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READ THIS... 

This book is for the entertainment 
and edification of experimenters 
and hobbyists. While reasonable 
care has been exercised with regard 
to the accuracy of the information 
in this book, the author and publisher 
assume no responsibility for 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 . 

Thanks in advance to those of you 
who write. We appreciate your 
comments. But please remember we 
will be unable to give you a per¬ 
sonal reply. 
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INTEGRATED CIRCUIT INDEX 

TTL/LS CMOS/MOS LINEAR 

device page device page device page 

7400/74LS00 40-42 4001 16 555 96-99 
7402/74LS02 45 4011 14-15 556 100-101 
7404/74LS04 46 4013 28 558 102-103 
7408/74LS08 43 4017 32-33 565 105 
74LS32 44 4027 29 566 112 
7447 48 4042 30 567 106-108 
7448 49 4049 20 741C 77-80 
7473 54 4050 21 1458 81 
7474/74LS74 53 4066 22-23 3909 88-89 
7475/74LS75 56 4070 18-19 7555 104 
7476 55 4081 17 7805 70 
7490/74LS90 58 4511 36 7812 70 
7492 59 4528 31 7815 70 
74LS123 52 4553 34-35 7905 71 
74LS138 50 2102L 24-25 9400 110-111 
74154 51 2114L 26-27 DAC801 114-115 
74LS161 61 CEX-1200 109 LF353N 82 
74LS164 63 MC14553 34-35 LM317T 72 
74LS175 57 MM5369 37 LM324N 84 
74192 60 MM5837 38 LM334 116 
74193/74LS193 62 PCIM-161 95 LM337T 73 
74LS240 64 LM339 86-87 
74LS244 65 LM350T 76 
74LS245 68 LM377 119 
74LS367 47 NOTE: The CEX-1200 LM383 118 
74LS373 66 12-Key Tone Module LM386 117 
74LS374 67 and the PCIM-161 LM723 74 

NOTE: TTL and LS 

LCD Clock Module LM1877 119 
are located in the LM3900N 85 
Linear section al- LM3914N 90-92 
though both incor- MOC 3010 127 

chips are generally porate CMOS/MOS MOC 5010 128 
interchangeable. circuitry. NSM 3916 94 
LS chips consume SAD 1024 1 2 4 — 1 2 S 
less power than TTL SCS11C3 127 
equivalents. Use SN76477 120-121 
LS chips, when possi- SN76488 122-123 
ble, for battery TDA2002 183 
powered circuits. <TjL 111 126 

TIL 119 126 
TL084C 83 
TL431 75 
TL507C 113 

NOTE: Many of these 
chips are best cate¬ 
gorized as analog . 
Linear is the popu¬ 
lar term. 
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INTRODUCTION 

Since the original Engineer 's 
Notebook was published in 1979, 
Radio Shack has made many changes 
in its line of integrated cir¬ 
cuits. Engineer's Notebook II 
reflects these changes with the 
addition of 22 new chips and 
modules and some 84 new circuits. 
Chips no longer sold by Radio 
Shack have been deleted. 

Dave Wolf, Radio Shack's parts 
buyer, and Dave Gunzel, Radio 
Shack's publications director, 
have invested many hours review¬ 
ing draft versions of the new 
circuits. I'm appreciative of 
their many helpful suggestions 
and the freedom they have allowed 
me in the selection of circuits. 

Speaking of circuits, unless other¬ 
wise acknowledged, the circuits in 
this notebook were designed by me 
specifically for this publication 
or were adapted from these sources: 

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

2. My engineering notebooks. 

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

Thanks to Radio Shack's solderless 
breadboards, you can assemble most 
of the circuits very quickly. I 
hope you have as much fun experi¬ 
menting with them 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 50Í 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. Have fun! 
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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! 

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. 

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 > 1 = T? (°r> E = IR 1 R 

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

Resistors are identified by a 
color code ; 

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: 

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

COLOR 123 (Multiplier) 

BLACK 00 1 
BROWN 11 10 
RED 2 2 100 
ORANGE 3 3 1000 
YELLOW 4 4 10,000 
GREEN 5 5 100,000 
BLUE 6 6 1,000,000 
VIOLET 7 7 10,000,000 
GRAY 8 8 100,000,000 
WHITE 9 9 (none) 

2. Voltage division. For instance: 

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

current through Rl and 
J Rl R2. So I = 10/(Rl + R2) 
< IK or 0.005 amperes. 
.—>. ? Therefore, ? = (0.005) 

x (1000) or 5 volts. 
R2 

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

R2 is simply Rl + R2 . 
This rule provides a 
handy trick for making 
custom resistances. 
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Voltage dividers are used to marked .001-1000 are rated n uF. 
bias transistors: 

They're also a convenient 
source of variable voltage: 

volts 

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

CAPACITORS 

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

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: 

_ g 
1 microfarad (uF)= 10 farad 
1 picofarad (pF)= IO -12 farad 

or 
1 uF = 1,000,000 pF 

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

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.) 

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 Recti Fi £R 
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3. Block DC signal while pass¬ 
ing AC signal. SEMICONDUCTORS 

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: 

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. 

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 : 

l _ _ 
OUT 3 . / 

( V) o —I—i_j 
3 L 9 II 

IN (v) 
Dl = L VOLT ZENER DlOD£ 

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

IK 

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 = 
165 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 "7 e» 
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 

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. 

IC 

WRAPPl/uG SOCKET 
universal Pc Soard 
WRAPPING WIRE 
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DIGITAL INTEGRATED CIRCUITS 

INTRODUCTION OUT 

Digital 
OR 

OUT 

PROCESS 

NOR 
BYTE, 

THE BINARY SYSTEM OUT 

H Know 
EYCLUSIVE-OR IF O = L FIRST 

H 

OUT 

H 

Out A 

H A MuMBER 
YES (BUFFER') 

LOGIC GATES 
A 

NOT (INVERTER) H Connecting 

H 
H 

A_B 

AN-y OTHER NUMBER. 

ONE STATE 

NOTE THAT LLLt(o) IS AS MUCH A 

O FOR C 

it's VERY helpful 

A B 

B-BIT WORD IS 

(HIGH OR H). SußS‘ 

AND I FOR H AND 

ARE 2-STATE DEVICES. 

LOGIC CIRCUITS ARE MADE BY INTER-
OR MORE OF THESE 

individual B/nARY 

binary numbers 

NEAR O VOLTS or 

basic logic gates: 

And I • H, THEY ARE :

L L 
L H 
H L 
H H 

A_B 
L L 

JB 

L 
H

H L 
H H 

H 
H 
H 

Digits (bits) or multiple Bit words. 
A H-Bit word is a nibble And An 

A 
B 

H 
H 

A 
B 

OUT 

H 
L 

L H 
EXCLUSIVE-MOR h l 

H H 

8 - M L L L 
9 - A L L H 
lo - H L H L 
Il - H e H H 
12 - H H L L 
IS - H H L M 
IH - A A H L 
IS - H H A A 

A 

B M 
L 

L 

H 
L 

2 - L L M L 
3 - L L H A 
A - L H L L 
S - L H L H 
G - L H A L 
7 - L H H A 

ground (low or l) And the other 
IS NEAR THE IC‘s SuPPLY VOLT^&i 

3-STATE LOGIC 

MANb H L A 

CONTROL A out control A OUT 
A — y out A B O UT L L L L L H 
B — y L L H L H H L H L 

L H H A X Hl-Z A X Hi-z 

h H L Hl-z: OUTPUT IN HIGH IMPEDANCE STATE. 



MOS/CMOS INTEGRATED CIRCUITS 

INTRODUCTION HANDLING PRECAUTIONS 
MOS ICs CAM CONTAIM MORE FUNC¬ 
TIONS PER CHIP THAN TTL/lS AND 
ARE VERT EASY TO USE. MOST CHIPS 
IM 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: 

IX 
GNO 

A cmos chip is made from pmos 
And nmos transistors, mos means 
metal - £XIDE - .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 7605/781 1/ ?QIS. 

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 

A PMOS TRANSISTOR IS IDENTICAL 
EXCEPT THE P AND N REGIONS ARE 

EXCHANGED. THE Si Oi (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 thin and is there¬ 
fore easily punctured by static 
ELECTRICITY: 

I. THE INPUT VOLTAGE SHOULD NOT 

EXCEED Vt* 1 (TWO EXCEPTIONS: 
THE HOH9 AND M050.) 

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 V&» (+) OR V« (GND). 

OTHERWISE ERRATIC CHIP BEHAVIOR 
and excessive current consumption 
WILL OCCUR. 

4. NEVER CONNECT AN INPUT 
SIGNAL TO A CMOS CIRCUIT WHEN 

the Power is off. 

5. OBSERVE HANDLING PRECAUTIONS. 

PREVENT STATIC DISCHARGE'. 

I- NEVER STORE MOS IC's IN NONCON-

DUCTIVE PLASTIC "SNOW,* TRAYS, BAGS 
OR FOAM. 

2. place mos ics pins down on an 
Aluminum foil sheet or tray when 
THEY ARE Herr 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. 
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INTERFACING CMOS 3. CMOS LED DRIVERS: 

Voo- 1.7 
R- ,OI (FOR 1O*A LED CURRENT) 

USE lOOO OHMS FOR MOST APPLICATIONS 

CMOS LOGIC CLOCK 
ManT CIRCUITS IM THIS SECTION 
Require a Source of Pulses, 
here's a Simple chos clock: 

+5-15 

NOTE THA^ CMOS must BE powered 
BV AT LEAST S VOLTS WHEN 

CMOS IS INTERFACED With ttl. 
OTHERWISE THE CMOS INPUT WILL 

EXCEED Vpo. 

TOPICAL VALUES: R« lOoK , C = O.OI — OI^F 

Ok to use hohQ ... But much more 
current will be required. 

CMOS TROUBLESHOOTING 

I. 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 And MAKE SURE THE OUTPUT 
IS NOT OVERLOADED. 

H. Does the Circuit obet All cmos 
operating Requirements? 

5- have Tou forgotten A connection? 
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QUAb NANb GATE 

HOI I 

BLOC K 

CONTROL GATE A B OUT 

I MPoRTAÑT: CONNECT ALL ULUSES INPUTS 

NOR GATE 
INVERTER 

OUT 

¡3 A H 
A 

won 
L ouT H L 

A A 

M-lNPUT NAND GATE 
AND GATE 

AB. BC D OUT 
Voo a-M%; 

Hal B L L 

B—I Wo// 

H 

H ^a A 
OR GATE 

c^-F/w 
D±J4oi/ 

L L 
L A 

^00 

Ad 

TO P/M 7 OA IA I 

A 4 

THE BASIC CMOS BUILDING 

L X X X 
XLAX 
X X L X 

A 
A 
A 
L 

A 
A 
A 
A 

CHIP. MORE APPLICATIONS THAN 
7HOO/V'HLSOO QUAD NANO GATE. 

A A 
A L 
A A 

A L. 
A A 

'A 
Won 

Voo 
H 

A 
illwoi/ 

Voo 

'M 
'A 

V0b 
IM 

A-UV¡ 
B _£jMon 

A B out 

L 
A 
M 
H 

L L 
L A 
A L 
A M 

EXCLUSIVE-OR GATE 

EXCLUS IVE-NOR GATE 



QU Ab NANO GATE (conti huso) 

HO 11 

GATED OSCILLATOR TOUCH SWITCH 

Output frequency is 
I KHx SQUARE WAVE. 

output goes. high whem 
TOUCH WIRES, ARE &RIDGED 

SY A FlMGER. 

SIMPLE OSCILLATOR ONE-SHOT TOUCH SWITCH 

GATED FLASHER 

FINGER. OUTPUT THEN RETURNS LOW 
AFTER. ABOUT I SECOND. 

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

INCREASED OUTPUT DRIVE 

INVERTER. NAND GATE 

USE TRIS METHOD TO INCREASE 
Current THE HOll CAN SOURCE 
OR. SINK. OK TO ADD MORE GATES. 

IS 



QUAD NOR GATE % (>3-15 V) 

HÔÔI 

CHIP. high impedance 

BOUNCELESS SWITCH 
V» INPUTS TO P/aJ 7 OR 1^. 

IH 
INCREASED OUTPUT DRIVE 

100 K IOOK 

//WERTER A/OR GATE 

GATED TONE SOURCE 
do mo 

LED FLASHER 
SPKR. H I K 

LED 

• OlyUF IOOK 

*<■7^ IOOK 

TONE. FREQUENCY IS ABOUT I 

LED PLASHES l~2 TINES/SECOND. 

OR GATE 
Q Q 

Vno 

NO CHANGE A_£ 
H 

NOT ALLOWED L H 

H H 

16 

Block 
input 

important; connect All unused 

CMOS Building 

MAKES POSSIBLE MORE 

£_i 

An important 

L 
L 
M 
H 

L 
H 

H 
H 
H 

A 
B 

L 
H 
L 
H 

APPLICATIONS THAN TAE T 
7HLSOÍ QUAD NOR GATE. 

USE TAIS METHOD TO INCREASE. 
CURRENT THE HOol CAN SOURCE 
or Sink, ok to Add more gates. 

u R S LATCH 
VpD 



BUFFERING 
AS 

GATE BUFFER AND 

DIGITAL TRANSMISSION GATE 
IN = OUT OUT 

Vod 

IN E OUT H 

H 

NAND GATE H H 

A B OUT 
Vs L OUT 

IN 
3 

'4 qoss 

AND-OR-INVERT GATE 

GATE NOR 
A B OUT 

H 

H 

H 

M-INPUT NAND GATE 

CHIP. 
AND 

USE 
LOGIC. 
VOII. 

FOR 
NOT 

H 
H 

H 

H 

H 
H 
H 

M 
H 

l 
u 

A 
B 

L 

H 
L 
H 

versatile as 

BUILDING BLOCK 

r 

QUAD ANb GATE 

HO81 

i rr<H 
—pTx 
hoeJ 

Vpp Vpp 

Z y OUT a 



QUAD EXCLUS IVE-OR GATE 

4070 

THE OUTPUT OF EACH GATE GOES 

Low when Both inputs ah e 
Equal. the output Goes /-UGH 
IF THE inputs ARE UNEQUAL. 
MANY APPLICATIONS INCLUDING BINARY 

Addition , Comparing 6//VARY WoRDS 

And phase detection . 

IMPortamt: Connect unused inputs 
TO PIM 7 or IH. CONTROLLED INVERTER 

/-BIT COMPARATOR 

THIS CIRCUIT IS ALSO A HALF- ADDER 
WITHOUT A CARRY OUTPUT. 

BINARY FULL AbbER 
COMPARATOR CARRY IN 

SUM 
Determines if TWO CARRY 
ARE EQUAL. S G 

VDp 

H 
G 

Voo'/3 4 049 Vx 4 070 

4 5 

Hoiz PHASE DETECTOR 
A Vop 

4 H07O V/3\0Y9 

12 

13 
'/b 4049 

YoiR. 

A 
A 

B 
B' 

A 
B 

0 
D' 

HINT: USE. 

as inverter TO 

IF 4o/Z 15 

UNAvftlLAicE. 

H-BIT WORDS 

C 
C 

LED \K 

LED STOPS GLOW IMG WHEN TRE 
INPUT FREQUENCIES ARE EQUAL. 

IF DC&A = d'c'b'A 
output is low. 
otherwise Output 
is HIGH. USE 

Second half of 
REVERSE OPERATION. 

Yao 

71 

2 
3 

4 
S 

18 



LU U-

QUAD EXCLUSIVE-OR GATE (continued) 

H 070 

1C I = 'A 4070 A B Out frequency varies vu it H Vdd : 
ICZ = '/G ^04 9 

L L H V&1> FREQUENCY AMPLITUDE 
L H L 
H L 
H H 
L 5 
H lo 

2-9 MHz 
9.9 MHz 

5.5 V 
8. o V 

15 11.0 MHz 12.0 V 

8-INPUT EX-OR 
SQUARE WAVE GENERATOR 



HEX INVERTING BUFFER 
HOH«, 

IN ADDITION TO STANDARD 
Logic. And ChAOS to TtL 
INTERFACING^ often used 
in oscillators And pulse 
Generators, for low current 
applications, use 40/1 Connected 
AS INVERTER, (ok TO USE 4011 FOR 
circuits on this page.) 

CLOCK PULSE GENERATOR 
NOTE UNUSUAL LOCATION 
of power Supply pins. 

TRIANGLE WAVE SOURCE 

i 
RlPt-TIT/ON RñtE = LS RC 

1,2 = 'A 9 09 9 

SQUARE WAVE GENERATOR 
LINEAR I OX AMPLIFIER 

A Vdo 

Cl 

.Ol 
OUT 

NOTE. THAT 74 E 
_ .3 -
- V? H OH q 

INVERTERS Are USED 
in A linear mode. GAin^ RZ/r.1. 

z 
5 

RZ 
IO N\ 

' I H 
Q 

CLOCK 

Vi Q 

Hois d

20 



HEX NON-INVERTING BUFFER 

4050 

PRIMARILY INTENDED FOR 
INTERFACING CMOS TO TT/., 
Supplies more current 
THAN STANDARD CMOS. 

IMPORTANT : ALL UNUSED INPUTS 
Wust go to pin i or a. 

OUTPUT EXPANDER 
NOTE UNUSUAL LOCATION 
OF POWER SUPPty PINS. 

LOGIC PROBE 

LED GLOWS 
WHEN INPUT 
IS LOW. 

OUTPUT BUFFER 
INCREASED OUTPUT DRIVE 

CMOS TO CMOS 

AT LOWER VDl> 

CMOS TO TTL/LS 

AT LOWER Vcc 

21 



QUAD BI 

HOti 
LATERAL SWITCH 

ONE OF THE. MOST VERSATILE 

CMOS CM/PS. PINS A,&,C AND D 

CONTROL FOUR ANALOG SWiTCFlES. 

CLOSE A SWITCH BY CONNECTING 

its Control Pin to V Di> . OA/ 
RESISTANCE ~ 80—ZSO OHMS. 
OPEN A SWITCH BY CONNECTING ITS 

CONTROL PIN TO GROUND ( P/N t) . 
OFF RESISTANCE = IO9 OHMS. T/o (INPUT/ 
output) and o/t. pins are reversible. 

Vpd (+3-I5V) 
Ik A D Vo O/i o/x x/o

I/o O/I O/I x/o B C ~ 

DATA BUS CONTROL DATA SELECTOR 

I A i SELECTED 
D C B A INPUT K 

KEEP ALL 
DATA SELECT OTHERS L. 

DIGITAL TO ANALOG (b/A) CONVERTER Vdo 

Hobb 

digital in 
R 

ANALOG VOLTAGE 
ZR 

use Asie counter for 
automatic OPERATION. 

THIS IS NOT A 
LINEAR D/A CONVERTER. 
INSTEAD IT PRODUCES 
A PSEUDO-R Andona 
OUTPUT THAT ranges 
FROM 3.0G — S.GZ 
VOLTS (Voo-yv). 
USE TO DRIVE ^OHb 
VCO OR PRODUCE 
unusual waveforms. 
R = H7K AND ZR’/OOK. 



QUAb BILATERAL SWITCH (continue) 

PROGRAMMABLE GAIN AMPLIFIER 
+ 9 

OOOO TO Illi At DCSA GIVES 
D C 8 A RlM ôF FROM R TO R/|S 

V00

RI I R3 I j R9 I RS I RG I R7 I 1 R8 ] RR Fl R'° 

Syr ~Vy\^ ~wv Sw— 
A. A .. Á A A A Vpp 

90/7 

IS 

9ogg Vod = 5 - IS V 
7 

RI- RIO 
G 

7SS3 RE PETIT I VE 
2 HEIGHT OF 

RII 

PRODUCES 
PR06RAM 
VARY 

OUT <-
Vdd 

PROGRAMMABLE FUNCTION GENERATOR 

10-STEP WAVEFORM. 

EACH STEP VIA Ri-PIO. 

RATE VIA 

iok. trimmer Pots 

Rii 
IOOK 

Rit 
IK 

and ci. 



I02H-BIT STATIC RAM 

2I02L 
A7 AB A9 CE out IN +5 GND 
H is| H| I3| IZ| H I IQ| Q I 

IO2H I-BIT STORAGE LOCATIONS ADDRESSED 
BY PINS AO-A9. TTL/cs ComPA TIBLE . 

ce (chip enable) imPut controls R/w 
(READ /write) OPERATIONS). 3“STATE OUTPUTS. 

Note unusual location 
of power Supply Pims. 

(ao-A9: Address inputs) 

CE 

L 
L 
H 

R/w 

L 
M 
X 

OPERATION 

WRITE. (LOADS BIT AT PIM II) 
Read (outputs bit at pin iz) 
141 z (output Enters third state) 

ï I 21 3| H| s| G| 7) 8| 
AL AS R/w Ai AZ A3 AH AO 

2IÛ2L ADDRESSING CIRCUIT 7^93/ II 

7HCSI93 
8 

5 

12 

7H 193/ 
H 

7HLSI93 

8 

S 

12 

7HI93/ 
H 

7HCSI93 

8 

S 

IO 

21 OIL 

CLOCK 

CLEAR o 
(when h) 

ADDRESS 
LINES TO 
OTHER 
ZlOZL's 

THE ADDRESS INPUTS MUST BE 
OUT CE H/VJ STABLE DURING R./W OPERATIONS. 

2H 



lOZA-BIT STATIC RAM (continued) 

2I02L 

Abb I NG PROGRAMMED SINGLE I/O PORT 
OR MANUAL JUMP 

s J 7HLS/Î3 

S I 

S H 

7^193/ 
S G 

S P 

II 

CASCADING Zlô2L'S is S E 

S Ù 

7M/93/ 
lo SC 

7HLSI9Í 

S B 

II 
15 SA 

Z5 

JUMP 
any 

PAGE. 
Control 
7^/45 367 
And i/o 
DATA . OF THE 

Port 
THESE 

IS HIGH. 
THE 

SlviTCHE S 

ON FACING PAGE. ADDRESSING CIRCUIT 

FORMALLY THE LOAD INPUT 

MAKING LOAD UOw COADS 
Address programmed /n 
SA-ST INTO THE 7^193’s. 
permits a programmed 
OR A MANUAL JUMP TO 
address. 

outputs DATA. Both 

Add THIS ClgCUlT TO THE 
Addressing circuit on fAc/ng 

ADD THESE CONNECTIONS TO 

o 
load 

IS A, PIN 3 OF THE 

enters third state (hi-z) 
Port accepts input 
^jHen pin 3 

7*745 367 IS A, T/c 

operations are dependent 
UPON THE STATUS OF THE 

2IO1L CONTROL INPUTS. 

SA— SJ : use 
8-Position dip 
Pitches or 
miniature toggles. 
open= m : closed ’L 



IÔ2H * H-BIT RAM 

21 I HL /H0H5 
+ 5 A7 /\8 M A B C 0 WE 
IB) I7| Jb| IS| H| 13) I2| Il I 10) 

STORAGE ÍOCAT/OWS ADDRESSED 
BY PINS AO-AQ. TTL/LS CoMPKT/ßLE. 
For read/write operations, ce [cm ip enable, 
also called chip select) must be ¡-om. 
WE INPUT MUST BE LOUU TO WR/TE 
(load) data into CHIP. \NHEV we 
is HIGH, DATA in ADDRESSED 
LOCATION) APPEARS AT I N)PUT / OUTPUT 
P/ns. IDEAL CHIP For do-it-Yourself 
Microcomputers And controllers. 

INPUT/OUTPUT 
P/NS 

A0-A9: ADDRESS INPUTS 
we: write enable 

A4, AS AH A3 AO Al AZ CE GND 
(cs) 

21 IHL ADDRESSING CIRCUIT 7H 193/ 

7HCS193 

7HI93/ 

7HLS193 

IZ 

79193/ 

7HLSH3 

8 

s A 

18 
2IHL 

CLOCK 

CLEAR o 
(u/HE/U M) 

ADDRESS 
LINES TO 
OTHER 
ZIIHL’S. 

A 
INPUT /OUTPUT 

THE ADDRESS INPUTS 
MUST REMAIN STABLE 
DURING R/w/ OPERATIONS. 

CE WE 
Ccs) 

II 

Ifc 

26 



I 02H * H-BIT RAM (comtinued) 

211 HL ZHOHS 
I Ô2H-NIBBLE 

MrnuAl TurAp: I. set switches A-J DATA LOADING CIRCUIT 

(n!BBLE = H-bit word or Vt 8-8IT woRo) 
SI- CLEAR 

19 

5 

write : 

¡93/ 

• buF 5 

7HLS/93 

15 

II 

5 Sfe-LOAO 

16 
2II9L 

? 
W£ 

TOGGLE 

SS — WRITE 

S3- WRITE ENABLE (SPDT WITH NEUTRAL CENTER) 

SWITCH S2 

S4 - CHIP 

Enable 

12 

19 

DATA INPUT SWITCHES 

TO DESIRED ADDRESS’, 2. PRESS SG. 

5. Press Bounceless Push butto/c. 
<o. Repeat steps i-s. 

S CIRCUIT TO MANUALLY 

up TO IO2H H-Sir WORPS 

IH 

Ô 
IG 
9 

IO 

9 
10 

D 

c 
B 

A 

8 
IG 

CE 
Ccs) 

USE 
STORE 

SPST 

TOGGLES 

SPDT Ô—>- SOUNCELESS 
tcggles^\_ Pushbutton 

Bounceless pushbutton. 
2. Switch sh ano ss to L. 
3. CLOSE S3. 

H. INPUT DATA. 

NOTE ! 

BEST TO OUTPUT DATA 

THROUGH 7HL5 3G7 HEX 

Suffer. 

15 
II 

READ : I- OPEN S3. 
a. Switch Ss to h. 
3. CLOSE,THEN OPEN, SI. 

H. SELECT CLOCKED OR 

MANUAL OUTPUT (sz). 
USE AT 
ALL IC 

PWR SA-Ï 
Pins. 

IN A 2II9C. AFTER THE data 
is loaded, it can then be read 
BACK AT THE CLOCK SPEED. TAE 

DATA OUTPUTS ARE PINS II-IM WHEN 

DATA INPUT SWITCHES ARE AT NEUTRAL. 

7^193/ 

7HLSI93 

2 

3 

—V o--—---< 
8 
IG 

9 
IO 

i 
1 
IS 

II 

27 



SERIAL IN/ÔUT, PARALLEL ÖUT SHIFT REGISTER 

VDD A B C V0D D 

28 



DUAL JK FLIP FLOP 
QI QI 

H027 

AMD 

FLIP-FLOP 

R^ 

SETS 
OF i 
GO 

OCCUR 
OR 

CLOCK. IMPORT/WT: 

SOMEWHERE ! 

FOR 
S OR 

USE FOR 
REGISTERS. 
inputs MUST 

KI JI SI 

CLOCKING 
R HIGH 
INDEPENDENT 

Vt>o(+S-ISv) _ CLOCK I 
Rl 

•I 
2 Q 20 

MAKING 
RE SETS 

8£ Low/ 

ALL INPUTS MUST 

DIVIDERS, counters 
S fSET) And R (RESE 

DI VIDE-By-3 COUNTER DIVIDE-BY-H COUNTER 
Voo Vqo 

H-BIT SERIAL SHIFT REGISTER 

2^ 



QUAD LATCH 
H0H2 

FOUR BISTABLE LATCHES. 
CAN BE USED AS A 
^-BIT DATA REGISTER. 
all four latches are 
CLOCKED SIMULTANEOUSLY. 

POLARITY PIN PROVIDES 
CLOCKING FLEXIBILITY. 

Mo 
H 

21 

iq D 

O CLOCK 

A 

Ÿ t ” 
D C B A 

2%_ B DATA 
OUT 

c 

M-BIT DATA LATCH 

u CLOCK £ 
DATA BUS POLARITY ° 

CLOCK POLARITY Q 

0 0 D 
P" 0 latcw 
1 1 D 

1 1 LATCH 

DATA ON BUS APPEARS 
AT OUT PUTS . DATA 
IS LATCHED ( 'SAVED) 
WHEN CLOCK S PITCHES. 

STEPPED WAVE GENERATOR 

TYPICAL VALUES: Ri=R3 = 2ZK 
RZ = 33K 

30 



DUAL ONE-SHOT 

H52S 

TWO FULLY INDEPENDENT 
monostable multivibrators. 
Both can be retriggered, 
trigger can be rising 
OR FALLING edge of pulse. 
Tl AND T2 ARE timing INPUTS. 
RST IS RESET AND 1 IN ARE 
TRIGGER INPUTS. 

Vdd (+3to is v) 

Îti t2 RST +IN -in ouT ÕÜT 
I5| W| I3| I2| Il I io[ q| 

UNUSED SECTION : RST ANO 
+ IN = V ss AND -IN = Voo . 

» I 2 I 3| M| 51 ¿1 71 sT 
Tl T2 RST +IN -IM ou~r our ■=" Vss

POSITIVE ONE-SHOT PULSE DELAVER 

R2 COMTROCS DELAYED PULSE WIDTH. 

STEPPED TONE GENERATOR 

+ 9 

ADJUST RI TO CREATE 
UNIQUE STEPPED TONE. 
R2 CONTROLS FREQUENCY. 
OK TO EXPERIMENT 
WITH Cl AND C2. 
R5 CONTROLS GAIN. 

31 



DECADE COUNTER/blVI DER RESET CLOCK ENABLE 
CARRY? CLOCK 

HO» 7 /o // 12 13 IH 

INPUTS J 

DE CODEO OUTPUTS 

2 3 
RANDOM NUMBER GENERATOR 

IK 
0-^9 COUNTER 

3 O 

wn 4 HOI 7 2 

7 3 

A 
l(o 

5 

COUNT TO N ANO HALT 8 
5 (o 

13 TO N 
b 

15 3 
10 

II 12 

^017 
3 H 

15 RESET 
IS 

CLOCK RUN 
4 4017 2 0 

8 

COUNT TO N AND RECYCLE 30 
13 

TO N 
I b 

I So 
SI : A= reset 

9 9 8 / io T B- RUN 

b 70 
40/7 

9 80 
13 

Vdd 

32 

CARRY 
OUT 

CLOCK 
IN 

FAST 

CLOCKq-o 

CLOCK o-ia 

Ibl 8 

8 7 b 5 4 3 2 

4 5 b 7 
0 2 6 7 3 

â. 80 

10 q 

IO Y O 

Si: PRESS And 
release. L> 

I 

5 

¿U 90 

IS 

CLOCK 

Vdd(+3-ISv) 
»4 IS 

OK TO ADD 
MORE HOI7S 

FOR N=9, 
GROUND 
PIN IS. 

SEQUENTIALLY MAKES I-OF-IO OUTPUTS 

HIGH (OTHERS STAY Cow) IN RESPONSE 
TO CLOCK PULSES. MANY APPU CAT/ONS. 

count takes place when pins is and is 
ARE LOW. 

a 

9 

L « DC > 

1 C • 



DECADE COUNTER /DIVIDER (cont^uco) 

HOI7 

BCD KEYBOARD ENCODER 

Close Si-sio to Divide 
FREQueWCX ßY FROM I TO /O. 

33 



-1——- - _L_ 

SEE RADIO SMACK 
DATA Book. FOR 
more information... 

.OOlyqF 

7’ Æ 
B “ 

(FOR DIGIT select OSC ILLATOR) 

3-DIGIT BCD COUNTER 

MCIH553 

V«>o(+3-i8v) Clock 
* DS3 OF MR Dis LE A 

lb IS H IS 12 JI 10 9 

complete 3-digit counter, use for 
DO-it-yourself event and frequency 
counters, BEGINNERS: get some 
practical Circuit experience BE fore 
USING TAIS CHIP. PIN EXPLANATIONS: 

DS (DIGIT SELECT) 1,2,3— SEQUENTIALLY 
STROBES READOUTS. LE—LATCH ENABLE 
(WAEAI A) . D/S— /NA/B/TS INPUT WHEN A. 
CLOCK—INPUT. MR~ MASTER RESET (MEN k). 
OF —OVERFLOW. A,B, C, D — BCD OUTPUTS. 

3-DIGIT EVENT COUNTER 

IK 

Vdo I K 
2[ / Voo RI 

a. 
lb /Y553 lb ^S43 R2 

b QI 
6 R3 

12 C 

b R5 
S e 

Rb 
H Cl 

8 8 R7 .OO 
3 

OK TO USE LIQUID CRYSTAL DISPLAY SELECT RI-R7 So 

COMMON 

Anode 

QI-Q3 

RSZOZ3 

R8 
I K 

EVENTS 
(CLOCK) 

DI SABLE (DIS)qJ! 
(WREN R) 

RH 

common anode led 
displays, use multi -

RESET (MR) Q 13 

15 
LATCH (LE) qJA 

5 
3 
2 
V 

7 

RI-RY: P 
IK IF 
vDD = qv. 9 

A 
B 
c 

D 

A 
B 
C 

NEED D 
OVERFLOW 

WARNING? 
PIN H GOES 

M AT OVERFLOW 

OR COMMON CATHODE LED DISPLAY. 

SEE HSY3 FOR DETAILS. 

LED CURRENT does digit display or wire 
NOT EXCEED IO inA. together matching 

CATHODES OF 5 DISPLAYS. 

6-DIGIT FREQUENCY COUNTER 



3-DIGIT BCD COUNTER (contihusd) 

MC14SS3 

6-DIGIT COUNTER 

Vqo 

/95S3 1^553 

II 
B 

5 S 

8 

2B-IM Rl-R7 

el I c 

QI 

Q~Q3=RS2O23 

-V.JP 

ovepflow^^ 
OUT 

IO I IG 

8 _ 8 

C 8 

FREQUENCY COUNTER : 

INPUT BUFFER 
+ Vpp 

Rn 
\ K 

R»S 
lk ADDITIONAL 

STAGES 

COUNT 

RESET 

LATCH 

RIG 

\ K. 

1Z_IM 
Cl M 

USE input AND Control. Circuit on 
previous page., input frequency should 
NOT EXCEED Vç>p . MON- Square WAVE 
INPUTS N\AY REQUIRE INPUT TAILORING.
use comparator to SHARPEN Stow Rising U/Apes. 

d 
TO 

THIS CIRCUIT SHOWS HOW TO CASCADE 
TWO 3-DIGIT COUNTERS. MAXIMUM COUNT QJ 
is 999)999. displays Are common 
CATMODE (common Anode configuration 
shown on previous page?) note that 
PIN G of IH5H3 (or 9SM3) GOES TO GnD 
INSTEAD of Vpp When Common CATMODE 
DISPLAY IS USED. 
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BCb-TO-7- SEGMENT d 

LATCH/DECODER/DRI VER 9 io IS 12 II 

H5H 

SUITABLE FOR PRODUCING 

2 ï 3 INCLUDES BUILT- IN 5 6 
DATA To BE STORE 

VoD 

8 II 10 

DISPLAY FLASHER 
DISPLAY DISPLAY FLASHES 

I0OK 

H 

DECIMAL COUNTING UNIT (bCU) 

DD 

Iio RI 

H5IB RL 
(o (o b D D 

R3 
5 2 C C C 

H d B B 
OPERATION: 

3 A A e 

blank 

SAVE 

Vod RI - Ri = Z20 Jl 8 

7 IW 

3é> 

=+5-9u 

PIN H 
H5II 

Converts 
format 

TO 
OF 

TO Store interim Cou^t 
WITHOUT AFFECTING COUNTER. 

ENABLE 
INPUT 

flashes 
OFF 

normal 
TO TEST 
NORMAL 

b C 

Vdd 

to next dcu 

LED DISPLAY. 
4-BiT latch 

IS 19 

B C. 

BCD DATA INTO 

\j^S-\5mU 3 

FOLLOW TMH 
H LOW TO 

ANO HIGH FOR 

displayed (when Pin S i 
WHEN LATCH IS NOT USE 
THE 7-segment outputs 
BCD INPUTS. MAKE pin 
EXTINGUISH THE DISPLAY 

DECIMAL DIGITS OAl 7~ SEGMENT 

RESET o_Z 

7 
D A 

ENABLE 

COMM ON 
CATHODE 

LED DISPLAY 

operation. Make pin 3> low 
the display and high for operation. 

° Holl 

ONCE PER SECOND 
WHEN E IS HIGH. 

IMPORTANT: ALL 

INPUTS MUST GO 

somewhere! 
A 

RM 

RS 
1_NN 

Rio 
IS w 

R7 

TO COUNT, 

ENABLE IS 
HIGH AND 
RESET IS LOW. 
BLANK SHOULD — 
Be high (low 
TURNS OFF 
DISPLAY). SAVE 
SHOULD BE LOW. 
make save high 

LATCH 
*— blankimg 

•— LAMP TEST 

I IL 
9511 

'A 
Hon 

IS 
VH 



6O-Hz TIMEBASE 

MMSSfel (276- 1769) 

PROVIDES PRECISE GO Hi SQUARE WAVE 
WHEN USED WITH Z-SUSY S MHz 
COLOR TV CRYSTAL. USE FOR MOST 
DO-IT-YOURSELF TIMERS, CLOCKS, CONTROLLERS, 
Function generators. install in small 
CABINET FOR workbench precision clock. 

XTAL: crystal 

IoOHz 

N C- NO CON -

NE CT/ON 

10-Hx TIMEBASE TIMEBASE 60-Hx 
Vdd 

Vdp 

8 
IG 

GO Hz. OUT 

Cl 5 3G9 HO| 7 23 

5 

CZ 

I-Hz TIMEBASE OK TO USE 
9.7 pF CAPACITORS IN PARALLEL 

VoD 97 pF CAPACITOR FOR Cl. TRY TUNABLE 

Ke 

H 
IS 3,579,58^ Hz HOI7 FAIRLY IN 

CZ. Good 

DIGITAL STOPWATCH 

II 13 12 

8 
DP 

IN 
Z A 15 

I 00-89 SEC START 

S2 IO Hz = 0.0-9.9 SEC 
CLEAR 

STOP 

SIX 
OR 

RL 
I k 

_ 8CD 
OUTPUTS 

8578 
DIGIT 

OK TO ADD MORE 

stages. 

* 
MOTOROLA SPECIFIES THAT CI=3OpF 

ACCURACY 
Don't t EVEN IF YOU 

D C B A 

AND C2 = G.3G pF. 

12 I Hz OUT 

CHPHClToR (e g. 5~5OpF) FOR CZ. TO 
TUNE, CONNECT FREQUENCY METER 
to fin 7. Tune cz until frequency 

7 CRYSTAL 
FREQUENCY out 
{3.S7RSHS MH*) 

S) ¿ READY 

CONNECT TO 
LED OR LC H 

DECODE«/ 

DRIVER (eg. 

HSII OR 8575). 

Go Hz 
I N 

THIS IS A 
F IO DIVIDER. 

THIS is A 
+ G DIVIDER. 

Rl- USE TWO low 

IN SERIES. 

operation: I. TOGGLE SI from 
CLEAR to ready. 

2. Switch sr from 
STOP TO start. 

3. switch sz fron 
START TO STOP. 'Æ 

H5/8 
LOW DIGIT 

Voo ‘O 
IH 

'A 
HOU 

7 
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NOISE GENERATOR 

S2t88/ MM 5837N 

produces broadband white 
NOISE FOR AUDIO AND 
OTHER APPLICATION S. THE 
NOISE QUALITY /S VERY 
UNIFORM. IT IS PRODUCED 
BY A 17-BlT SHIFT REGISTER 
WHICH IS CLOCKED BY AN 
INTERNAL OSCILLATOR. 

61 7l bl 51 

•I *1 3| Hl 
Vdo out Vss 

WHITE noise source PINK NOISE SOURCE 

+ IH-I5V 

H 

S2G68/ 2_ 

MMS837N 

NOISE OUT 

CONNECT OUTPUT TO AUDIO 

Amplifier to hear noise. 
USE 7ÖIS- voltage regulator 
TO OBTAIN + IS VOLTS. 

IH-IS 

H 

PINK 

S2GS8 
MM5B57N 

R. 
IK-IOK 

NOISE 

CHANGE R AND C TO 
alter, noise spectrum. 
Also, try lower supply 
voltages to change spectrum. 

COIN TOSSER SNARE/BRUSH NOISE 

+ I4-ISV* 

HO27 

-O o 
SI 

stuaa/ 

MM58S7N 

PRESS SI ; BOTH LEDs GLOW. RELEASE 

SI AND ONLY ONE GLOWS. GROUND 

INPUTS OF UNUSED HALF OF YO27 

(PINS 9,10,1^12 AND IS).*(oK TO USE 

9-VOLT BATTERY AS POWER SUPPLY.) 

RI 

SZGÔÔ/ U 
MM56STN PRESS SI TO OPERATE. 

INCREASE C2 AND 
CS TO LOWER OUTPUT 
FREQUENCY. 
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TTL/LS INTEGRATEb CIRCUITS 

INTRObUCT/ON 

TTL /S THE ß£$T ESTABLISHED AND 
MOST DIVERSIFIED ZC FAMILY. ¿S 
IS F UN CTIONA LLY IDENTICAL TO TTL 

BUT /S SLIGHTLY FASTER AND USES 

8o % ¿£SS POWER- TTL/LS CHIPS 
REQUIRE A REGULATED y.YSSZS' 
voET power Supply. here's A 
Simple battery Supply : 

7 use at least one decouplin q 
CAPACITOR (0-0/ — o./ /W F) FOR EVERY 

5-IQ GATE PACKAGES } ONE FOR EVERY 
Z-5 counters and registers and 
ONE FOR EACH ONE-SHOT DECOUPLING 
CAPACITORS NEUTRALISE THE HEFTY 

power supply spires that occur when 
a ttl/ls output changes states, 
they must have short leads and be 
Connected from to gnd as near 
the ttl/ls TC s AS POSS/ßLE. 

8. Avoid long wires within circuits 

1. if the Power supply is not on the 
C'RCUIT BOARD , CONNECT A l—IO^uF 

CAPACITOR ACROSS THE POWER LEADS 
WHERE they ARRIVE at THE BOARD. 

THE DIODE DROPS THE BATTERY VOLTAGE 
To A safe level, both capacitors 
SHOULD BE INSTALLED ON THE TTL/LS 

Circuit board, circuits with lots 
OF TTL /LS CHIPS CAN USE LOTS OF 

Current, use a commercial 5 
VOLT LINE POWERED SUPPLY TO SAVE 
BATTERIES. OR MAKE Your own. 
(SEE THE 1BOG ON PAGE YH. ) 

INTERFACING TTL/LS 
I. I TTL OUTPUT WILL DRIVE UP TO 

IO TTL OR ZO LS INPUTS. 

2. I LS, OUTPUT WILL DRIVE UP TO 

5 TTL OR IO LS INPUTS. 

OPERATING REQUIREMENTS 

I. Vet. Must NOT EXCEED S.2S volts. 

2. INPUT SIGNALS MUST NEVER EXCEED 
Vee PHD SHOULD NOT FALL BELOW GND. 

3. UNCONNECTED TTL/LS INPUTS 
USUALLY ASSUME THE H STATE ... 

BUT DON'T COUNT ON it! IF an 
input is supposed to be fixed At 
H , CONN E CT IT TO Vcc . 

IF AN INPUT IS SUPPOSED TO BE 

fixed at L, connect it to gnd. 

5. Connect unused and/nand / or 
INPUTS TO A USED INPUT OF THE 

SAME CHIP. 

G. FORCE OUTPUTS OF UNUSED GATES A 
to save current (nand—one input 

NOR— ALL inputs C). 

ttl/ls troubleshooting 
/. DO ALL INPUTS GO SOMEWHERE ? 

2. ARE All tc Pins inserted into 
THE BOARD OR SOCKET ? 

1. Docs the Circuit obey All ttl/ls 
OPERATING REQUIREMENTS? 

H. Have You Forgotten a connection? 

5. HAVE You OSEO ENOucA DECOUPLING 

CAPACITORS ? ARE THE/R LEADS SHORT? 

G-IS Vcc AT EACH CHIP WITHIN RANGE? 

3e! 



QUAD NAND GATE 

7H0O/7HLSOÛ 

TRE BA%lC BUILDING BLOCK CHIP 
FOR TRE ENTIRE TTL FAMILY. VERY 
Easy to use. hundreds of applications. 

CONTROL GATE 

OUT 

B (control) 

L L 
L H 
H L 
M R 

OUT 

H 

H 
H 
L 

V„(‘SV) 

NOR GATE 
INVERTER 

^0 



(continued) QUAD NAND GATE 

7HOO/7HLSOO 

HALF ADDER RS LATCH 

VJHEN ENABLE (£) INPUT is HIGH, WHEN ENABLE C&) INPUT IS 
Q OUTPUT FOLLOWS D INPUT. NO HIGH. IGNORES RS INPUTS 

change when e is low. when e is low. 

LED DUAL FLASHER SWITCH DEBOUNCER 



QUAD NAND GATE (continued) 

7M00/7MLSOO 

8- IMPÔT NAND GATE BCD DECODER 

H L L H L 
X X X X H 

USE THIS 
METHOD TO 
DECODE ANY 
H-BIT NlßBLE. 
JUST ADD OR 
REMOVE INPUT 
inverters. 

ICI,Z = 
7YO0/7HCS00 

UNANIMOUS VOTE DETECTOR 

Vee 
Vee Vcc 

2TO 

IC /, 2 - 7909 
IC 3,9 = 7900/ 

79LS00 

LED GLOWS 
WHEN ^LL 
INPUT SWITCHES 
ARE CLOSED. 



QUAD AND GATE 

7HO8/7HLSO8 

OMÊ OF THE BASIC BUILDING BLOCK 
CHIPS. MOT AS VERSATILE^ MowevER, 
AS THE -7*100 /7HLSOO ®UAD NAND 

GATE. 

AND GATE BUFFER 

USE FOR 1 NTÊRF AC|N G WITHOUT 

CHANGING LOÜIC STATES. 

NAND GATE 

DIGITAL TRANSMISSION GATE 

AND-DR-INVERT GATE 

H3 



QUAD OR GATE 

7HLS32 

VERSATILE AS 7HO2/ 

in simple 
QUAD NOR GATE 

Four z-input or gates. 

But ver'/ useful 
data selectors. 

not as 
7MLSO2 

AND-OR CIRCUIT 
V« 

output Goes high when Both 
INPUTS OF EITHER OR BOTH AND 

GATES ARE high; OTHERWISE 
THE Output is low. THIS BASIC 
CIRCUIT is USED TO MAKE 
Data selectors... As shown 
BELOW —) 

NOR GÂTE 

NANO GATE 

2-1 N PUT DATA SELECTOR 

BT INVERTER and preceeded BT 
ADDRESS (DATA select) 7HLS/O S-INPUT AND GATES. 



QUAD NOR GATE 

7H02 /7HLS02 

JUST as versatile as the 
7400/7HLSOO QUAD ÑAMO GATE ... 

ßur not used AS oPTEM. 
ADD INVERTER. (7XOW / 74LSOs) 
to Both inputs op a nor 
GATE AND AN And GATE is 
Formed. 

EXCLUSIVE-OR GATE 
ONE-SHOT 

4-INPUT NOR GATE 

an input pulse triggers an 
OUTPUT PULSE WITH A DURATION 

DETERMINED BX R AND C.. OUTPUT 
PULSE WIDTH IS APPROXIMATELX 0-8 RC. 

AMD GATE 

H5 



HEX INVERTER y« e-sv) 

7H0H/7HLS0H 13I ill III 10I 9 I 8 

H>°- Lf>°-VERT 
Cikcuirs. cuches 

U ^1 s| 4 5 I Z" BOUNCEFREE SWITCH 

AUDIO OSCILLATOR 

H.7K 

UNIVERSAL EXPANDER 
H.7k V£t

SPKR 

ALL LOGIC 
IMPORTANT IW ALMOST 

AM luPUT TO ITS COMPLEMENT 

(i.e. H^L Amo L-»-M). 

OUTPUT TONE 

IS A KHx. 

ALLOWS ONE 
SIGNAL TO 
CONTROL 2 OR 

MORE lAlPUTS. 

OUTPUT FOLLOWS 

SWITCH POSITION. 

I-0F-2 DEMULTIPLEXER 
Vcc 

THIS Circuit steers THE 
Im PuT Bit to the output 
SELECTED BN THE ADDRESS. 

THIS TECHMlQuE CAM BE 

USED TO MAKE MULTIPLE 

output demultiplexers. 

DATA ADDRESS OUT A OUT 8 

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

A 
Cabdress) 



HEX 3-STATE BUS DRIVER 

7HLS3&7 

HIGH 

£ IN OUT G| HERE'S the 
X Hl - Z 

ADDING 3-STATE OUTPUT H H 

I-OF-2DATA SELECTOR Vc< 

IU 
Z 3 

a 
7HLS3G7 

ENABLE INPUT 

BIDIRECTIONAL DATA BUS OUT 

Vcc 

D 

VU7MOH 

I-OF-2 DATA SELECTOR 
Mei 

Vcc 
B 

D WRITE 

B 

SELECT: 
READ 

DCB A VG 7HOH SELECT 

OUTPUT 

WORD 

DATA 

OUT 

TTL OR LS 
CHIP 

Vcc (45V) 
G2 

TWO - WA'X 
(Bidirectional) 
DATA BUS 

3-state output 

impedance (hi-z) state. 
output ENTERS 

H = B' A' 

TRUTH TABLE-. H 
L 
L 

SELECTS 
l-OF-2 
2-BlT WORDS. 

DATA 

IM 

INPUT 
WORDS 

H= A 
L = B 

EACH GATE FUNCTIONS AS A 
NON-INVERTING BUFFER WHEN 

ITS ENABLE INPUT (Gl OR G2.) 

IS LOW. OTHERWISE EACH GATE'S 

l_ = B A 



BCD-TO-7 SEGMENT 

DECODER / DRIVER 

7HH7 / 7HLSH7 

Low RBI 

IK) PUT 

IS 

DISPLAY FLASHER 
Vcc 

MANUALLY SWITCHED DISPLAY 

±2!» 

7YLSH7 

0-3 SECOND /MINUTE TIMER 
Vs. 

Vcc 

a 

5 
* b 

& II RS 
C 

Rio 
8_ 2 C 

555 
2 B 
3 

tl_ Cl A 
.1- IOO/jF 

RS-R9 = 330 JL 

PULSE (count) PER 

H8 

DCBA 
And 
LOW . 

RBI I 
ALL 

DISPLAY 
(SEE BELOW) 

outputs are low (on). 
(Blanking input) is i 

TO PIN H 

(RIPPLE BLANKING 

OUTPUTS ARE HIGH (Off). 

COUNT PER. MINUTE 
START TIMING CTCLÊ. CALIBRATE 5SS FOR I 

7SLSH7 

D 

D A 

this PERMITS unwanted leading o's 
IN A ROvu OF DIGITS TO BE 

BLANKED. 

outputs Are Bl / RBo 
— lamp test 

Close Si 
Second OR 

Converts BCD data into 
Format suitable for Producing 

Rt 
9 AA, 

R3 
13 AW 

RH 
AM 

R8 
IS 

M 
13 

Ri 

IM 

WHEN Bl /RBO 

ALL 

HIGH (OFF). WHEN 

IS LLLL (DECIMAL o) 

Common 
ANODE LED 
DISPLAY 

8Y ADJUSTING RI. 

this simple 
Circuit will 
plash Display 
TWICE PER SECOND. 

D 

7H9O/ 

7HLS9O 

C 

anode LED 7-SEGMENT DISPLAY. 1 2 3 

WHEN LAMP TEST INPUT IS LOW, All e C 



BCD-TO-7- SEGMENT 

DECODER/DRIVER 

7HH8 

Converts BCD data into 
format Suitable for producing 
DECIMAL DIGITS ON COMMON 
CATHODE LED 7-SEGMENT DISPLAY. 

DISPLAY DIMMER 

Y.7K 

pin h 
7*<H6 

9 II 13 10 

b 7 4 5 
D A 

C d 3 

RBI 

L  Bl / RBO 
LAM? TEST 

b 
iz 

2 I 3 
B C 

Vcc(4Sv) 4 4 

*SEE 7W FOR. 
EXPLAN ATiON S. 

O-S9 TWO DIGIT COUNTER 

LOvuEST ORDER DISPLAY HIGHEST ORDER DISPLAY 



2 
IV 13 

ST/, Y 

I I 2| 3) S 5 L 

IN Pur S 

DEMULTIPLEXER 

Vcc 

INPUT 

DATA |N 7 9 CS 13 8 
OUTPUT 

ADDRESS 

ARE 
ALL 

3 
12 1 

OTHERS 
chip 
INPUTS 

DRIVES 
dU 

THIS 

7 

7 

ote: E2 = EZA + E2g .) 

HIGH- WHEN 
OUTPUTS 

ENABLE CHIP, 

H S G 

A 8 C EZA Etß El 

TO selected 

address 
LOW . 

HIGH . 

DATA OUT 

HIGH AND E2 LOW 

C B 

each s-b/t 
ONE OUTPUT 

HAS THREE ENABLE 
. WHEN EZ IS HIGH 

DATA (H 
or l) is passed 

3-LINE TO 8-LINE DECODER 

7HLSIÎ8 

all outputs 
El IS LOW, 
ARE HIGH. 
MAKE El । 

2-TO-8 STEP SEQUENCER 
OUTPUTS 

SEQUENCE Vcc A 

79LSI38 

S5S 2 /(o 7YOH 

79 LSI93 RESET 

TO DESIRED 

controls cycle Rate. 

USE TO FLASH 
LEDs, CONTROL 
RELAYS, ETC. 

RI 
IM 

Qc. Connect 
TO output 9 
And circuit 
WILL CYCLE 
from O TO J Y 

Vcc 

50 



El 

DECODER 19 16 

7HI5H 
IMPOTS 

BACK AND FORTH 
FLASHER I-TO-I 6 DEMULTIPLEXER 

Ver 
9 IO 1/ U /9 IS //. 17 

7HI5S 

22 20 Zl 

V« 

& 29 

20 D DOWN D 
2 7900. 

21 c 
555 

22 B 

A UP A 

CLR 12 
19 

18 

19 

IS 7900 

INCREASE 

R2 

IK 

DATA 
IM / 

RI 

IOOK 

A 
23 ( 

7HLS193 

B 

SLOW FLASH RATE. 

D C B 

DATA OUT 

FLASH 

BACK AMD 

ADDRESS IN 
(SELECTS I-OF-/G 

OUTPUTS) 

ENABLE INPUTS (El AND El) 
MUST BE LOW- IP ONÊ OR 

both are high, All 
outputs go low. 

visually 
appealing. 

iz 
19 

SELECTED OUTPUT 

IS Low WHEN 

DATA IN IS LOW. 

IF DATA IN IS 

HIGH, SELECTED 

OUTPUT IS HIGA?. 

EACH H-B/T ADDRESS 
DRIVES ONE OUTPUT LOW. 

All others stay high. 



DUAL OME-SHOT 

7HLSI23 

TWO fully independent 
monostable multivibrators. 
Both are REtri ggerable. 
Pins designated R and r/c 
are for external timing 
Resistor and capacitor. 
SEE RADIO shack data book for 
INFORMATION about r and c. 

2 IM 2IN 

llo 10 II 

Q 

Q 

Hl 

5 
CLR 

ClR 

3 

R/C c IQ IQ ZCLR A B 

UN UN I ClR IQ 
A B 

BASIC ONE-SHOT MISSING PULSE DETECTOR 

IL IG 

c J± 7HLSI2S 7HLS123 

IS H 

TO CLEAR: 

Q H 

OPERATION: 

HiBITS TRIGGERING. IN 

Q 

TONE STEPPER 
Ve< 

RH 

5S5 R2 7HL5I23 
H 

I 13 

8 

RI 
IOOK 

FOR OTHER TONE 

change ci and cz 

IN Aq_L 
in b o z

CLR o—— 

I. KEEP INPUTS 

A AND ß low; 
THEN MAKE B 

high. 
2. KEEP INPUTS 

8 JI 
SPKR 

R3 
IOOK 

adjust R And c 
TO GIVE TIMING 

Period about '/3 
longer than the 
INTERVAL between 
incoming Pulses. 

RANGES. ALSO, TRY 

PHOTORESISTORS FOR 

RI AND R3. 

MAKE PIN 3 LOW. 

THIS ALSO IN-

TWO WAT S TO 

TRIGGER -. 

A AND B HIGH; 

THEN MAKE A 

LOW. 

SHOT Timing PERIOD 
Runs out. 

THIS CIRCUIT STEPS 

ACROSS A RANGE 

OF TONES WHEN Rl 

and/or Rs are 
adjusted, very 
UNUSUAL SOUND 

EFFECTS. 

Q OUTPUT STAYS 

HIGH SO LONG AS 

incoming Pulses 
ARRIVE BEFORE ONE-

52 



DUAL D FLIP-FLOP 

7 H 7 H /7HLS7H 

Two D (DATA) FLIP-FLOPS IN A 
SINGLE PACKAGE. DATA AT D 
INPUT IS STORED AND MADE 
Available at q output when 
Clock. pulse (j») goes High, 
here's THE TRUTH TABLE'. 

PRESET CLEAR CLOCK D 

10 

0
 

L H X X 
H L X X 

H H t H 
H M f L 

H L 
L H 
H L 
L H 

SET 

<P 'S CLOCK INPUT. 

f is rising edge of clock 
PULSE. 

2-BIT STORAGE REGISTER PHASE DETECTOR 

WAVE SHAPER 

THE LED GLOWS WHEN INPUT 
FREQUENCIES Fl AND Ft ARE 
UNEQUAL OR OUT OF PHASE. 
PI AND Ft SHOULD BE 
square waves. 

DIVIDE-BT-TWO COUNTER 

S3 



DUAL J-K FLIP-FLOP 

7*173 IM IS It 

/N RESPONSE 

0 ecu k 0 ClR 
TABLE : Vcc C+S v) 

CLEAR 

BINARY COUNTERS H 

DI VIDE-BY-TWO 

OF 

DIVIDE-BY: TWO FOUR 

A OUTPUTS 

H 

H 

DI VIDE-BY-THREE DIVIDE-BY FOUR 

Vie A 

'A J 72 

7^73 K 7H73 

Q 13 

a 

H 
'/t 

Q Q GNO k 

B_A 

WILL TOGGLE (SWITCH 

INCOMING CLOCK 
WHEN BOTH 
ARE HIGH. 

H 
H 
H 

J ANK 
MERE'S 

X 

R 

H 
H 

K 

X 
L 
H 
H 

TWO JK 
Single 
CLEAR 
Flops 

0 IS CLOCK INPUT. 

Summarizes operation 
counters: 

In A 
note the 

these flip-

flip-flops 
PACKAGE. 
INPUTS . 

Clock 
X 

L L 
L H 

PULSES 
’ INPUTS 

TRUTH 

Q_Q_ 
L H 
H L 
L H 
TOGGLE 

K 7^73 

Q 

THREE 
B_A 

L L 
L H 
H L 

THE THREE CIRCUITS ON THIS PAGE 

ARE BINARY COUNTERS THAT COUNT 

UP TO THE MAXIMUM COUNT 

And automatically recycle. 
CONNECT A DECODER TO OUTPUT 

OF DIVIDE-BY-THREE And DlviOE-
BY - four Counters to obtain 
one -OF-THREE AND ONE—OF-FOUR 
OPERATION. THIS TRUTH TABLE 



DUAL T-K FLIP-FLOP 

7H7L 

TWO IK FLIP-FLOPS IN A 
SINGLE PACKAGE. SIMILAR 
TO 7H7B/7^LS73 BUT HAS 
Both preset and clear 
INPUTS. FLIP-FLOPS WILL 
TOGGLE (Switch output 
states) in RESPONSE to 
incoming clock Pulses when 
Both J And K INPUTS ARE 
HIGH. HERE'S the truth table-. 

PRE CLR CLK J K Q Q 

U H XXX 
H L XXX 
H H JL H L 
H H JL L H 
H H TL H H 

H L 
L H 
H L 
L H 

toggle 

Vcc(+5v) 

PRE = PRESET 
CLR - CLEAR 

= CLOCK (oR CLK) 

TOGGLE = FLIP-FLOP SWITCHES 
OUTPUT STATES IN 
RESPONSE TO CLOCK 
PULSES. 

H-BIT SERIAL SHIFT REGISTER 

PARALLEL OUT (A BCD) 

55 



QUAD LATCH 

7H75/7HLS7S 

A H-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 
E is HIGH , Q FOLLOWS D-

IQ 2Q 2 0 i-l GMD 30 3Q 9 Q 

(+SV) 

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 

Ö-BIT DATA LATCH. 

Vcc DATA BUS 

5 H 13 

IL 

IS 7HLS75 

10 

9 

DATA 
OUT 

-O LATCH 
INPUT 
(ENABLE) 

DECIMAL COUNTING UNIT 

EXPANDABLE DECADE COUNTER. FOR TWO DIGIT COUNT, CONNECT PIN 11 
OF 7H9O /7HLS9O OF FIRST UNIT TO INPUT OF SECOND UNIT. A Low 
AT THE LATCH INPUT FREEZES THE DATA BEING DISPLAYED. 



QUAD D FLIP-FLOP 
HD 3D 3Ö 3G 0 

D- INPUTS 
Goes 

OUTPUTS HI GM 

CL* 

43 CLEAR <CLR) 

H-BIT DATA REGISTER IS Ü D D 

It IO C C 
LOADED INTO 

5 7 B B 

H A A STORED AVAILABLE 

MODULO-8 COUNTER 

PARALLEL OUT SHIFT REGISTER 

Vcc 

? 

feU S 

SERIAL IN/OUT 

A 
A 

PACKAGE OF FOUR D-TTPE 

Pulse arrives. 

And q 

Goes high. 
And made 

oLOAD 

CLEAR INPUT 

. Q OUTPUTS Low 

AT OUTPUTS UNTIL NEW LOAD 

DATA ON BUS 
7HLSI75 WHEN 

'A 
7H LSI 7.5 

SERIAL 
DATA 
IN 

DATA 
OUT 

DATA 

OUT 

LOAD INPUT 

DATA IS THEN 

Vh 
7HLSI75 

/H 

7H LS 175 

D 

FLIP-FLOPS. DATA 

IS LOADED WHEN 

HIGH- MAKING 

LOW MAKES AU 

7HLSI75 

% 
7HLSI7S 

<0 
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BCD (DECADE) COUNTER 
QA QD GND QB QC INA 

7H90/7HLS90 IM 8 IO 

COUNTERS. 

2 7 L 
IN ß GST RST Vcc(+-SV)RST RST 

DIVIDE-BY-5 COUNTER D1VÏDE-BY-8 COUNTER 

DIVIDE-BY-t COUNTER DIVIDE-BY-T COUNTER 
V« 

7990 I 
IN 

DIVIDE-BY-7 COUNTER DIVIDE-BY-IO COUNTER 

V« 

s 

799O/79LS9O 
IN IN 

2 

MORE 

RST 

TR IS INDICATES 
CHIP IS 

DECIMAL 

CIRCUITS 

Popular 
easily USED 

Pim s. 
used IM 

THf\M 
counters. 

IB 12 

ONE OP THE MOST 

Decade Counters. 

reset 
USuALt Y 

COUNTIfO G 

MANY OTMER POSSIBILITIES,. 

Il W 

ON THIS PAGE SHOW 

POR Divide-By -N 
less Expensive 
SOPH I STI GATED 

12 IM 
-1O 

3 41 5 
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DIVIDE-BY-12 BINARY COUNTER 

7H92 . 

OFTEN USED TO DIVIDE CONDITIONED 
4,0 Hz Pulses from AC PovuER 
line into io Hz Pulses, other 
divider applications also. Rst 
indicates reset pins. 

QA QB GND QC QO INA 
9 & IH II 10 

7 

Vcc. (+sv) RST IN & 

IZ 

DIVIDE-BY-7 COUNTER D1VI0E-BY-I2 COUNTER 

DIVIDE-BY-9 COUNTER 10-HZ PULSE SOURCE 

DIVIDE-BY-120 COUNTER 

THIS METHOD OF 

CASCADING COUNTERS 
CAN BE USED TO 

CREATE ANY 
Divide - by - n 
Counter, 

55 



BCD UP-DOWN COUNTER 

7H 192 

Füllt programmable bcd COUNTER¬ 
OPERATION is IDENTICAL To 7YI93/ 

7TLSI93 EXCEPT Count is IO-STEP 
Bcd (ulll-hllh) instead of 
IG-STEP BiNARY. many APPLICATIONS 
For -¡W2~l 7HLS 192 And 7^193/ 7YLS)93 
ARE INTERCHANGEABLE.. 

CASCADED COUNTERS SINGLE UP-DOWN INPUT 

HIGH = down 

PROGRAMMABLE COUNT DOWN TIMER 

V.cc 
RH-RID = 330 JL 

IL RH 
UP 

7 R5 

G Rk 
li 55 5 

2 B R7 
9 D 

3 A A R8 
10 C 

7HH7 S5 R9 
.1- \OO^F 

RiO 
IS A SI 

8 IH 
TO 

N 

60 

RS 
330 

PULSES 

DESIRED 

KI 

IK 

RI 

IM 

DESIRED 

Clock 
SET 

and 

BORROW 

B 

7HI9Z. 

B 

RI And Cl 

INTO SI-S4 (closed 
I = high), press ss 
) COUNT. LED Glows AT halt. LOAD Nl And 

D 
DOWN 

C 

CALIBRATE 

TO PROVIDE 

NUMBER OF 
Per minute. 
SWITCH = Low OPEN SWITCH 

COUNTS DOWN S3 ,-<<0-
FROM N TO 

LLLL AND S2 c<0-
H ALTS-__ 

Anode 
LED 
Display. 



H-BIT UP COUNTER 

7HLSI61 

Général purpose binary counter 
WITH PROGRAMMABLE INPUTS. 
Counter accepts pata at Inputs 
when load input goes low-
A LOVU AT THE CLEAR ll^PuT 
Resets the counter to llll 
upon rAE next Clock pulse. 
P And t ARE Count Enable 
inputs. Both p and t must be 
h/gA td count. these enable 
INPUTS. are NOT AVAILABLE with 
THE OTHERWISE MORE ADVANCED z^ls^s. 

CARRY 
LOAD 

DATA OUTPUT 

Vc< (+SV) OUT 

DATA INPUT 

CLR <? A 6 

8-BIT COUNTER RAMP SYNTHESISER 

OUTPUT A IS LOWEST ORDER 

Bit-
remove Cl TO obtain this staircase. 
FREQUENCY of f\ND STAIRCASE 
IS '/|(o CLOCK pkequenct. 
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H-BIT UP-DOWN COUNTER 
Sorrow 

7H193/7HLS113 12 13 

VERY 

COUNT AT 

THE 
CLEARED IS 

CARRY 

COUNT DOWN FROM N 
AND RECYCLE Vcc 

7HH3 I 74LSI93 CLOCK DOW N 

D 

AMD 

COUNT UP TO N COUNT UP TO N ANO HALT 
Vee ANU RECYCLE v„ 

(formally PRESS 
17 CLOSED) to reset. IS 

Vee 

IU 

ZO D 

21 8 Clock C 
8 

H 2 22 B 
UP CLOCK 

3 25 A 
79193/ 

" Vee IB 

clear 
o 350 

12 

TO N TO N 

7G 79OH 

N 

7H I 9 3 / 
TILSITS 

N 
is 

IM IM 

THE LOAD ImPuT 

IN CLEAR CARRY 

IS MADE HIGH-

g A 

OUTPUTS INDICATE 

COUiQT RECYCLES. 

WHEN THE CLEAR INPUT (PIN IH) 
The Borrow And 

capability. Any 

LOAD 
II 

VERSATILE H-BlT COuMTER 

or ouerflow BY Goiajû 

IS MADE LOVU. 

3 
Z 

With up-Down 
H-BIT NUMBER 

M 

3 
2 

IM 
13 

12 

THE DC SA 

INTO THE 

IM 
13 

I 2 

Ik 
15 

IM 

13 
II 10 

Í 
8 
7 
G 

InPuT S 
Count er 
(Pin II) 
Counter 

LLLL And then UNDERFLOWS, 
THE BORROW PULSE LOADS N 

UNDERFLOW 

LOW. 

IS LOADED 

WHEN 

SET DESIRED N INTO 
SI-SM (CLOSED swith=low 
AND OPEN SWITCH = HIGH). 
WREN COUNT REACHES 

GLOWS 

At RA 

io 

9 

IN B A DOWN UP 

8 ouT out out 

7H 15H 

D 

C. 

B 

A 

17 

79ISH lb 

15_o 
IM 

13 
D 7 zo il 

<£_o 
C lo 21 9 

8 0

B 2 22 7 

G 

A 5 23 5 0

ï_o 
3 18 3 

2 

IM 1 ) 

¿2 



8-BIT SHIFT REGISTER 

7HLSI4H 

OUTPUTS: 

A, B,C, D E,F,G . H 

8-BIT SERIAL-TO-PARALLEL DATA CONVERTER 

Vcc 

20 

7990/7HLS9O 79LS379 CLOCK o 
8 II 

18 IS 

IS io 

9 

(At clock RATE). 

PSEUDO-RANDOM VOLTAGE GENERATOR 

2 
TTPICAL 

CLOCK 
CHANGE 

1,2,3,9 = 79Oo/7mlsoo 

R= IK 

OUTPUT 
PATTERN Pin 2 

7HLSIGH. 
OF 7900 TO PINS 3,9,5, fc 

79LSIG9 
PSEUDO-RAndom 

t, 8, A, io oR II QF 

STEPPED VOLTAGE 

THE UMUSED 
Enter data 

DATA CAN BE 

AT EITHER 
A B 

69 Moving 

ANT SINGLE OUTPUT. 

EACH CLOCK PULSE 

LOW CLEARS the register clr = clear 
çé> = clock 

E CLR <> 
8 

19 
2 

IS 
9 

Extracted from the 8 parallel 
Outputs or no SERIAL FORM At 

PIN 9 
to l 

DATA AT ONE OF THE TWO SERIAL 

INPUTS IS ADVANCED ONE BIT FOR 

INPUT MUST 86 HELD MIGA OR 
CLOCKING will BE /NHI8ITED. MAKi/UG 

THE 7990 DIVIDES THE CLOCK 
PULSES BY 8 And loads 
DATA IN 79LSIL9 INTO THE 
79LS379 AT 8-BIT INTERVALS. 

USE FOR 

RECEIVING 
BlNARV DATA 

SENT OVER 
ONE CHANNEL. 

PARALLEL DATA OUT 

D H 

f > > > 

3 9 5 G 10 



OCTAL BUFFER 

7HLS2H0 

TO 

CONTROL (El, E2) OUT 

H 

M-BIT BUS TRANSFER 

8-BIT RUS BUFFER 

IDEAL FOR INTERFACING 
EXTERNAL CIRCUITS 
HOME COMPUTERS. 
INVERTS DATA. 

IN 

HI-2 

_BUS B 

Ver _ 18 IL w 12 9 7 S 3 
/ 

I 10 
/ \ / \ / \ / \ / \ / \ / —o ENA8CE 

10 
19 QC 

f 
l< 

II 

2 (o 8 H 13 IS 17 H = ISO4ATED 

A = inverted 

. BUS A 

' ---->. 



OCTAL BUFFER 

THLSZ^H 

NON-I nverting version 
OF THLS2HO. IDEAL FOR 

COMPUTER INTERFACING. 

CONTROL. (El , E2 ) OUT 
1- ÏM 
H HI-2 

Vcc (+5 V) 

H-BIT BUS TRANSFER 

H " ISOLATED 

8uS A 

BUS 8 
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OCTAL O-TYPE LATCH 

7MLS373 

Eight "transparent* d-type 
latches. Output Follows 
INPUT WHEN ENABLE IS 
HIGH. TRE DATA AT THE 
INPUTS IS LOADED VuHEM 
THE ENABLE INPUT IS LOW 
THIS CHIP HAS 3-STATE 
OUTPUTS WHICH ARE CON¬ 
TROLLED S'y Pin I. See 
TRUTH table below. 

ENABLE 

OUTPUT 

CONTROL 

3-STATE REGISTER HGFEDCBA 

H 

X 
X 

BUS REGISTERS DATA 
Vcc 

H: Places 

20 BUS 

IS 

WRITE THE 
DATA 

REG- 2 (TH 

H 
H 

AT 

CAN 

ONLY 

ON DATA 

READ 

L: load 

outputs in Hi-z mode 

Bus. Any 
from bus. 

L- MAKES DATA AVAILABLE 

H: DISCONNECTS REG. I FROM BUS 

ONE 7HLSS73 

DATA FROM BUS 

number can 

ANY INSTANT 

L: CONNECTS REG. I 

H-. OUTPUTS FOLLOW DATA ON BUS 

OUTPUT 
CONTROL ENABLE D Q 

H 

h: Outputs Follow inputs. 
L: INPUT DATA (ON bus') LOADED. 

A 
B 
C 
D 
E 
F 
G 
H 

V ce 

THIS is A general Purpose 
B-BIT STORAGE REGISTER. 

HERE'S THE TRUTH TABLE’• 

Q 

HJ-Z 



OCTAL D FLIP-FLOP 

7HLS37H 

EIGHT D-TTPE EDGE TRIGGERED 

FLIP-FLOPS. UNLIKE THLS^Ti, 
Outputs do not Follow 
imputs. instead, a rising 
Clock pulse at Pin h loads 
data appearing at inputs. 
THIS CHIP HAS s-STATE 

outputs which ARE controlled 
Pin i. 

19 12 

BQ ÔD 7D 7Q 

2D 2Q BQ 3D HD HQ 

ENABLE 
tD 5D 50 

OUTPUT 
CONTROL 

CLOCKED 

3-STATE REGISTER 
V« 

9 G 19 IS 12 2 5 IU OUTPUT 
20 

IHLSUH 

IB 3 control 

H 
H 
X 

8q 7Q gq SQ HO 30 20 IQ 

H G 

H G F E D C B 

C B E D 

Q 

H 

CLOCK D 

_r h 

X 
X 

Q 
Hl-z 

General Purpose 
CLOCKED REGISTER. 

here's the TRUTH table: 

&D 7D GD SD HD 3D 2D ID Out Put 

COMMON INPUT/OUTPUT BUS REGISTER 

Bidirectional data 

8 IB 

h 

o 

8D 2D bD SD HD ÔQ TQ GO SQ HQ 30 ZQ 

TRIS CIRCUIT GIVES 79LS374 COMMON INPUT AND 

A 
B 
C 
D 
E 
F 
G 
H 

CLOCK OUTPUT OUTPUT LINES- WHEN OUTPUT CONTROL IS HIGH, 

control data on Bus is loaded into the thlszth 
ON THE RISING EDGE (J~) OP THE CLOCK PulSE. 
WHEN output Control is low, DATA in THE 
7HLS37H IS WRITTEN ONTO THE BUS. 
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OCTAL BUS TRANSCEIVER vct (+sy) 
. E 

7WLSZH5 "20 |/q |ie 1 n |ig IS H U3 12 III 

1Á III"" 
Allows data to be V ¥ ¥ ¡Y ñ 
TRANSFER 
direction 

ED IN EITI ̂ER 
TWO 

T--L-l-l-l 
between AT ï î Î " 

BUSES. INCLUDES HIGH 
IMPEDANCE (H/-Z) OUTPUTS. 

III 
BUS TRANSCEIVER 

1 |2 ¡3 h |5 
DR 

U |7 Is H J/o 

Vcc 

A —► B WHEN H O- a _ENABLE WHEN L 
B —A WHEN L RI-2 WHEN H 

1 20 iq 
k I J 1 I I , I A M M M A A A J k 

2 _ 

18 

3 —- —— 

__ J7_ 

4 

/G_ 

5 

__ IS_ —< I 
■ _ 

w_ 

7 —— 

_ J3_ 

8 

_ J2_ 

9 

_ _n_ 

ï 1 1 V W y y y y T ) 
10 

BUS A 8 US R 
-3— 
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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 OPERATION) AU AMPLIFIER. 
THIS GRAPH SHOWS THE LINEAR 
INPUT - OUTPUT RELATIONSHIP OF A 
TYPICAL OP-AMP CIRCUIT-

H 

3 ' 
Output T . 

(VOuTS) i _ 
o Ln iiii_i_l_i 

.OX .OH .04, .08 

INPUT (VOLTS) 

KAANY WON-DIGITAL ICs — INCLUDING 
OP-AMPS— CAN BE USED IN BOTH 
LINEAR and noh-linear modes. 
THEY ARE SOMETIMES DESCRIBED AS 
ANALOG ICs. 

LINEAR ICs GENERALLY REQUIRE 
MORE EXTERNAL COMPONENTS THAN 
DIGITAL ICs- THIS INCREASES 
THEIR SU SC E PT ABIL ITT TO EXTERNAL 
NOISE AnD MAKES 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 : 

easily CONTROLLED with a single 
FEEDBACK RESISTOR. F ET INPUT 
OP-AMPS (BIFETS) HAVE A VERY HIGH 
FREQUENCY RESPONSE. IT’S USUALLY 
OK TO SUBSTITUTE OP-AMPS IF BOTH 
are normally Powered by a dual 
Polarity supply (9ilf35S for ?yic, 
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 XCs FOR 
numerous timing and Pulse Gener¬ 
ation APPLICATIONS-

LED CHIPS 

MOST important ARE A FLASHER CHIP 
AND a DOT-BARGRAPH ANALOG-TO-
DIGITAL DISPLAY. VERY EASY TO USE. 

OSCILLATORS 

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 

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 EASY to 
use Power amplifiers that are 
IDEAL FOR do-it-yourself stereo. 
Public address systems, intercoms 
And other audio applications. 



VOLTAGE REGULATORS 
780S (S-VOLTS) 

7812 (12-VOLTS) 

7815 (I 5-VOLTS) 

FIXED voltage Regulators. 
IDEAL FOR. STAND-ALONE 

Power, supplies , on-card 
Regulators, Automobile 
&ATTERX powered projects, 
etc. up to is amperes' 
output if properlv heat 
Sunk And sufficient input 
current available. thermal 
shutdown circuit turns off 
Regulator if heatsink too small. 

5-VOLT LINE POWERED TTL/LS POWER SUPPLY 

Tl — IIT-I2.G V, IZA OR 5A TRANSFORMER (z73-ISOS OR 273 -IS")'. 
BI- IA—HA full wave BRIDGE RECTIFIER (27G-IIUI, Z7G-/IS/ OR 2 74» -/Ml). 

(RADIO SHACK CATALOG NUMBERS IN PARENWESES.) 

VOLTAGE REGULATOR CURRENT REGULATOR 

78 XX 7SXX 
OR IS VOLTS 

OUTPUT LOAD 

R\ 

70 

Ground 

VOLTAGE^ 
IN 

OUTPUT CURRENT = R^ULATOR VOLTS 

CiN - OPTIONAL ; USE o.BS/xF or So IF 
regulator far from power supply. 

C out —  OPTIONAL’, USE OIjuF OR MORE TO 
TRAP SPIKES THAT BOTHER LOGIC JCs. 

USES INCLUDE 
STABLE. 

biasing for 
LEDs . LAMPS, 



5 VOLT REGULATOR 

7AOS 

0^ 

AND 
available. Current 

FIXED -5 VOLT REGULATOR 

"5.5 TO-5S VOLTS 
79OS IN 

(BACK) 

2.2 ^F 

ADJUSTABLE NEGATIVE POWER SUPPLY 

Z7O 

-5.5 TO -35 VOLTS 
IN 

EXAMPLE : 
(BACK) 

R XOT 

2.2 ^F 
kadi 

o-

71 

33 
100 
330 
(,80 

OUTPUT. 
AMPERES 
PROPERLV 

MK TOO SMALL. 

thermal 
TURNS 
IP HEATS! 

SUFFICIENT INPUT 

SHUTDOWN CIRCUIT 
REGULATOR OFF 

~5 TO 
-SO VOLTS 

OUT 

WORKING VOLTAGE MUST EXCEED V| N . 

2 
I " 

I - G Round 
2- - output 
3 - input 

metal 
TAB 

UP TO I.S 
OUTPUT |F 

HEAT SUNK 

ATTACH HEAT 
SINK IF REQUIRED 

FIXED -5 VOLT 
REGULATOR . CAN BE 
USED TO GIVE 
ADJUSTABLE VOLTAGE 

Out 
-5-79 
-G.99 
-II. 03 
-18.20 

VOLTS 
OUT 

2 

7905 



1.2-37 VOLT REGULATOR 

LM3I7 

Can supply up to is amperes 
OVER A 1-2-37 VOLT OUTPUT 

RANGE. NOTE MINIMUM NUMBER 
OF EXTERNAL components IN 
BASIC REGULATOR CIRCUIT BELOW. 

USE HEAT SINK FOR APPLICATIONS 
requiring full Power output. 
SEE APPROPRIATE DATA 8OOR FOR 
ADDITIONAL INFORMATION: 

VIEW 

(TO-3 CASE) 

1.25-25 VOLT REGULATOR Ó-VOLT NICAÙ CHARGER 

DI * 

Vin should be filtered. OK TO OMIT 
Cl IF Vim VERY CLOSE TO LMH7. 
Rl CONTROLS OUTPUT VOLTAGE . 

* ADD IF Output >25 V AND CZ>2S/a R 

LM3I7 

RI 
ZZSL 

B) IS BATTERY of h nickel 
cadmium storage cells in 
series, this circuit charges 
Bl AT A CURRENT OF 51-2 w,A. 

INCREASE RI TO REDUCE CURRENT. 

For example, Current is mA 
WHEN RI IS 2H OHMS. 

PROGRAMMABLE POWER SUPPLY 



-1.2 TO -37 VOLT REGULATOR 
337T 

can Supply up to -IS 
AMPERES OVER A - 1-2 
TO -37 VOLT OUTPUT 
RANGE. FEW EXTERNAL 
COMPONENTS REQUIRED. 
COMPLEMENTS LM3U 
Adjustable Positive 
Regulator. 

ADJUSTABLE NEGATIVE REGULATOR 

* WORKING VOLTAGE MUST EXCEED V (N . 

PRECISION LED REGULATOR 

SUPPLIES 
Constant 
current 
to LED. 

ó 

-5 to -37 V 
LED 1 = I-SV/RI. 
R2 GIVES * IS % ADJUSTMENT. 
LED I = 15 ^A when R= iooji. 



2-37 VOLT REGULATOR 

723 NC _L JH NC. 

VERY VERSATILE SERIES 
REGULATOR. L)p To HO VOLTS 
INPUT AND 2-37 VOLT OUTPUT. 
maximum output current of 
ISO XV\A CAN BE EXTENDED To 
IO A BY ADDING EXTERNAL. 
POWER TRANSISTORS. SHOWN 
BELOW ARE TWO BASIC 
CIRCUITS. TRT THESE, THEN 
See appropriate data Book 
For ADDITIONAL CIRCUITS. 

CURRENT LIMIT 2 

current SENSE 

- INPUT H 

+ INPUT ¿ 

Vref 

V- z 

11 freq. 
Comp. 

12 v + 

11 Vc 

— Vour 
1 Vx 

Nc 

2-7 VOLT REGULATOR 7-37 VOLT REGULATOR 

TYPICAL VALUES 

VouT RI RZ R3 

3.0 H.a k 3.01 |¿ /•7Yk 
3-G 3.57 k 3.G5 k l-Sok 
5.0 2.15 k L5OK 
G.O I.IS K G.OY K 

T'YPICAL VALUES 

VouT RI R2 R3 

9 /.Ô7 k 7.15 « • Y&K 
12 ^.87 k 7.15 K 2.90 k 
15 7.87 k 7. 15 K 3-75 k 
2& Zi.o k 7. IS K S-33K 

FOR ANY VOLTAGE BETWEEN 2~7 FOR ANY VOLTAGE BETWEEN 7-37 
volt s ; Volt s : 

/ \ /• x zjk. / RI + R Z \ 
VouT - (VreF )* ( R + Rl) Vour = (VrêF ) X \ £2 '/ 

Vref = G a-7.5 V (measure at Pin g) 
RIxrz Ri* R2- (Ri, which is optional, gives 

RS - Ri+R2 R3 - Ri+RZ temperature stability) 

7q 



ADJUSTABLE SHUNT (ZENER) REGULATOR 

TLH3I 

EASY TO USE THREE 
TERMINAL ADJUSTABLE 
PRECISION SHUNT 
REGULATOR. OUTPUT 
CAN 8E SET TO FBOM 
2.5 TO 3G VOLTS. 

NC JI 

NC ± 

CATHODE (K)J. 

NC — 

b. WOVE 

5 NC 

8 REFERENCE 
CR) 

2. NC 

ADJUSTABLE REGULATOR VOLTAGE DETECTOR 

USE TO detect 
TTL LOGIC LEVELS. 

Vovt = 0 + *'/«) Vref » 5-3OV 

SIMPLE TIMER 
390 

vref 

Si 
431 

Cl RESET 

DELAY = (RlCl) (Im 

VPLUES: 

Pl = I M 
Cl = lO/^F 

LED GLOWS 
AFTER DELAY 

period 

1.5 TO SV POWER SUPPLY 
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1.2 TO 33 VOLT REGULATOR 
3SOT 

CAM supply up to 
3 amperes over 1-2 
TO 33 volt OUTPUT 
range. p£w EXTERNAL-
COMPONENTS REQUIRED. 
MEAT SINK REQU/REO 
For Full Power output. 

1.2 TO 20 VOLT REGULATOR 

Pl CONTROLS 

output 

o-

4- Rl
SOK 

.1 

2 to 35 volts 
IN 

POWER PULSE GENERATOR 

Vcc = 5 TO iS l/DC 

AOJ 
RZ SSS 

ZNZIZZ 

.Ol - lOyuF 

R3 
IK 

RI 
look 

IN 
35OT out 

R^ 
ZZo RS sets Amplitude. 

Ri Controls rate. 

RS USE TO FLASH 

IOK IN CAUDESCEmT 
LAMP , VARY 

D.C. motor speep, 
etc. 

OUT 
l.Zv 
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OPERATIONAL AMPLIFIER 

7HIC OFFSET -L 

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.) 

HULU 
INVERTING 

INPUT 

NON-INVERTING 
INPUT 

V-

Q NC 

INVERTING AMPLIFIER NON-INVERTING AMPLIFIER 

UNITY GAIN FOLLOWER COMPARATOR 

V= * 5-I8V 
HIGH 

G VouT 7HI 

VoUT = VtN 

-V 

USE To 
couple 
IMPEDANCE 

TO LOW 
impedance. 

UlM o-2. 

LEVEL DETECTOR 

SINGLE POLARITY SUPPLY 

TYPICAL USES’-
Amplification of dc voltage and pulses. 

+ A ix 

of a comparator. 

RI SETS THE VOLTAGE DÊTECT/ON 
THRESHOLD (UP TO + 9). WHEN Vin 

EXCEEDS THE THRESHOLD ( ALSO CALLED 
THE REFERENCE), THE LED GLOWS. 

77 
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OPERATIONAL AMPLIFIER (CONTINUEO") 

7HIC 

BASIC INTEGRATOR BASIC DIFFERENTIATOR 
Cl R2 IO KRï IM: 

V = *5-I8V V=± 5-I8V 
+ V 

lo RS* "HI IOK 
2 OUT 

7HI RS 
OUT 

BRIDGE AMPLIFIER 
CLIPPING AMPLIFIER 

+9 
+ O-l v*A 

7S/ 

RS 
looK Sk 

RS 
look 

Vour = ~Vim 
up To Vz + 0.7 V. 

RI Cl 

IO KH1 IM : 

RH: BALANCE. 

V Rl»: zero 

R| * IOOK 

R2,R3 -IOK 

Rl is unknown resistor, use Cds 
CELL FOR Rl TO MAKE A VERT 

SENSITIVE LIGHT METER. 

WHEN V = ±C1V 
AND IN = * .2SV, 
Our « ± ,2S V 

R2 
+ V 

-V WHEN V =± QV 

And in * *.25 V 
OUT = * I V. 

Cl = . OOI 

RI 8 IOK 

RZ = IOOK 

D2 
DI AND D2 — 

ZENER DIODES. 

IF Mz = a V, 
THEN Output 
CANNOT EXCEED 

SUMMING AMPLIFIER 

78*5-187 

+V 
+ V 

2 

2 

V OUT 
3 

-V 

Vout = “(.VimI + VimZ) 
Vout = Vin Z — Vim I 

Rl 
look 

R2 
look 

RH 
IOOK 

Rl 
look 

R3 

look -V 

DIFFERENCE AMPLIFIER 

NOTE: Voot CANNOT 
EXCEED ± V. 

RH 
100k 

RS 

3ÎK 

t 

Vin R2 
f IOOK 

7^1 

(0 7^1 
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OPERATIONAL AMPLIFIER (continued) 

7HIC 

light wave receiver 60-Hx 

SPKR 

modulated H-B1T D/A CONVERTER polarity to ose 
supply 

ri 
IOM INPUT 

-3dß 

RI 
ZZOK 

DOWN 

—A_ 
GOHz 

FR6Q. 
OUT 

POWER 
Reception. 

> LllGMT 

SIMÓLE 

RZ 
IOM 

Cl C 
ZZO p F

WAVES. OK 
USE TO RECEIVE VOICE 

FOR. NON-VOICE 

RADIO SHACK 

Z7G-I3O 
O FREQUENCY |N V

zzopF 

■9h 
R3 
IOM 

C3 
I P-CI 
QI -'/4 p $ 

PASS ACTIVE FILTER HIGH 

V= ± 5-ib 

FREQ 

Cutoff & 

Z7T RC 

RI 
Z7K 

RZ 
2K 

R=Rl = RZ 

C = CI = CZ 

FREQ 

OUT 

Cl 

PREQ.-OI 

IN rk_JZ_ 

.^<7 
741 

RZ -V 
Z7K 

values shown: 
B 

O dB = 750 Hz 
- 2 dB 

-SS dB 

Rl-Rs: 
OK TO USE 
l.&K. (2K 

2SO Hz 
GO Hz 

A 

ADO CIRCUIT 

BELOW FOR 

IMPROVED 

OPERATION. 

_+I.HV 
RIO 

470 

BINARY 
INPUTS 
1 RI 

2K 

-1.4 V 

IOK 

OUT 

OUTPUT 

VOLTAGE 
LOW PASS ACTIVE FILTER 

Cutoff 

ZTTRC 

R-Rl'RZ 

CCI* cz 

RZ 

took 

freq ri 
IM look 

V^S-IS dB 

-V 
CZ O d B = SO Hz 
.o>F - 3 dB = ZSO Hz 

-50 dB ~ 10 KHz 

7HI 

+ 

h_FREQ. 

Out 
VALUES shown: 
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OPERATIONAL AMPLIFIER Ccomt.nuio) 

7HIC 

OPTICAL POWER METER BARGRAPH LIGHT METER 

.02^ 
Sl 

IOOK 
SI 7HI 

3 

iok 

5K 

2 
7HI 

3 

-<1 

USED 
FOR READOUT 

R9 
H7O 

R7 
330 

BE 
LEDs 

RH 
IOOK 

USE GREEN 

silicon solar 
CELL 

this Circuit can be used as a eairly 
Good quality radiometer. 

i : o- lo.o ^A 
2:o- 1.0 «A 

QI IS A PHOTOTRANSISTOR 
(RADIO SHACK 27G-I3O) 

CONNECTED AS A 

PHOTODIODE . A SILICON 
solar cell can also 

RU 
210 

R5 

iso R3 
IOK 

full SCALE 
METER 

READINGS 
RI 

IM 

TOO MUCH 

LICHT WILL 

SLAM THE 

METER 

NEEDLE. 

J • 1 

Caution: adjust 
THIS IS 

A VERY pi 
, SENSITIVE |K 

Circuit! aaa 

ELECTRONIC BELL AUDIBLE LIGHT SENSOR 

PCl,PC2-CdS PHOTOCELLS 
(RADIO SHACK 27G-HG) 

Adjust R3 to just below oscillation 
Point. Adjust Rz and Rs for sounds light on Pci decreases tone frequency. 
SUCH AS BELL, drum, tinkling , ETC. LIGHT ON PCZ INCREASES TONE FREQUENCY. 
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DUAL OPERATIONAL AMPLIFIER 

1458 

TWO 7H| C OP-AMPS IM A 
Single 8-Pin mini-DiP. tRT 
TO USE THIS CHIP FOR 
Circuits that REQUIRE timo 
or more 7hi's. You'll save 
TIME, SPACE AND MONET-

V+ 

PEAK DETECTOR PULSE GENERATOR 

applications include use As 
analog '‘memort" that stores 
PEAK AMPLITUDE of A FLUCTUATING 
voltage. 

PULSES ARE. DC. AMPLITUDE 
VuHEN Cl = O.I/aF IS 5 VOLTS. 

GENERATOR FUNCTION 



DUAL OPERATIONAL AMPLIFIER 
v+ 

LF353N (IFET INPUT) 

HIGA SLEW RATE (l3v//xSEc) PROTECTION. 

Mote 

SAMPLE AHO HOLD PEAK DETECTOR 

+ H-I&V 

Cl. 
G 

VoUT 
V'M 0-£>[ s 

REDUCE ci ci 
-H-IÔV 

PROGRAMMABLE GAIN OP-AMP 
+A-15 

AUDIO MIXER 

RA 

+H-I8V 3 
RI > R2 

2 8 

3 IO R2 
2 

-H-/8V R3 + H-I5V 

RI = RZ = R3= RH- IOK 
VouT 

3 

1-3. OK -W-15V 

RI 
IK 

V-

Dl 

ImAH 

TO INPUTS 

CHANNELS. 

7z 
353 

Similar to those in the 

PREAMPLIFIERS 
to add more 

that PIN connections ARE the SAME as 

LOW NOISE OPERATION. amplifiers are 

OUTPUTS OF 

works well with 
TLO&H MICROPHONE PRE AMPLIFIERS. 

82 

HIGH IMPEDANCE (iO^OHm) JUNCTION PET 
INPUTS. OUTPUT SHORT CIRCUIT 

3S3 

HSÔ. THIS OP-AmP, HOW EUER, OFFERS 
Much BETTER PERFORMANCE. 

TRACKS VIM 

ANO STORES 
PEAK Vuj IN 

GAI N 

SELECT 

MAKE 
SELECTED 
gain INPUT 
h; others l 

VouT 

& 

C 
I D 

FOR PASTER I/aF 
response 
TO CHANGING Vin 

'/z 
353 

T 



QUAD OPERATIONAL AMPLIFIER 
TLO8HC (JFET INPUT) 

HIGH impedance (io11 ohms) junction 
FET INPUTS. OUTPUT SHORT CIRCUIT 
PROTECTION). HIGH SLEW RATE (iz V/ 
yUSEC) PLUS LOW NOISE OPERATION. 
PERFORMANCE Similar TO LE3S3N. 
NOTE THAT PIN CONNECTIONS ARE 
SAME AS LIM32H. 

MICROPHONE PREAMPLIFIER 

USE LOW 1 Rl 

TO MEDIUM >IOK 

impedance I 

Cl R5 
lyuF IK 

R2 (GAIN 
I M CONTROL) 

note single polarity power suppci 
(thanks to rs and Rh) and Ac 
COuPLIN G. 

LOW-Z PREAMPLIFIER 
R2 look 

+H-IÔV 

v< 
TLO8H 

-4-iav 

RED 

BLACK 

transformer (good): 

QSL spkR 

RADIO SHACK 
273-J38O 

RI 

IK 

RH 
IOOK 

USE low 
IMPEDANCE 

(LOW-2) 

MICROPHONE 

OK TO USE 

EIL SPKR AS 

MICROPHONE. 

CONNECT DIRECTLY 
TO INPUTS (PooR 

TO FAIR) OR USE 

WHITE blue 

INFRARED VOICE COMMUNICATOR 

+ <?V + Rv 

+ 9V + <?V 

220k 

QI Rszooq TLO0H TL08S s 

receiver 
-9V 

QUALITY 

HO » A. Power amp: see lm3&g 

RI 
IK 

RS 

IK 

RH 
IOK 

Rt 

IK 

27b-15 0 

FOR QI. 

POWER 
Amplifier 

Ci 

2Z0uF 

DYNAMIC 

MICROPHONE 

R2 

lOOK 

Mt 

infrared 
LED 

Cl 

• IxF 

MAximu m 
OF FEET 

LENSES 

A SAFE 

Point the 
Best voice 
PEEBias TO 
Current t 

is obtained, (rh applies 

R3 

IOOK - I M 

USE RADIO SHACK 

PHOTOTRAN si STO R 

led at qi and adjust RH until 

R7 -9v 

IOK TRANSMITTER 

range hundreds 
at night With 
AT Ql AND LED. LED.) RG Limits maximum LED 

RG 
220 
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QUAD OPERATIONAL AMPLIFIER 
LM32HN 

OPERATES FROM SINGLE POLARITY 
POWER SUPPLY. MORE GAIN pOO d&) 
BUT LESS BANDWIDTH ( I MHz UWÊW 
GAIN IS |) THAN TME 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. 

BANbPASS FILTER INFRAREb TRANSMITTER 

+R 

+ Y -30 V Cl 
ZZ RS2OO9 

4€ 

LED(^?<»-I‘^^) 

PULSE GENERATOR 
soli... But do 

+H-3OV 

INTERFACE CIRCUITS 

OBSERVE Qi's 
lOO* RATING! POWER QI 

-' + 3L9 

3-ÔG KHz LAMP DRIVER " 
LM3ZH N \ 

IK 

OUT 

BUFFER Gout = In) LED DRIVER 

8H 

v*A through led] 

in 

RZ. 
IM 

R3 
10K 

TO 

NOT 

RI 
IK 

R5 
100 RI 

150 
RZ 

look 

Cl 

• OOI. 

Dl-DZ: 
OK TO 
ELIMINATE. 

IP SO, 
connect 
RZ to Pin i 

AND ELIMINATE 
R3. 

allow more than Plus op-amp. 

USE DYNAMIC. 

MICROPHONE at 
INPUT. RECEIVE 

SIGNAL WITH 

PHOTOTRANSISTOR 

change ry 
And/or ci 
to vary Pulse 
REPEtion rate. 

R3 
IM 

RZ 
150 

cz 
IOmF 

DZ 
InAH 

y^ 
3LH 

CAREFULLY ADJUST 

R3 FOR BEST VOICE 
quality, for more 
POWER REDUCE RS 

BANDPASS 
FREQUENCY : 
I KHz 

RH 

100 

INFRARED -*■ 

Vv 
3ZH 



QUAD OPERATIONAL AMPLIFIER 

LM3A00N 

operates From single polarity 
Power supply. less gain (7odB) 
but wider bandwidth (ZS MMi 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 PowêR 
CONNECTIONS may damage THIS CHlP note: do not substitute 

LMSqoO FOR other OP-AMPS. 

TOGGLE FLIP-FLOP ASTABLE MULTIVIBRATOR 

FUNCTION GENERATOR XIO AMPLIFIER 
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QUAD COMPARATOR 

LM339 (274,-17 12) 

Four independent voltage comparators 
In A single PACKAGE. Mote that 
A SINGLE POLARITE POWER SUPPLX 
IS REQUIRED. (MOST COMPARATORS ARE 
DESIGNED PRIMARILY FOR DUAL SUPPLY 
OPERATION.) NOTE UNUSUAL LOCAt/ON OP THE. 
Supply Pins. Comparators may oscillate 
IF Output LEAD IS too CLOSE TO Iki Pur LEADS. 
GROUND All P/a/S OF UNUSED COMPARATORS. 

+ 2-32V 

NON-INVERTING COMPARATOR INVERTING COMPARATOR 

R2 
~ SK ~ 

LCD GLOWS WHEN INPUT VOLTAGE. (pin 5) 
FALLS BELOW REFERENCE VOLTAGE (PiNS). 

INVERTING COMPARATOR 

WITH HYSTERESIS 

NON-INVERTING COMPARATOR 

3 

9 
3 

*/H voltage OUT IIA 

IM 

IOK. IOM 
NOTE.: HYSTERESIS PROVIDED 
BY PEED BACK RESISTOR STOPS 

oscillation. 

+1N PUT 

VoltAGE 

4- REFERENCE^ 

voltage 

+2-32 
A . 

‘V 
3ÎR 

WITH HYSTERESIS + INPUT o_ M 

VOLTA GE 
+2-32 s 

3.3K 
! OUT 

CMOS DRIVER 
3-STATE OUTPUT 

+5 

CONTROL 

ENABLE 

l/G 7YLS3L7 
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QUAD COMPARATOR (continued) 

LM339 

WINDOW COMPARATOR 
LED BARGRAPH READOUT 

RI-RS. 
* 

WHEN Rl= SOOÍL RZ = IZOOJL Ano RS-IM. IT 

PROGRAMMABLE LIGHT METER 
+ 9 LED. SEE popular ELECTRONICS VOLTAGE 

SQUAREWAVE OSCILLATOR 
+9 

IZ RS-zoog 
OUT(Rx) £1 

I. o 

RS 
IOK 

RH 
IOOK 

RS 
H7K 

RL 

IK 

R2 
1SK 

RH 
5K 

Rl AnP R3= 

POTS FoR 

WINDOW. 

RI 
IOOK 

R2 
IOOK 

RS IOOK 

y-i 
339 

2Z,O7& 
2, 72H 

309 
So 
H 

VOLTAGE 
BY 
WIDE 

ADJUST RI AND RS SO led GLOWS WHEN 
LIGHT AT PCI IS ABOVE OR BELOW Any 
DESIRED LEVEL. 

Vq 
3S<? 

LS -H.2 VOLTS WHEN 

RZ - ZS, OOO Ji . USE 

POLLY ADJUSTABLE 

Extends from 
IS'OOOJI And 

RI-R3 FOR A 

% 
33«? 

THE window IS H-ô Millivolts 

THE LED GLOWS WHEN THE INPUT 

IS WITHin THE WINDOW DETERMINED 

Per. 
Câ S PHOTOCELL 
(rapio SH ACK 27L-II0 

IM 

RI 
IM .OOOI 

. OOI 



LED FLASHER/OSCILLATOR 

EASIEST to USE IC |N this 
NOTEBOOK. PLASHES LEDs OR 
can be used as tone Source. 
Will drive SPEAKER Directly. 
WILL FLASH A RED LED WHEN Ví 
IS ONLY 1.3 VOLTS. 

FAST RCj_ 

OUT Z 

NC 3 

GnD ±_ 

Slow rc 

Rl 

LED FLASHER POWER FLASHER 

INFRARED TRANSMITTERS 
TRANSMITS 
Steady ir led 
I KHz (z-ju-mt) IN^IH +I.SV 
TONE. 

e 

IR LED 

(27fc-IHL) IN^IH +I.5Y + I.SV 

LIGHT CONTROLLED TONE LAMP FLASHER 

QZ7(o-IIL>) - SPKR 
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LED FLASHER/OSCILLATOR (comt,mUEO) 

310*1 

WHOOPER 
+I.SV 

CHIRPER 

OSCILLATOR SUN POWERED TOX ORGAN 
+I.5V 

t 

TTL CONTROLLED 3101 SPKRS 

M = PLASM LED Cl H= IONE + LED (SLOWS 
L = INHIBIT I0O>uF L= INHIBIT 

8e? 



DOT/BAR DISPLAY DRIVER 

LM39I4N 

Owe oF THE MOST IMPORTANT 

CHIPS IN THIS NOTEBOOK. 

LI&UtS UP TO io ¿.ED S 

(Bar mode) or i-of-io ¿ePs 
(Dot mode) in Response to 
AN INPUT VOLTAGE- CH/P 

CONTAINS A VOLTAGE divider 
And io comparators that 
TURN ON IN SEQUENCE AS 

the input voltage rises, 
here's A simplified VERSION 
OF TAE circuit: 

Rm Ak>D Ruo ARE the Enos of 
tre divider Chain, the reference 
voltage output (ref out) is i.z-i-3 
volts, connect Pin 3 to pin h for 
dot mode or +v for bar mode. 

I8| 171 Ib| 15 j I9| is| ll| U I IO, 

TO OUT PUT LEDs 

IF THE LEDs FLICKER, connect 
a capacitor (oos^p to 
Z.ZyuF) from LED anode line 
to Pin z. 

i I 2-1 31 S-| fc| t] &] 9| 
I -V +V Rlo IN Rhi REP REP mode 

out APT 

bOT/BAR DISPLAY 
+ 3-IB 

LEDs 

IO 

8 
INPUT 

Ô 

7 

G 

s LED IS 

H 

2 3 

Ô 

DOT 

R 
BX 

GIVES 

R2 
IOOK 

Ri Controls 
LED Current. 
CURRENT 

through ri 

across 
divided 
R, Ik 

Current Since 
Current (I) 
through A 
RESISTOR (R) 

IS VOLTAGE 

An led 
current 
io mA. 

LM39H 

G 

7 

si 
WHEN +V = + 5-16 VOLTS , THE readout 
Range IS O.I3 — I.3O VOLTS. TO 
CHANGE RANGE TO 0-1- 1.0 VOLT 
(o.l VOLT PER led), INSERT A 5K 
Potentiometer Between Pins G 
and 7. connect voltmeter 
across Pins 5 And a and adtust 
R2 FOR I VOLT AT PIN S. THEN 

ADTUST Ik Pot until LED IO glows. 
Repeat this procedure for oi 
volt AT Pin S And LED I. OK 
TO REPLACE THE IK POT With a 
FIXED RESISTOR OF THE PROPER 
VALUE. 

90 



DOT/BAR DISPLAY DRIVER (continue^ 

LMS^IHN 

ZO-ELEMENT READOUT +3- ie V 

V -

AMD 

51 

CONNECTION s. 

FLASHING BAR READOUT 

¿I R3 Ik 

LMSY/Y LM33/Y 

12 + S-IRV 

13 

iH 

IS 

lb 

INSTEAD 
17 

18 
1

9 
51(b) 

9l 

ADAPTED 

IN 

TH 6 
ARE 

READOUT 

H IGH EST 

ONE 
WIRE 

RH 
IOO 

DOT mode: 
Connect 
Pin 9 to 

LEO 
Avoid 
RS. 

When H 
RANGE 
ORDER 

INCREASE Cl TO SLOW FLASH RATE. 

THE LEDs 

IF ONLY 
SIMPLY 

SEMICONDUCTOR'S LM33H LITERATURE. 
Both work well. 

USE A 

SELECTS 

DO NOT FLASH. 

2. OR DAO RE LM?9l4's 

CIRCUITS ON THIS PAGE 

THE MODE SWITCH. 

SUBSTITUTIONS COR RI, PZ 

MODE IS 

IN THE 

FROM NATIONAL 

THIS CIRCUIT SHOWS HOW TO CASCADE 

Z SELECTS DOT. BAR AND POSITION 

STAYS ON DURING OVERRANGE. 

DPdt toggle. Position l 

THE 
2.7 V. 

when All io leds Are on 
the display flashes, otherwise 

RZ 

ik 

RI 

H70 

READOUT 
Direction 

omit si 
REQUIRED. 
CORRECT 

5 VOLTS 

O. IH V TO 

1 io] 

' ? < 2 LM29H 
9 Il 1 

si (a) 
L> IZ 

RI 

7 13_ 

2.2K 1 H 

2 15 

Cl 
2.2 u F 4 

IL 

IN o- 5 17 

9 '8 

-C r 

Ô 
-J 

1 

S Z2K. Cl * 
IOOmF G 

7 

> RZ 

r* ik 
z 

9 

8 

5 



DÛT/BAR DISPLAY DRIVER (coNti NUEI>) 

LM39IHN 
SOLID-STATE OSCILLOSCOPE +q 

LM39/Y 

IZ 
SCREEN : 

IS 

But 
H WAVEFORMS 

15 

lio 

2 

n 
8 

IB 
S 

+ 9 

non 
HOI:' 

51 

AS A CONTROLLER LMS^IU USING THE 

OPTICAL COUPLING RELAY 
RY I 

■o 
RY I (GV,500Jl) 

Cl 

DI 
DI 

RS-2OOQ LM39/V 
Z 3 

QI QI 

^2 

RI 

ik 

RESET 

(clear) 

g>i; photo-
TRANSISTOR 

Rl 
H7K 

SIZE 
THE 
POOR 

kz 
IK 

OPEN -

CLOSED 

R3 
IOOK 

ANY LED 
OUTPUT 

RI ; 
RS’. 

Cl -97/uF (PREVENTS chatter) 
Dl - IN9'9 
RY I-RADIO SHACK 27S-OO9 

housing. 
resolution IS 

1,2='/3 7H0H 

G>H USE RAPIO SMACK 

27G-I3O , ETC. 

VARIOUS 
CAN 

RELAY: NORMALLY 

-normally 

IOO RED led* 
CONNECTED to 
intersecting 
lines like this 

VERTICAL Gain 
H ORIZONTAL 
SWEEP (TIMESASE1 

USE RS TO 
SYNCHRONISE 

Scope with 
INCOMING wave. 

SI : I = 

2 = 

THIS IS an 
EXPERI ME NT AL 
SOLID - STATE 
SCOPE THAT WILL 

FIT IN A POCKET 

Be visualized, 
expand both the 
vertical and 
horizontal CIRCUITS 
FOR MORE RESOLUTION. 
FOR MORE INFORMATION 

SEE POPULAR ELECTRONICS 
AUGuST 1979 (pp.78-79). 

TRIGGERED SWEEP 

FREE Running 

ADD OP-AMP TO 

INPUT FOR MORE 

SENSITIVITY. USE 
RI TO CALIBRATE. 

mrm 
> POINT GH AT 

’+3 l-OF-IO LEDs 

A TO DETECT 

-J SPECIFIC 

RI output 
H7K LEVEL. 



DOT/BAR DISPLAY DRIVER 

LM3AI5N 

THE 

THE 
USES 

the 
OF 

IS IDEAL 
TORlNG 

TO GIVE 

For each 

LM39I5N 
A -SdB 
OUTPUT. 

FOR 
THE 

VOLTAGE DIVIDER RESISTORS 
/ -V + V R 

IF THE LEDs FLICKER , CONNECT 
A CAPACITOR (005 F — 2. 2/j F ) 
from led Anode line to 
Pin 2. 

2 3 H 54,789 IO 

IB| I7| lfa| IS) 19 | I3| I2| II) 10) 

TO output LEDs 

IN Rhi REF REF MODE 
Out ADJ 

SEE LM39IHN FOR EXPLANATION 

of Pin functions. 
VISUALLY moni-
amplitude of 

LOGARITHMIC VERSION of 
LM39H N. THE LMjqHN 

ARE SCALED 
INTERVAL 
THIS CHIP 

A STRING OF IK resistors 
AS A VOLTAGE DIVIDER WITH 
LINEARILY SCALED DIVISIONS. 

Audio signals. 

0 TO -27 dB bOT/BAR DISPLAY 

+ 3" IB V LED DISPLAY’ 

O dB (FULLSCALE or fs) 

3 d B ( .707 FS) 

G d B ( .500 FS) 

9 dB ( .359 FS) 

12 dB ( .250 FS) 

15 dB ( .177 FS) 

18 dB ( .125 FS) 

21 dB ( .0B8 Fs) 

29 dB ( -0G2 Fs) 

27 dB ( .OHM FS) 

* 

BAR. MODE 

• ••••••000 

• •••••oooo 

• ••••00000 

• •••000000 

• ••OOOOOOO 

••OOOOOOOO 

•OOOOOOOOO 

OK TO OSE 

DOT MODE-

THE INPUT SIGNAL CAN BE CONNECTED 

DIRECTLY TO Pins WITHOUT RECTIFICATION , 
LIMITING OR AC COUPLING. SEE THE 
LMl^HN FOR more ideas and tips. 
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LED VU METER MODULE 

NSM3AI6 

MODE 

BAR GRAPH DISPLAY VU 

R Hl 
+ 5 + 12 

R LO 
IO 

3 Audio 
NSM 3 9f G 

S 

Vlep 

BACK AND FORTH FLASHER 

IM 

TWO GATE OSCILLATOR 
GROUND 7 e OS MOGG ON 

Vh 

HOGG 
M 

3 y 
N SM 3 9 lío 

reference adjust 

GRouno 
led I 

supplied 
informa-

Ri 
SK 

R2 
220 

R3 
10K 

R3 
22K 

RH 
5K 

Cl 
lOyuF 

Ri 
100K 

C2 
M^F 

R| CONTROLS 
CVCLE RATE. 
RM CONTROLS 
RANGE. 

Cl 
lyuF 

TO IÔV 
J i 

IS 
R2 

SIGNAL IN 

REFERENCE OUT 

RM 
1OK 

LED 9 

LED 10 

I = '/3 MOH? 
(GROUND umuSED 
inputs— Pins 

Substrate, 
for saR-
OPEN FOR 

INCLUDES LED BARGRAPH DRIVER 

AND DISCHARGED 
B\ R3 TO Give 
voltage Ramp 

AND 
make 
GRAPH 
DOT 
WITH 
TION . 

PATA 
MORE 

RS 
10 

R2 
I0K 

RS 
220 

R7 
IOK 

+ q 

A 

SWITCHES 
AND OFF 
CHARGED 

RG 
10K 

C2 
VIA 

LEDS ON SAME 
MODE PIN HIGH 
MODE . LEAVE 

mode. SEE 
MODULE FOR 
ALSO, SEE LM39/M AND LnS^IS 



LCD CLOCK MODULE 

PC I M-l b I 

Complete clock module. 
REQUIRES ONLY IS VOLT 
cell and switches, 
for complete /mformat/om 
SEE DATA SUPPL/ED WITH 
MODULE. Vpp MUST NOT 
EXCEED l-G VOLTSl 

note; all um used p/ns mu£F Go to 
VDt ûR Va C Vouk CNO/ce)! 

ALS mod lmp set Vss Vpp AL2 ALI 

ALARM CLOCK 

TO SET ALARM ! 

I- PRESS ACS TWICE ; PRESS 
SE T UNTIL HOUR APPEARS. 

2. PRESS ACS ; PRESS SET 
UNTIL MINUTES APPEAR. 

5. PRESS ALS . 

ALARM CLOCK RADIO 

x TO + 9 VOLTS 

SI; CLOSE to 
BYPASS ALARM 

_TO RADIO T 

CONNECTOR 

TO RADIO -
conmector 

SCR 

(274,-/04,7) 

CLOCK CONTROLLED RELAY 

H70 

SCR AH-7K 

0 

81/ 
S3K 

IN <} I H 
TO ALI 4 

♦ 
RELAY 2N2ZZ2 

(llS-CoA) TO VSS

LINE voltage I 

Current drain: 
relat on ~ IN. 8 mA 
relay off - t e ^A 

CAUTION : USE 

CARE WHEN 

S\m ITCHING 

I AMP 
© ILS V 

DO NOT EXCEED 

CONTACT ^ATINGI 

si: normally closed 
pushbutton. 
open (press) to 
reset, must 
wait FoR is 
second Alarm 
cycle before 
r esetting. 

^5 



timer 

TINO SsS CIRCUITS ON ONE CHIP. 

55S ground jJ Vcc 

TR16GÉ/?.! 
THE First and still the 

Z. DISCHARGE 

most Popular IC timer output .3 
CHIP. OPERATES as a 
ONE-SHot TIMER OR an ASTABLE RESET IL 

^.THRESHOLD 

5. CONTROL 

multivibrator. the sgu is voltage 

EQUIVALENT CIRCUIT BOUNCELESS SWITCH 555 
+5-IS 

3 7 555 

Z 

oi/'F 

TIMER PLUS RELAY 
+ q 

1 AND CIRCUIT 

555 

INAIS 

ONE-SHOT TIMER 

+5-15 V 

RADIO SHACK 215-OOH 

555 

T=(.l RICI Cl 

VALUES 

Pushbutton output 
Pins and 

Rl 
IOOK 

ABOUT 

KNOB 
HELP i 

I SECOND 

PULSE. 

SHOW GIVE 

ARE COMPARATORS. 

switch Across 
z. 

CAN BE MADE FROM INDIVIDUAL PARTS 

AS shown... But sss is much simpler. 

2^3 TRIGGER 
INPUT 

Il SECONDS. USE POINTER 

and paper scale to 
CALIBRATE CIRCUIT. USES IN-

A. OUTPUT 

Rl 
IM 

Rl 
IM 

CLUDE darkroom timing. CIRCUIT 
CAN BE TRIGGERED BV A 
NEGATIVE PULSE OR WITH A 

CZ S 

• OI^F 

RELAT: 
GV, SOO TL 
12 vu A * 

PRESSING SI GIVES 

CLEAN O) SECOND 
OUTPUT PULSE. 

VALUES OF Rl AND Cl SHOWN 

will Pull Relat in Por up tc 

% 



TIMER (cOMTlNueo) 

555 
LED TRANSMITTER 

TOY ORGAN 

CL, 

S7 Cl Topical values: 

ci 0.1 o 
S3 C3 

SH CM 

cs >5 

LOUD? 

e Ji 
5PKR 

CH - 0.005 yF 
CS “ 0.001 yuF 

IP THESE ARE 
NOT AVAILABLE. 

Cl - 0.05 
C3 - 0.0I 

ADD IOO5L 
RESISTOR. 

USE ANY 

AVAILABLE VALUES 

ADD ADDITIONAL 

STAGES IF DESIRED. 

Switches are normally 
open Pushbuttons. 

RS 
IOJI 

r USE INFRARED 
led for best 

\ results. 

circuit pulses led 
WITH HS /«SEC LONG, 
IZO A PULSES AT 

A BATE OF H8KH2. 

PULSE GENERATOR 
+ 5-15 

5S5 

Cl 
• O) 

Rl 
IIA 

USE TO SUPPLY 
CLOCK PULSES 
TO TTL AND 

LS LOGIC 
CIRCUITS. RI 

controls Pulse 
REPETITION RATE 

MISSING PULSE DETECTOR 

+S-IS 

EAPio SMACK 27G-Z02S 

THIS CIRCUIT IS A ONE-SHOT THAT 

IS CONTINUALLY RETRIGGERED SY 

Incoming Pulses. A missing or 
Delayed PULSE that prevents 
RETRIGGERING BEFORE A TIMING 
cycle is complete causes Pin 3 
TO GO LOW UNTIL A NEW INPUT 

PULSE. ARRIVES. Pl And ci 
Control Response time. use in 
SECURITY ALARMS , CONTINUITY 

TESTERS, ETC. 
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timer (continued) 

555 

ULTRA-LONG TIME DELAY TOUCH SWITCH 
+5-15 +9 

555 CZ 
55S 

3 
RI 

+9 

IH IG 

«017 «017 9017 

XIOO X IODO 

ADDITIONAL 
STAGES 

RESET 
2 - RUM 

Pims l And 2. 

TYPICAL OUTPUT: SSS (Pin 3) 

Aon (xio output) 

RZ 
IK 

RI 
IM 

Cl 
lO^F 

RI 
IOOK 

C( 
A.Tuf 

WORKS BEST 

IM DOORS DUE 
TO STRAY AC. 

FIELO. ELSE¬ 
WHERE TRY 

TOUCHING 

RI CONTROLS 

Pulse rate 
FROM 5SS. 

THIS RATE IS 

Divided by 
THE Hon's 

TO GIVE *io, 

*IOO And 
*IOOO DELAYS. 

o TOUCH WIRE 
(TOUCH ANO 

LED WILL 

GLOW I second) 

LIGHT DETECTOR DARK DETECTOR 
+ 9 

555 555 

CZ 

RI 
A7K 

RS 
IOK 

8 JI 
SPKR 

&A 
SPKR 

R3 
IOK. 

CdS PHOTOCELL (RADIO SHACK 

27G - HL) 

Cl 
.05/4? 

IdS PHOTOCELL 
IRIDIO SHACK 
27G- HG) 

RI 
AIK. 

Cl 

•O5mF 

PRODUCES WARNING TONE WHEN LIGHT STRIKES 
PHOTOCELL. MAKES A GOOD OPEN DOOR 

Alarm for reprigerator or freezer. 

SILENT WHEN LIGHT STRIKES PHOTOCELL. 

REMOVE LIGHT AND TONE SOUNDS. PASTER 

RESPONSE THAN ADJACENT CIRCUIT. 
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TIMER (continued) 

555 

SOURCE FREQUENCY DIVIDER POWER NEON LAMP 
+5-IS 4-9 

INRH INPUT FREQUENCY 

555 55S 

WHITE 

Tl : BJL-IK 

(RADIO SHACK Z73-IS8O) 

Cl : o. I yuF, ZSOV 

LI : neon lamp 

OUTPUT VOLTAGE. 

DIVIDED 

FREQUENCY 

RI 

H7K 

GRE.EN 
RED 

THE 5SS Functions 
AS A ONE-SHOT 

THAT IS RETRIGGERED 
BY the input WAVE. 
WAVES ARRWIN6 DURING 
THE TIMING CYCLE 

ARE IGNORED. 

WORKS BEST WITH BETTER 

Quality neon lamps, reduce 
Ri Slightly for more 

TRIANGLE WAVE 
ONE-SHOT TONE BURST 

GENERATOR 

PRESS SI AnD STEADY OutPut 
FREQuENCY APPEARS At PIN 3. 
RELEASE si and output FREQUENCY 

ADJUST R\ TO PROVIDE UP TO 

IO KHz. OUTPUT FREQUENCY 

THIS HIGH PRODUCES CLOSELY 

SPACED TRIANGLE WAVES- THE 
WAVES ARE SEPARATED AT SLOWER 

frequencies C'y1 V \/ ). 

CONTINUES UNTIL Ci IS 

DISCHARGED by Rh. increase 
Ci (or rh) to increase length 
OF THE BURST. change frequency 
OF TONE Burst VIA Ri OR Cl. 
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DUAL TIMER 

55b 

CO MT AI MS TVJO INDEPENDENT 
TIMERS ON A SINGLE CHIP. 
Both timers are identical 
To THE 55S. All the 
application CIRCUITS CAN 
ALSO BE built WITH Two SSS\. 
this Pin cross Reference will 
Simplify Substituting Two 
5SS‘s FOR A SSG OR HALF 
A SSG FOR A 

DISCHARGE _L 

THRESHOLD_2 

control 3. 
VOLTAGE 

RESET _ï 

Output JL 

> TIMER I 

TIMER 2 

TRIGGER 

1Ï Vet 

là DISCHARGE 

11 THRESHOLD 

11 CONTROL 

voltage 
12 RESET 

3. output 

TRIGGER GROUND _L 

function 555 ss<»(û S5G(2) 

Ground 1 7 7 
TRIGGER 2 G 3 
OUTPUT 3 S 9 
reset H H lo 
CONTROL V s 3 II 
THRESHOLD G 2 IZ 
DISCHARGE 7 1 15 
Vee Ö H H 

INTERVAL TIMER 

TIMER I is CONNECTED as ASTABLE 
Oscillator. timer Z IS A one-Shot 
relay driver. I FIRES 2 OncE EACH 
cycle. 2 pulls relay in For s-s seconds. 

3-STATE TONE SOURCE 

+9 

eJL 

555/55b SCR OUTPUT 
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DUAL TIMER (continued) 

TWO-STAGE T IMER 

+S-IS 
SOUNÙ SYNTHESIZER 

+5-15 

IZ 

13 
SPKR 

3 5S^ _L_ Cl 
1-IOOuF 

2 

9 G z 
IZ s CG CS CH .OS^F I-IOO^F ■ OS^F CZ 
13 8 

T 1—0 TRIGGER 

PROGRAMMABLE H-STATE TONE GENERATOR 

BA 
55k 

15 10 L 
13 

3 G H05) 
7 

8 il 8 2 
9 

12 G 

4 
9 

101 

H 
H 

8JZ 

SPKR 

R5 
IM 

L 

H 

H 
L 

H 

Rl 
2.ZK 

/N 

THE 

R3 
IOOK 

Cl 
OI^F 

RG> 
znosz 

FOLLOWED 

D'ViDER . 

TWO-TONE 
Steady 
burst 
metronome 

MODE 

SELECT 

CH 
. lyttF 

AAA_ 
RH 5K 

THIS Circuit 

ADJUST RI AND Ry FOR 

= GMD 
= +S-IS (Vp,) 

VERT owusUAL Sound effects . 

CHANGE Cl 

And Ch to 
alter THE 
output tones. 

ONE -shot TRIGGER 
First 
THÉ. SECOND 

AFTER the 

Mode select 

-o A 
B 

BOTH TIMERS ARE 

MODE. GROUNDING 
InPut initiates is AN oscillator 

BY A FREQUENCY 

RZ 
ZHK 

timer's CYCLE TIME. 
timer's cycle 8EG/NS 
First is complete. 

Ri 
IM 

C3 .05 
RZ 
IK 

21 
Soo k 

R3 
2HK 

RS 
IM 

RH 
5ooic 

R3 
5K 

(volume) 



QU Ab TIMER 

BASIC TIMER ONE-SHOT 

558 OUTPUT 1 1 ■ I IL OUTPU1 
1 1 

TIMING 2 A 1 D !S TIMING 
CONTAINS FOUR INDEPENDENT 

1 
1 

MONOSTABLE TIMERS . EACH TRIGGER J 1 1 TRIGGER 
TIMER IS SIMILAR TO PART 1 1_ 
OF A SS5 TIMER. ASTABLE Control 13 RESET 
OPERATION POSSIBLE WITH ONE 
timer. Vcc = + Y.s to ¡q volts. ^ce 5 21 GROUND 
Control And RESET Pins 
ARE COMMON. PRlGGER G "1 II TRIGGER 

1 1 
TIMIN G 7 B 1 1 C IC TIMING 

1 1 
OUTPUT 8 1 1 9 OUTPUT 

1 • 

t - /J Rt 

PROGRAMMABLE SEQUENCER 

Vcc 

TRIGGER >J OUTPUTS A, B, C,D GO HIGH , THEN LOW, SE Q UEN Tl ALLY. 
Rl-RH AND CI-CH CONTROL DELAY PER STEP. 

I_I RS Controls rate. 



QUAD TIMER (continued) 

558 

FULLY ADJUSTABLE PULSE GENERATOR 

Vcc 

ft SS8 

TK 

OUT 

OUT 

FIXED DUTY CYCLE PULSER 

FREQUENCY 
LONG DURATION TIMER 

Vc t

START 

103 

RI 

RS Vn SSQ 
TR 

SIMPLE OSCILLATOR 

ON K6AIÑ. 

SELECT RI CI, R2CZ , R3C3 AND RHCH 

STAGE- DELAY = R AC. TOTAL DELAY = 

OFF AFTER TIME DELAY AMD TURNS 

TO GIVE DESIRED DELAY PER 

sum of all stages, led turns 

controls Pulse rate. 
CONTROLS pulse WIDTH. 
= RH = I.S TO H.7R. 

PRESS ¿i 
TO 

VERY USEFUL 
circuit! Pulse 
rate and 
WIDTH TOTALLY 

INDEPENDENT. 
SEE BELOW FOR 
More in forma t/on. 



TIMER 
7555 

CMOS VERSION OF THE 
555. very low power 
consumption. wider 

RANGE. 
CYCLES. 
Power to 

CONNECT/NG 
IT. 

SUPPLY VOLTAGE 
LONGER TIMING 
Caution: apply 
7555 BEFORE 
EXTERNAL CIRCU 

Ground ± Vcc (Z~I8V} 

TRIGGER X 2. discharge 
OUTPUT 3. Ji THRESHOLD 

RESET Y. Control 
voltage 

FREQUENCY METER LIGHT PROBE FOR BLIND 

EVENT FAILURE ALARM 

I OH 



LOOP PHASE-LOCKED veo Veo 

S£>5 

A 

CONTROLLED 

FREQUENCY 
THE SIGNAL . 

I SHOW N 

FOR 

IN FRARED COM MUN IC ATOR PULSE-FREQUENCY-MODULATED 

TRANSMITTER R3 TRANSMITTER. : 
+ 9 

MIC 

55S 
+ A 

LED 

C2 

QI. 

_L_ CM 
6 • OOI 

5GS 7H1 

3BG 

• OOI 

105 

Ri 
IK 

MUST BE 
RECEIVER- . 

RE 
IOOK. 

RS 
IOK 

C5 
.OH7 

CE 
• OOI 

8A 
SPKR 

IS 
PHASE 
VCO 

C7 
I 00 mF 

FLUCTUATING 
CONTROLLED 

RH 
10 3.AK 

PHONE • 
RS VIA 
G N D. 

VOLUME 

C8 
T-T-^F 

SETTING. RS 
IOOK. 

RS 
GAIN. Ci 
GIVE VCO 

controls 
and C3 

SV STEM THAT 

+9* 

f RED 

APPLY Power ano 
oPerat/qn: Point led at 

OUTPUT TO 

H.7 AND 
USE LOW 

C<o 
IO/«F 
1/ 3 

V- im i kJ veo com ref demod 
OUT IN OUT OUT 

Sophisticated analog 
Automatically tracks 

controls Gain. Rm 
controls carrier 
FREQUENCY. FOR 
Initial tests, remove 
Mie and connect 
transistor radio 

input signal. voltage 

Adjust rm in xmtr until 
Good quality Sound HEARD 
From RCVR kHz). 
LENSES WILL give range of 
HUNDREDS OF FcET At night. 

keep Pwr leads on both units short. use O-í/<f across 
PwR. Connections Cat chips) IF oscillation occurs. have fun. 

MIC: XTAL (2 7O-O9S) OK. 
* ELECTRET fi7O -09Z) BEST. 
R3:rRY in for more gain. 

center FREQUENCY 
OF kHz. 
SHIELD QI WITH TUSÉ 
to block External 
LIGHT. USE LOW GAIN 
(RS) WHEÑ ADJUST/NG 
TRAN SMI TTERj 

*27G-IH3 
BEST. 

7 
3 

2 
(o 

3 

RM 
IOOK 

RS 
IM 

Comparator voltage output is 
Amplified And Available for 
communications applications ... AS 

Ri 
s.fek 

Ri 
5.LK 

C3 
IO/aF, 

OSCILLATOR (veo) FREQUENCY 
ßV OUTPUT VOLTAGE FROM 

comparator, this causes 
TO MOVE TOWARD INPuT 

RS 
I OK 

R3 
IOOK 

Rl 
ÜOK 

below. see Radio snack data book 
more information. 

RECEIVER +, 

QI 
PHOTO-

E TRANSISTOR 



TONE DECODER 
SÍ.7 

Contains a phase-locked loop. 
Pin 8 goes low when the imPut 
frequency matches the chip's 
CENTER FREQUENCY fío)- THE LATTER 

FREQUENCY is Set BY THE timing 
RESISTOR. And capacitor (R and c) 
and is (i-O^fRc). R should Be 
BETWEEN 2k-2oK. THE 5G7 CAN 

BE ADJUSTED TO DETECT ANY INPUT 

Between O- o( Mz to SookHa. Mote: 
I SECOND or. more MAY 8E REQUIRED 
For the Sg7 to lock on to low 
frequency inputs! see this chip's 
Specif/cat/ons pop mope inform adom. 

8. 

2 7 

3 ¡O 

+ H.7S-9.OV S 

Output 
Capacitor 
LOW PASS 

CAPACITOR 

INPUT 

output 

G Round 

Tl Min G 
CAPACITOR 

TIMING 
resistor 

THE value in MICROFARADS op THE Low 
Pass Capacitor should be h /fo where 
pi Ranges between isoo (for up to 
H % f o DETECTION bandwidth) to GZ.OOO 
(up TO 2 % fo DETECTION BANDWIDTH). 

THE OUTPUT CAPACITOR SHOULD HAyE 
ARouT TWICE THE CAPACITANCE OF 
thc low pass filter capacitor. 

BASIC TONE DETECTOR CIRCUIT 
+ q 

5G7 

G 

Adjustable tone source C3 

INFRARED REMOTE CONTROL SYSTEM 

TRANSMITTER RECEIVER 
+ 9 

H 
3 

7 55S 5 UI 

G 

G 7 HI 2 

C3 

Rî 
IK 

Ri 
IK. 

USE GV 

RELAX. 

RS 

IK 

R3 
IO 

RI 

IOOK 

PHOT0-

TRAMSlSToUl-

ÛLADIO SAACfc 

L7G-Ijo) 

RL 
:ok 

4 1 

A 

INFRARED 

LED 

RS IOOK 

Range -, several inches. 
USE LENSES TO increase. 

S| H 

PREDICTED Ío IS 

1.1 KHz. THE TEST 

Circuit io was I.SRAlz. 

'I rradio shack 
17G-IX2 

Adjust Ri until 
RECEIVER LED glows. 

3 
5 

Ci P 

5 

RH 
IOK 

Rl 
IOK 

RI 
IOOK 

C2 
. I aF 

this Circuit 1$ 
hanox for learning 
tone DECODER 
BASICS. THE £67 

Portion can be 
USED IN many 
different applications 

Í06 



TONE DECODER (continued) 

5^7 

2-FREQUENCY OSCILLATOR 2-PHASE OSCILLATOR 

LATCHING THE 5G7 OUTPUT 

Rl 

PUSH 

2ZK 
RESET 

MAM UAL RESET 

OUTPUT STAVS 

On Even AFTER 
'M PUT TOVE IS 

REMOVED. 

Ru IS THE 

load (led 
Relay, etc.). 

Both circuits 
SHOW ONLY 

THE LATCH 

com PO Mt NTS-

LOGIC RESET 

NARROW BAND FREQUENCY DETECTOR 

5^7 
LED 2 

+ 9 Zie-zoK LED3 LED I 

INPUT THE 
+ 7 

Z-Z^H 

HIGH 
LED Z 
WHEN 

OR LOW. 

WILL GLOW 

ADJUST Rl AMD 
R2 TO RESPOND 

TO CLOSELY SPACED 
FREQUENCIES. LED> 
I AND 5 WILL GLOW 

Rt > IP FREQUENCY 15 

_FREQUENCY 

CeNT&RGD. 

RI 
2k-ZOK 

107 



TONE DECODER (continued) 

DECODER 

H 
2.2k 

3 
REPEAT 

5 

-F O.l BELOW/. 

8 

9 IK): 50-Zoo 

CZ = H 

.H7 iz 

8SZ Hz 

5 

9H I Hz CZ = 2. g 

9 

2 
It 

3 

S' I3ZG Hz 

G 

8 

I H 7 7 Hz 

108 

CIRCUIT 

<o97 Hz C2=H.7^F 
5G7 

touch-tone 4

“ +5 
t 

TUKj£ EACH 
5G7 VIA RI. 

RI 
25 k 

IC /,2,5 = 74/02 
ACTIVE OUTPUT—H 

Z 

2 
3 

12 0< 1 Hz C2 = Z.Z 



12-KEY PUSHBUTTON TONE MODULE 

CEX-HOOO 

GENERATES THE 12 STANDARD 
telephone TONE DIALING FREQUENCY 
PAIRS. V+ SHOULD not EXCEED (o 
VOLTS. REQUIRES 3.S8 MMz CRYSTAL 
OR TO USE FROM I TO /Z KEYS 
FOR REMOTE CONTROL. 

Æ) 
TOUCH-TONE IS A REGISTERED 
trademark of At * T. 

PORTABLE TOUCH-TONE GENERATOR 
- v+ 

+ b 

ground 

O (FREQUENCIES /n Mt) o 

2 

Ml 
1331.7 

5 
7GG-Z 
1331.7 

I 
G99./ 
IZ/S.9 

Y 

7GG.Z 

I2IS.9 

3 

G 

7GC-Z 

1111-9 

G99/ I11I.9 

7 

&11.1 

I2 IS.9 

8 
8 47.9 
I33I.7 

897-4 

im.q 

998 

IZ/S.9 

o 

948 
¡Z3I.1 

9i8 
im-R 

o 

REMOTE CONTROL 

109 



VOLTAGE-TO-FREQUENCY 
FREQUENCY-TO-VOLTAGE 
CONVERTER 
9400 (27fe-/7T0) 

IN VOLTAGE-TO - FREauENCY (V-p) 
Mode, Aw input voltage which 
HAS g£EN COWVÊÍTEP INTO A 

CURRENT BY A RESISTOR AT PlM 

3 IS TRANS FORMED INTO A 

PROPORTION AL FREQUENCY. IN 

FREQUENCY — TO- VOLTAGE NODE a 

I BIAS 

Z ZERO 

5 VrêF out 

GNO 

AD TU ST 

X.M 3 

V« JI 

NOTE UNUSUAL 

LOCATION oF 

POWER SUPPLY 

Pins. 

Vref _2_ 

H x/pp 

11 NG 

IL amplifier 
our 

JI COMPARATOR 
IN 

!£ freqtZ out 

£. OUTPUT 
COM MON 

®_ Pulse freq. 
OUT 

frequency at Pin II IS ConuêRTEd 
into a proportional i/oltage . 
THIS CHIP CAN ge operated 
from A single or dual polarity 
Power supply. 

caution: this chip incorporates 
both bipolar and CMOS circuitry. 
therefore CMOS handling 
Precautions must be followed 
to avoid Permanent damage. 

BASIC V/F CONVERTER FSK* DATA TRANSMITTER 

DUAL 

FREQUENCY 
OUT 

9400 

V/F 

+ ^-15 

FREQUENCY 

33K 

9400 
RS 
33K 

RS 
I M 

15 r — • 
FREQ io . Rl- OPTIONAL (use " 
Out 5 . s' TO SUPPLY input VOLTAGE 
(ilHi) i i_j During tests). 

o z 4 a 8 voltage in 

RZ IDOK 

Binary in 

C2 L IN 

RZ Controls output. OVER WIRE or. Radio. 

FREQUENCY 

1GLS SHIFT RETI Nd. USE 

To send binary 

controls 
frequency 

RH 
33 K 

RI 

IM 

RS 

IOOK 

RG 
H IN IOOK 

3943 
1 OOO 



VOLT AfiE-TO-FREQUENCY (contou«») 

FREQUENCY-TO-VOLTAGE 

CONVERTER 

9H00 _a£ 

AUDIOFREQUENCY 9hoo 

METER F/V 

INPUT FREQUENCY MUST 

CROSS o VOLT. WORKS Up 
TO ZS KHz, R2. IS ZERO 
Adjust PoR métER. Adjust 
R7 TO Glut MAXIMUM 

REAPING AT 2S KlJi IaJ. 
for. more Stability , Change 
RS TO G-V ZENER DlOOE. 

71 Ri 7 
IO0K 

IL-u— 

ANALOG DATA TRANSMISS1 ON SYSTEM* 

TRANSMITTER _ r_ 7 RECEIVER 
+q Kk \/ +9 

LED 

TELE DYNE. 

TME SPKR IS OPTIONAL BUT MAY PROVE HElPFULL. DURING INITIAL TESTING. USE AN 
INFRARED LED (RADIO SMACK 27GHHZ). QI CAN RE THE PHOTOrHA/üSISTûR SUPPLIED W™ 

THE LED OR RADIO SHACK 27GT3O. R? IN THE RECEIVE R 15 ZERO ADJUST. 



VOLTAGE CONTROLLED 

OSCILLATOR (VCOÙ _8 +9 - V GROUND J. 

7 C| 

G RI 

FREQUEAJcY. 
IMPORTANT : 

RI C| Vcc

FSK GENERATOR 
+ 9-15 

FUNCTION GENERATOR 
+9-29 ■ OOSyuF 

.oos>F 5GG 

Cl 

.05 
5^ 

Vc< = 3 Volts. 
TWÛ-TÛNE WARBLER +9 

9 II /V 

.005/4 F 

1,1 = '/s H0H9 

5GG ■os^F 
R7 
100 

Square output 
I + (o AMD + U.S 

5_ MODULATION 
INPUT 

CENTER FREQUENCY = 

HOY 9 

RI controls 
WARBlE RAte. 

Rî Controls 
TONE FREQUENCY. 

FSK MEANS FREQUENCY SHIFT KEYING. 

OUTPUT WAVE DOES 

AT PIN S VARIES 

Not FALL TO o Volt I 

CYCLES BETWEEN +4 And +G 
volts (p/n s), for example, triangle 

MC. A 

Cl 

.05 

RI 
Ct 9.7K 

CYCLES 

VOLTS. 

Output 
Volts. 
BEtwEEn 

VÉ2Y STABLE, EASY TO 

TRIANGLE AND SQUARE 

Outputs. Ri And ci 
CENTER FREQUENCY. 

RH 
CZ H.7K 

R3 

IK 

RZ 
IOK 

a_n. 

SPRR 

RZ 
IOK 

RI CONTROLS 

FREQUENCY. 

RG 
I ON\ 

RI 

lOOK 

RI 
CZ M.7K 

RS 
IAA 

RI 

IOK 

R3 

IOK 

USE 
U/AVE 

Control 
VOLTAGE 

output use to transmit binary 
DATA OVER TELEPHONE 

l'^KHz Lines or store binary 
3 0 KHz I DATA ON MAGNETIC TAPE. 

C3 
.05/4 F 



ANALOG-TO-DIGITAL 

CONVERTER TLSO7 

PROVIDES ANALOG — TO-
DIG/TAL conversion for 
MICROPROCESSORS. CAN 
PROVIDE h-ßlT OR 8-8IT 
Output with External 
Counter Plus steering 
Logic. mares Good 
pulse vuidta modulator, 
note: use Vcc 1 or Vct 2 . 

enable 

Clock 

ground 

out Put 

Vec I — 3.S to G volts 
VCC 2. - Ö TO .0 VOLTS 

+ 5 

H70 pF 

PULSE WIDTH MODULATOR 

8-BIT ANALOG-TO-DIGITAL CONVERTER 
LSB MSB 



8-BIT bIGITAL-TO-ANALOG Compensation 

CONVERTER DAC 801 lb 

TO 

Bl - MOST 

8-BIT DAC 

+ 10 
IOK 

H.7K 

Out 

15 
our 

DAC 801 POWER SUPPLY 

NON — 

5S0T VIA Rl) 
I.ZK 

AOT 

7 805 
out 

CAUTION j GNO T Cl 

COMMON 

GNb CI,CZ= IOQOmF 1+ cz 

IN OUT 7905 -5 V 

USE TO-220 HEAT SINK. 

BIT. 
S'T. 88 "LEAST 

V± - ±H.5 

You MUST 
IN SULAT E 
Con nections! 

Ô-BIT 
CONVE RSION. 
LEVELS 

SIGNIFICANT 
SIGAJIF/CAnT 

TO 18 V. 

B2 B3 

PROVIDES VERY FAST 
DlGITAL-TO- ANALOG 
WILL ACCEPT TTL 

FULL wave 
Rectifier 
(Z7G- liui) 

INTERFACE MICRO COMPUTER 
ANALOG DEVICES. 

Vref + VREP V+ 88 67 6G BS 
is I I9| 131 iz| III /o| 91 

AT INPUTS Bl TO 68. CAN 
PROVIDE ± OUTPUT. USE 

ONLY 7-SV /s 
available if ti 
IS 273-/S0S. 

I I out V- I 
THRESHOLb 
Control 

Ri 
Sok 

TI'• 12OVAC /2S.2 VAC CT (ZTS-LSIZ-) 
(OK TO USE 275-/505 FOR 
PRECISION APPLICATIONS.} 



8-8IT DIGITAL-TO-ANALOG 

CONVERTER DAC 801 ( continued) 

25â-STEP STAIRCASE GENERATOR +s 

DAC 801 TONE GENERATOR 
OUT 

change or omit 
one OR more 
INPUTS TO DAC ÖOJ 

TO make unique 
waveform S. 

ajote: +io y peeerence 
CAN BE. +5 TO + /OV 

INI NON)- PHE CIS ION 

Roces ( e -3- TOA>£ 

Generat/on). 



TEMPERATURE SENSOR AND 

AbJUSTABLE CURRENT SOURCE 

LM33H (27fc-l73H) 

VERSATILE 3-LEAD COMPONENT THAT LOOKS 

MORE LIKE A TRANSISTOR THA/J AN IC. 

CAM BE USED AS A TEMPERATURE SENSOR, 
Current Source PoR LEDs Amo OTHER 
components or circuits, Voltage référencé, 
etc. 

I = R 
2= + V 
3 = -V (ûnd) 

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

VOLTAGE REFERENCE CALIBRATED LED 

+2.S-2OV 

LM33H 3_f (MUST BE IV 

OR MORE ABOVE 
__ I OUTPUT.) 

IK 3.3K O& — S.ov 

ADJUST VOLTAGE 

OUTPUT 

+3-2OV 

IO JI 
isn. 

LED 

Current 

6>.H kw A 
H.3 wA 

CONSTANT LED 
output for AnX 
Input between 
3-zo VOLTS. 

RAMP GENERATOR LIGHT METER 
+ I.5-20V +3-2OV 0-1 h4 A 

LM33H 2 

LM33H 

.OOI-F Pci 
3 

RSZOO9 PCI-CdS Photocell 
(radio SHACK Z7G-I/G) 

TOP FLATTENS 

IF INPUT 

Pulse rate 
TOO SLOW. 

222 Bulb close 
TO PCI GIVES 

Z.S A OUTPUT. 



POWER AMPLIFIER 
LM39G 

Desigmed niaimlv Por low 
Voltage AmPlific ation. will 
DRIVE DlRECTLV AV 8-OHM 

SPEAKER. GAIN F‘XêD at 20 
BUT cam EE INCREASED to 
AMV VALUE UP TO 200. 

X20 AMPLIFIER 

G A) kJ 

- IN Put 

-b INPUT 

Gn D 

X200 AMPLIFIER 

BASS BOOSTER AUDIBLE ALARM 

TOME 

freq: 
2.1 KHz. 

REDUCE 

Ci to 
INCREASE 

FREQUENCY 

HIGH GAIN POWER AMPLIFIER 

+9v 

QI - PAOTOTRANSISTOR 

CRAO'O 5MACK Z7G-I3O) 

CIRCUIT 

IS VERT 
LIGHT 

SHOWN 

SENSITIVE 

WAVE R5 
L10K RECEIVER. OK TO 

USE OTHER OP-
AkaPS For THE 
TLOBA. 

117 



8-WATT POWER AMPLIFIER 

LM383 /TDA2002 

QU 

applications — But 

LOAD (EQUIVAL&ajT SINGLE 

Fol (e.3. RADIO SMACK spread 

5-+5-2OV 

8-WATT AMPLIFIER 
+5-20V 

operation: 

I ~^SL SPkR 
OR 

2-ÔJI SPkRS 

16-WATT BRIDGE AMPLIFIER 

note pre¬ 
formed LEADS. 

FOR AUTOMOTIVE 

BEFORE ATTACHING 

Some HEAT SINK COMPOUND (27G- 1372) 

IDEAL For Any audio AMPLlFI CATioaJ 

Power amplifier designed specifically 

■ 
UJH 5 

in PARALLEL. 3. Don't APPLY EXCESSIVE 
IK)PUT SIGNAC. 

System.. designed to drive a Y-OHM 
9-OHM 

RZ-ok to use Y-iojl resistors in parallel. 

RI 

2ZO 

2-
3-

s-

C3 

cz 

lOyUF 

Cl 

OM the Lm383 tab 
THE MEAT SINK. 

* ch— Place close as possible to the tc. 

C5 
lOOO-ZOOOyuF 

+ IN 
- IN 
Gnd 
OUT 

I- USE HEAT SlNk. 
z. Reduce Power supply 

VOLTAGE TO G-9 VOLTS 
(AS in circuit Below) 
IF SEVERE DISTORTION 
OCCURS. 

SPEAkER OR TWO Q-OH/M SPEAKERS 
In parallel). this chip contains 
thermal shutdown circuitry to 
Protect itself from Excessive loading. 
This will cause Severe distortion 
During overload Conditions. You must 
USE AN APPROPRIATE MEAT SINK 

5 
H LM383 



DUAL 2-WATT AMPLIFIER 

LMI&77/LM377 

HIGH quality, easy to use Power 
Amplifier. /deal, por do-it-yourself 
Stereo , p.a. systems, jwtercows, etc. 
Automatic thermal shutdown protects 
Against overheating. 7Od& Channel 
separation means virtually no 
CROSSTALK. ONLY 3 MICROVOLTS NOISE INPUT. 

heatsinking: unnecessary in many 
applications since average power is 
USUALLY WELL BELOW BRIEF PEAKS. /N 

GNÚ 
+IN -)N 

8 

2 7 

+ IN -IN BIAS Our 
GnD 

+IO-ltV 
out 

II 13 )1| Il I io) 9 

any case, pins 3,4,S’, io, Il and tz should note: gnd pins should 
be connected together, it load Exceeds re heat sunk for 
DEVICE RATING, THERMAL SHUTDOWN WILL MAXIMUM POWER. 
occur.... And will cause severe distortion. 
USE HEATSINK (uP 
COPPER Foil on 
IP THIS OCCURS. 

TO IO SauARE INCHES OF 
PC BOARD OR METAL F/n) 

H-WATT AMPLIFIER 

I.8K 

PUBLIC ADDRESS SYSTEM 

1(9 



COMPLEX SOUND GENERATOR 

SN74H77N Note: the sntghsb includes built-
in SPEAKER AMPLIFIER. the SN7LH77 
DO6S NOT. 

2$ ENVELOPE SELECT 2 

22 MIXER SELECT C 

2È MIXER SELECT A 

25 MIXER SELECT g 

W OnE-SUOT _AAA_ 

_ ONE-SHOT _II_ 

22 VCO SELECT 

- -in 
2? S.L. E _W\A_ 

12 PITCH CONTROL 

18 VCO _^AAA_ 

22 vco _h_ 

external vco 

— Vreg 

incorporates s.l.r envelope select i 2 
(super Low FREQUENCY 
OSCI cl A tor) , VCO GROUND Z 
(voltage controlled 
oscillator), NOISE EXTERNAL NOISE CLOCK-3 
Generator And A 
MIXER that ALLOTS NOISE CLOCK AAa, h 
THE OUTPUTS from 
one or more of Noise filter, 5

THE ABOVE TO BE 
Combined. can be Noise filter  ||  b. 
OPERATED together 
WITH APPROPRIATE. DECAY _AW_ 7 

Resistors and 
CAPACITORS TO ATTACk/DECAY _||_ 8. 
Produce many kinds 
of SOUNDS. CAN BE SYSTEM ENABLE A. 
CONTROLLED BY EXTERNAL 
logic, see data attack _aaa_ 10
Supplied with chip For 
more info. Amplitude _aaa_ — 

FEEDBACK —A/W- 12

Audio output 

this chip is easy +H.5-1ZV (qv best) 11 
to use if You Follow 
b/\Tf\ SHEET INSTRUCTIONS. 

+ 9 

PERCUSSION SYNTHESIZER 

SI - PRESS TO ACTIVATE sound. 

/20 



COMPLEX SOUND GENERATOR (coNT1MUeb) 

SN7Í.H77N 

NOISE GENERATOR 

NOISE. SELECT Pin 

RS2OO9 
SN7GA77N 

ri 
H7K H7O—L- H7K 

IO«F 

PROPELLER 

UNIVERSAL UP-DOWN TONE GENERATOR 
+i 

•o o-
+9 

9 25 

RS2OOQ 

SN7G477N 

7 8 11 18 IO 

H7K 
.22;uF H.7K IOM IOOK 

DECAYS 

SiREN 
Pins 7,0,22,^ and ground Compon e nt 5 

loo 

K 

CONTROLS 

decay 

B-ohm, 
SPkR 

S-ohm 
SPKR 

IOO-SOO 

(.volume) 

VCO 

FREQUENCY 

AöR COnT/NUOUS 

P/AJ 9. 

AlRcRAF T 
I M POT. 

|OO-
IO/*F ^Soo 
_ ¡(volume) PRESS SI And 

THAT GRADUALLY CHANGE VCO 
Different sound effects And S.L.R. Components 

+ 9V. ADD IM POT prom 
1/xF capacitor from Pin 
Like steam train) or 

FlCTlOM MOP/E sounds. RANGING PROM 

Sound omit 

Depending on Adjustment op 

release to hear UNDULATING TONE 
AMP STOPS. 

POR MANY 
TO SCIENCE 

SPEAKER. ADD S.L.F 
THE HISS. (SELECT 
Ting Pins zs And zg 

IOOK S .1/4? 

PRODUCES STEADY hiss. make snare drum 
8Y CONNECTING Pushbutton in series WTA 

g nd And PIN Z7 TO 
Pin 20 to GnD And 
2i to Gnd.) Sounds 

oscillator to modulate 
S.l.f. -*■ Noise BY connec-

Si - push for 
_ TONE SEQUENCE 

S.L.F. CONTROLS 

frequency sound 
Duration 



COMPLEX SOUND GENERATOR 
SN7faM88N 

MODIFIED VERSION ONE-SHOT output 1

OF SN7LH77N. 
INCLUDES BUILT-IN VCO OUTPUT 
Amplifier for 
DIRECT SPEAKER NOISE CLOCK OUTPUT 3 
DRIVE. NOTE 

33 Envelope select i 

22 ENVELOPE SELECT 2 

2? S.L.F. SELECT 

THAT SNTLT9ÔN S.L.F. OUTPUT 
And SN7GT77N 
HAVE DIFFERENT NOISE -AAÆ_ S 
PINOUTS. 

33 MIXER B imPut 

23 MIXER A IM PUT 

NOISE -l(- ± 
MANY DIFFERENT 
SOUNDS CAN BE DECAY T 
CREATED. FOR 
BEST RESULTS, DECAY —ft— s

STUDY CAREFULLY 

21 MIXER C INPUT 

23 ONE-SHOT — 

21 ONE-SHOT l(~ ‘ 

THE TECHNICAL INHIBIT ** 22 VCO SELECT 
data Supplied 
with chip. Audio input ¿2 

VERY EAST TO 5-VOLTS OUT ((

DEVISE TOUR OWN 
UNIQUE SOUmDS I Vcc G^ v) — 

Note: Souwo ourpi/r Audio out H 
NAy CHANGÉ AS Ucc. 

GOES PRöH + G TO 19 V. GROUND >h

iq S. L. F. -4f-

18 S.L.F. -AA^_ 

n VC O -AA^— 

H* vco —IC— 

IS EXTERNAL VCo 
CONTROL 

BOMB DROP PLUS EXPLOSION 

R2 controls duration of explosiom. 
RS Controls Altitude. 
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COMPLEX SOUND GENERATOR ( Continued) 

SKPCHÔÔN 

IMPROVED STEAM ENGINE AND WHISTLE 

W HISTLE 

7^1 

CS 

12 

S N7kH 88N 

5 

H/OpF IOOK 

THE ULTIMATE SIREN 

IO 13 20 

SNTGHB&N 

.01 

G/I/Ê 

C? 
100 mF 

R3 (optional 
IOK 

+ G TO 9 

II 

Ri controls CYCLE RATE. 
R2 CONTROLS FREQUENCY. 

PRESS FOR *USE .Oo<<7 FOR 

ADJUST RI FOR HIGH Resistance 
ULTRA SLOW SIREN. 

RS 
IK 3 

RL 
H.7K 

R2 
IOOK 

8 JI 
SPKR 

Rl 
\K 

8 JL 
SPKR 

CH 
100 m F 

RASPY WHISTLE. 
OR .Ol FOR 
Pure tone. 

R2. CONTROLS ENGINE 
SPEED. 
RH CONTROLS WHISTLE 
FREQUENCY. 



DUAL ANALOG DELAY LINE 
SAD-1 02HA 

contains two independent siz stage 
SERIAL ANALOG DELAY (SAD) LINES 
(also called Amalos shift registers). 
OK TO USE EACH 5)1 STAGE SAD 
separately or in series. analog 
delays op up to Vz SECOND CAM be 
ACHIEVED. A 2-PHasE CLOCK is REQUIRED 
to DRIVE IKlPuTS 3>l AND 4>Z. Input 
data RIDES THROUGH THE SAD ON 
alternating clock Pulses And 
APPEAR. At the TW/o OUTPUTS AFTER 
passing through all Sie stages, 
connect Wu to Vdo Cpin t) or, for 
OPTIMUM RESULTS, TO I VOLT BELOW 
Vot>. THIS CHIP CAN BE TRICKY To 
USE SINCE SEVERAL EXTERNAL 
ADJUSTMENTS ARE REQUIRED. CIRCUITS 
on this Page explain operating 
REQUIREMENTS WHILE a COMPLETE 
Circuit IS SHOWN on FAC/nG PAGE. 

NC <>2B OUT e> 0IB 

IN B I NO I OUT B \ Vuk 
lb| is| H| I3| iz| Il I io| 9| 

SECTION S 

SeCTIONJ A. 

I I 2.1 3| Hl 5| G I 7| 8| 
GMD I 4>2.A I OUT A I + IO-ITV 

IN A NC OUT A' </>IA 

CAUTION)'. TRIS NMOS CHIP IS 
vulnerable to damage from 
static discharge ! Follow 
CMOS HANDLING PROCEDURES. 

SERIAL OPERATION 

IN/OUT CONTROLS SAD 

+ IO -IS </>IA ■AZA RS 

Cl 

RI Controls bias to section ß. 

NOTE THAT only ONE OUTPUT OF A 
IS CONNECTED TO INPUT OF ß. 

ADJUST RI (INPUT bias) FOR OPTIMUM 
Audio output. Outputs APPEAR LIKE 
THIS ON A scope: 

A' —H—H—H—rL 
GLlTCHESx 

Summed outputs ^A+Az ): I I 

SET SCOPE TO VISUALISE INPUT SIGNAL 

(compressing clock rate): 

OUTPUT SUMMER 

AAA 

~Lk 2K-IOOK 

ANY OP-AMP CAN BE USED, BUT 

Low NOISE FET INPUT TYPES ARE 

BEST. 



DUAL ANALOG DELAY LINE (coNT1NueO) 

SAD-IO2HA 

OR PHASER ADJUSTABLE FLANGER 

RZ RI 
+ 12 V )M IOK 

+ 12 V 

FREQUENCY. CLOCK 

tOOK 

PREAM 

C9 
9 + IZV II 

13 

Rq 
TLORM 

RZI IZ 13 lb 
IOK. 

LOW- PASS 

• OOLF 

NUXER 

Io 
WITH LOW 

5 LEVEL AUDIO IN. 

FOR 

TRANSISTOR 

REVERBERATOR 

TO 

BALANCES 
lOyuF TO PIN 2 CONTROLS 

ORIGINAL 

TO 

Clock frequencies (zo-iookHz) For hollow, ioo kHz) And 
circuit is not 

5 

RIÎ 
IOK 

RG 
ISK 

HELPS 

SCOPE 

RS 

IK 

R2O 

IOK 

RIS 

H.7k 

RI7 

Sok 

R7 
5K 

Ril 

IOK 

5 OF 

R9‘s 

Rih 
h.tk 

riz 
lOK 

SLOW 
MOST 
TRY 

AUDIO 

SHOW 

BcAS 
R9 

SAD-IO2H A 

SECTION A 

SAD ,THEN 

CENTER 

START 

TO A 

bias 

SAD-I02HA 

SECTION B 

EFFECTS 
GIVE 

+I2V 

TO CONNECT 

HERE. 

OR PIN 3 

OF TL OÔH (TRY BOTH). 

EASIER TO 

SET Si AS 

(RIS, R?) BY 

Connecting 

Scope TO PIN 

: Radio to 
RESULTS. I 

SECTIONS 

r7^ 
TL08H 

RESULTS. se 
(5-BKHz) FOR 

Cl 

lOOpF-.OOlyMp 

R3 
“I OuF IK 

STRlKIN g 
5-20 KHz. 

OF THE 

APPLIED 

Output 
adjust 

AUDIO o-OL 

IN 

DESIRED EFFECT 

Clock frequencies 

RADIO TO 

A TALK 

add this Feedback circuit for 

2-PHASE CLOCK 

input. tune 
FOR BEST I 

ADJUST CIRCUIT 

BY CONNECTING 

C7-C8: 
USE .OI/.F FOR 
LO\w 0 RATES. 

HELPS TO 

Connect 
FREQUENCY 

counter here 
to MONITOR 

SWISHY SOUNDS. NOTE : 
For beginners. 

, REVERBERATIONS. 

FASTER CLOCK (20-
CAREFUL ADJUSTMENT 

Power amplifier. You must 
CONTROLS PROPERLY FoR BEST 

R2 FoR low frequencies 
SINGLE ECHO. USE HIGHER 

the Clock rate, 
balance control, 
relative amplitudes 
AND DELAYED SIGNAL 
mixer, connect the 

unusual reverberation 

Bridge here to eliminate 
high-pass cutoff. +izv 

GIVES ROBOT-LIKE SOUND USED IN 

Some science fiction movies. 

Rn is the main 
it controls the 

low-
pass 
filter 

Rl3 And R7 
A AND B OF 
HE SAD OUT-

CH 
IO mF 

R8 
H7K 

7M 
Mod 

Rig 
iok 

control 
the sad. 
Puts, rz 

CG R18 
lOyuF IOK 

'/h 
HOI 

V9 
HOII 

'M 

non 
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OPTOCOUPLERS 
TIL III - PHOTOTRANSISTOR 
TIL IH - PHOTODARLINGTON 

INFRARED led turns on 
Phototransistor WHEN led 
is forward biased. use 
to reduce electrical noise 
AND SHOCK HAZARD. IDEAL 
For isolating and interfacing 
Ml CROCOMPutê R gUS LINES. 

TIL III 

USE TIL 119 
SIGNAL IS 

WHEN INPUT 
SMALL. 

TIL III /TIL ||9 TEST CIRCUIT 
Vecl 

CALCULATOR/COMPUTER INTERFACING 

KEYBOARD INPUT CALCULATOR TIMER 
NC 

H7O IH 

TO KEY 

(REVERSE 

H = CLOSE 

OPEN 

CONTACTS 

IF NECESSARY) 

H = ENABLE 

l= disable 

i important : these circuits 
MAY VOID YOUR CALCULATOR’S 
warranty. t have used Bota 
with A low cost calculator 
with led readout. see 
Popular electronics , dec 1979 
( pp. &s -8i) For details. 
ALWAYS Follow MOS HANDLING 
PROCEDURES WHEN WORKING 

WITH calculators! IF NOT, 
You may damage the unit’s 
PROCESSING CHIP. 

NC 

TO OPERATE : 

I. SET Rl TO GIVE IO Ht 

TO 13 KEY 
CONTACTS 

FREQUENCY. NOTE: 
THIS SHOWS 

2. ENTER □ □ B CMOS 
INTERFACE, 

3. PRESS Si For TIM IMG PERIOD. 

H. READ TIME TO TEMTH SECOMD FROM 

Dis PLAY. 
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OPTOCOUPLERS 

MOC3Ô1O-SCR 

SCS 11C3 “TRIAC 

INFRARED LED SWITCHES 
TRlAC ( MOC 3OIO) OR SCR 
fSCSl|C3). MOC 3010 WILL 
Switch 12.0 volts Ac At 
IOO **A. SCS l|C3 will 
SWITCH 200 VOLTS DC AT 
¡00 t^/\. 

SEE RADIO SHACK'S 
’SEMICONDUCTOR reference guide" 
For more information. 

CALCULATOR OUTPUT PORTS 

SCR (DC) PORT TRIAC (AC) PORT 

2 2 5 

3 H 3 LOAD LOAD 

SCSHC3 MOC 3O/O 

AC 
VOLTAGE 

SEE 
BELOW 

RESET 
(NORMALLX 
CLOSED) 

SEE 
BELow 

CONNECT I AND 2 TO DECIMAL 
POINT OF LOWEST ORDER READOUT 
DIGIT. BE SURE to OBSERVE 
POLARITY. LISE ONLY W/TH 
CALCULATOR HAVING LED READOUT. 
TYPICAL OPERATION: KEY IN 
NUMBER WHICH PLACES DECIMAL 

THE LOAD FDR ALL THESE CIRCUITS 
MAY BE LAMP, MOTOR OR OTHER 
DEVICE WHICH DOES NOT EXCEED 
RATING of OPTOCOUPLER. 

COMPUTER OUTPUT PORTS 
Anywhere but final digit, then 
press Q Q □ [3. Number 
IN DISPLAY WILL BE DECREMENTED 
EACH TIME IZ) IS PRESSED. WHEN 
count Reaches o, decimal 
MOVES TO LAST DIGIT AND 
Actuates output port. for 
MORE INFORMATION see POPULA R 
ELECTRONICS } DEC. 1919 (pR. 80-87). 
Some, calculators will require 
different keystroke sequence. 
important: these circuits 
MAY VOID THE WARRANTY OF 
Your calculator or computer. 
FOLLOW MOS HANDLING PROCEDURES 
TO AVOID DAMA GIN G CALCULATOR 
or computer. computer Ports 
DESIGNED TO INTERFACE W/TH 
TTL OR LS BUS LINES. 

MCC 3010 - AC 

AC 
VOLTAGE 

-> 

PORT 



OPTOCOUPLER 
M0C5OIO LINEAR AMPLIFIER 

COUVERTS CURRENT FLOW THROUGH 
led into output voltage, 
ideal FOR telephone LINE 
COUPLING AND VARIOUS AuDIO 
APPLICATIONS. 

A GKID OUT 
kl sl 

A K Me 

ISOLATED ANALOG DATA LINK 
Out 

ÎLO 

7h i IOK 
3 

LNLLLZ 
5.GK S.ioK 

MoC 5010 

K 

RI 

IM BIAS 
ADJUST 

LOW LEVEL 
Signal or 
MICROPHONE 

+. oozs 
GIVES 

OUTPUT 
REDUCE 

VOLT IN 
FULL 
OF +8. 
Rl OR 

VERT SENSITIVE. 

RL TO REDU CE 
SENSITIVITY 

RL 
IOOK 

SCR DRIVER TTL INTERFACING 

AC SIGNAL ISOLATOR 
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