OSCILLATOR TOUCH SWITCH 

batte kt 
Power. 
only ! 

output frequency is 
I KHx SQUARE WAVE. 

OUTPUT Goes 
TOUCH WIRES 
SY Ä F'MGEK 

HIGH WHFKJ 
PtRE &RIDGED 

SIMPLE OSCILLATOR OME-SHOT TOUCH SWITCH 

V« 

OUTPUT NOT AS SYMAAETR\CAL 
AS ABOVE CIRCUIT. 

GATEb FLASHER 

ARE BRIDGED BY A 
FINGER. OUTPUT THEN RETURNS LOW 
AFTER ABOUT I SECOND. 

LED FLASHES 1-2. Hx 
WHEN ENABLE 'S HIGH. 
LSD STAYS ON WHEN 
enable is low. 

INCREASED OUTPUT DRIVE 

INVERTER NAND GATE 

USE TAIS METHOD TO INCREASE. 
Current the. HOn can Source, 
or sink, ok to Add more GATES. 
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DECIMAL-TO-BCD CONVERTER 3
HOU/3-
y out 

ALL UNUSED 'inputs 
MUST ßE GROUNDED. 

TRIPLE 3- INPUT NANb GATE 
H023 

gates. 

6-INPUT OR GATE 

PlrU 1 OR IH. INPUTS 

INPUT NANÙ GATE 

1,23 = ^40^ 

HAND\ FOR 
Converters 

naaking Custom decoders 

/MPORtant: connect ALL unused 

AND MULTIPLE INPUT 

.I OUT » poo/ 

IG 



DUAL H-INPUT NAND GATE 
H0I2 

VERY USEFUL IN MAKING 

DECODERS. ALSO CAN ÒE 
used to Add one or 
MORE EMABLE INPUTS TO 
VARIOUS CIRCUITS. 

ENABLE INPUT 

l-OF-N DECODER 
Voo 

WHEN ENABLE IS L, TME -J— 
OUTPUT CORRESPONDING TO 
THE 5 A ß/NARY INPUTS GO£S Lou/. ALL 
OTHER OUTPUTS Go HIGH WHEN EN ASLÊ. /S 14. 

v00(+s->sv) 

BCD DECODERS 

DEC I NAA L O 

DECIMAL 1 

DECIMAL 9 



QUXD NOR GATE 
HOOI 

BUI LD|NG 
HIGH IMPEDANCE 

BOUNCELESS SWITCH 
/ m Portant; 

DO 

IH 

INCREASED OUTPUT DRIVE 

H 

IOOK 

I N VERTER 

GATED TONE SOURCE 

<170 

LED FLASHER 
SPUR 

LED 

.01/4 F IOOK 

^y^F IOOK 

LED FLASHES 1-2 TIMES/SECOND. LATCH 
¥<>■> 

OR GATE 
Q R S Q 

Vop 

NO change A_^ 
H 

NOT Allowed H 

H 

NOR GATE 

Block chip. 

TONE FKEQUENCV /S ABOUT IKH 

AN IMPORTANT CMOS 

A 
H 

L 
H 

M 
H 
H 

A 
B 

CoNNEC 
INPUTS 

L L 
L H 

Q ML 
H H 

INPUT MAKES POSSIBLE MoRE 

APPLICATIONS THAN TAE TT 

7HCSOL QUAD NOR. GATE.. 

USE TAIS METHOD TO INCREASE, 
Current the hooI can source. 
OR SimK. ok to ^bc> MORE GATES. 

T All unused 
TO P/N 1 OR H. 



oil 

OUT 
Hoiz 

H070 
QUAD EXCLUS IVE-OR GATE v^+b-isv) 

INPUTS ARE. UNEQUAL 
output Goes Al IGAI 

THE OUTPUT OF EACH GATE GOES 
Low when Both inputs are 

MANY APPLICATIONS I^JCLUDIUG BINARY 
Addition , Comparing binary Words 
And PHASE Detection. 

Equal. 
IF the 

I important Connect unused inputs 
TO PIN T OR IH. CONTROLLED INVERTER 

H-BIT COMPARATOR CARRY IH 

I z,3= 'A son 

H 5 

DETECTOR PHASE 
A Vop 

'A HO7O 'Ó HOM 9 

Vb 4049 

STOPS GLOWING WHEN THE 
EQUAL FREQUENCIES ARE 

CARRY 
2 OUT 

, LED IK 

LED 
INPUT 

f Vpo 
Jh 

4070^^>- SUA\ 

7 HA 
|Vw 
Won 

DETER W\NES 'F TWO H-BIT WORDS B 

ARE EQUAL. 

1^ A 
'/x HOTO '/3 9049 

IF DCBA = D'c'b'A' 
OUTPUT IS LOW. 
OTHERWISE output 

■=■ IS HIGH. USE 
SECOND HALF OF 

HOI?- AS INVERTER TO REVERSE operation. 

I-BIT COMPARATOR 

OUTPUT. 

A B 

THIS CIRCUIT IS ALSO A HALF- ADDER 
W'THOUT A CARRY 

V0B

L L 
L H 
H L 
A M 

BINARY FULL ADDER 

OUT 

CONTROL 

OUT 



HEX INVERTING BUFFER 
H0H1 

IN ADDITION TO STANDARD 

Logic and cwos to ttl 
INTERFACING, often used 
in oscillators and pulse 
Generators, por low current 
applications, use ^oii Connected 
AS INVERTER, (ok TO USE noil FOR 
Circuits on this PAGE.) 

CLOCK PULSE GENERATOR NOTE UNUSUAL LOCATION 
of po\nz.r Supply pins. 

bounceless switch Output fréquence 3.3“ 1,1,3= '^Hoh? 

OSCILLATOR 

SQUARE WAVE GENERATOR 

1,2 - '/s HO V 9 

LINEAR I OX AMPLIFIER 

/NVéRTERS ARE USED 
IN A LINEAR mode. QAlN- RZ/R.1. 

20 



HEX NON- INVERTI NG BUFFER 
4050 

PRIMARILY INTENDED POR 
INTERPACING CMOS TO TTC, 
Supplies more current 
THAN STANDARD CMOS. 

IMPORTANT ALL UNUSED INPUTS 
must go to Pin i or a. 

OUTPUT EXPANDER 
NOTE UNUSUAL LOCATION 

OF POWER SUPPLY PINS. 

IN 

LOGIC PROBE 
Lhoso-x T7™ 

LED GLOWS 
WHEN INPUT 
IS LOW. 

OUTPUT BUFFER 
INCREASED OUTPUT DRIVE 

CMOS TO TTL/LS CMOS TO CMOS 
AT LOWER VDI> AT LOWER Vcc 

Vdd I EXCEEDS Vdd 2. - I = /b HOSO 
I = Vb HOSO 

21 



analog multiplexer 
H051 15 H 12 IS II 

CBA SELECTS 

2 3 5 G 7 

l-OF-8 DATA SELECTOR 
I -0F-8 MULTI PLEXER (DEMULT/PLEXER) 

° Vo» 

A—LL lb A—IL lb 

b 405/ b 4051 

8 8 C 

3 

R2 TONE SEQUENCER 
4031 R3 

CYCLES THROUGH R4 
Voo I b RIO SPKR 

lb 8 0. RS 270 

Rb 

9 5 C C R7 

10 9 B B RB 

II 3 A A R4 
S 12 

05 

22 

8 tones 
REPEATS . 
CONTROLS 

AMD 

RI 

TEMPO. 

RI 
5ook 

Vzssib 
D _Lnc 

c_i 

DATA INPUTS 

I/O I/O O/X I/O I/O IM Vpg 

Mb 7 5 

7 b 5 4 3 2 

SWITCHES. SIGNAL. 

RZ~R9 M¿E 
INDIVIDUAL TONE 
RESISTORS. USE 
IK - IOOK EACH. 

INPUT ADDRESS 
l-OF-8 ANALOG 

B_io 

DATA OUT VEE (SEE NOTE 

B 10

I.Z.S.M.S.b - 9049 

grounded for 
ALL SWITCHES 
INU IS high. 

B C 
io q 

NORNAAL OPERATION 
ARE OPEN VUHEN 

3 

ADDRESS 
INPUTS A 

DATA 
IN 

OUTPUT) IS THEN APPL/£D TO COMMON 
O/I (OUTPUT/INPUT). THE INPUT 
SIGNAL MUST NOT EXCEED Vp D . 
THE INHIBIT (INK) INPUT SHOULD BE 

note: 
connect Pin 7 
To GROUND OF 

INPUT CIRCUIT. 

IF GROUND IS 

COMiAON^ connect 

do not Reduce Rio. 
use amplifier for 
MORE VOLUME. 



QUAD BILATERAL SWITCH 
HO bk 

ONE OF THE. MOST VERSATILE. 
CMOS CHI PS. PIMS A,ß,C AND D 
CONTROL FOUR ANALOG S \M IT C l-l ES . 
CLOSE A SWITCH CONNECTING 
its Control Pin to OA/ 
Resistance. ~ 8o—250 ohms. 
open a switch by CONNECTING ITS 
CONTROL PIN TO GROUND ( P/N t) . 
OFF RESISTANCE = IO 9 OHMS. T/o (INPUT/ 
OUTPUT) AND O/I P/NS ARE REVERSIBLE. 

1/0 O/i O/i i/0 8 C 

DATA BUS CONTROL 

DATA 
IN 

DATA SELECTOR 

DATA SELECT OTHERS L. 

Vdd DIGITAL to ANALOG (b/A) CONVERTER 

‘iokk 

USE 4518 
AUTOMATIC 

THIS IS NOT A 
LINEAR D/A CONVERTER. 
INSTEAD it produces 
A PSEUDO-R Andona 
output that ranges 
from S.ou - S.G2. 

_ VOLTS (Vdp=9v). 
USE TO DRIVE HoHb 
VCO OR PRODUCE 
unusual waveforms. 
R = 47K AND 2R=/00K. 

R 
/VNA^. ANALOG VOLTAGE 

OUT 

23 



BCD-TO-7-SEGMENT VU+í-ISv) € 

LATCH/bECODER/DRIVER 
H5II 

H-bit latch A 

*— LAMP TEST 
AND HIGH FOR 

Vdd 

'/h 
DISPLAY FLASHER 

D/SPZAy 
I0OK 

H WHEN IS HIGH. 

DECIMAL COUNTING UNIT (bCU) 

ig II» RI 
H5II 

H5IB Rl-
Co Co D D b 

a. R3 
5 z c C G 

■P b 
H d B B 

OPERATION: 
3 A A e e c 

BLANK d 

SAVE 

Vqd RI-Ry = Z2o A 

Vdd =+5-9/ 

TO NEXT DCU TO Store interim count 
WlTHOUT AFFECT/NG COUNTER. 

^DD ^DO 

STORE data to be 

HIGH FOR TEST THE Display and 

DISPLAY. INCLUDES BUILT-IN 

displaced (wren PIN 5 
WHEN LATCH IS NOT 

NORMAL OPERATION. 

EXTINGUISH THE DISPLAY 

OUTPUTS FOLLOW TRH 

H LOW 

NORMAL OPERATION. MAKE PIN 3 LOW 

IS 
II 

THE 7-SEGMENT 
BCD INPUTS. 

RESET o-JZ. 

FLASHES 
OFF 

MAKE PIN 

DISPLAY FLASHES 
ONCE PER SECOND 

IMPORTANT : ALL 
INPUTS MUST GO 
SOMEWHERE! 

a. 

RH 
10 AA/ 

R5 
2_AAL 

RG 
IS aaA 

R7 

Converts bcd data into 
FORMAT SUITABLE FOR PRODUCING 
DECIMAL DIGITS OAl 7-SEGMENT 

•— LATCH ENA&LE 
*— ÔLANKIMG INPUT 

TO COUNT, 
ENABLE IS 

AIGH ANO 
RESET IS LOW. 
blank SHOULD — 
Be high (.low 
TURNS OFF 
DISPLAY). SAVE 

SHOULD BE LOW. 
MAKE SAVE HIGH 

COMM ON 
CATHODE 

LED DISPLAY 

to PIN H 
OF HSil 



BCb-Tô-7-SEGMENT 
LATC H/bECObER/ORI VER 
H5H3 (IH5^3) 

DESIGNED TO DRIVE LIQUID CRYSTAL 
<LC) DISPLAYS 0UT WILL DRIVE 
OTHER. DISPLAYS also. includes 
QUILT ~ IN H-BIT LATCH TO STORE 
DATA TO BE DISPLAYED ( WHEN PIN I 
'S Low). WHEN LATCH IS NOT 
USED (PIN I HIGH) > the t-segment 
OUTPUTS FOLLOW THE BCD INPUTS. 
MAKE PlN 7 HIGH TO BLANK THE 
display and low for normal 
OPERATION. 

LATCH PHASE J

disable(ld) blanking (bi) 

LIQUID CRYSTAL DISPLAY DECIMAL COUNTING UNIT 

BACKPLANE 

SQUARE 
WAVE 

f GENERATOR 

Vdo 
Vdo^+3-9 volts 

Count in o—!_ Vx 

ENABLE 4518 

RESET o~^ 

Ö DERATION: 

Blank 

SAVE 

To NEXT DCJJ 

LOW To STORE INTERIM 
Count, for normal 
COUNTING MAKE SAVE 

HIGH-

To COUNT, ENABLE IS 
HIGH AND RESET IS 
Low. Blank Should 8£ 
LOW. MAKE SAVE 

Vop 

Ko 

LIQUID 

CRYSTAL DISPLAY 

DISPLAY FLASHER DRIVING LED DISPLAYS 



BCÜ-TO-DECIMAL DECODER 
HOZ8 

DECODES H-bit BCD INPUT INTO 
I-OF-IO OUTPUTS. SELECTED 
output goes HiGR\ all others 
STAY LO\V. USE FOR DECIMAL 
Readouts , sequencers, pro-
GRAMM ABLE COUNTERS, ETC. 

0-3 SECOND T/MER 
l-OF-Q DECODER 

+9 I Mt CLOCK 

2 

Iio ¡to ^5lQ 9028 

8 HO2Q 

12 io 

A 

ADDRESS INPUTS 

COUNT TO N AND HALT 
TO N 

VoD 

H5I8 HO2& 
9 7 

9099 
7 (o 

COUNT TO N AND RECYCLE to 

9 

15 3 

19 ÏSlQ 
CLOCK 

3 

RI 
I K 

GROUND 
UNUSED 
INPUTS 
OF 

Second 
Vx 9 Si 8 

C. B 

RESET RUN 

CIRCUIT WITH 

$-9 

USE THE ADJACENT 
THESE CHANGES.' 
Vop 

3^2 

OUTPUTS TO 

control. External 
logic, or. devices. 

I- OMIT HOH9 
2. MAKE PIN 2 R/GR 
3. USE PIN 7 AS 
CONTROL INPUT. 

7 > TO N + / 
(4O2&) 

GROUND 
UNUSED 
INPUTS 
OF 

SECOND 
Vx HSI& 

3 lo 

9 13 

5 12 

to II 

OD
 

03
 

Vdo 

Ko 1 IL 

3 10 

9 13 

5 12 

to II 

CO 

00 



60-Hx TIMEBASE xtal 
X OuT <~K—» 

MMSîfrl (276-17^) 

PROVIDES PRECISE iO Hi SQUARE WAVE 

WHEN USED WITH 3.57959 S MH*. 
COLOR TV CRYSTAL. USE FOR MOST 
DO-IT-YOURSELF TIMERS, CLOCKS, CONTROLLERS, 

Function generators. install in small 
cabinet for workbench precision clock. 

¿OHzJ ~ NC. NC 

feO-Hx TIMEBASE 10-H* TIMEBASE 

si T *1 »1 
XTAL: CRYSTAL 

Nd ■' NO CON-

NÉC.VOÑ 

I I u. 3| ql 

VpD 

Vdd 

8 
IL 

Cl 9017 5 3L9 

8 

CZ 

* 

MOTOROLA SPECIFIES THAT CI=3OpF 

l-Hx TIMEBASE 
Voo 57 pF CAPACITOR 

12 5017 

DIGITAL STOPWATCH 

operation: TOGGLE 1. 

12 

Vdd 

in 
a 7 

I Hz. = Cxd-99 SEC START 

lOH-z -O.O-9.9 SEC S2 
clear 

stop 

RT 
IX 

io 

IN 

CONNECT TO 
LED OR LC 
decoder/ 
DRIVER (e.3. 
H5II OR HSHl). 

FREQUENCY 
FAIRLY 

_ 8CD 
OUTPUTS 

IS A 
DIVIDER. 

OK TO ADD ^ORE 

stages. 

This is A 
9- G DIVIDER. 

THIS 
t/O 

CLEAR TO READY. 

2. Switch S2 from 
STOP TO START. 

3. SWITCH Sz FROM 

START TO STOP. 

55I& 
LOW DIGIT 

y CRYSTAL 
FREQUENCY out 
(3.S7?^Y5 MHz) 

Si from 

5S/Q 
HIGH DIGIT 

AND CZ = è.3L> pF. 

RI- USE TWO low 

IN SERIES. 

CAPACITOR. (C.^. S-SOpF^ FOR C?. TO 

- -- METER 

SI ¿ READY 

Ok TO USE SIX 

5.7 pF CAPACITORS IN PARALLEL OR 

-------- FOR cu TRY TUNABLE 

TUNE, CONNECT FREQUENCY 
to pin 7. Tune Ci until 
is 3,579,595 Ht.. ACCURACY 

¿OHx C_H 
I N 

Good even if you don't tune CZ. 

Vod 10 

IM 
■A 
HOU 



DUAL D FLIP-FLOP 
25 2Q 

H0I3 

□ 

l-OF-H SEQUENCER 

Vdp 
Vm> 

¡I 
DI VIDE-BY-2 

5 9 Q D 
Voo 

I, Z, 3,^ : <4001 

MObULÛ-Ô COUNTER 

CLOCK Q 

D-TYPE 
INPUTS. 

OUTPUTS GO H 
IN SEQUENCE . 
ALL OTHERS 
stay L. 

CLOCK 

'Æ 90/3 

D Q 

Very versatile pair of 
FLIP-FLOPS. GROUND UNUSED 

e 
9 

clock z 
Ri DZ s¿ 

10 

CLOCK 

y $ 'Z H0I3 

M0)3 

Q 
R S 

IQ 
CLOCK I 

A D ‘ C DD 

H H 
'/z 9 0/3 Vz Yo/3 

9 ¡3 I Q 

G â IZ Õ 

CLOCK o 

Q 
R 
s 

lY IO 9 
L 

io 
S 

Vz HOIS 

Q 
R 
s 

Vz Y 0/3 
D 
R 
S 

D 
R 
S 

Counts 
LLLL- HLLL 
f\ND 
RECYCLES. 5 

D vDD Vqd A B C 

IH 1*1 

VzYoi3 yzYO/3 
9 I 13 I 9 ¡3 

8 8 G G 

3 1/ 

clock o-

28 

SERIAL IN/OUT. PARALLEL OUT SHIFT REGISTER 

Vz ̂ 013 
D Q 
R 
S 

*4 10 

_ 

3 

Y io 
D Q 

R 
S SERIAL 

data 

'/Z Y 0/3 

ù Q 
R 
S 

DATA 
IN 

D Q 
9 
S 



DUAL JK FLIP FLOP 
QI QI 

H027 ib 

2 

2Q 20 
6 I 7 J 8j_ 

Rl KI T1 SI 

R^ 

USE FOR DIVIDERS, COUNTERS Mb 
REGISTERS. S (SET) AMD R (RESET) 

INPUTS MUST Low FOR CLOCKING 
TO OCCUR. MAKING S OR R HIGH 
SETS OR RESETS FLIP-FLOP INDEPENDENT 

OF CLOCK. IMPORTGUT: ALL INPUTS MUST 

Go Somewhere! 

Dl VI DE-BY-2 

IN qA CLOCK 

Yb] “8 

1 > JN lb 
b 
5 

u COUNTER 
VpD

Q 

Í * 

H0Z7 

CLOCK 2 

DIVIbE-BY-5 COUNTER 
Vdd 

lb 

A 027 
4 

J Q 

CLOCK 
13 3 

Voo 
A 

7 
5 

G 
8 

Q 
K Q 
CLOCK 

15 

19 

J 
H0Z7 

DIVIDE-BY-H COUNTER 

j 

IO 

9027 

II 
Clock 

S IN o 

SHIFT REGISTER 
c 

0 
II 

9 
S H027 9 H027 

D 
A 

^OD 

IN 

K 
CLOCK 

IS 

Ï7 
G 
5 

HO27 

J 

J 
K 

J 

K 
SERIAL 

OUT 

|l(<» 

10 

Voo 

h 

Ife 

Q 
0 

7 

a 

DIVIDE-BX-3 COUNTER 
Vdd 

A 
it '/2 Q 

H027 

IS G> J Q 
V-L 

1 15 3 
J 

h 
9 
12-

K Q 

J 
CLOCK 

W 5 

io Z 

K ^027 

Q 
CLOCK 

7 
8 

H-BIT SERIAL 
Vt>n A B 

on ^on<) 
CLOCKq-

!3 J_ 3 

-----

ZT 



LOAD 

H02I 9 II 10 12 13 

/S 
2 3 S H 

PAR ALLEL-TO-SER1 AL 8-STAGE DELAV LINE 

DATA CONVERTER Voo 

il» I Ilf 

VßD 9021 
9 

3 e 7 5 | 

H02I 

DELAYED DATA OUT 

SEND load 
IS GROUNDED THIS 

WHEN 

SEQUENCER PSEUDO-RANDOM 

Vq0
~ IO I* l<( 

9ozi 
9021 

* 

INPUTS* 

VDO 

B)T pattern) H.7K 

30 

PARALLEL 

IN 

Hl 

Run initiate 

Connect DIFFERENT 

SHIFT REGISTER. 

CLOCK IN 

ALSO SERIAL 

IN OUT \N CLOCK 

3Z iQnF (adjust Ri caan&e 
SOUND with S| .) 

THIS Circuit Generates A 

TRE SINGLE L SIT 

PARALLEL INPUT / SERIAL OUTPUT 

THE FIRST parallel input (PIN 7”) 

ALL Ps (h's) ARE sent after the 

IM OUT Out IN IN in in 

5 7 SER 

8-EIT U/ORO IS TRANSMITTED. 
Si is Switched 

8 <» 8 H 
G 7 

2 I 

INITIATE RUN 

SI 

LOADS A 

IN 

15 

CLOCK IN 
SERIAL 

8«STAGE SHIFT REGISTER Vp^sv» 

Voo CLOCK 

llo 
11 
8 

I NJ PUT. DATA AT PARALLEL 
INPUTS IS FORCED INTO THE 

REGISTER IRRESPECTIVE OF THE 

CLOCK STATUS WHEN P/N ? 
made high. KEEP Pin q Low 
FOR NORMAL OPERATION. 

to Audio amplifier 
for sound effects. 

PSEUDO-RAN DON\ &IT SEQUENCE 
and Recycles.* to change 

K» 
3_ 
S 

V[>c

REACHES THE OUTPUT AFTER 8 
CLOCK PULSES. 

SINGLE U 

to initiate. 

PATTERNS OF INPUTS OF SECOND 

1021 TO Vpo OR GROUND. 



IH-STAGE BINARY COUNTER Voo (+3-IS v) Reser 
clock 

HO2O 9 II IO 

output 

TIMERS 

TIME 

Vod N 
H02O 

IK-BIT BINARY COUNTER NA 

8 L 

15 K 

H 3 

12 I 

13 H 
IO CLOCK 

G G 
VDB c A Vod 

H F 
li IT RESET H 

5 '/z ¡3 3 E Q 

7 (o 0 
Vz 

7 D 

SI 

STAIRCASE GENERATOR 
2R 

2k ZR 

STEPPED 

APPLICATIONS voltage. 

A PlPPLE COUNTER with CARRY 

THE OUTPUTS 
ASSUMING THE OUTPUTS 

THE IH-STAGE BINARY 

CLOCK Q 

D 
R_ 

10 

OUTPUTS 1 INPUTS 

ë] 7| 8 I 

7 H REQUIRE A ßRlEF SETTLL 
AFTER EACH CLOCK PULSE. 

AMD WAVEFORM 

ARE DECODED. 

include analog-to- DIGITAL 

OUTPUT IS A 

Conversion 
synthesis. 

D 
B 

Analog 
OUTPUT 

HOIS 
Clock Q 
s 

COUNT 15 COMPLETED /N Ib^BH 
CLOCK PULSES. THIS MAKES 
POSSIBLE VERT LONG duratiokj 

THE SECOND AND THIRD OUTPUTS 

(-FS AND 8) OF THE HOZO ARE NOT 

AVAILABLE. THIS CIRCUIT INCLUDES A 

3-BIT COUNTER TO SUPPLY THE 

MISSING OUTPUTS. A IS THE LOWEST 
ORDER OUTPUT. 

SUGGESTED VALUE 
R - SOK 

71 Q 
HOIS 

CLOCK Q 



DECADE COUNTER/DECODER RESET CLOCK ENABLE 
CARRY? 

HOI 7 12 13 H 

INPUTS ] 

DECODED OUTPUTS 

RANDOM NUMBER GENERATOR 

0-99 COUNTER 

CLOCK 

non H0I7 2 

Si: press And ,fc 3 
RELEASE. 

H 
Ko 

5 

COUNT TO N AND HALT 8 
5 (o 

13 
b T 

15 9 Ô 
io 

H 12 9 

^0J7 
H 

19 IS RESET 
IS I Ó 

CLOC RUN 
^017 2 0 

COUNT TO N AND RECYCLE 30 

TO N 
I b 

I So 
51 : A = Reset 

B’ RUM 

6 70 
^0/7 9 80 
7T] PI 

H Vdo 9 o 

CARRY 
OUT 

SEQUENTIALLY makes i-of-io OUTPUTS 

5 » to 

Itoi 8 

¿o Ho

IS 

CLOCK 

VodC+^Sv) CLOCK 
Ibf IS 

OK TO ADD 
MORE HOI7S 

GROUND 
PIN IS. 

CLOCK 
IN 

HIGH (OTHERS STAY ¿Oto) IN RESPONSE 
TO CLOCK PULSES- MANY APPLICATIONS 
count takes place \nhen pins is and is 
ARE LOW. 

FAST 

CLOCK o-O 

8 

1 3 

32 



DUAL BCD COUNTER 
HS18 

TWO SYNCHRONOUS DECADE 

COUNTERS IN ONE PACKAGE. 

WHEN ENABLE IS HIGH And 
RESET IS Low^ EACH Counts 
Advances one count per 
Clock Pulse. 

CASCADED BCD COUNTERS 
enable Reset 

Vdd D C a A 

APPLY INPUT TO PIN I 
OF FIRST ^Sl&. 

BCD KEYBOARD ENCODER 

PRESS SO-S*?, THEN TOGGLE RESET SWITCH 
GROUND 

VOo 

I5~| H Vop 11 CLOCK 
Hon 

SlO ENABLE 

ST S3 

BCD EQUIVALENT OF SELECTED KEY (SO-S9) APPEARS 

RESET 
ENABLE 
CLOCK ?2. HSI8 

SlO TO Voo And BACK 

8 
io 

isEZ 
RESET 

33 



3’DIGIT BCD COUNTER Clock 
dis LE A □ S3 OF MR MCIH553 IS 12 II 

SOME 
Möge information... 

DS2 DSI 
• OOl^F 

Counters, beginners.' Ger 
practical Circuit experience be fore 
using this chip. pin explanations: 
DS (DIGIT SELECT) 1,2,3— SEQUENTI ALL'Y 

STROBES READOUTS. LE— LATCH ENABLE 
(\NHEN H) . DIS— INHIBITS INPUT H/HEN H. 
CLOCK-INPUT. MR- MASTER RESET (WHEN A). 
OF —OVERFLOW. A^B, C, D — BCD OUTPUTS. 

complete 3-digit counter, use for 
DO-|T-\OURSELF EVENT AnD FREQUENCY 

HI IS 

SEE RADIO SMACK 
DATA Book for 

3-DIGIT EVENT COUNTER 

vdd 
I VoD RI 

IG IHS53 It R2 
QI 

b R3 
12 C 

RH 

R5 
(WHEN H) 9 S e NEED 

Rfe 
Cl 

8 R7 

see 
OIL TO USE LIQUID crystal display 

6-DIGIT FREQUENCY COUNTER 

OOI 
Vdd 

IOK 

son lox D 

z 
Q 

COMMON 

ANODE 

EVENTS 
(CLOCK) 

TIMEBASE 
(O. I or I Hz) 

SEE NEXT PAGE 
FOR MORE INFO... 

OVERFLOW 

WARNING? 

Pin H GOES 
H AT OVERFLOW 

6-DIGIT COUNTER 
(FACING PAGE) 

FREQUENCY 
INPUT 

Reset: clears count 
TO OOOOOO PRIOR 
TO NEW COUNT CYCLE. 

CATHODE LED DISPLAY. 
FOR DETAILS. 

LATCH: STORES 
TOTAL COUNT in 
ONE COUNT CYCLE. 

RESET (MR) qJÃ 

A 
H5H3 

b 

OR COMMON 
SEE HSS3 

Count: count input 

Vdd 
Ooi 

B 
C 

D 

15 
LATCH (LE) qJP. 

5 
3 
2 

9 
7 
b 

QI-Q3 
RS2023 

RB 
IK 

SELECT RI-R7 So 
LED CURRENT DOES 
NOT EXCEED IO mA. 

A 
B 
C 
D 

<5 

W 
H0I3 

RI-R7: f 
IK. IF 
Vdd = A V. 9 

COMMON ANODE led 
d/splays. USE MULTI¬ 
DIGIT DISPLAY OR WIRE 
TOGETHER MATCHING 
CATHODES OF 5 DISPLAYS. 

I 3 I H 
C 



3-DIGI T BCD COUNTER (continued) 
MC IM553 

6-DIGIT COUNTER 

IG 

IH5S3 1^553 

S 

D 
5 

Ik c c 

I« 5^3 1^5*13 

RI-R7 R& 

QI 

Q-G>3= RSZO23 

AND USE 

-Vop 

1 
3 

d 

TO 

ADDITIONAL-

STAGE S 

OVERFLOW^ 
OUT 

COUNT 
RESET 

LATCH 

G B 

CIRCUIT ON 

FREQUENCY COUNTER : 

PREVIOUS PAGE. INPUT FREQUENCY SHOULD 
NOT EXCEED Vdd . NON-SQUARE WAVE 
INPUTS N\AY REQUIRE INPUT TAILORING. 
use comparator to sharpen slow rising waves 

INPUT BUFFER 
+ Vdd 

IL 
Cl 

RIS 
Ik 

RI7 
I K 

THIS CIRCUIT SHOWS HOW TO CASCADE 
TWO 3-DlGIT COUNTERS. A4AX/MU/VI COUNT Gß 
is 999,999. displays are common 
CATMODE (common Anode configuration 
Shown on PREVIOUS page} NOTE THAT 
P/n (o OF IHS^S (or 9S93) GOES to GnD 
INSTEAD OF Vop VVHE/U COMMON CATMODE 
DISPLAY IS USED. 

RIG 
\ K. 
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PHASE-LOCKED LOOP (PLL) v^s-isv) 
_ » ZENM™ 

DEMOD 
OuT 

IM 

HOHè 10 

VCO 

5 

SPEAKER AMPLIFIER 
TUNABLE OSCILLATOR 

RS2OO9 
+9 

IN 

CHIRP BURST SEQUENCER 
ANiP 

HOGG 

+ 9 

SIREN 
+q 

+ 9 
H 

'A U H 

C3 + 9 
2 .005 

+ 9 

. OOSyU F 
AMP 

9 
H 

CHIRPS. 

R3 or c3 to alter wail.. CHANGE 

34, 

-OHM SPEAKER 

RZ -
330 K 

EXCEPTIONALLY VERSATILE CHIP. CONTAINS 

IOOK (05 Hz->/e.S KKi 

Rs: controls Pitch of 

Cl .OOlxxF 

vcq 
9 

ADJUST ri 
TO VARY 
frequency 

HOYG 
(vco) 

RM 
IOOK 

hohg 
(VCO) R3 

H7OK 

RZ: ADJUST FOR l-H CHIRPS 
CHIRPS WILL HAVE DIFFERENT 

TWO PHASE COMPARATORS AND VOLTAGE 
CONTROLLED OSCILLATOR (VCO), USE VCO 
AND ONE PHASE COMPARATOR TO MAKE 

RS 
33OK 

C*i 1 Ra 
LF < H70K 

RI 

500 K 

FOR TONES INSTEAD OF CHIRPS, 
connect to pin iz instead of Pin ii 

TO 
AN\P 

RZ 

IOOK 

R3 
SOOK 

HOYG 
(VCO) 

CHANGE RI OR Cl TO ALTER CYCLE TIME. 

CHANGE RM OR CZ TO ALTER FREQUENCY. 

USE WITH CIRCUITS 
ON THIS page. 

4>2 <J»l COM VCO VCO 

OUT OUT IN OUT INK 

PLL. CIRCUITS ON THIS PAGE USE VCO 
ONLY. SEE RADIO SHACK SEMICONDUCTOR 
Reference handbook For more. 
INFORMATION. 

RI Cl ' 
fc&K H.T^F 

'/H 
HOGG 

PER CYCLE. 

FREQUENCIES. 

‘A 
MOII 



PHASE LOCKED LOOP ( CONTI MUE t>) 

HOM 6 
FREQUENCY SYNTHESIZER 

SOUND EFFECTS +q 

GENERATOR 
+q 

+9 
5ooK 

O.ImF 

Ko IM 

+q ^O^G 

IG 7 .Oo\ 
IOOK i 

MP 
SK 

+9 
FREQUENCY OUT 

Ko 

4 8 4017 

li 

XZ 

RY Controls DELAY 

GENERATOR TONE BURST MOST DRAMATIC RESULTS. 

RI SETS 
LOCK INDICATOR 

Vt>D 

IOOK 

P|n I 

Pin 2 INRH 
LEO 

.05 

.I^F 

<104 (o 
(yco) 

RATE . 
GIVES 

RI 

sook 

RS 
SOOK 

R3 SETS 

Burst 
rate. 

use to 
VERIFY LOCK 

OF HOHU IN 

PLL mode. 

Controls 
Frequency 
CAoPPlN 6 

1,2,3,4 

2/3 90^9 

',2- = 
'/jSCHi 

12 = 
'/î 4OH9 

CHAN<S/AJâ R S1 s 

TONE FREQUENCY. 

K3 *Y *5 X G *1 Xô X 

RAnûê . RS Controls 

(VGO) 

timebase 
OSCILLATOR 

RH 
SOOK 

R2 

IK 

CZ 

R3 
H7OK 

PRODUCES FASCINATING VARIETY OF 
UNDULATING And chopped tones. 
RI CONTROLS CYCLE TinaE . RZ 

Ri 
500K 

CONTROLS 

frequency +q 

TO 

homu: 

_SELECT TIMEBASE FREQUENCY 
MULTIPLICATION FACTOR. set 
TIMESASE TO~IOOAz. 

y 
4 OU 

LED GZOVUS OR 
FLICKERS WHEN 

In PLL MODE. 
IS our OF LOCK. 



I02H-BIT STATIC RAM 
2I02L 

I02H l-ßlT STORAGE LOCATIONS ADDRESSED 
BY PINS AO-A9. ttl/ls COMPATIBLE. 
ce (chip ema&lé) iiuPut Controls R/w 
(READ /wRITe) OPERATIONS). 3“ STATE OUTPUTS. 

CE R/w OPERATION 

L 
L 
H 

L 
M 
X 

VvritE (loads bit at Pin li) 
READ (OUTPUTS bit at Piru iz) 
m z (output enters third state) 

A7 A» AH CE out IN +5 GnD 
M IS[ H| I3| IZ| Il I IO| 9) 

Note unusual location 
of power SuPPm Pims. 

(ao-AR: address inputs) 

i I 21 3| HI I t| 7) 8| 
AL AS R/w Ai AZ A3 AH AO 

2IÖ2L ADDRESSING CIRCUIT 7H/9S/ 

7HLSI93 
8 

5 

12 

7H 193/ 
H 

7HLSI93 

8 

S 

12 

7HI93/ 
19 

8 

5 
A 

io 

ZIOZL. 

CLOCK 

CLEAR o 
(when h) 

TRE ADDRESS INPUTS MUST BE 
OUT CE R/W STABLE DURING R/vu OPERATIONS. 

ADDRESS 
LINES TO 
OTHEK 
ZlOZL’s 

HL 
II 
II» 

38 



1024-BIT STATIC RAM 
2I02L 

SINGLE I/O PORT Abb I NG PROGRAMMED 

OR MANUAL JUMP 

7SLS/Í3 S J 

S I 

S H 

7^/93/ 
S G 

7YLSH3 

S F 

CASCADING 2IO2L'S IS S E 

s o 

lo SC 
7YLS/93 

£ B 

II 
15 SA 

LOAD 

PAGE. 

Control 
ihcs 
AND i/o 

DATA . 

79Z.S 3G7 

OUTPUTS 

OF THE 

Port 
THESE 

NORMALLY 

MAK InG 
Address 

THE LOAD INPUT 
LOAD LOW LOADS 
PROGRAMMED IN 

IS HUGH. 
THE 
switche s 
this 
JUMP 
any 

ADDRESSING CIRCUIT 

SA-SJ INTO THE 7YI93’s. 
PERMITS A PROGRAMMED 

OR A MANUAL JUMP TO 

Address. 

ON FACING 

on FACING PAGE. 

DATA. Both 

IS A , PIN 3 OF TH £ 
Enters third state (wi-z) 
Port accepts input 
VuHEN PIN 3 

IS A, T/c 

SA-SJ: USE 

8-POSition dip 
SWITCHES OR 

miniature toggles. 
open= h ; closed -L 

Add this circuit tc 
addressing circuit 

ADD THESE CONNECTIONS TO 

operations are Dependent 
upon the status of the 
ZIOZL. CONTROL INPUTS. 

3^ 



102H * H-BIT RAM 
21 I HL /H0H5 + 5 A7 A8 AM A B C D WE 

I&I n| lb| IS| IM | IB) I2| Il I IQ) 

IOZh-H-BiT STORAGE LOCATIONS ADDRESSED 
By PIMS Ao-M. TTL/LS CoMPAT/gLS. 
For read/write operations } ce Qcmp enable 
Also CALLED CHIP select) MUST BE Loi 
WE INPUT MUST BE i-OM TO WRITE 
(LOAD) DATA INTO CPI IP. WHEM WE 
IS HIGH, DATA IN ADDRESSED 
LOCATION) APPEARS At I nPut / OUTPUT 
pins, ideal chip for do- it- yourself 
i^iCRocot^puTERS Ano controllers. 

_I 

INPUT/ output 
P/NS 

AO-M: ADDRESS INPUTS 
we: write Ena&le 

'I 2| 3| h| 5| t| 7| B| q| 
AL As AM A3 AO Al AZ CE GND 

(CS) 

ADDRESSING CIRCUIT 7SI93/ 

7HLSl<n 

7HIM3/ 

7MLSI93 

8 

5 

IZ 

IM 7MI93/ 

7MLSI93 

8 

S 
A 

18 
2IHL 

CLOCK 

CLEAR Q 
(WA£N H) 

CE WE 
INPUT/OUTPUT (CS) 

ADDRESS 
LINES TO 
other 
zhhl's. 

the address INPUTS 
MUST remain STABLE 
During R/w operations. 

h 
IZÈ 



2IIHL/H04S I02H-N1BBLE 
DATA LOADING CIRCUIT 

(nibble.® H-BIT word OR Vz 8-8lT word) 
SI- CLEAR 

IM Anu ALLY 79193/ 

A 

LOADED IS 

is 

s 
THE ^Rit£: 

Bounceless PUSHBUTTON. 

7H 193/ 
IG 

fe. Repeat 9HLSI33 

.luF 5 

7Hl93[ 

7H<-SI93 

15 

5 SA-LOAD 

18 CLOSED) 
2 II AL 

9 
WE 

TOGGLE 

S3- WRITE 

CE 
Ccs) 

2. 

3. 
H. 

5. 

UP 1 

2IWL. 

(SPDT WITH NEUTRAL CENTER) 

SW ITC H S2 

SH - CHIP 

Enable 

READ : I- OPEN S3. 

2. Switch 55 to h. 
3. close,then open, si. 
H. SELECT CLOCKED OR 

MANUAL OUTPUT (s2). 

DATA input SWITCHES ARE AT NEUTRAL. 

DATA INPUT SWITCHES 

TO DESIRED ADDRESS', 2. PRESS St 
MPiNuAl tuaaP: i. set switches A-J 

THIS CIRCUIT 

SW ITCH 

CLOSE 
INPUT 

PRESS 

BACK at the 
DATA OUTPUTS 

S5- WRITE 

enable 

15 
II 

19 
8 
it 

NOTE-
BEST TO OUTPUT DATA 

THROUGH THLS3G7 HEX 

Ruaaer. 

9 
io 

is 
& 

9 

10 

9 
10 

D 
C 

B 

A 

loan H-ßir wo a ps 
AFTER the data 
CAN THEN BE READ 

CLOCK SPEED. THE 
ARE PINS II-H WHEN 

12 
H 
8 
Ko 

SPST 

TOGGLES 

USE 
STORE 

SH And SS TO L. 
S3. 
DATA. 
Bounceless Push button. 
STEPS 1-5. 

use at 
ALL IC 

PWR SPLY 
PINS. 

S2 
SPDT_y $ > SOUNCELÊSS 

Pushbutton TOGGLES 

HI 



DATA SHEET INSTRUCTIONS. 

COMPLEX SOUND GENERATOR 
SN7&H77N /SN7tH8SN Note: the 

IN SPEAKER 

Does NOT. 

SN7&H8B INCLUDES BUiLT-
AMPLIFIER. the SN7GH77 

incorporates s.l.f. Envelope select i 1

(super low frequency 
oscillator"), VCO ground Z 

(voltage controlled 
oscillator), Noise EXTERNAL NOISE CLOCK-3 
generator And a 
Mixer that Allows noise clock aaa, h 
THE OUTPUTS FROM 

ONE OR MORE OF NoiSE FILTER _/W\_ 5

PlNouTS 
for Both 
CHIPS ARE 
IDENTI cal 
except: 

SN7GX88-
P)N 12 IS 

28 ENVELOPE SELECT Z 

22 MIXER SELECT C 

3È MIXER SELECT A 

22 MIXER SELECT & 

32 OvE-SHOT _ZAA 
TAE ABOVE TO BE 

Combined, can be Noise filter. __ b 
An Audio 
input. Oajc-smot _li 

OPERATED TOGETHER 

With APPROPRIATE. DEcAX _AA/\_ 7 
Resistors and 
capacitors to Attack/decay _ d_ 8 

SKULLT) 
requires 

32 VCO SELECT 

31 SA. E _|L_ 
PRODUCE MANY kinds 
of Sounds. CAN Be system. ENABLE 

simple 
output 20 S.L.F. _ZVÄA_ 

Controlled BX external Ampli f 1ER-
LOg/C. SEE DAtA attack _aaa_'° 12 Pitch control 
Supplied with chip For 
MORE INFO. SN7GS77 A M PLI TU D E _>\AA_ — SN7t>4ôg 18 vco _ywv_ 
And SM?bH88 ARE OUTPUT' 
INTERCHANGE ABLE... FEEDBACK £ 17 VCO _II_ 
But sntIoYSö Does 8-ohka 

nr 

NOT NEED OUTPUT AUDIO OUTPUT 13
+ h Spkr |fc External vco 

amplifier.. note: H 
x> 

THIS CHIP IS EASY +H.5-IZV (<) V BEST) 11 
to use if You Follow 

IO — Vreg 

PERCUSSION SYNTHESIZER 

SI - PRESS TO ACTIVATE. SOUND. 

H7k RS2OO9 

SAfZfcYnN 
IOOK 

l-IOM .^1 IOOK 

ADOS use 27OK 
Exponential to slow 

lOyuF DEC AX 

CONTROLS 

DECAX 

H70 
K 

controls 
Sound 
Duration 

frequency 
Control 10o-

5oo 

(volume) 

S-OHM 
SPKR 

ATTACK (LOW = drum) 
MW 



COMPLEX SOUND GENERATOR (contimueo) 

SN7AH88N SN7&H77N 

NOISE GENERATOR 

NOISE. SELECT PIN 

RS2OOP 
SN7GH77N 

H7K H7K 

PF

lOyuF 

AMD Pim ¿7 To 

UNIVERSAL UP-DOWN TONE GENERATOR 

+9 

TONE SEQUENCE ■O 

9 ZS 
RS2OO9 

SN7G477N 

18 

H7K 

.33«F H.7K .2ZmF IOOK IOM lOOK 

S-L.F. veo 
FREQUENCY • FREQUENCY 

Siren 
Compone mts 

43 

Controls 
decay 

AND 

POR. 

TO ' 

/oo-
SOO 
(volume) 

STOPS. 

MANY 

CONTROLS 

Sound 
Duration 

Ö-OHM, 

SPKR 

SI-PUSH FOR 

f9v. ADD 

S-OhM 
SPKR 

IM PÖT PROMI PIN 20 TO GnD An D 
ting Pins zs two zg 

I00-SOO 
(.volume) 

HEAR UNDULATING TONE 

CHANGE VCO 
DIFFERENT SOUND EFFECTS 

RANGING FROM 
Sound, omit 

PRESS SI and release 
THAT GRADUALLY DECAYS 
AND S.L.F. COMPONENTS 

SCIENCE FICTION MOI//E SOUNDS. PoR COhTIKUOUS 
AT Pins 7,ô, 23, ^9 And ground P/aj 9. 

|0o 
K 

lyuF capacitor from Pin zi to Gmp.) Sounds 
like steam train or propeller aircraft 
depending on adjustment of im Pot. 

produces steady hiss, make snare drum 
BY connecting Pushbutton in series With 
SPEAKER. ADD S.L. R OSCILLATOR TO MODULATE 
THE HISS. C SELECT S.L.F. + NOISE BY ConnEC-



Sérial analog delay (sao) limés 
(also called analog shift registers)'. 
OK TO use. EACH 5lZ STAGE sad 
SEPARATELY OR IN SERIES. ANALOG 
delays op up to Vz second cam be 
ACHIEVED. A Z-P^ASE CLOCK is REQUIRED 
TO DRIVE INPUTS <#>l AND ^2. . ImPUT 
data RIDES THROUGH THE SAD ON 
ALTERNATING CLOCK PULSES AND 
APPEAR At THE TWO OUTPUTS AFTER 
PASSING THROUGH ALL SlZ STAGES. 
Connect Vuk to Vdo (.Pint) or ( For 
OPTIMUM RESULTS, to I VOLT BELOW 
Vot>. TRIS CHIP CAN SB TRICKY TO 
USE SINCE SEVERAL EXTERNAL 

Adjustments are required. Circuits 
on this Page explain operating 
REQUIREMENTS WHILE a complete 
circuit is SHowN ON FACING PAGE. 

SÉCTIOM A 

• I 271 3] s i 5] T] 7J a] J 
GMD I <£2. A I OUT A I+10-DV 

IN A NC OUTA' <J>IA 

caution: tris nmos chip is 
vulnerable to damage from 
static discharge! follow 
Cmos handling procedures. 

serial operation 

SAD IN/OUT CONTROLS 

Cl 

Ri Controls bias to section ß. 
note that omoi one output of a 
is connected to input of b. 

ADJUST RI (input bias) FOR OPTIMUM 
AUDIO OUTPUT. OUTPUTS APPEAR LIKE 
THIS ON A SCOPE: 

set SCOPE TO VISUALISE input signal 
(compressing Clock rate): 

OUTPUT SU WIMER 

_AAA— 
~ZK 2K —IOOK 

ANY OP-AM.P CAN BE USED, BUT 
LOW NOISE FET INPUT TYPES ARE 
BEST. 

HH 

DUAL ANALOG DELAY LINE 
SAD-102HA 

Contains two independent si? stage 

NC 3>2B OUT B <£ia 
IN B I NIC I out B \ VUU 

lu I isl h| I3| 12-1 II I io| <?| 

S&crioM B 



DUAL ANALOG DEL AV LINE (cohtihuío) 

SAD-IO2HA 

adjustable flanger or phaser 

+ 12 V 

8 

HOU CLOCK FREQUENCE. 

PREAM 

11 8 + IZV 
13 

it 

rzi it 
ib 13 

IOK 

.OOUF 

hAIXEK 

REVERBERATOR 

IO/Æ TO PIM 2 

RESULTS. 

5 

RM 
IOOK 

TO 
TO 

+IZV 

APPLI ED 

OUTPUT 

ADJUST BIAS 

SET 

7h 
TL08M 

R3 
~ IOuF IK 

AUDIO o-) 
IN 

(3-aKHz) FOR SINGLE 
Clock frequencies (zo-iookHz) For hollow, 

or Pim 3 
OF TLOôhÇtrt both). 

DESIRED EFFECT 

2-PHASE CLOCK RI 
IOK 

For Beginners. 

^BRIDGE HERE TO ELIMINATE 
T HIGH-PASS Cutoff. + IZV 

R9 BALANCES the sad. 
Puts, rz controls the clock rate. 

adjust circuit for 

ECHO. USE HIGHER 

SWlSHT SOUNDS. NOTE '- THIS CIRCUIT is not 

the MIXER. CONNECT the 
Power amplifier. Xou musj 
controls properlv for best 
RZ For low frequencies 

low-
pass 
filter 

CH T= 
IOmF 

R17 IS THE MAIN BALANCE CONTROL. 

it controls the relative amplitudes 
of THE ORIGINAL and delated SIGNAL 

show For best results. 
control bias to sections 

ci 
lOOpF-.OOI^F +IÎV

Ru 

ISK 

RIS 
H.7k 

RI3 

IOK 

RZ 
)M 

RS 

IK 

Rn 

IOK 

RIG 

IOK 

R2O 
IOK 

RIZ 
IOK 

R7 

Sok 

with low Rim 
LEVEL AUDIO IN. HTK 

cs 
lOyuF 

CM 

OImF 

SAD-I02W A 
SECTION A 

AUDIO 

OUT 

SAD-IOZnA 

SECTION B 

EASIER to 
SET BiAS 
(RI3, Rt) BT 
connecting 
SCOPE TO PIN 
5 OF SAD ,THEN 
R9'S CENTER 
TAP. START 

C7-C&: 

USE .Ol, 

Low * RATES. 

LOW - PASS 

FILTER 

RJ3 AND R7 

A AND B OF 

HE SAD OUT-

ADD THIS FEEDBACK CIRCUIT FOR 

UNUSUAL REVERBERATION EFFECTS 

slow Clock frequencies Give 
MOST STRIKING REVERBERATIONS. 

TRT 5-20 KHz. FASTER CLOCK (ZO-

loo kHz) and careful adjustment 
GIVES ROBOT-LIKE sound USED IN 
Some Science fiction movies. 

BT CONNECTING TRANSISTOR RADIO TO 

audio input, tune Radio to a talk 

CG RI& 
lOyuF IOK 

HELPS TO CONNECT 
SCOPE HERE. 

HELPS TO 

Connect 
FREQUENCE 

counter here 
TO MONITOR 

r R& 

_1 M7K 
Rt" 
5K 

Vs 
H Oil 

'A 
HOU 

IM 
'/H 
WOU 



TOP OCTAVE SYNTHESIZER 
S502H0 

this An INPUT 

FREQUENCY (0) 

SYNTHESilERS organs FOR ETC. 

8| 
+ ll-lfc>v 0 

Give 

ADJUSTABLE OCTAVE SYNTHESIZER 

import ant ’• 

TIME. 8 
SihulTAnEOU S 

Da o o 

E 8 I ook lOOk 

& 
p 8 I ook 

502HO + I2V 
3 9 CLOCK 

I ook 

Ga 
I OOK 

^8 

12 
Ag 

13 a8

1*1 Ba 

Ca

SPECIAL EFFECTS 
+I2V 

CLOCK. 

UNUSUAL 

FOR 

RI 

OF 

TOP 
FOR 

PRESS 
AWN 

RI 

I OOK 

Cl 

loopF 

8 

BAGPIPE 
RI Tc 

H78 23*) 2S3 2fe8 2 as 301 319 338 

c8

NUMBER 

be inverted. 

TO OBTAIN 

tones (chords) 

octave, adtust 
CLOCK FREQUENCY 

THIS PRODUCES 

Sounds, adjust 

pmos chip 

And OTHER 

only onE Switch AT 

vary Interruption rate. 

+ XV 
* 

use AN 

Summin g 

Audio amplifier 

note : 
CHIP 

MAY 

GMO 4- 4- 4- 4- 4-

HSI HOZ 379 358 

OP-AMP MIXER OR 

AMPLIFIER LIKE THIS: 

Lower OCTAVES. 

TO PIN 3 OF CLOCK. 

To pins i-z of 

2. OOOZH MHz. For 

top octave OPERATION, 0 SHOULD BE 
2.0OO2H MHi‘. lower frequencies 

NEXT LOWER OCTAVE, USE 
I.Oooix MHz CLOCK 

FREQUENCY. 

RI 
IOK 

'/Y 40GG\ 
1*1 R2 

IOK 

ACCEPTS 

And then DIVIDES IT 

ONE NOTE 

SCALE. 

Musi c 

Into a Full octave plus 
on the equally tempered 
this chip is ideal for 

IH 

'4 
Moll 



NOISE GENERATOR 
S2688/ MM5837N 

PRODUCES BROADBAND WHITE 
NOISE FOR AUDIO AND 
OTHER APPLICATION S. THÉ 
NOISE QUALITY /S VERY 
UNIFORM. IT IS PRODUCED 
BY A 17-BlT SHIFT REGISTER 
WHICH IS CLOCKED 8Y AN 
INTERNAL OSCILLATOR. 

el *>1 sl n

Vs» = OV 

Vot, =-HV * IV 

Vgg = -27V* 2V 
(optional) 

H 21 31 Hr 
Voo VtG OUT Vss 

WHITE NOISE SOURCE PINK NOISE SOURCE 

+ IH-I5V 

H 

3 

NOISE OUT 

S2G88/ 
MM583TN 

+ IM-15 

IK-IOK 

S2GB8 
MM5837M t 

—i—J C
I [ .OI/.F-.^F 

->• 

PINK NOISE 

CONNECT OUTPUT TO AUDIO 

Amplifier to hear noise. 
USE TEIS’ VOLTAGE REGULATOR 

TO OBTAIN + is VOLTS. 

CHANGE R AND C TO 
Alter. noise spectrum. 
Also trt lower supply 
voltages to change spectrum. 

COIN TOSSER SNARE/BRUSH NOISE 

+H-ISV 

I.5K 

HOTT 
TAILS 

S1GBB/ 
MMS817N 

O O-
SI 

PRESS SI ; BOTH LEDs GLOW. RELEASE 
SI AND ONLY ONE GLOWS. GROUND 
INPUTS OF UNUSED HALF OF YOZ7 
(PINS q,IO,|| (|2 AND IS)*(OK TO USE 
9-VOLT BATTERY AS POWER SUPPLY.) 

S2GBB/ 
MMS&STN PRESS SI TO OPERATE. 

INCREASE C2 AND 
CS TO LOWER OUTPUT 
FREQUENCY. 



RHYTHM PATTERN GENERATOR TRIGGER outputs 

MM5871 M is| h| is) 12) n| io| ?| 

RHYTHM BOX TEMPO Vpp V$S 

POWER Pulse width 

CAUTION : You MUST 

CASE 78IS LM3I7 
ru 

^+27 V 

0 TEMPO 

R3 

200K .IuF Rg C5_l_ —L-CH 
.005 

3 

3 NAM5S7I N 

R8 Pl TRI 
(SEE FACING PAGE) 

BASS DRUM 

BLOCK 

BONGO 

snare 

brush 

RH 
ZM 

SZU8B/ 
MM58S7N 

3 

TIME 

adjustable tempo, complicated 
TO USE» But WELL WORTH THE EFFORT. 

IN9IH IOOK 
GGER OUTPUTS 

• OOS \IOOK 

D2 

PRODUCES SIX DIFFERENT RHYTHM 
patterns and triggers pive 
different instruments. 

R2 
5K 

R5 
IM 

RI 
2H0 

R9 
IOOK 

R7 
IOOK 

SEE FACING PAGE 
for pin explanations. 

bi 
bridge 

transformer rectifier 
(273-H80) (27G-U72) 

QI 
ZN222Z 

insulate power Cord/ 
transformer Con¬ 
nections ! 

QZ 
ZN2222 

Cl 
looo^u F 
3S V 

C2 
.ImF 



RHYTHM PATTERN GENERATOR (««twuio) 

MM 5871 
PERCUSSION SYNTHESIZERS: MMSB7I PIN explanations: 

OK TO TUNE BY MAKING 

SLIGHT CHANGES TO RC 

Components. 

I - Mgg (-Z7V * zv) 
2 — TEMPO CONTROL (RC network) 
3 -trigger output pulse width 

control (Rc network) 
H - Mod (-H V* Z v) 
5 - Vss (ov) 

PATTERN SELECT INPUTS — 
G - ROCK 8 — MARCH IS - C/w 
7 - LATIN H-WALTZ IG-SWING 

TRIGGER OUTPUTS — 
9 - BASS II - BONGO 1S~ SNARE 
10 - BLOCK 12- BRUSH 

Z2OK 

BLOCK 

Bongo 
g 

0.17 

+ 15 

CI3 RZ? 

Snare 

5 CIS 

LMSSG 

CIS R32 
G-ZK 

BRUSH 

CIS.OG 

RSS 
IK 

TWO OR MORE 
MULTANEOUSLY! 

8 5L 
spkr 

SUMMING 
AMPLIFIER/ 
PREAMPLIFIER 

GAIN 
CONTROL 

volume 
E X pe RI¬ 
FO R 
SELECT 

* OK TO USE LM3ZH ; 

TLO&H WORKS BETTER. 

"‘A 
LM3ZV 

RHYTHM BOX OPERATION: 

AUDIO POWER 
AMPLIFIER 

D3 
12 V ZENER 

'A 
TIO8Y 

RlZ 
SOK 

ClI.CIZ 
• 005 yu F 

8.ZKS 
CH i, ?G 

PATTERNS Sl-

+15 R3H ' ISO 

Pots Rio- Rih Control 
OF EACH INSTRUMENT. 

ment WITH SETTINGS 

BEST RESULTS. OK TO 

cq R22 

IM 

CIO k_ 

CH RZG I 
H.7M> 

02 1, Al 

RZB 

IK 

+ 15 

RZO 
IK 

R23 
IM 

R3o 
3.3K 
/AV 

.AAA 
R2I 
IK 

RSI 

IOOK 

+ 15 

R2-7 

3.9K 

.AAA. 

AM >0 
RZS J 
I.5K T 

+ 15 

R2H 

2Z0K 

/VW-

LMSZY 

Rll 
5K 

cq.cio 
.OOSy^F 

A 
LM324 

RIS 
5K 

CIS CH 



NOTES 

50 
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7100. 

Il It 

Vec (*5v) 

nf 13 

QUAD NAND GATE 
7H00/7MLS00 

THE 6>A%lC BUILDING BLOCK CHIP 
FOR. THE ENTIRE TTL FAMILY. VERY 
easy to ose. hundreds of applications. 

OR GATE 

NOR GATE 

CONTROL GATE 

B (control) 

INVERTER 

A out 

A-
__L 1HOO. 

IM 

V? y OuT 

L H 
H L 
M H 

OUT L. L 

OUT 
H 
L 

L 

H-IN PUT NAND GATE 
*«c 

AND GATE 
OUT 

OUT L L 
L H 
H L 
H H 

A B 
L 

L H 
M L 
H H 

AB C D 7100/3—1 

L X A X 

X L X X 

OUT 
B i 

I i s 

IS OO J 
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QUAD NAND GATE 
7HOO/7HLSOO 

(COMTIMUKO) 

HALF ADDER RS LATCH 

D FLIP-FLOP GATED RS LATCH 
V 

WHEN ENABLE (E) INPUT IS HIGH, WHEN ENABLE C^) INPUT IS 

Q OUTPUT FOLLOWS D l/JPUT. AJO HIGH. IGNORES RS INPUTS 
change when £ is low. when e is low. 

LED DUAL FLASHER SWITCH DEBOUNCER 

standard spdt toggle switch. 
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TRIPLE 3-INPUT NANO GATE 
7HLSI0 

VERT USEFUL IN DO-/7-YOuRSELP 
Decoders. Also very handy 
FOR ADDMG Enable control 
TO DIGITAL CIRCUITS. 

I-OF-H DECODER 

For each of H Possible siwary inputs 
(Lt , LH , HL AMD HM") OAJ6 truPuT &o£S LOW 
WHILE ALL OTHERS STAY HIGH. E SHOULD ß6 H-

ENABLE INPUT 
Vcc 

ENABLE (when a) 

TYPICAL ENABLE IMPuT 
Circuit. use this method 
TO COMTRol ONE or 
MORE GATES. 

I-OF-8 OECODER 



DUAL H-INPUT NAND GATE 
7HLS2O 

applications. 
MANY DECODER ANO ENCODER 

CAN BE USED 

AS DUAL 3-1AJPUT NAND GATE 
U/ITH ENABLE (CO 

FOR EACA gate. 

BCD DECODERS 
Vcc 

OUTPUTS GO AiGA WHEN APPROPRIATE BCD WORD 
APPEARS AT INPUTS DCSA. OUTPUTS STAY LOW 
FOR All OTHER INPUTS. (omit PIMAL. INJI/ÊR.TER TO 
PROVIDE ACTIVE LOW OUTPUT.) use this method to 
DECopE AMT H-SlT NIBBLE. 

DECIMAL-TO-BINARY CODED DECIMAL (BCD) ENCODER 
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PROGRAMMABLE NAND GATES 

5-INPUT (»-INPUT 7-INPUT 

8-INPUT NANb GATE 
7HLS30 

DETECTOR 

1,2,5, 4,5,6» ’ 
r, 2'- 7HO*y/7HL5OV 

Vct

UNANIMOUS VOTE 
* Vcc 

- » rs^t 

OUTPUT GOES LOW OmLY WHEN 
input is LHHLLMLL (decimal lOo). 
UP TO 2SG ImPuts CAN BE DECODED 
BY REARRANGING UP TO 8 INPUT 
INVERTERS. 

7HLS1O 
8 
->■ OUT 

APPLICATIONS-

8-BIT DECODER 

25 (O I 

USEFUL 

gate. 

MANIDA for ÔYTE-S/ZÉ (8-8IT) DECODING 

INPUT 
AS 

CAN DECODE UP TO 
coMftiN atioms . Also 
programmable nand 



QUAD AND GATE 
7HO8/7HLSO8 

ONE OF THE BASIC BUILDING SLOCK 
CHIPS. NOT AS VERSATILE, HOWEVER, 
AS THE 7HO0/7HLSO0 QUAD WAND 

GATE. 

AND GATE BUFFER 
v« 

USE FOR INTERFACING WITHOUT 

CHANGING LOGIC STATES. 

NAND GATE 
Vc. V« A 6 Iqmt 

DIGITAL TRANSMISSION GATE 

AND-OR-INVERT GATE 
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QU Ab OR GATE 
7HLS32 

Four z-input or gates. 
NOT AS VERSATILE AS 7WOZ/ 
7MLSOZ QUAD NOR gate, 
But vert useful in simple 
data selectors. 

AND-OR CIRCUIT 
Vcc 

OUTPUT GOES high when BOTH 
IMPOTS OF EITHER OR BOTH AND 
GATES ARE HIGH', OTHEAwise 
THE OUTPUT IS LOW- THIS BASIC 
CIRCUIT is USER TO MAKE 
Data selectors... As shown 
BELOW —) 

2-1 N PUT DATA SELECTOR 
DATA IN Vcc 

A USE THLSZ"? nor GATE FOLLOWED 
BT INVERTER AND PRECÉEDED g>T 

ADDRESS CbATA SELECT) 7HLS/O 3-inPUT AND GATES. 
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QUAD NOR. GATE 
7H02 /7HLS02 

JUST AS VERSATILE AS THE 

7SOO / 7HLSOO QUAD NAND GATE... 
ßur not used AS often). 
ADD INVERTER ( 7XOH / 7XLSO4) 
to both inputs of a nor 
GATE AND an And GATE IS 
formed. 

EXCLUSIVE-OR GATE 

H H L 
THIS CIRCUIT IS EQUIVALENT 

to a sinarx half-adder. 

Vcc 

TRIS circuit is a MONOSTABLE 
MULTIVIBRATOR OR PULSE STRETCHER. 
AN INPUT PULSE TRIGGERS AN 

L L LL 
XX XX 

OUTPuT PULSE WITH A DURATION 

RS LATCH DETERMINED BX R and C., OUTPUT 
Vcc PULSE WIDTH is APPROXIMATELY O8RC. 

Vcc 

H 
L 

5 e! 



TRIPLE 3-lNPUT NOR GATE 
7HLS27 

USEFUL FOR. DATA SELECTORS 
And NOR 6AtE FLIP-FLOPS 
THAT REQUIRE CLEAR AND 
PRESET INPUTS. 

GATED RS LATCH 

Functions AS RS LATCH when 
E (enable) input is high, ignores 
RS INPUTS WHEN E IS LOW. 

Vtt(+s) 

3-INPUT OR GATE 

ADDRESS (DATA SELECT) 
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DUAL AND-OR- INVERT GATE 
7HLS5I 

VERY versatile Building Block 
chip. IDEAL Pop CUSTOMIZED 
DATA SELECTORS, LATCHES 
and expansion of a single 
INPUT TO AN AnD-OR input. 

LATCH WITH ENABLE INPUT 
Vt>D 

Vcc(+5v) 

TTPICAL AND-OR INPUT 

Q OUTPUT FOLLOWS DATA input 
WHEN ENABLE INPUT is high, no 
CHANGE WHEN ENABLE IS LOW. 

THIS CIRCUIT SELECTS 

l-OF- 2 H-SiT WORDS. 
I-OF-2 DATA SELECTOR 

Note that the 
SELECTED WORD IS 

INVERTED AT THE 

OUTPUTS, the ci 
requires two 

RCUIT 

7HLSSI CHIPS. 

INPUT 
A Out 

X X 
H X L H 
H X H L 

L X H 
L H X -



DUAL NAND SCHMITT TRIGGER 
7HLSI 3 

TWO H-IMPUT HAND GATES 

WITH A SWITCHING THRESHOLD. 
GO 

OUTPUTS GO 

GATE WILL 

FALL 

IMPOT 

Outputs 
EXCEED 

TO 
IS 

WILL 

LOW 
VOLTS. 
IMPOTS 

if amy Low, 
WHEN 

VOLT. 

WHEW INPUTS 

RESPECTIVE. OUTPUT 
HIGH AMD THE 

HIGH 
09 
THE 
Stay 
not TRIGGER. 

PHOTOTRANSISTOR 

GATEO THRESHOLD 
RECEIVER 

DETECTOR 

GATED OSCILLATOR TWO-STATE LED FLASHER 

OSCILLATES WHEN control is high, 
change RI and ci to change 
FREQUENCY. OK to USE THIS CIRCUIT 
AS GATED CLOCK FOR LOGIC CIRCUITS. 

LED flashes TWICE EACH SECOND 
when Control input is higa. 
LED STAYS ON And DOES NOT 
flash when control is low. 
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QUAD NAND SCHMITT TRIGGER 
7HLSI32 

HAND GATES WITH A SWITCHING 
THRESHOLD. OUTPUTS GO LOW WHEN 
INPUTS EXCEED 1.1 VOLTS- OUTPUTS 
ÔO LOW WHEN INPUTS PALL TO 
0.9 VOLT. VERX USEFUL FOR 
Cleaning up digital signals 
BEFORE THET ARE ALLOWED TO 
Enter a logic circuit. 

Vcc(+5v) 

LED FLASHER 
IK 

ADDING ENABLE INPUT 

NOISE ELIMINATOR 
v<« 

THRESHOLD DETECTOR 

TRIGGERS when 
ENABLE INPUT IS 

HIGA, output HIGA 
WHEN ENABLE LOW. 

BCUNCELESS PUSHBUTTON 

63 

PRESSING SI 
GIVES SINGLE , 
CLEAN OUTPUT 
PULSE, use for 

injecting 
logic signals, Etc. 



HEX 3-STATE BUS DRIVER V<c(+5V) 
G2 

7HLS3&7 

ADDING 3-STATE OUTPUT 

WHEN 
OR GZ) 

here's the 
TRUTH TABLE". 

EACH GATE FUNCTIONS 
Non-inverting buffer 
ITS ENABLE INPUT (Gl 

IS LOW. OTHERWISE EACH GATE'S 
Output enters the high 
impedance (mi-z-) State. 

Q IN OUT 
H 
L 
L 

X 
L 
H 

Ml - Z 
L 
H 

I-OF-2DATA SELECTOR Vcc 

Z 3- STATE OUTPUT 3 

ENABLE INPUT 

BIDIRECTIONAL DATA BUS 
V« 

77L53L.7 

D 

DATA SELECTOR 
Vcc 

8 

B DATA 

WRITE 

B' 
B 

select: 
READ 

D C B A 74» 7 NOH SELECT-

INPUT 
WORDS 

Two - WAT 
(Bidirectional-) 
data bus 

B' a' 
8 A 

SELECTS 

l-OF-2 

Z-BlT WORDS. 

OUTPUT 

WORD 

DATA 

IN 

TTL OR LS 

CHIP 



HEX 3-STATE BUS DRIVER 
7HLS368 

EACH GATE functions AS AM 
Inverter When its enable 
INPUT (Gl OR G2) IS LOW. 
otherwise each gate's output 
enters the high impedance 
(Hl-2) State. 

here's the _ IN OUT 
TRUTH TABLE’. H X HI -X 

L L H 
L H L 

GATED LED FLASHER 
BIDIRECTIONAL 

DATA BUS 

1,2 = '/> ZlLSSUB 
3 = Vu 7HI.S3C.8 

©Nd one input 
Cate can be 
ENABLED AT ONE 
TlN*E. ANT NUMBER 
OP OUTPUT GATES 
CAN 8E ENABLED. BOUNCELESS SWITCH 

GATED TONE SOURCE (WITH ENABLE) 
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HEX INVERTER 
7H0H/7HLS04 

* 

VERT IMPORTANT IKI M.MOST 
ALL LOGIC C/RCuiTS. CHANGES 
AM lUPliT TO /TS COMPLEMENT 
(I.e. H-*-L Ano L-^M). 

BOUMCEFREE SWITCH 

AUDIO OSCILLATOR 

1,2 = Vj 7HOH /thLSOH 

H.TK 

UNIVERSAL EXPANDER 
H7K Vtt

SPkR 

ALLOWS ONE 
SIGNAL TO 

(=TÑ) CONTROL 2 OR 
MORE INPUTS. 

OUTPUT TONE 
IS 4 KHi. 

OUTPUT FOLLOWS 
SWITCH POSITION. 

I-0F-2 DEMULTIPLEXER 
Vcc 

—ti q
J >- OUT A 

—s 1PHIS c 'I RCU iT STEEPS THE 
Vz 7^08 NJ PuT Ait Tn THE Output 

1 r ; SELECTED THE J \DORESS. 
L OUT ft s I 

THIS TEC MhJlOuF 2A.rU B& 
7 

USED T/ EAUl T 1 PLF — 
Output demültiPi pxp a c. 

1 

DATA ADDRESS OUT A out ft 

L L L 
A L H H 
L M M L 
M M H H 

A 
(ADDRESS) 
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B IM B' IM a' in A IN 

BINARY HI-LO GAN\E 
Vcc Vcc 

H7k 

IG 

7 D D 

H G C C 

II 8 2 & 555 B 

? 14 3 A A 

79 I93/7HLS/93 79LS8S 

CORRECT 
St 25. c 

13 S3 C 

IZ B 
Z7O 

IO A 

TOO LOW 

TOO HIGH 

PRESS SI FOR 

A FEw SECONDS 

TO LOAD RAMDOM 

NUMBER 

7965/92. USE 0/P 

Switch ARRA9 or 
TOGGLES For SZ-SS 

ENTER. GUESSES IN 
SZ-SS. an open 
Switch IS HIGH And 
A CLOSED SWITCH 
IS LOW. 



QUAD l-OF-2 DATA SELECTOR ENABLE 

7HLS 157 13 10 

DOUBLE DUTY DISPLAY 
Vcc 

_2 
BUS SELECTOR 

5 
7HLSI57 

II 

2 3 
H 7 

5 G 
9 BUS 7HLSI57 BUS 

3 10 
11 

G 13 

8 
SELECT SELECT 

13 A 

OUTPUT 

WORD SORTER 

Bus 

Fi 

BUS 
B 

Vcc 

IG 

7SLS8S 7HLS/S7 

170 

A<B A>B 

LARGEST WORD 

With 

BUS 
B 

Routed automatically to output. 

HA HB HT 3A 

SELECT IA IB IY 2A IB 

INPUTS’. A AND 
OUTPUTS: 

Il II 

MAGNITUDE DATA WORD IS 

Low = BUS A 
HIGH= BUS B 

LOW =8US 
HIGA = 8US 

UIT CONTINUALLY monitors 

15 

& 

BUS 
A 

TWO DATA BUSES. TAIS Ci 
HIGHEST 

FOUR 2-LlNE TO /-LINE MULTIPLEXERS. 
MANY USES IN ROUTING DATA. ALL 
H DATA SELECTORS ARE ENABLED 
WHEN PIN IS /S LOW. 

7-SEGMENT 

DECODER 

(7HH7 /7Y*<8) 
And 

7- SEGMENT 

DISPLAY. 



J-OF-8 DATA SELECTOR 
7HLSISI 

E: ENABLE 
OUTPUTS 

PROGRAMMABLE GATE 

PATTERN GENERATOR PROGRAMMED 

7HL5I5I 

7HLSISI 

IN 

OUT 

IN SECONDS, 

(OR) 

TO LED, GATED 

tone source. Etc. 

Equivalent to 8-line to i-line multiplexer 

LOW 
HIGH 

s- Bit 
Counter 

PROGRAM ANV DESIRED LOW-HIGH BIT 
pattern, then plat it back. 

3-BlT ADDRESS SELECTS one 
Switch And APPLIES ITS Status 
(open= high and closed * low) to 
the OUTPUT. Any 5- INPUT 
LOGIC FUNCT/ON CAN BE 

OCTAL KEYBOARD ENCODER 
V« 

IU H7K 

7H LSI5I UP 
13 .O5-F 

7HLSI93 

C 

H.7K 
IO B B 

II A A 

OUT 

READOUT LEDs. THE 
LED/ ARE OPTION AL. 

INPUT 
SWITCHES 

press numbered Switch 
and its Binary 
Equivalent appears on 

READOUT LEDs 
ON = LOW (o) 
OFF" HIGH (I) 



BCD-TO-OEC I MAL DECODER 
7HHI 

Decodes h-Bit bcd impôt into 
l-OF-IO OUTPUTS. SELECTED 
output goes Low; all others 
Stay high. originally desigmed 
to drive gaseous glow discharge 
TUBES. ALL OUTPUTS Go HIGH FOR. 
8IMARY INPUTS EXCEEDING HLLH (looi). H 2I 3| H SJ t| 7| Ô ' 

8 9 A D 1/cc B c 2 
(♦SV) 

I-OF-10 DECODED COUNTER 

COUNT. ONLY ONE LED SERIES 
RESISTOR. IS REQUIRED. 

10-NOTE TONE SEQUENCER 

INCREASE Cl TO DECREASE TEMPO. INCREASE CZ TO INCREASE TOME 
FREQUENCIES. tones ARE DETERMINED BY Ri-RlZ. 



El 

DECODER 19 le 

7HI5M 
IMPOTS 

BACK ANO FORTH 
FLASHER I-TO-I 6 DEMULTIPLEXER 

Vcc 
t 8 9 /o 1/ u im I is /u n 

7H15H 

D 
20 

I “OF - Iio 
outputs) IS 

DOWN D 

555 THLS193 

UP 

CLR 
IH 

INCREASE 

H-LINE TO IL-LINE V. 

RI 
IK 

RI 
IOOK 

IF DATA 

ADDRESS IN 

slow flash Rate. 

DATA OUT 

DATA 
IN 

HIGH, SELECTED 
OUTPUT IS HlG^ 

Cl 

.33 

ENABLE INPUTS (El AND Ei) 
MUST BE LOW. IP OnE OR 
BOTH ARE HIGH, ALL 
OUTPUTS GO LOVU. 

li 
19 

SELECTED OUTPUT 

IS LOW WHEN 

DATA IN IS LOW 

EACH H-BiT ADDRESS 
DRIVES ONE OUTPUT LOW. 
all others stay high. 

'1 
1MOO 



BCD-TO-7 SEGMENT 
DECODER/DRIVER 

7HH7 Z 7HLSH7 

Vcc(+Sv) 

Converts BCD data into 
Format suitable for Producing 
decimal digits on common 
anode led 7- segment display. 
WHEN LAMP TEST INPUT IS LOW, ALL 
outputs are low (on), when bi /rbo 
(Blanking input) is Low, all 
outputs are high (off). when 
DCSA INPUT is LLLL (DECIMAL o) 
And RBI (RIPPLE BLANKING input) IS 
low, all outputs are high (off), 
this permits dnwanted leading o's 
IN A ROW OF DIGITS TO be 
blanked. 

MANUALLY SWITCHED DISPLAY 

D 

RBI 
Bl / RBo 

— lamp test 

DISPLAY FLASHER 

I K 
this simple 
Circuit will 
Plash Display 
twice PER second, 

to pin h, 
TSH? /7HLSH7. 

E DISPLAY 
H steady 
L Flashes 

O-i SECOND /MINUTE TIMER 

Close Si to start timing cycle. calibrate sss for i pulse (count) peu 
Second oR I count per minute SY adjusting ri. 



BCD-TO-7- SEGMENT V«(<sv) 

DECODER/DRIVER 15 

7HH8 

data 

D 
DISPLAY DIMMER 

E DISPLAY E O-

0-99 TWO DIGIT COUNTER 

RB 
RI 

R\-RIH: 

RY RX 

Rio 
RS 

Rll RH 

RVl RS 

Ris RU 

RH 

lit 

& s 

c B B A 

7H9O /7HLS9O 

A 
L 

INTO 
PRODUCING 

NORMAL 
DIM 

CATHODE LED 7-SE6MENT DISPLAY. 

7H9O / 7HLS9O 

Suitable for 
DIGITS ON COMMON 

Converts bcd 

LOWEST ORDER DISPLAY 

SEE 7YY7 FOR 
explanations. 

Rßl 
Bl / RSO 

LAMP TEST 

HIGHEST ORDER DISPLAY 

FORMAT 
DECIMAL 

Vet 

7YLSI3L 
TO Pin H 
7HHÔ 

COMMON 
CATHODE 
LED 
DISPLAY 

1 2 é> 

9 & il 
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DUAL ONE-SHOT 

7HLSI23 

two füllt independent 
monostable multivibrators. 
Both ARE retri ggerable. 
Pins designated R ano R/c 
are for external timing 
Resistor and capacitor. 
SEE RADIO SHACK DATA BOOK. FOR 

INFORMATION ABOUT R AND C. 

BASIC ONE-SHOT 

2 IN 2IN 

10 

3 

Q 

MISSING PULSE DETECTOR 

IQ XQ ÎUR A 

I IN 
A 

I 
5 

ClR 

UN IQR IQ 2Q C R/C 
B 

TWO WAT S TO 

TRIGGER: 

I- KEEP INPUTS 

A ano B low; 
then make b 
HIGH. 

2. KEEP INPUTS 

A AND B HIGH -, 

THEN MAKE A 

Low. 

To clear: 

MAKE PIN 3 LOW. 

THIS ALSO IN¬ 

HIBITS triggering. 

Q OUTPUT STATS 
HIGH SO LONG AS 
incoming Pulses 
ARRIVE BEFORE ONE-
SHOT timing period 
Runs out. 

adjust R and c 
to give timing 
Period about '/3 
LONGER THAN THE 
INTERVAL between 
incoming pulses. 

OPERATION: 

TONE STEPPER 

THIS CIRCUIT STEPS 
across a Range 
OF TONES WHEN RI 
AND/OR RS ARE 
ADJUSTED. VERT 
UNUSUAL SOUND 
EFFECTS. 

change ci and cz 
FOR OTHER TONE 
Ranges, also, trt 
Photoresistors foR 
ri and Rb. 

7H 



DUAL D FLIP-FLOP 
7H7H/7HLS7H 

TWO D (DATA) FLIP-FLOPS IM A 
SINGLE PACKAGE. DATA AT D 
INPUT IS STORED AND MADE 
Available at q output when 
Clock. pulse (?) goes High, 
here's the truth table: 

PRESET CLEAR CLOCK D Q Q 
L H X X H L 
H L X X L H 
H H t H H 1 

H H t L L H 

SET 

4> IS CLOCK. INPUT. 

f IS RISING EDGE OF CLOCK 
PULSE. 

2-BIT STORAGE REGISTER PHASE DETECTOR 

O o O O Ô 

D ■*— DATA IN —► D ClR </> PRESET 

THE LED GLOWS WHEN INPUT 
FREQUENCIES Fl AND FZ ARE 
UNEQUAL OR OUT OF PHASE. 
Fl AND FZ SHOULD &E 
SQUARE WAVES. 

DIVIDE-BV-TWO COUNTER WAVE SHAPER 
V.. Vcc 



A 8 It io 

IM Response 

2 3 & 

0 CLR 0 cm J k 
table : Vcc C+Sv) 

BINARY COUNTERS 

DI VIDE-BY-TWO 
OUTPUT 

Vee 

Q 

8 5 
* 
5 THREE. O-

B 

DIVIDE BY-THREE DIVIDE-BY FOUR 

A Vc< A 

'à 3 K Q 

Vit

13 Q Q Q 

And Divide-
obtain 

7H7J/7YLS73 
K 

DUAL J-K FLIP-FLOP 
7H73 Z7HLS73 

TWO JK FLIP-FLOPS 

WILL TOGGLE (SWITCH 

CONNECT A DECODER 

BY -Four COUNTERS 

TO INCOMING CLOCK PULSES 

Q GND K Q Q 

OPERATION OP THESE 

J ‘/t Q 

\WH6N BOTH 
ARE HIGH. 

op DIVIDE-BY-THREE 

0 IS CLOCK INPUT. 

H 
H 
H 

SINGLE 
CLEAR 
Flops 

L 

H 

J ANK 
MERE'S 

L 
L 
H 

Sum m ariz.es 
COUNTERS: 

A 
L 
H 
L 

in A 
mote the 

these flip-
PACKAGE. 
INPUTS . 

INPUTS 
; TRUTH 

CLEAR CLOCK 
L X 

T K 
X X 
H L 
L H 
H H 

DIViDE-BY: TWO 
Outputs: A 

FOUR 
_ß_a 
L L 
L H 
H L 
H H 

ONE — OF- THREE AND ONE-OF-POUR 

OPERATION. THIS TRUTH TABLE 

THE THREE CIRCUITS ON THIS PAGE 

ARE BINARY COUNTERS THAT COUNT 

UP TO THE MAXIMUM COUNT 

And automatically recycle. 

■ Q. £ 
L H 
H L 
L H 
TOGGLE 



DUAL T-K FLIP-FLOP 
7H7t /7HLS74» 

TWO JK FLIP-FLOPS IN A 
SINGLE PACKAGE. SIMILAR 
TO 7H73 / 7HLS73 BUT HAS 
Both preset and clear 
inputs. Flip-flops will 
TOGGLE (Switch OUTPUT 
states) in response to 
INCOMING CLOCK PULSES WHEN 
BOTH J ANO K INPUTS ARE 
high, here's the truth table* 

PRE C L R CLK J K Q Q 

l_ H * X X H L 
H L X X X L. H 
H H JL H L H L 
H H JL L H L H 
H H JL H H TOGGLE 

K Q Q GMO K Q 5 T 

Vcc(*5V) 

PRE » PRESET 
CLR = CLEAR 

= CLOCK (oR CCK) 

toggle ■ flip-flop switches 
OUTPUT STATES IN 
RESPONSE TO CLOCK 
PULSES. 

H-BIT SERIAL SHIFT REGISTER 

B C Vee 

DAT Ao 

'/<. 7<VOH 7X7G/7^LS% 

Õ K 

COUNTER UP H-BIT BINARY 

2 
IS Q J 

Vt Vt Vz 'A 
IT 

7HLS7G 7WLS74, 7HLS7G 7HLS74» 
Q 21 Q H Q 

PARALLEL OUT (A BCD) 

DCSA BINARY OUT-*- A (2°) 

SERIAL 
OUT 



QUAD LATCH 
7H75/7HLS7S 

A M-BIT BISTABLE LATCH-
PRIMARILY USED TO STORE 
THE COUNT IN DECIMAL 
COUNTING UNITS. NOTE THAT 
both Q AND 5 OUTPUTS 
ARE PROVIDED. ALSO NOTE 
The e (enable) inputs, when 
£ IS HIGH, Q FOLLOWS D. 

H-BIT DATA LATCH 

data on bus appears at 
outputs when latch input 
is high. Data on bus 
when latch input Goes low 
is Stored until latch input 
Goes high, (latch input controls 
Both Enable inputs) two quad 
LATCHES CAN BE USED AS AN 

8-bit data latch. 

IQ 20 2 5 1-2 GND 30 SQ H Q 

DECIMAL COUNTING UNIT 

Expandable Decade Counter. For two digit count, Connect Pin i| 
OF 7H9O/7HLS9O OF FIRST UNIT TO IIUPUT OP SECOND UNIT. A Low 
at the LATCH INPUT freezes the data BEING DISPLAYED. 

78 



QUAD D FLIP-FLOP Vcc(+5V) 
3Q 

7HLSI75 

D- INPUTS 

HI GM OUTPUT S 

DATA BUS 
CLEAR CCLR) 

H-B1T DATA REGISTER D Ü 0 

II c c 
INTO 

5 B when B 
HIGH. 

AVAILABLE H A A 

O LOAD 

7HLSI7S 

8 COUNTER MODULO 

CLES. COUNT S 

SHIFT REGISTER OUT PARALLEL SERIAL IN/OUT 

B 

SERIAL 

IN 
'A 

Clock o

PACKAGE OF FOUR D-TTPE 

ANO RECX 

IS LOADED 

IS LOADED 

Pulse arrivés. 

And q 

DATA ON BUS 

and made 
AT OUTPUTS UNTIL NEW LOAD 

DATA 
WHEN 

DATA 
OUT 

DATA 
OUT 

HANOÏ 

FLIP- FLOPS 

7HLSI75 
Goes 
STORED 

fa 
7^LSI75 

LOAD INPUT 
DATA IS THEN 

HIGH- MAKING 

LOVU MAKES 

A 
7HLSI15 

'fa 
7^LSI7S 

A 

7H LS )75 

D 

CLOCK GOES 

CLEAR INPUT 

. Q OUTPUTS LOW 

A 
7HLSI75 

A 
7^LSI75 

7SLSI7S 

<P 



OCTAL D-TYPE LATCH 
7HLS373 

Eight ‘transparent* D-rypE 
latches. Output Follows 
INPUT WHEN ENABLE IS 
HIGH. THE DATA AT THE 
INPUTS IS LOADED when 
THE ENABLE INPUT IS LOW. 
THIS CHIP HAS 3-STATE 
outputs which are con-

Vcc(+5V) 

IG 20 IZ 

ZD ZQ ÎQ 3D HD HQ 

ENABLE 
7Q GQ GD 5D SO 

TROLLED BY PIN I. SEE OUTPUT 
TRutR TABLE BELOW. CONTROL 

hgfedcba 3-STATE register 
Vcc 

q G 2 S 19 12 IG IS output 
zo 

7HLS373 
10 

3 Y 

H 

X H 

3Q 20 IQ 

3D ZD ID 

hgfedcba 

Bq 7Q GQ 5Q HO 

Q 

H 

HERE'S the truth TABLE 1 

1!_o enable 

X 
X 

This is A general Purpose 
8-BIT STORAGE register. 

Q 

Hl-Z 

1 8D 7D GD 5D HD 

L 18 17 ¡1 13 8 CONTROL ENABLE D 

L h H 

20 
REG. I (7HLS373) 

DATA BUS REGISTERS 

REG. 2 (7HLS373) 
10 

Bus 
H: DISCONNECTS REG. I FROM BUS. 

H: OUTPUTS FOLLOW DATA ON 8u5 
L: load Data from Bus 

l; Connects reg- i 

H: PLACES OUTPUTS IN Hl"Z MODE 

l: makes data available 

a 
B 
c 
D 

E 

F 

G 

H 
Vcc 

IG| IS It 9 G J 5 z| 

ü_Q J h: Outputs Follow inputs. 
Il: input data (on Bus) loaded. 

AT ANY INSTANT ONLY ONE 7H LS 373 
CAN WRITE DATA ON THE 1 SUS- Any 
NUMBER CAN REAI D DATA FROM BUS. 
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OCTAL D FLIP-FLOP V«(+Sv) 

7HLS374 12 19 

2Q SO 3D HD HQ 

BQ ÔD ID 7Q 
E MABLE 

bD 5D 50 

OUTPUT 

CONTROL 

EIGHT D-TYPE EDGE TRIGGERED 
FLIP-FLOPS. UNLIKE 7YLS37 3 
outputs do not Follow 
inputs, instead, a rising 
Clock pulse pkt Pin II loads 
DATA APPEARING AT INPUTS-
THIS CHIP RAS 2-STATE 
OUTPUTS WHICH ARE CONTROLLED 
BN PIN 1. 

CLOCKED 

3-STATE REGISTER 

Vcc 
9 2 b 5 12 IS OUTPUT 

20 

10 

CONTROL 

H 

H 

80 70 bQ SQ HQ ZQ 2Q IQ 

H G E D C B 

19 IU 

Q CLOCK 0 

H 

X 
X 

H 

X 

Q 
Hl-z 

general purpose 
clocked register, 
here's the truth table; 

70 GD SD HD 3D 2D ID 
17 IH lî 8 7l H 3 

G F = D C B A 

COMMON INPUT/OUTPUT BUS REGISTER 

8 IB 19 
3D 

CLOCK 

Bus. 

8D 7D bD SD 

Into the ihlsuh 

Bq 7Q GQ SQ HQ io 

ON THE RISING EDGE (T) OF THE CLOCK PULSE. 

LOW, DATA IN THE 

OUTPUT LINES¬ 

IS WRITTEN ONTO 

DATA BUS 

WHEN OUTPUT control 
THIS CIRCUIT GIVES T^LSSTM COMMON IN 

WHEN output Control 

DATA ON BUS IS LOADED 

output 
control 

A 
B 
c 
D 
E 
F 
G 
H 
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8-BIT SHIFT REGISTER 
79LSI ¿9 

CLR 
9 ô 

DATA AT ONE OF THE TWO SERIAL 
INPUTS IS ADVANCED ONE BIT FOR 
EACH CLOCK PULSE. DATA CAN BE 
Extracted from the 8 parallel 
OUTPUTS OR IN SERIAL FORM AT 
any single output. Enter data 
at either input, the unused 
INPUT MUST 8E HELD HIGH OR 
Clocking will BE INHIBITED. MAKING 
PIN 9 LOW CLEARS the REGISTER 
TO LLLL. 

OUTPUTS: 
A. B.c. D.E.F.G. H 

A 

CLR= CLEAR. 

0 = Clock 

8-BIT SER IAL-TO-PARALLEL DATA CONVERTER 

D 

7H9O/7HLS9O CLOCK « 7915379 
8 

18 13 

12 

(At clock 

PARALLEL DATA 
H G 

THE 7990 DIVIDES THE CLOCK 
PULSES BY Ô Ano loads 
DATA IN 79LSIL9 Into THE 
79LS37W AT 8-BIT INTERVALS. 

USE FOR 

RECEIVING 

BINARX Dl 

SENT OVE 

ONE CHANNEL. 

PSEUDO-RANDOM VOLTAGE GENERATOR 



H-BIT SHIFT REGISTER 
7HLSHH 

Bidirectional universal shift 
register, shifts 
is HIGH and Si 
LEFT WHEN SO IS 

IS HIGH. SHIFTS 
PER Clock Pulse, 
inputs when So 
High. important: 
SUPPLV PINS WITH 

RIGHT WHEN SO 
is low. Shifts 
low and si 
ONE POSITION 

Loads data at 
and si are

BNPASS POWER 

O.l yuF CAPACITOR? 

sequence generator 

LOAD AMT DESIRED BIT PATTERN 

INTO SI-SB (OPEN = HIGH AND 

Closed = low). press S9 
(nORMALLN CLOSED) TO LOAD. DATA 
WILL MOVE RIGHT ONE OUTPUT PER 

CLOCK PULSE. LEDs ARE OPTIONAL. 

BARGRAPH GENERATOR 

II 

8 791519*1 .l^F 

RI 

A 
RI 

'll B 

R5 

RH 

ENABLE 

10 

Lite 7HLSI9T 

RS 

A 
Rte 

B 
RT 

R8 Clock 

Rl-RB ; 

35OIL 

LAST 

OUTPUT 

when power is first applied, make 
ENABLE INPUT LOW TO START CIRCUIT. 

V« 

CIRCUIT RUNS 
WHEN ENABLE 

IS HIGH. HALTS 
AND CLEARS 
WHEN LOW,_H 

'1^ 
" LNoO 

OUTPUTS Go LOW And STAN LOW 
ONE AT A TIME FROM LEFT TO 

right (a-*d) in sequence with 
CLOCK. WHEN FINAL OUTPUT 

GOES LOW, ALL OUTPUTS BUT 

THE FIRST GO HIGH AND RECNCLE. 
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BCD (DECADE) COUNTER 
7HH0/7HLS4O 

ONE OF THE MOST POPULAR 
Decade Counters. easily used 
FOR Divide-By-n Counters, 
less expensive than more 
sophisti cated counters. rst 
indicates reset p/ns. this 
CHIP IS USUALLY USED IN 
Décimal counting units, But 
circuits ON this PAGE SHOU/ 
MANY OTHER POSSIBiu TIE. S. 

INA , 
H l B| 

QA QD GND QB 
it II io 9 

QC 
8 

>| 2| 3| 4| S| 7~ 
ws a sr ssr Vc,(«sv)esr «sr 

DIVIDE-BY-5 COUNTER DIV1DE-BY-8 COUNTER 

DIVIDE-BY-fc COUNTER DIVIDE-BY- 8 COUNTER 
V« 

7490/ 

DIVIDE-BY-7 COUNTER DIV) DE-BY-10 COUNTER 

IN 

*1 “I 

IN 
s 

IN 
s 

8M 



DIVIDE-BY-12 BINARY COUNTER 
QA QB GND QC QD 

a 9 IO li 

INDICATES 

Vcc (+5v) RST IN B 

DIVIDE-BY-12 COUNTER 
Vcc 

IN IN 

IO-HZ PULSE SOURCE COUNTER DIVIDE -BY -9 
v< Vcc 

5 
<0 

7992/79LS92 799Z/79LS9Z 

Vcc 

5 iz 

IN 
IZ >04 7992 /79LS9Z 7990 / 79LS9O 

DIVIDE-BY-7 COUNTER 

D1VIDE-BY-I20 COUNTER 

RESET PINS. 

INA 
IM 1 15 It 

8 „ I N 

TRIS METHOD OF 

GO 
IN 

120 Divide - BY - N 
counter. 

OFTEN USED TO DIVIDE CONDITIONED 

Go Hz Pulses FRom AC PowER 
LINE INTO IO MZ PULSES, OTHER 

DIVIDER APPLICATIONS ALSO- RST 

CASCADINÛ COUNTERS 
CAN BE USED 

CREATE ANY 



H-BJT (BINARY) COUNTER 
74*13 /7HLS93 

EASY To USE S-glT BINARY 
COUNTER. LESS EXPENSIVE 
Tran more sophisticated 
counters. Rst indicates 
Reset Pins. note unusual 
Location OP PovueR SUPPLY 
Pins. 

in a rst rst Vcct+Sv-) 

DIVIDE-BY-IO COUNTER D1VIDE-BY-I2 COUNTER 

DIVIDE-BY-ll COUNTER DIVIDE-BY-16 COUNTER 

I N 
IN. 
Ko 

H-BIT BINARY COUNTER 

COUNTS PROM 
o-is in binary 
and recycles, 
glowing led • L 
(o); opp led = H 
(l). 5SS timer 
IC MAKES GOOD 
input clock. 

truth table 

D C B A D c g A 

LULL L L U 
L L L H H L L H 
L L HL H L H L 
L L R H H L M H 
LULL H H L. L 
L H L H H H L H 
L HH L H H H L 
L H H H -, H H H H 
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H- BIT UP COUNTER 
7HLSILI 

general purpose binary counter 
WITH PROSRAMMABLE INPUTS. 
Counter accepts pata at Inputs 
WHEN LOAD INPUT GOES LOIN. 
A LOvu AT THE CLEAR INPUT 
RESETS THE COUNTER TO LLLL 
UPON the next Clock pulse. 
P And t ARE Count Enable 
inputs- Both p and t must be 
high td count- these enable 
INPUTS AR.E NOT AVAILABLE WITH 

THE OTHERWISE MORE ADVANCED 7HLSI93. 

CARRY 
LOAD 

DATA OUTPUT 

B 

VCc(+Sv) OUT 

DATA INPUT 

CLR 5» A 

8-BIT COUNTER RAMP SYNTHESISER 

CLOCK O-

TO ADDITIONAL 

Counter (s) 

OUTPUT A IS LOWEST ORDER 

BIT-

R = IK 

REMOVE Cl TO OBTAIN THIS STAIRCASE. 
FREQUENCY OF RAMP AND staircase 
IS '/it CLOCK FREQUENCY. 
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BCD UP-DOWN COUNTER 
7H H2/7HLS 192 

Füllt programmable bcd counter. 
OPERATION IS IDENTICAL TO ’*»93/ 

llLSIH EXCEPT COUNT IS IO-STÊP 

BCD (ulll-hllm) instead of 
IG-STEP BINARY. MANV APPLICATIONS 

For 7TI9Z.y <9 2 And 7^(93/7*/LS)93 
are interchangeable.. 

carry clear 
Borrow 

12 13 N 

COUNT 

IM IN 

IN A DovuM UP 
B ouT our our out 

Lqad C D 
10 

CASCADED COUNTERS SINGLE UP-DOWN INPUT 

HIGH = DOWN 

UP (0-99) Down (99-0) 

PROGRAMMABLE COUNT DOWN TIMER 

IG 

UP 

7 RS 

G RG 
/Î 555 

2 B B R7 
9 D 

3 7 A A R8 

7HH7 R9 

.1- IOO/uF 
RlO 

TO 

LOAD 

RI 
IM 

COUNTS down 
FROM N TO 

LLLL AND 

RI And Cl 

M And 

into SI-S9 (closed 

calibrate 
TO PROVIDE 

NUMBER OF 

D 
DOWN 

C 

BORROW 

PeR minute. 
Switch - Low 

DESIRED 

Clock pulses 
SET DESIRED 

And open switch = high), press 
START (OR RESET) CounT. LED GLOWS AT HALT. 

Hl 
IK 

Amdde 
LED 
Display 

RH-RID = 330 JL 
RM 

'A 
TMOO 

I c 

c

> 3 

88 



H-BIT UP-DOWN COUNTER CARRY IN CLEAR IN 

A BORROW 

7HH3/7HLSH3 12 13 

Count At 

THE 

cleared 

out out 
CARRY 

COUNT DOWN FROM N 
AND RECYCLE V« 

74 193 / 7HLSI93 Clock DOW NJ 

AND OPEN 
g D 

COUNT UP TO N COUNT UP TO N AND HALT 
AND RECYCLE 

24 

74154 74 154 oH 
V£c

14 IZ 

ZO 20 7 D D D 

21 (o C c CLOCK 

2 IM 22 B B B 
UP UP z 7MOO 3 25 A 
741,3/ 

” VCt 18 >8 
CLEAR 

330 

TO N TO nJ GLOWS 

'/G 7404 HALT 

3 
Z 74 I 9 3 / 

74LSI93 

9 
& 

14 
13 
I 2 

counter 
(Pim 11) 

io 

9 
8 

N 
is 

N 

,15 

SVUITH = LOW 

cH = HIGH). 

IS MADE HIGH-
OUTPUTS INDICATE 

IN 

C 
10 

CLEAR INPUT (PIN IH) 
C o ujutE R IS 

WHEN THE 

THE DCSA 

LOAD 
II 

THE BORROW AND 

CLOCKq_— 

OR overflow BY Going 

IS MADE Lovu. 

IN A Down UP 
8 OUT out 

WHEN COUNT REACHES 

LLLL AND THEN UNDERFLOWS, 

THE BORROW PULSE LOADS N 

and the count recycles. 

VERY 
WITH 

H-ßlT 
INPUT S 

VERSATILE 
UP- Do^NI 
NUMBER 

PRESS SI (NORMALLY 

CLOSED) TD RESET. 17 
IG 
15 

10 
-0 
_9 
8 

SET DESIRED N 

Sl-SH (CLOSED 

UNDERFLOW 

LOW. 

IS LOADED INTO THE 

INHEN THE LOAD 

Y-SiT COUNTER 

CAPABILITY. ANY 

8e! 



BCD (DECADE) COUNTER 
7HLSI<U 9 II 8 13 It IO 

VERSION 

popular THE 

Counter . 
BCD WHICH 

NUMBER WHEN 

2 H 5 3 CLEARED 

made 

Pin 
is 
is 

WREN PIM 13 

BE LOADED 

Our IN |N OUT 

PERMIT ANY 

INCLUDES ^-PRESET 

CLEAR D D B 8 0| 

MORE sophisticated 

LOAD C C A A <01 Low. </> INDICATES CLOCK 

made low. the counter 

TWO J 7^LS9O BCD 

INPUT. OUT IN IN OUT 

DECADE COUNTER H-B1T LATCH 
Vcc Vcc 

IM IM 

II 12 II D D D D 

2 3 2 3 C C C t 

9 9 io io B B B 8 

9 M 5 5 A A A A 

G 7MLSI9G LOAD 

7HLSI9G 
SI 

-O O ■O O-

WHEN 
7 

PAIR 

DIVIDE-BY-5 COUNTER DIVIOE-BY-IO COUNTER 
Vcc Vcc 

7HLSI9G 
7MLSI9G 

^0 

CHANGE WHEN LOAD INPUT 

S2 

13 

OUTPUTS FOLLOW INPUTS. 
load input 

L DATA 

OUT 

OF 7HLS|QG's CAN BE USED 

Count in o_8 

IS HIGH. NOTE THAT 

BCD 
DATA 
IN 

PRESS SZ 

TO CLEAR 

Out put S 

data 
IN 

LOW, 

NO 

BCD 

COUNT 

IN 

IN 
IO 

PRESS SI TO 

PRESET TO 

BCD DATA 

AT INPUTS. 

IN A Decimal Counting 
Unit (Counter Plus REGISTER) 

O-H 

Available. 
DCBA outputs. 
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LINEAR INTEGRATED CIRCUITS 

INTRODUCTION 

THE OUTPUT of A LINEAR IC IS 
PROPORTIONAL TO THE SIGNAL AT 
ITS INPUT. THE CLASSIC LINEAR 
IC IS THE OPERATIONAL- AMPLIFIER. 
THIS GRAPH SHOWS THE LINEAR 
INPUT-OUTPUT RELATIONSHIP OF A 
TYPICAL OP-AMP CIRCUIT'-

KAANY NON-OIGITAL ICs — INCLUD I NG 
OP-AMPS— CAN EE USED IN BOTH 
LINEAR AND NOH—LINEAR MOOES. 
THEY ARE SOMETIMES DESCRIBED AS 
ANALOG ICs. 

linear ics Generally require 
MORE EXTERNAL COMPONENTS THAN 
DIGITAL ICs- this INCREASES 
their SUSCE PTABIL ITT TO EXTERNAL 
NOISE And MARES THEM A LITTLE 
TRICKIER. TO USE . ON THE OTHER 
HAND, SOME LINEAR ICs CAN DO 
ESSENTIALLY THE SAME THING AS 
A NETWORK OF DIGITAL CHIPS. 

HERE’S A BRIEF DESCRIPTION OF 
THE Linear CHIPS in THIS sec¬ 
tion: 

VOLTAGE REGULATORS 

PROVIDE A STEADY VOLTAGE, EITHER 
Fixed or adjustable, that is un¬ 
affected by CHANGES IN THE SUP¬ 
PLY VOLTAGE AS LONG AS THE SUP¬ 
PLY VOLTAGE IS ABOVE THE DESIRED 
OUTPUT VOLTAGE. 

OPERATIONAL AMPLIFIERS 

the ideal amplifier. .. . almost. 
HIGH INPUT IMPEDANCE AND GAIN. 
LOW OUTPUT IMPEDANCE. GAIN IS 

easily controlled with a single 
FEEDBACK RESISTOR. F ET INPUT 
OP-AMPS (BlFETS) HAVE A VERY HIGH 

FREQUENCY RESPONSE. IT’S USUALLY 

OK TO SUBSTITUTE OP-AMPS IF BOTH 

are normally Powered bt a dual 
Polarity supply (Wlf35S for 741c, 
Etc.)... But performance will improve 
OR DECREASE ACCORDING TO THE MEW 

OP-AMP’S SPECIFICATIONS. 

COMPARATOR 

SAME AS AN OP-AMP WITHOUT A 
FEEDBACK RESISTOR. ULTRA - HIGH 
gain gives a snap-like response 
To AN INPUT VOLTAGE AT on E 
INPUT THAT EXCEEDS A REFERENCE 
voltage at the second input. 

TIMERS 

USE ALONE OR WITH OTHER ICs FOR 
numerous timing and Pulse Gener¬ 
ation APPLICATIONS-

LED CHIPS 

MOST IMPORTANT ARE A FLASHER CHIP 
And a DOT-BARGRAPH ANALOG-TO-
DIG.TAL DISPLAY. VERY EAST TO USE. 

OSCILLATORS 

A voltage Controlled oscillator 
AND A COMBINED VOLTAGE - TO-FRE¬ 
QUENCY and frequency—to— voltage 
converter. Also included is a 
tone decoder that can Be set to 
INDICATE a specific frequency. 

AUDIO AMPLIFIERS 

THIS SECTION includes SEVERAL EAST to 
use power amplifiers that are 
IDEAL FOR DO-JT-YOURSELF STEREO, 

Public address st stems, intercoms 
AND OTHER audio APPLICATIONS. 
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VOLTAGE REGULATORS 
7805 (S-VOLTS) 
7812 (12-VOLTS) 
7815 (I5-V0LTS) 

fixed voltage regulators, 
idéal for. stand-alone 
Power. supplies , on-card 
Regulators, Automobile 
pattern powered projects, 
etc. up to is amperes 
output if properly aifat 
Sunk And SuFfjc/Ent ImPUT 
CuR.RE.MT AVAILABLE. THERMAL 
SHUTDOWN CIRCUIT TURNS OFF 
Regulator if heatsink too small. 

5-VOLT LINE POWERED TTL/LS POWER SUPPLY 

Tl - in -12. G V, 1.2 A OR 3A TRANSFORMER (273-(S0s or Z73~lSll'). 
Bl— IA— AA Full wave BRIDGE RECTIFIER (Z^G-IIUI, Zlb-llSI OR 2 74>-/m). 

(RADIO SHACK catalog numbers in parentheses.) 

VOLTAGE REGULATOR CURRENT REGULATOR 

+ S , IL 
OR IS VOLTS 

Ground 

Gin — OPTIONAL; USE O.SByuF OR SO IF 
regulator far from power supply. 

C out — optional; use O-lyuF or more to 
TRAP SPIKES THAT BOTHER LOGIC ICs. 

2 7SXX 

RI 

load 

regulator volts 

RI 
OUTPUT CURRENT = 

uses include 
STABLE 
biasing for 
LEDs . lamps. 



1.2-37 VOLT REGULATOR 
LM3I7 

Can supply up to is anderes 
OVER A 1-2-37 VOLT OUTPUT 
RANGE. NOTE MINIMUM NUMBER 
OF EXTERNAL COMPONENTS IN 
BASIC REGULATOR CIRCUIT BELOW. 
USE MEAT SINK FOR APPLICATIONS 
requiring Full Power output. 
SEE APPROPRIATE data BOOK FOR 
ADDITIONAL- INFORMATION: 

1.25-25 VOLT REGULATOR L-VÛLT NICAD CHARGER 

DI * 

Vin should be filtered, ok to omit 
Cl IF Vin VERY CLOSE TO LMJ/7. 
Rl Controls output voltage -

* add if output >zs v and cz>zSyuR 

Rl 

LM3I7 
22 JL 

CASEa AA

Bl 15 battery of H nickel 
CADMIUM STORAGE CELLS IN 

series, this circuit charges 
Bl AT A CURRENT OF S|.£ kv>A. 
INCREASE RI TO REDUCE CURRENT. 
For example, Current is ^A 
WHEN RI IS ZH OHMS, 

PROGRAMMABLE POWER SUPPLY 



2-37 VOLT REGULATOR 
723 

VERY VERSATILE SERIES 
REGULATOR, bp TO HO VOLTS 
INPUT AND 2.-37 VOLT OUTPUT. 
MAXIMUM OUTPUT CURRENT OF 
150 >^A CAN BE EXTENDED To 
IO A BY ADDING EXTERNAL 
POWER TRANSISTORS. SHOWN 
BELOVU ARE TWO BASIC 
CIRCUITS. TRT THESE, THEN 
See appropriate data book 
FOR ADDITIONAL CIRCUITS. 

nc _L H NC. 

current limit J. Ü FREQ. 
Comp. 

CURRENT SENSE 3. 12 v + 

- INPUT IL 11 Vc 
-

+ INPUT 2° VouT 

Vref JL £ Vz 

V- E -Ö Nc 

2-7 VOLT REGULATOR 7-37 VOLT REGULATOR 

TOPICAL VALUES 

Pl R2 R3 

3.0 
T G 

qjZ k 3.01 k I.7YR 
3.57 « 3-G5 k 1.80k 

5 o Z.I5 k ^99 k I.5OK 

b.O 1.15 K G.oY k 9Gb 

Vim o— 
VouT■*■•£) 

h io 

Rsc 
DUT 

12 2 2Z JL 

G 
723 

3 — 

R3 S < RI 

5 H — 

< RZ 
13 lOo pF < 

7 

TOPICAL VALUES 

VouT 1 R2 R 3 

9 I 87 k 7.I5K • Yß < 
12 87 k 1.15 K 2.90 k 
15 7 87 k 7. 15 K 315 k 
2& 2i .0 k 7. IS K S3? k 

FOR ANN VOLTAGE BETWEEN 2“7 FOR ANY VOLTAGE BETWEEN 7-27 
volts.' Volts: 

- z gz x z /RI + 
VouT ~ (\I^F ( g + (22/ Vout = (VreF ) * \ RZ / 

*Vref = G.ö-7.5 V (measure at Pin g) 
PlxRZ RI* RZ. (R3, WHICH is OPTIONAL) GIVES 

RS- Ri+rz R3 = R'+RZ. temperature stability) 



operational amplifier 
7HIC 

THE MOST POPULAR OP-AMP. 
USE FOR ALL GENERAL PURPOSE 
applications. (for single 
supply operation and very 
high INPUT IMPEDANCE , USE 
other op-Amps in this notebook.) 

â NC 

7. V+ 

NON-INVERTING 2 L. Output 

5. OFFSET 
NULL 

INPUT 
V-

OFFSET -U 
null 

inverting 
INPUT 

INVERTING AMPLIFIER NON-INVERTING AMPLIFIER 

UNITY GAIN FOLLOWER COMPARATOR 

use to 
COUPLE HIGH 
IMPEDANCE 
TO low 
IMPEDANCE. 

Vim q. 

-V 

+ V 

-V SHOWN BELOW 

LEVEL DETECTOR 

SINGLE POLARITY SUPPLY 

RZ 

TYPICAL USES: 
Amplification of dc voltage and pulses. 

Rl SETS THE VOLTAGE DÊTECT/OM 

THRESHOLD (up to +9). WHEN V 1W 

EXCEEDS THE THRESHOLD (ALSO CALLED 

THE REFERENCE -), THE LED GLOWS. 

<77 



OPERATIONAL AMPLIFIER 

BASIC DIFFERENTIATOR INTEGRATOR BASIC 

RZ IO KHz IN: Cl 
IO kHz IN : 

V**5-l87 V= *2-187 
+ V 

2 
(o ^1 RI 

3 OUT 
7HI IM 

3 OUT 

AMPLI FIER BRIDGE 

CLIPPING AMPLIFIER 

+9 
+ O-l wA 

CAnnot EXCEED 

SUMMING AMPLIFIER 
DIFFERENCE AMPLIFIER 

*5-187 

+7 
+ V 

2 
2 7^1 

VouT V I N 
3 

-V 

Vo«T * — (,V|nI + VinZ) 

up TO + O. 

RG 
Sk 

RS 
3SK 

RS 
look. 

RZ 
look 

RZ 
look 

RI 
look 

R5 
took 

RH 
IOOK 
AAA. 

RS 
look -V 

Vin + 

RI Cl 

VouT = V|N Z — Vim I 

RH:BALANCE 
t RG’• ZERO 

RH 
100k 

Ri « IOOK 
R2,R3 =IOK 

RI 
look 

-V WHEN V =± AV 

AND IN = ± .257, 

OUT = * .25 V 

DZ 
DI AND 02 = 
ZENER DIODES. 
IF Vz = a V, 
THEN OUTPUT 

AW 
RZ 
+ 7 

KI is UNKNOWN RESISTOR. USE C4S 

CELL FOR Rl TO MAKE A VEAX 

SENSITIVE LIGHT METER. 

-V when 
And IN * *.25 V 
OUT « * I V. 

Cl = . OOI 
RI = IOK 
RZ = IOOK 
RS« IOK 

NOTE: Vour CAnnot 
exceed *7. 



OPERATIONAL AMPLIFIER (CONTINUED) 

LIGHT WAVE RECEIVER 60-Hx 

zzopF 

+q 
feOHz CZ 

2 ‘O/uF 

7HI 7HI 
W 3. 3 Qi 

O FREQUENCY 

SPKR 

Modulated 
H-BIT D/A CONVERTER 

HIGH PASS ACTIVE FILTER 

V=± S-ia 

FREQ 

Z 
• Ol 

3 
IK 

Cutoff «, 

ZTT Rc 

LOW PASS ACTIVE FILTER RS 

-1.1 V V** 5-I& 

IOK 
+V 

FREQ 
IOK 

IOK 

OUT 
BASELINE 

Cutoff 

ZTTRC 

oooo 

output 
voltage 

R=R|'R2 

C'CI-CZ 

R3 
2K 

RH 

ZK 

RZ 
Z7K 

k(» 

IK 

TO USE 

supply 

22 
ZK 

RZ 

look 

RI-RS.’ 
OK TO USE 

I.ÔK. (ZK 

IK 

R8 
IK 

OK 
f Power 
RECEPTION. 

-V 
CZ 

Cl 
• Ol 

Cl 
freq.-oi 

C1 c Z2O pF 

freq, 
out 

VALUES Shown: 

FREQ. 
OUT 

VALUES shown: 

> Z_l«SMT WAVES. 

simóle polarity 

USE TO RECEIVE VOICE 

FOR NON-VOICE 

dß 

°r 
-3 -

freq ri 
in iook 

O dB = 7SC Hz 
-3 d6 = ÍSO Hz 

“SS dB = 40 Hz 

O d B - SO H z 
- 3 dB = ZSO Hz 

-50 d B = 10 kHz 

ADO CIRCUIT 

BELOW FOR 

IMPROVED 

OPERATION. 

+1.H V 

RZ 

IK 

R3 
IM 

Rl 
ICM tOMz INPUT 

DovuN -SdS 

Rs 
IOM 
Cl 

RZ 
IOM 

RI 
ZZOK 

Rio 

M7O 

RADIO SMACK 
27(0-130 

BINARY 
inputs 

Ri 
ZK 

FRÉQ. 

OUT 

RI 

Z7K 

R=Rl =RZ /va. 
C = CI = CZ 

+? 



lONAL AMPLIFIER OPERAT MUto) 

7HIC 

LIGHT METER OPTICAL POWER METER BARGRAPH 

• OZ.uF 

RS: OFFSET 

caution; AO JU ST I M +A 
IS 

i IOOK 

SI 
3 

IOK 

5K 

Z 
7HI 

RR SILICON SOLAR 
~9 CELL 

FAIRLY 

ELECTRONIC BELL AUDI BLE LIGHT SENSOR 

PC> 

oos 

+9 

ci 
7YI 

2 

7HI 
3 

PRESS 
TO RING 

PCZ ÔJL SPKR 

-9 
(RADIO SHACK 27G-IIG) 

100 

RY 
IM 

RH 
IOOK 

PCl.PCZ- CdS PHOTOCELLS 

SUCH AS BELL^ DRUM , TINKLING , ETC. 

PHOTODIODE . A SILICON 

I : O- lO.o ywA 
2 : O- 1.0 mA 

ADJUST R3 TO JUST BELOW 
Point. Adjust R2 and R3 

SOLAR CELL CAN ALSO 170 

BE USED. 

LEDs FOR 

RI 
10K 

RI 
IK 

RI 
IK 

q- h.7/mF 

3 

R7 
330 

R3 
5OK 

RS 

150 

R3 
IM 

RZ 
IOOK 

QI IS A PHOTOTRANSISTOR 3<|0 
(RADIO SHACK 27G-I3O) 
CONNECTED AS A 

RU 

210 

R3 
lOK 

TO AUDIO 

AMPLIFIER 

RZ 

IM 

LIGHT ON PCI DECREASES TONE FREQUENCY. 
LIGHT ON PC2 INCREASES TONE FREQUENCY. 

C3 
.OOI 

this Circuit can be used 
Good quality radiometer. 

SENSITIVE 
circuit I 

too much 
light will 
slam the 
METER 
NEEDLE. 

FULL SCALE 
METER 
READINGS 

RZ 
IM 

C2 
• Ooi 

OSCILLATION 
FOR SOUNDS 

USE GREEN 

READOUT. 



AMPLIFIER DUAL OPERATIONAL 
IM58 

PEAK DETECTOR 

+S-18 
+q 

t Hi 8 

& Hz & 
IHSÔ 

imse 
IHS8 

Vnu ci 

1 
APPLICATIONS 

AMPLITUDE DG. 

VOLTAGE. 

FUNCTION GENERATOR 

C5 

+ *l .ooii 

HSS 

S 

-q 

1 15 V Square: TRiAnGLE: 

iOl 
SINE 

RT 
IOK 

RH 
lOM. 

rz 
1OK 

RS 
look 

IHS8 
+ 

Vz 
IH58 

PULSE GENERATOR 

RÔ look 

TIME, SPACE AND MONET. 

lOO/xF VOLTAGE 
AT Vin. 

R3 
IONA 

RS IOOK 

REQUIRE TWO 
YOU'LL SAVE 

F IS 5 VOLTS. 

include use As 

_ FRSaUEMÇX 

Cl STORES 
THE PEAK 

Rt> 
iok 

RI 
IOK 

FREQUENCE = I KHz. 

RI 
IOH 

5872. Hz 
GGO Hz 

RM 
IOK 

RI 
27 K 

R2. 

Z7K 

R3 
IOK 

H : 
V-

Rl 

look 

+ 9 

R7 
IOOK 

PULSES ARE. 
VjHEn Gl = < 

.00' a<f 
• 01 /«F 
.10 yuF 
i.oox 

RG 
RS IK 
IOK 

TWO 7H| C OP-AMPS IM A 
Single Q-Pim mini-diP. tRT 
TO OSE THIS CHIP FOR 

Analog "memort" that stores 
PEAK AMPLITUDE op A FLUCTUATING 

Circuits 
OR MORE 

5 
RM 



DUAL OPERATIONAL AMPLIFIER 
LF3S5N (3FET INPUT) 

HIGH impedance C'° ohia) junction fet 
INPUTS. OUTPUT SHORT CIRCUIT 
PROTECTION. HIGH SLEW RATE (I3v//uSEc), 
LOW noise OPERATION. AMPLIFIERS are 
Similar to THOSE IN THE TLOgSC. NOTE 
THAT PIN CONNECTIONS ARE THE SAME AS 
HSÔ. THIS OP-AmP, AOWEl/ER, offers 
MucH SETTER PERFORMANCE-

hT 
V-

v+ 
81 

SAMPLE ANO HOLD PEAK DETECTOR 

+ ^-l8v + H-I&V 

VoUT 
353 

S/H 
-H -l&V 

PROGRAMMABLE GAIN OP-AMP 
+ H-15 

AUDIO MIXER 

RM 

+ H-IÔV 3 
RI > RZ 

Z 8 a 
553 10 RZ 

-H-I6V RS + 4-I5V 

RI = RZ = R3= RH- I0K 
VouT 

353 

-H-ISV 
works CHANNELS- WITH 

102 

« 
optional 

D>* 
INRH 

TLOBH MICROPHONE PRE AMPLIFIER S. 

S/H: H = SAMPLE 
L = HOLD 

CONNECT OUTPUTS OF PREAMPLIFIERS 
TO INPUTS 1-3. OK TO ADD MORE 

RI 
IK 

TRACKS VtM 

AND STORES 
PEAK \Ln IN 
Cl. 

A 
S 
C 
D 

GAI N 

SELECT 

DI 

INMH 

|H 
Vq 
HObfo 

MAKE 
selected 
GAIN INPUT 
H\ OTHERS L. 

Vout 

REDUCE Cl C| 
FOR FASTER I/4F 

RESPONSE 

TO CHANGING Vin 



QUAD OPERATIONAL AMPLIFIER 
TLOSHC (IFET INPUT) 

HIGH IMPEDANCE (io'* OHMS) JUNCTION 
FET IN Purs. OUTPUT SHORT CIRCUIT 
PROTECTION). HIGH SLEW RATE (12 V/ 
yuSEC) PLUS LOW NOISE OPERATION. 
Performance similar to lfzszñ. 
NOTE THAT Pl» CONMECTIOMS ARE 
SAME AS LMS2H. 

MICROPHONE PREAMPLIFIER 

CÎ 

R5 

RI 

I0K 

USE LOW 
TO MEDIUM 
IMPEDKNCE 
DYNAMIC 
MIKE 

_ R2 (GAIN 
aXa IM con trol) 

note single Polaritx power supply 
(thanks to rs AND RH) And Ac 
COUPLING. 

LOW-2 PREAMPLIFIER 

R2 IOOK 

+H-IÔV 

MICROPHONE 

TLORM 

RED 

BLACK 

IN 

ÔJL SPKR 
Blue WHITE 

USE LOW 
IMPEDANCE RI 

IK 

CONNECT DIRECTLY 

to inputs (Poor 
TO FAIR) OR USE 

transformer (good): 

OK TO 

ÔJL SPKR 

microphone. 
RH 
IOOK 

-M-I8V RADIO SMACK 

275-B6O 

INFRARED VOICE COMMUNICATOR 

LED USE RADIO SHACK 27G-I5O 
(17L-IHI) PHOTOTRANSISTOR FOR QI. 

Point the led At qi and adjust RH until maximum range ’• hundreds 
BEST VOICE QUALITY IS OBTAINED. (RH APPLIES OF PEET AT NIGHT WITH 

PR6&IAS TO LED.) RG Limits MAXIMUM LED LENSES AT QI AND led. 
Current to a safe HO nA. POWER AMP: see Lm3&g. 
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QUAD OPERATIONAL AMPLIFIER 
LM32HN 

+3~30V 

BANbPASS FILTER INFRAREb TRANSMITTER 

+q 

ci 

Cl + -Sov 
Ct RS2OO4 

z 
3 VouT 

PULSE GENERATOR 
son... B>ur do 
ALLOW MORE THAN Plus oP-AMP. 

SO mA THROUGH led) 

INTERFACE CIRCUITS RI 

OBSERVE Qi's 
IOOK RATI N G I PovuER 

'A 

3.ÔG kHz LAMP DRIVER ' 

IK 

OUT 

BUFFER Cout » In) LED DRIVER 

I OH 

R3 
lok 

TO 
NOT 

Gnd 
II I IO 

_L ct 
IQuF 

I 8S 

> RS look 

* IOOK 

CAREFULLY ADJUST 
R3 FOR BEST VOICE 
quality, for more 
power Reduce RS 

RS 
IM 

RI 
IK 

R2 
150 

Change R4 
And/or ci 
to vary Pulse 
repetion rate. 

Ri 

IM 

R5 

100 

3 324 
—— + 

D2 
InAH 

RI 
150 

+ 4-SOV 

DI 

InA/V DI-D2: 

Ok TO 

ELIMINATE. 

IP SO, 

Connect 
R2 to Pin i 
AND ELIMINATE 

RS. . 

324 
+ 

BANDPASS 

FREQUENCY : 
I kHz 

•22 
IN 

Cl 
• OOImF 

OPERATES from SINGLE POLARITY 
Power supply, more gain (ioo ¿6) 
Bur less bandwidth (/ MHz u/wev 
GAIN IS l) THAN THE LM39OO 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. 

RA 

100 

INFRARED 

LEDI 

USE DYNAMIC. 
MICROPHONE AT 
INPUT. R&CEWE 

SIGNAL WITH 

PHOTOTRANSISTOR 

RZ. 

look 

'Af 
3ZH 

+ 



QUAD OPERATIONAL AMPLIFIER 
LM3A00N 

operates from single polarity 
Power supply. less gain (7o dB.) 
but WIDER BANDWIDTH Mik AT 
Gain OF i) THAN the LM324 QUAD 
OP-AMP. note STANDARD POWER 
Supply pin locations. caution: 
SHORTING THE Outputs DiRECTLY TO V«-
OR GROUND OR REVERSED POWER 
CONNECTIONS may DAMAGE THIS CHiP. NOTE". DO NOT SUBSTITUTE 

lmsrdo for other op-amps 

ASTABLE MULTIVIBRATOR TOGGLE FLIP-FLOP 

FUNCTION GENERATOR XIO AMPLIFIER 

FREQUENCY = l-t KHz 
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QUAD COMPARATOR 
&ND 

LM339 (27G-I7I2) I III Hl lol 1 I S I IM 13 

I KJ Moté 

+ 2-Î2V 

NON-INVERTING COMPARATOR INVERTING COMPARATOR 

+ 2-31 

OUT 

339 

INVERTING COMPARATOR 
falls below REFERENCE VOLTAGE (Pins). 

WITH HYSTERESIS 
NON-INVERTING COMPARATOR 

WITH HYSTERESIS H 

+2-32 s 
3.3K 

VOLTAGE OUT IM 
339 

IM 

IOKA 

3-STATE OUTPUT 
TTL DRIVER CMOS DRIVER 

+ 3-15 |OOK 

s 9 

33 t S 5 
OUT 

359 

'/t 794536.7 

106 

Rl 
5K 

'/s 
3S9 

+REFERENCE-q 
VOLTAGE 

TO 
CMOS 

IS REQUIRED. 

A SINGLE POLARITY 

+9 R3 

single package 
Four independent voltage comparators 

LED glows when input voltage (pin 5) 

RZ 
SK 

+ Input 
Voltage 

+ input 
voltage 

—O control 
l= enable 

RM 

IOOK 

'/I 
33t 

+INPUT 

VOLTAGE 

+2-32 
3.3K 

^Reference_£ 
VOLTAGE 

Note: hysteresis provi ped 
BY feedback resistor stops 
oscillation. 

I OK 

OPTIONAL 
INPUT 
voltage 

+ 9 

RI-RZ 

DETERMINE. 
reference 
voltage 
(h.S V AS shown). 

POWER Supply 
Comparators are 

DESIGNED PRIMARILY FOR DUAL SUPPLY 
OPERATION.) NOTE unusual location of the. 
Supply Pins, comparators may oscillate 
IF Output LEAD IS too CLOSE TO I NJ Pur LEADS. 
Ground All P/a/S of unused Comparators. 



QUAD COMPARATOR (CONTI NUEd) 

LM33A 

led bargraph readout 
WINDOW COMPARATOR 

+5-10 

5 I 

3S9 RI 

7 

G 

RS 

9 

8 

PROGRAMMABLE LIGHT METER 

PCI 
SQUAREWAVE OSCILLATOR 

RS-Zooq 

OUT(Hx) 

I0OK 

I . o 

MILLIVOLTS PER 

M_j_^ 

+ '/q 

RI-R3 For a fully ad tosta bl e window. 

LED. SEE. POPULAR ELECTRQUXS 

(SEPT. IR7&, pp. 9Z-?7). 

RI-R3. THE WINDOW IS H-ß MILLIVOLTS WIDE 

rs_U_ 3j,?

IM 

ADJUST RI TO ACHIEVE 

SENSITIVITY UP TO A 

Rb 

IK 

RG» 

IK 

RS 
IOK 

R7 

IK 

RI 
IM 

RH 
IK 

+ 9 

RM 
5K 

RM 

IOOK 

RS 
H7K 

.OOOI 
■ OOI 

RS 

IK 

R5 
IK 

RZ 
ISK 

RM 
IK 

INPUT 
VOLTAGE 

R8 
IK 

RI 
IOOK 

INPUT 

VOLTAGE 

2Z,078 
2, 7ZW 

309 
30 

H 

RS 
IOOK 

'/9 
339 

RI 
IOOK 

+ 5-10 
L 

539 

339 Per. 
Cd S PHOTOCELL 
(RAPIO shack 2?L-IIl)1

+

339 

QI 
RS-2009 

ADJUST RI AND R3 SO LED GLOWS WHEN 

LIGHT AT PCI IS ABOVE OR BELOW ANY 

DESIRED LEVEL. 

TRE LED GLOWS WHEN THE INPUT VOLTAGE 

IS within THE WINDOW DETERMINED BY 

*WHEN Rl= 50011, RZ= 1700 JL And RS-IM. IT 
Extends prom i.s-h.z volts when Ri ano rs= 
I5xOoOJL And RZ- 25,000 J2.. ÚSE POTS FOR 

Vq 
«9 

IZ 
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LED FLASHER/OSCILLATOR 
3A0A 

FAST RCl 

NC IM 

Rl NC 

GND ± 
VOLTS. iS OMLY 

LED FLASHER POWER FLASHER 

+ I.SV 
pep led 

n 5 RI-RZ: 

RS-Z009 
3909 3909 OPTIONAL 

H 

TRANSMITTERS NFRARED 

+ I.SV + I.SV 

* s (o 

3909 39o9 3909 
ci -r 

CONTROLLED TONE LAMP FLASHER LIGHT 
+ L>V + I.SV 

3909 3909 

PHOTOCELL 

108 

Slow rc 

out 

RED LED 

RI 
IOOK 

EASIEST TO USE IC 
NOTEBOOK. PLASHES LEDs OR 
CAN BE USED AS TONE SOURCE. 

RI 
970 

Cl 
97O^F 

RI 
1.5 K 

TRANSHITS 

DISTINCTIVE 

WARBLE TONE 

Rt 
IOO 

Ct 
97»F 

TO 
Pin L 

Cl 
100/J 

Cl 
9 7/4 F 

IR LED 
(27V-IHL) IN9H +I.5Y 

RI 
IOO 

sr. 
OPEN=2Ri 

B5L 
SPKR 

+ 3V 
(AT~ 30k. A) 

WILL DRIVE SPEAKER DIRECTLY. 

WILL. FLASH A RED LED WMGM Vi 

TONE 

frequency 
INCREASES 

WITH LICHT. 

112 OR 

OTHER 
I S-3 V 
BULB. 

CLOSED =5.5 Hi FLASH 
RATE 
CONTROL. 

TRANSMITS 

Steady ir led 
1 KHt (Z7U-IH1) IN9I9 

tone. LT 



mued) LED FLASHER/OSCILLATOR (CONTI 

CHIRPER WHOOPER 
+ I.5V +I.5V 

& 5 

39oq 3909 + 

+ I.5V +I-5V 

39 09 3909 
9 

TOX ORGAN SUN POWERED OSCILLATOR 
+ I.5V 

Cl 

3909 3909 

TTL CONTROLLED 3^0S 

+ 5v 

7^09 'A. 79 09 

3909 3909 IM 

IOOjuF 

10^ 

RI 
IOO 

R' 
I5K 

8JL 
SPkR 

R3 

3.3 K 

RI 
100 

bji 
spkR 

RZ 
loo 

SILICOM 

SOLAR 

Cl 
ZZ-97 

RU 
IOO 

6JL 
SPKRS 

RI 
I Ok 

RZ 
IOO 

R = FLASH LED 
L = INHIBIT 

RZ 
IOO 
AAA_ 

ÔJL CELLS 

SPKR_ 

RI - 3 3R (37G Hr) 
RZ- I.OK (719 Ht) R9 - ISO (2.86 KMt) 
R3-33O (173 KHi) RS" M7 ((oS9 KHx) 

R= TONE + LED SLOWS 

L» INHIBIT 

RI > Cl 
ik r 



DOT/BAR DISPLAY DRIVER 
LM3AI4N 

One of the most important 
CHIPS IN THIS NOTEBOOK. 
LIGHTS Up TO IO LEDs 
(Bar mode) or i-of-io leDs 
(Dot mode) in response to 
An input voltnge.. Chip 

zshsgtqi io 
is| nI H>| i¿1 h| is| it| »1 loj 

TO OUTPUT LEDs 

IP THE LEDs FLICKER^ CONNECT 
A CAPACITOR (o.OS^F TO 
2.2yuF) PROM CEP ANOPE LINE 
to Pin z. 

11 zl si S-] g| 71 a] 9| 
contains A voltage divider I -V +V Rlo IN RHl REF REF MODE 

And io comparators that out APT 
TURN ON IN SEQUENCE AS 
the input voltage rises, 
here's A SIMPLIFIED VERSION DOT/BAR DISPLAY 
op the circuit: 

+ s-ia 
LED LEDs 

IO 

LM39I 4 
Rhi 

TO INPUT 
Ô 

7 

IS LED 

H 

ft 
BAR ó\ ô Dot 

Rlo 

2Ok: 

IN 

7 

8 And 

+ 3-I8V 

REF j 
out 
REF J 
ADJUST across Pins 5 and 

connect voltmeter 
a and ad tust 

R, IK GIVES 

ACROSS R 

Divided by 

PINS 

n-n 

ri 
IK 
2 

R2 
IOOK 

CuRHêmT 
THROuõH Ri 

An led 
current of 
io k,A. 

RESISTOR (R) 

is voltage 

Ri controls 
LED CURÍEMT. 

— Gnd when +V =+3-ie volts , the readout 
Rance is 0.13 — 1.30 volts, to Q 

_ mode change range to O.I-I.O volt 
(o.l UO(-T PER LED), insert A 5K 
potentiometer between pins g 

reference 
voltage 
source 
(1.2 v) 

R2 FOR I VOLT AT PIN S. THEN 

Rhi And Rlo ARE. THE ENDS OF 
THE Divider chain, the reference 
VOLTAGE OUTPUT (ref out) IS 1.2-1.3 
volts, connect Pin 3 to pin n for 
dot mode or +v for bar mode. 

ADJUST IK POT UNTIL LED IO GLOWS. 

Repeat this procedure for o i 
VOLT AT Pin S And LED 1. OK 
TO REPLACE THE IK POT VUITH A 

FIXED RESISTOR OP THE PROPER 

VALUE. 

IIO 



DOT/BAR DISPLAY DRIVER (continued) 

LM31IHN 

ZO-ELEMENT READOUT +3- ia V 

SI 
Co 

IL 

5 /7 

'8 

FLASHING BAR READOUT 6 

R3 IK 

LM39H LM31/Y 

12 + 3-IÔV 

13 

IH 

8 IS 

IL 

INSTEAD 
17 

18 

SI (Io) 

adapted 
the 
ARE 

13 

CIRCUITS ON THIS PAGE 

Il I 

12 

SEMICONDUCTOR'S 
Both wob.k well. 

LEDs ARE ON WHEN ALL 

RI 

970 

R3 
22K 

R2 
Ik 

Readout 
D RECTION 

RH I DO 

DOT MODE 
Connect 
Pin 9 To 

the display flashes, otherwise 
THE LEDs DO NOT FLASH. 
INCREASE Cl TO SLOVU FLASH RATE. 

Cl 
lOOynF 

FROM NATIONAL 

LMJIH LITERATURE. 

Cl 
Z-Z/aF 

THIS CIRCUIT SHOWS HOW TO CASCADE 

2 OR MORE LMÎAIH's when + V « 

5 VOLTS. THE READOUT RANGE IS 

0.19 V TO 2.7 V. BISH ÊST ORDER LED 

STAYS ON DURING OVERRANGE. AVOID 

SUBSTITUTIONS FOR RI AND RS. 

5l IS THE MODE SW TCH. use a 
DPDt toggle. Position l SELECTS 
BAR AND POSITION 2 SELECTS DOT. 

OMIT si IF ONLY ONE MODE IS 

REQUIRED. SIMPLY ia hre IN THE 
CORRECT CONNECTION s. 



DOT/BAR DISPLAY DRIVER (continued) 

LM39HN 
♦1 SOLID-STATE OSCILLOSCOPE 

LMS^/Y 

SCREEN : 

WAVEFORMS CAn 

horizontal CIRCUITS 

(pp.78-79). AUGUST IH79 

4017 RESET 

POOR, BUT VARIOUS 

2 = FREE Running 

SI : I = TRIGGERED SWEEP 

BE VISUALIZED 
expand both the 
VERTICAL AND 

FOR MORE RESOLUTION. 

FOR MORE INFORMATION 

SEE POPULAR ELECTRONICS, 

ADD OP-AMP TO 
INPUT FOR MORE 
sensitivity, use 
Ri to calibrate. 

RS 
IOOK 

SIZE 
THE 

RI : vertical Gain 
R3‘. Horizontal 

HOUSING. 
RESOLUTION is 

loo RED LEDj 
CONNECTED TO 
intersecting 
LINES LIKE THIS 

SWEEP (TlME&Asé 
USE RS TO 
SYNCHRONIZE 
Scope with 
incoming wave. 

THIS IS An 
experimental 
SOLID - STATE 

scope that will 
FIT IN A POCKET 

USING THE LMSIIH AS A CONTROLLER: 

RELAY OPTICAL COUPLING 
RY I 

RY I (GV.SOOJl) 

/THTH 

RS 

Cl — H7/4F (PREVENTS chatter) 
DI - INBH 
RY I-RADIO SHACK 27S-OOH 

POINT Ql AT 
+<1 1-OP-iO LEDs 

RELAY: normally OPEN 

ANY LED 
OUTPUT -

LM39/Y 

A TO DETECT 
—J SPECIFIC 

RI OUTPUT 

H7K LEVEL. 

27G-I3O , ETC. 



DOT/BAR DISPLAY DRIVER 2 3 M s t 7 6 , ,0
LI 5N 'Bl nj Ibl 15) H| I*! 121 ll| IQj 

TO ou~Put LEDs 

LOGARITHMIC VERSION op the 
LMsqm N. THE LM39HW USES 
A String OF IK RESISTORS 
AS A VOLTAGE DIVIDER WITH 
LINEARILY SCALED DIVISIONS. 
the voltage divider resistors 
OF THE LM39I5N ARE SCALED 
TO GIVE A “3 <1B INTERVAL 
FOR EACH OUTPUT. THIS CHIP 
IS IDEAL FOR VISUALLY MONI¬ 

TORING THE AMPLITUDE OF 
Audio signals. 

IF THE LEDs FLICKER , CONNECT 
A CAPACITOR <005 yuF-Z.ZyuF) 
from led anode line to 
PIN 2. 

I z| 31 H| 5] G| 7| 8| 91 
I -V +V Rue. IM Rm REF REF MODE 

OUT ADJ 

SEE lmsri^n FOR explanation 
of Pin functions. 

0 TO -27 dB DOT/BAR DISPLAY 

+3" IB V LED DISPLAT 

* 
BAR. MODE 

O d B ( Fullscale or fs) •••••••••• 

-5 dB ( .707 FS) •••••••••© 

- G d B ( .500 FS) ••••••••OO 

- 9 d B ( .35H FS) •••••••ooo 

-12 dB ( .250 Fs) ••••••oooo 

-15 dB (.177 Fs) •••••ooooo 

-18 dB ( .125 Fs) ••••oooooo 

-21 dB ( .OBB FS) 

-29 dB ( .OGZ Fs) 

-27 dB ( .OHM FS) 

• ••OOOOOOO 

• •OOOOOOOO 

• OOOOOOOO O 

OK TO USE 

Dot mode. 
BAR DOT 

the input signal can be connected 
directly to pins witrout rectification, 
limiting OR AC COUPLING. SEE THE 
LM39I9N For more ideas and tips. 
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timer 
55S 

THE First and still the 
most Popular ic timer 
CHIP. OPERATES AS A 
ONE-SHOT TIMER OR AN ASTABLE 
multivibrator. the ssg is 
T\AjO sss circuits om ONE CHIP. 

ground JL 

triggei?-! 

output .3 

RESET J. 

ë. Vcc 

Z. DISCHARGE 

^.THRESHOLD 

5. CONTROL 

Voltage 

555 EQUIVALENT CIRCUIT BOUNCELESS SWITCH 

I ANO Z ARE COMPARATORS. CIRCUIT 

CAN BE MADE FROM INDIVIDUAL PARTS 

AS SHOwN... But sss is much S\mPleR. 

ONE-SHOT TIMER 

TIMER PLUS RELAY 

* RADIO SHACK 21S-OOH 

values of Ri ano ci shown 
will Pull RELAY IN FOR UP to 
about ll SECONDS. USE POINTER 
KNOB AND PAPER SCALE TO 

help calibrate circuit, uses in¬ 
clude DARKROOM TIMING. CIRCUIT 
CAN BE TRIGGERED BY A 

NEGATIVE PULSE OR WITH A 

Pushbutton switch across » 
Pins I and a. 



TIMER (continued) 

555 
LED TRANSMITTER 

TOY ORGAN 

8 R3 

55S RESISTOR 

7 555 

2 • OS„F 

SI Cl 

PULSE GENERATOR 
TYPICAL VALUES'. sz cz 

+ 5-15 

S3 C3 

555 SH CM 

use to supply 
cs ss CLOCK 

LOGIC not Available. ♦ 
ADDITIONAL. 

DETECTOR MISSING PULSE 

+5-15 

5S5 a IN 
RETRI SSÊ RING 

Z 
A 

RI ARRIVES. 

_l+ Cl IN 

,Ql 

LOUD? 

IOO5L 

RZ 
IK 

Cl 

Ct 

C3 

CH 

CS 

TO 
LS 

SY 

OR 

8 JI 
SPKR 

F 
F 

TOO 
add 

Ri 
iOk 

RI 
IK 

CAUSES 

NEW 

P/N 3 
INPUT 

IS 
LOVU 

PULSES 
AND 

0.005 /zF 

0.001 /a F 

BEFORE 

COMPLETE 

UNTIL 

A 

THAT 

♦ 
ADD 

(00 K 

(CONTROLS 

FREQUENCY 

range) 

available values 
IF these ARE 

USE INFRARED 

L LED FOR BEST 
RESULTS. 

MISSING PULSE RI 

IOOK 

RADIO SMACK 27G-Z023 

3 OUT 

USE ANY 

A Tl M I N G 

TO GO 
PULSE 

CIRCUITS. RI 

controls Pulse 
REPETITION RATE. STAGES IP DESIRED. 

SWITCHES ARE NORMALLY 

open Pushbuttons. 

missing 
prevents 

A ONE-SHOT 

RETRIGÓERED 

circuit Pulses led 
with hs/«sec long 
IZO «h A PULSES AT 
A RATE OF H.QKHz. 

7 
G 

Rl 
IM 

Cl 
■ O| 

0.1 o 

O.OS 

0.01 

and ci 
time. USE 
CONTI Nul TV 

CG 

Incoming Pulses, 
delayed pulse 

THIS CIRCUIT IS 
IS CONTINUALLY 

Control Response 
SECURITY ALARMS 

TESTERS, ETC. 
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timer (continued) 

555 

ULTRA-LONG TIME DELAY TOUCH SWITCH 
+5-IS 

555 Cl 
555 

Cl 

IG 

^0(7 40/7 HOI7 

XIOO 

LI GHT DETECTOR DARK DETECTOR 

+q +q CdS PHOTOCELL (RADIO SHACK 
27G- IK.) 

555 555 

Cl 

Cl Cl 
05-

PRODUCES WARMING TONE 

116 

5 

ADDITIONAL 
STAGES 

PHOTOCELL. 

Alarm for REFRIGERATOR OR FREEZER. 

WHEN LIGHT STRIKES 

GOOD OPEN DOOR 
SILENT WHEN LIGHT STRIKES PHOTOCELL. 

REMOVE LIGHT And tone sounds, faster 

Pins I AMD 2. 

MAK ES A 
RESPONSE than ADJACENT CIRCUIT. 

RI 
hik 

RI 
IK 

RI 
IK 

R2 
IK 

RS 
IOK 

RI 
IK 

RI 
IM 

RI 
H7K 

Cl 
IOmF 

8JL 
SPKR 

Cl 
M.TaaF 

&JL 

SPKR 

RI 

I00K 

R3 
IOK CdS PHOTOCELL 

(RADIO SHACK 
27G-HG) 

RESET TYPICAL output: SSS (Pin 3) 
Run hoo (xio output) 

WORKS BEST 
INDOORS DUE 
TO STRAY AC. 
Field, else¬ 
where try 
touching 

Ri Controls 
Pulse rate 
from 5SS. 
THIS rate IS 
Divided by 
the HOlT's 
TO GIVE *IO 

*ioo and 
*IOOO DELAYS. 

f 
X IOOO 

o TOUCH WIRE 
(touch and 
LED WILL 
glow I second) 



TIMER (continued) 

555 

NEON LAMP POWER SOURCE 

+9 

555 

BLUE 

bjl-ik 

RS 

IOK 

(RADIO SHACK 273-1180) 

Cl : o. I yuF, zsov 
LI : NEON LAMP 

WORKS BEST WITH BETTER 
Quality NEON LAMPS. REDUCE 
Rl SLIGHTLY FOR. MORE 
OUTPUT VOLTAGE. 

WHITE 
Tl : 

Rl 
HTK 

GREEN INQH 
RED 

FREQUENCY DIVIDER 

INPUT FREQUENCY 

555 RI 
IOOK 

DIVIDED 
FREQUENCY 

THE SSS FUNCTIONS 
AS A ONE-SHOT 
THAT IS RETRIGGERED 
BY THE Input wave. 

Cl t_ 
z-T"^ 

.^F 

WAVES ARRWING DURING 
THE TIMING CYCLE 

ARE IGNORED. 

TRIANGLE WAVE 

GENERATOR 

+ 9 

+ 
Cl 
. 1/4 F 

ADJUST R\ to PROVIDE UP to 
10 kHz. OUTPUT FREQUENCY 

THIS HIGH PRODUCES CLOSELY 
SPACED TRIANGLE WAVES. THE 
WAVES ARE SEPARATED AT SLOWER 
FREQUENCIES (V V \Z ). 

ONE-SHOT TONE BURST 

PRESS SI AnD STEADY Output 
frequency appears At Pin s. 
RELEASE SI AND OUTPUT FREQUENCY 
CONTINUÉS UNTIL CZ IS 
DISCHARGED BY RH. INCREASE 
CZ. (or rh) to increase length 
OF THE BURST. CHANGE FREQUENCY 
of tone burst via RZ or ci. 
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DUAL TIMER 
55b 

Contains two indepen dent 
timers om a single chip. 
Both timers are identical 
To THE 5SS. All the 
application circuits cam 
ALSO BE BUILT WITH TWO SSS\. 
THIS PIN CROSS REFERENCE WILL 
Simplify Substituting two 
55S ls FOR A SSG OR HALF 
A 5SG FOR A 

Function 55S SSG(Û S5G(2) 

Ground 
TRIGGER 
Output 
reset 
CONTROL V 
THRESHOLD 

DISCHARGE 
Vcc 

1 

2 

3 
H 
S 
L 
2 

8 

7 

G 
5 
H 
3 
2 
1 

H 

7 

8 
9 
IO 
H 
il 
13 

H 

INTERVAL TIMER 

TIMER I IS CONNECTED AS ASTABLE 

Oscillator. timer Z iS a one-Shot 
relay driver, i fires z once each 
cycle. 2 Pulls relay in For ïs seconds. 

Discharge _L 

THRESHOLD _1 

TIMER I 

TIMER 2 < 

GROUND _Z_ 

TRIGGER ±._ 

OutPut 

control 3-
VOLTAGE 

RESET _ï 

IH 

13 

IZ 

II 

lO 

8 

Vcc 

discharge 

threshold 

control 
voltage 
reset 

OUTPUT 

trigger 

3-STATE TONE SOURCE 

555/55L SCR OUTPUT 
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DUAL TIMER (cOsiTiNuab) 
55è 

TWO-STAGE TIMER 

+5-15 
SOUNb SYNTHESIZER 

3 +5-15 

IZ 

13 

8 5S<o 
I-IOOmF 

9 G Z 

3 II I IZ CG CH C5 
.OS^F |-IOO/<F ■ OS^F 

13 

_O TR/GG££ 

FIRST 

C3 
.05 

Rl 
5OO* 

O'ViDEK. 

VERY i 

R3 
29 k 

RS 
IM 

ADJUST RI AND Ry FOR 

THE First 
Time. the. second 

THIS CIRCUIT 

Followed by 

unusual sound effects 
timers ctcle begins after the 

input initiates 
timer's cycle 

is COMPLETE. 

ÍJ_ Cl 

RI 
IM 

RZ 
IK 

CZ 
.OOS 

RZ 
2HK 

Both timers are /n one-shot 
MODE. GROUNDING THE TRIGGER 

SPKR 

Cl 
-OJmF 

AN OSCILLATOR 

A FREQUENCY 

RM 
5OOK. 

RS 
5K

(volume) 

programmable h-state tone generator 

yw\_ 
RS SK 

A MODE 

8 SELECT 

Rs 5 
5k S 

> R3 
S I OOK 

.l^F 

Mode select 

B A 0 UTPUT 

L L 
A H 
H L 
M H 

TWO-TONE 

Steady 
Burst 
metronome 

L = GAJD 
H = +S-IS (Vo,) 

CHANGE Cl 

And ch to 
alter the 
OUTPUT TONES. 
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TONE DECODER 
e. OUTPUT 

2 

Io 

+ H.7S-9.OvJ_ S THE LATTER 

BY Tl Ml mG 
RESISTOR. AnD CAPACITOR (R AMD c) 

VALUÉ 

2R -2OK. WHERE 

O OI Hz 

OR MORE MAY BE REQUIRED 

SEE THIS Chip's 

BASIC TONE DETECTOR CIRCUIT 
+ q 

3 
5 

£¿7 507 IK BASICS 

Adjustable tone source 
circuit -Fo was I.BKMz. 

I5oo (For up to 
BANDWIDTH) TO 4.2,000 

(up TO 2 % fo D&TECt/on BANDWIDTH). 

MICROFARADS oF THE LOK/ 

CAPACITANCE OF ABOUT TWICE THE 
SHOULD HAy£ 

the low pass Filter capacito/?. 

Capacitor should g£ 

CÊMTER FREQUENCY (To) 

SPECIFICATIONS POP- MOPE INFORMATION. 

THE Output CAPACITOR St>7 TO LOCK ON TO LOW 
FREQUENCY INPuTs! 

FREQUENCY IS 

vs RANGES between BE Adjusted 
Soo KM 2 . Mote: IH % fo DETECTION 

S I OK 

Output 
CAPACITOR 

LOW PASS 

CAPACITOR 

IMPOT JL 

X GROund 

THE 
PASS 

BETWEEN) 
1 SEconD 
For the 

CONTAINS A PHASE-LOCKED LOOP. 
PIM & GOES LOW WHEW THE INPUT 
FREQUENCY MATCHES TAE C AlP's 

Portion) can be 
used in many 
DIFFERENT APPLICATIONS 

RI 

look 

TIMING 
CAPACITOR 

TIM I MG 
RESISTOR 

R SHOULD &e 
TME 5G7 CAN 

detect Any input 

PREDICTED -Po IS 

l.l KHz. THE TEST 

And is 
BETWEEN 

THIS Circuit IS 
handy for learning 

L RS tone decoder 

INFRARED REMOTE CONTROL SYSTEM 

TRANSMITTER RECEIVER 

adjust Ri until Crapio sAACk Range: several inches. _L_ use 4»v 
received led glows. 2-TG-iso) USE lenses to increase. - RELAX. 
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TONE DECODER (comtimued) 

5â7 

2-FREQUENCY OSCILLATOR 2-PHASE OSCILLATOR 

LATCHING TRE 5G7 OUTPUT 

Rl R 

a s 
I wq 14 IM9/4 

54.7 LLo R-eseT -D GT 
PUSH 2LK 

Vh Yoll. 22K 
RESET 

NARROW BAND FREQUENCY DETECTOR 

FREQUENCY IM 

AD TUST Rl AND 

IK. 

5 5 6,7 5^1 
LED 2 

+ 9 2k- 2Ok ' LED I 

J/i F 

L = OFF 
H*RESET 

MAMUAL RESET LOGIC RESET 

LED3 
4 

-1 .FREQUENCY IS 

CENTERED. 

R2 ) IF FREQUENCY 15 
HIGH OR LOW. 

LED E WILL GLOW 
wh&n -(Ha input 

R2 TO RESPOND 
TO CLOSELY SPACED 

FREQUENCIES. LEDj 
I ANO S WILL GLOW 

RI 
2K-ZOK 

Both circuits 
SHOW ONLY 
THE LATCH 
Components. 
Re is the 
LOAD (LED, 
relay, ETC.). 

OUTPUT STAY5 
ON even after 
input tone is 
Removed. 
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VOLTAGE-TO-FREQUENCY 
FREQUENCY-TO-VOLT AGE 

CONVERTER 
9400 (274-1790) 

IN VOLTAGE —TO - FREUUENCY (V-F) 

M.ODE, AM InPuT VOLTAGE WHICH 
HAS BEEN CONVERTED INTO A 

CURHÊMT BY A RESISTOR AT P/N 
3 IS TRANSFORMED INTO A 

Proportion al FREûuênCY. in 
FREQUENCY - TO- VOLTAGE nope a 
FREQUENCY AT Pin II IS CONVERTED 
into A PROPORTIONAL VOLTAGE . 
THIS CHIP CAN gE OPERATED 
FRom a single or dual PoLAHiry 
Power supply. 

I BIAS — 

ZERO 3z. 
AD TO ST 
XiM A 

VM -1 

Vrbf out JL 

gnd A 

Vref 2. 

NOTE UNUSUAL 

LOCATION oF 

POWER SUPPLY 

Pins. 

¿ï Vpo 

il NG 

1£ AMPLIFIER 

our 
*1 COMPARATOR 

IN 

10 freqtZ our 

5- OUTPUT 
COMMON 

A PULSE FREQ. 
OUT 

caution: this chip incorporates 
Both bipolar and CMOS C/RCuiTRY. 
THEREFORE CMOS HANDLING 

precautions must 8e followed 
to Avoid Permanent damage. 

BASIC V/F CONVERTER 

+ 9-/S 

IZ 

5 

Cl 
.OOI^F 47pF 1

R2 
IM 

3 

CZ 

15 r 
FREQ io . 

ouT S . 
DURING tests). 

o z s L g voltage in 

R.I- optional (use 
TO SUPPLY input VOLTAGE 

RI 
IOOK 

RG 
IOOK 

FSK* DATA TRANSMITTER 

RZ IOOK 

9400 

V/F 
Binary in 

5 

3 

OUTPUT (Hl) 
C2 L /N H IN 

H7 pF 

•InF 

RZ Controls output. OVER WIRE ok Radio. 

CONTROLS 
FREQUENCY 

RM 
33 K 

RI 

IM 

RG 
IOOK 

3943 
I ooo 

RS 
IOOK 

DUAL 
FREQUENCY 
out 

D,(o7/ Frequency 
IGGS SHIFT KEYING. USE 

TO SEND BINARY 



VOLTAGE-TO-FREQUENCY (comti^«) 

frequency-to-voltage 

ANALOG bATA TRANSMISSION SYSTEM 

TRANSMITTER RECEIVER 
+q 

H 

2 

LED 
9^00 0-1 »mA 

F/V V/F 

12 

.001 

3 

3 S C2 

QI 

RY 
33K 

R3 
33« 

R2 
33K 

R7 
5k 

l?Z 8 JI 
SPkR 

RH 
IOOK 

KS 
IOOK 

RU 
270 

«3 
IOOK Analog 

SIGNAL IN 

RI 
I OK 

RS 
IOK 

CZ 
^5 

is optio^Kl Sut may 
(Radio SMACK 27G-/YZ). 

ADAPTED FROM A DESI6AJ“ 

BY MICHAE4 PAIKA OF 

TME SPKR 
IK) P RA 0. ED LED 
THE LED OR. RADIO SMACK Z7G-/3O-

TELEDYAiE. 
PROVÊ HElPFULL DJRIVÚ /Klir/AL TÊST/AJÓ. USE AV 
G)1 CAN g£ THE PHOTO FR/WSISTûR SUPPLIED WITH 
R7 /AJ THE RECEWJEP /5 ZERO APTUST. 

■ OOI/iF 
RU 
IOK 
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VOLTAGE CONTROLLED 
OSCILLATOR (VCOÙ 
5LL 

VERY stable, easy to use 
TRIANGLE AND SQUARE WAVE 
outputs. Ri and ci Control 
CENTER FREQUENCY. VOLTAGE 
AT PIN 5 VARIES FRéQUEAJCY. 
IMPORTANT • OUTPUT WAVE DOES 
not fall to o vogt! At (2 
volts (p/n s), For example, triangle 
output cycles between + 9 And +G 
Volts. Square output cycles 
between + G And + U.S Volts. 

GROUND J_ 

MC J-

J~L out A 

/\ OUT JI 

8, +9 - 2Y V 

7. C| 

fe R| 

5 modulation 
input 

2 (Vcc-^PuT volts) 

CENTER FREQUENCY = RI C) V t

FSK GENERATOR* 
+ 9-15 

R) CONTROLS 

WARBLE RATE. 

RS CONTROLS 

TONE FREQUENCY. 

RH 

FUNCTION GENERATOR 

TWO-TONE WARBLER 

* FSK MEANS FREQUENCY SHIFT KEYING. 

Vcc = 3 VOLTS. 

IN OUTPUT USE TO transmit binary 

L l-SKHx 
DATA OVER TELEPAONE 
lines or Store binary 

A 3.0 KMa") DATA ON MAGNETIC TAPE. 



POWER AMPLIFIER 
LM38L 

Designed mainlm for low 
VOLTAGE AMPLIFICATION. WILL 

DRIVE DlRECTLV AW B-OHM 

speaker. gain Fixed AT 20 
But cam be increased to 
anv value UP to 200. 

X20 AMPLIFIER X200 AMPLIFIER 

BASS BOOSTER AUDIBLE ALARM 

HIGH GAIN POWER AMPLIFIER 

+9v 

QI- PhototransistoR 
CRAD/O SMACK 27b-iso) 

RS 

no K 

USE OTHER OP¬ 
AMPS FOR THE 
TLOBH. 

Circuit ShowW 
IS VER'f SENSITIVE 

LIGHT wave 
Receiver, ok to 

= 2o (to change 
SEE ABOVE}. 
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8-WATT POWER AMPLIFIER 
LM383 /TDA2002 

power amplifier designed specifically 
FOR AUTOMOTIVE APPLICATIONS - BUT 
IDEAL FOR ANY AUDIO AMPLI Fl C AT/OM 

System. designed to drive a h-ohni 
LOAD (EQUIUALENT TO A SINGLE 4-OHM 
SPEAKER OR TWO 8-OHM SPEAKERS 

Im parallel). THIS CHIP CONTAINS 
THERMAL SHUTDOWN CIRCUITRY to 
Protect itself from Excessu/e loading, 
this will cause severe distortion 
During overload conditions. You must 
USE AN APPROPRIATE HEAT SINK 

(e.3. RADIO SMACK 27G- I3é>3). SPREAD 
Some HEAT SINK COMPOUND (27G-1372) 
ON THE LM3S3 tab BEFORE ATTACHING 
THE HEAT SINK. 

8-WATT AMPLI Fl ER I 2 3 H 5 

NOTE PRE¬ 

FORMED LEAPS. 

) - + IN 
2-IN 
3- GnD 
4 - OUT 
5-+5-2OV 

+5-20 V 

OPERATION : 

5 

LM383 
2 CH 

3 I JI SPkR 

* CH-PLACE CLOSE AS POSSIBLE TO THE IC. 

OR 

2-ÔJI SPKRS 

in parallel. 

2ZO < .2«F + 

CS RZ 
LiyO^F 2.ZSI 

RI 

AUDIOq- ÙL 
IN 

C2 
IO/4F 

_ Cl 

C5 
10OO-2OOOmF 

R2-OK to USE H-IOJL RESISTORS IN PARALLEL. 

I. USE HEAT SINK. 

2. REDUCE POWER SuPPtY 

VOLTAGE TO G-9 VOLTS 

(AS in circuit below) 
IF SEVERE DISTORTION 

OCCURS. 

3. Don't APPLY excessive 
ikjPut signal. 

Ife-WATT BRIDGE AMPLIFIER 

I2A 



DUAL 2-WATT AMPLIFIER 
LMIÔ77/LM377 

HlfiH QUALITY, EAST TO USE POWER 
Amplifier. ideal for do-it-yourself 
Stereo , p.a. systems, intercoms, etc. 
Automatic thermal shutdown protects 
against overheating. 70 dB Channel 
separation means virtually mo 
CROSSTALK. ONLY 3 MICROVOLTS NOISE INPUT. 

HEATSInKING: UNNECESSARY in MANY BIAS out I_ I -FIN -in 
applications since average power is gnd 
usually well Below BRIEF PEAKS. /M 
Any CASE, PINS 3,9,5, 10,11 AND IZ SHOULD NOTE' GNU PINS SHOULD 
BE connected together, if load Exceeds be meat sunk for 
DEVICE RATING, THERMAL SHUTDOWN WILL MAXIMUM POWER. 

occur.... And will cause severe distortion. 
USE HEATSINK (uP TO IO SOuARE INCHES OF 

COPPER Foil on Pc BOARD OR METAL FIN) 
IP THIS OCCURS. 

H-WATT AMPLIFIER 

STEREO AMPLIFIER 

PUBLIC ADDRESS SYSTEM 

THIS CIRCUIT 

WORKS WELL. 
NOTE FEWER 

Parts i n 
LMIB77 / LM377 

STAGE... THANKS 
TO SPLIT POWER 
SUPPLY. 
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TEMPERATURE SENSOR ANO 
ADJUSTABLE CURRENT SOURCE 
LM33H 

5= 

BASIC CURRENT SOURCE BASIC THERMOMETERS 
+ S-2OV +5 -2OV 

+ 2-2OV 

GßOJL 

LM334 LM33H 
LM 334 ZLOJL 2ZOJL 

3 R SET our 

IOK 

Rset 

CALIBRATED LED VOLTAGE REFERENCE 
+3-2OV 

+-2.S-2OV R 3 

LM334 
LM334 

IK IOK 

ADJUST VOLTAGE 
3-2.0 VOLTS. OUTPUT 

LIGHT METER RAMP GENERATOR 
+1.S-20V 

0-1 kM A +S-2OV 

11 LMSVi 

LM334 

PCI .OOU, F 

RSZOO4 

^28 

I KHi 
IN 

WAÆ^Outrut : 

3.3K 

OG77 
tTet” At 2S C. 

PCI-C¿S photocell 
Cradio shack zvg-hg) 

10 it 

15 ÍL 

G.4 A 

4.3 i~A 

VERSATILE 3-LEAD COMPOMENT that LOOKS 
MORE LIKE A TRANSISTOR THAM AN xc. 
CAM BE USED AS A TEMPERATURE SEMSOIZ 

IOK OUTPUT VOLTASE 
VARIES ~IO MILLI¬ 
VOLTS /° KELVIN. 

DEVICE 

BEI M G 

POWERED 

OR MORE ABOVE 
OUTPUT.) 

N L8K 
in<}ih _ 

PoR LEDs AMD OTHER 
circuits. Voltage reference 

MAXIMUM 
current 
OuT = 10 WIA. 

LED 
Current 

Constant led 
output for anV 
Input between 

CurrEmT Source 
COMfOMEMTS OR 
ETC. 

TOP FLATTENS ”22Z BULB CLOSE 
IF INPUT TO PCI GIVES 
Pulse Rate 2.S A, output. 
TOO SLOW. 

current 
into pin 2. 
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