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FOREWORD

It's a real shame that the millions who have read Forrest’s articles,
columns, and books over the years have never had the chance to get to
know him persenally. 've been lucky enough 10 be able i¢ call him my
friend for several years. This book is special 1o me because the first
edition of this book was the reason why | met and got fo know Forrest.

] tirst met Forrest in 1979. t can’t recall the exact date, but it was a
fearsomely hot mid-summer day in Fort Worth, Texas. | was working al
Radio Shack’s national headguanters in their technical publications
department. My boss, Dave Gunzel, had spearheaded an effort for
Forrest fo generate a book of IC applications circuits that were similar to
Forrest's actual working laboratory notebooks. Forrest was carsiully
preparing each page by hand on transparent Mylar sheets using a fine-
tip pen. | monitored his progress eagerly, and one day Dave told me
that Ferrest Mims would be arriving the following week with the last of
his Mylar originals.

Wow! | was going to really meet Forrest Mims! | hadn’t seen a photo
of Forrest before, nor had Dave told me much about how he looked or
acted. (In retrospect, | now realize that was deliberate on Dave’s pant—
he wanted me to “discover” Forrest on my own.) | had my own mental
picture of Forrest, though. Obviously, a serious fellow. Anyone who
came up with all those electronic circuits couldn't have much time for
laughier. Probably sharply focused and hot interested in anything other
ihan electronics. An oider gentleman, ceriainly, with a white beard and a
fondness for jackets with elbow patches. A pipe and slight Germanic
accent were also likely. He wouid probably think | was really stupid and
rot have a lot ot patience with me.

The Big Day qQuickly arrived. Forrest was due in that afternoon. | had
carefully rehearsed my welcoming speech; “Hello, Mr. Mims. It is
certainly good to see you. Would you like an ashtray for your pipe?”

| was alone in the technical publications office that afternoon when
someone | didn't recoghize stuck his head into the office doorway. He
was wearing normal business attire, smiled easily, spoke with a slight
Texas accent, and was looking for Dave Gunzel. Oh brother, | thought,
another new employee who's lost in Tandy Center. Doesn't this guy
know that Forrest Mims is geing 1o show up this afternoon and | dont
have any time to waste on him??? | mumbled something about Dave
being gone for a few minutes and that we were expacting a visitor later
that afternoon.

The stranger seemed apologetic. He didn't want {0 waste any of my
time or Dave's if we were expecting someone imporiant, he said; he just
needed to tend to a couple of matiers quickly and wouldn't bother us



any further. He approached my desk and extended his hand toward me.

“Hi," he said, “I'm Forrest Mims; you must be Harry.”

I don't recall my reply, but | think it was the unmistakable sound of
self-mortification.

Forrest had work to do and wondered if | could help. He needed to
spray the Mylar sheets with a protective coating before furning them
over to us for printing. We commandeered a vacant area of the thenh-
new Tandy Center, spraad out the Mylar sheets, and spent the next
couple of hours emptying aerosol cans of clear lacquer while discussing
the state of the universe.

That afternoon, | discovered what a remarkably unpretentious guy
Forrest is. Here was one guy who had eamed the right t0 a massive
ego, yet he was straightforward, down to Earth, and almost skepticai of
his achievements. Our conversation ranged from electronics to lasers to
politics to Texas history to computers to religion to. . . . well, you name
it. it was incredible how many subjects Forrest was interested in, and
how insatiable his curiosity was about everything in the natural world.
By the end of that afternoon, | felt as if | had known Forrest for years.

A lot has happened since then. | eventually left Texas to become a
book editor in New York and, a few years after that, moved to California
where | became a founding partner in HighText Publications. Through-
out, Forrest remained a valued friend and trusted confidant. The intelli-
gence and insight that are apparent in his circuits extends to many other
areas, and he has a wit and sense of irony that are delicious. While we
don't get 10 spend much time physically in each other's company, it's a
rare week when we don't have at least two or three lengthy telephone
conversations. As technology has advanced, so have our modes of
interaction; we often exchange a couple of faxes per day on various
subjects.

We had no idea that the book we worked on back on that hot summer
afternoon in 1979 would go on to sel! over 750,000 copies in its various
aeditions. Some of the pages we worked on back in 1979 appear in this
book, a testimony to the enduring guality and relevance of Forrest's
work. For readers such as yourself, this book will be a valuable refer-
ence to contemporary, real-world IC applications. For me, it brings back
a lot of good memories. And, no, Forrest doesn’t smoke a pipe, doesn?
wear jackets with elbow patches, and doesn't have a beard.

Harry L. Helms
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INTRODUCTION

Since my student days at Texas A&M University | have kept a series of
laboratory notebooks. in these notebooks | record details about experi-
ments, measuremenis, and new ideas. Also included are many electronic
circuit diagrams. Dave Gunzel, formerly the director of technical publica-
tions at Radio Shack, took an imerest in my notebooks in the mid-1970s
and suggested that Radio Shack might someday want to publish a book
of electronic circuits based on their hand-drawn format. Several years
later, Radio Shack assigned me to produce Engineers Nolebook, a 128-
page book of electronic circuits. The hook soon became a Radio Shack
bestseller. As new integrated circuits were added to Radio Shack’s
product line and others were dropped, | revised the book as necessary.
Later, Radio Shack authorized me to do an edition of the book for
McGraw-Hill.

This revised edition for HighText Publications represents the best and
most interesting circuits from all previous editions.

The integrated circuits described in this book remain among the most
popular ever introduced. Most of them are readily available from Radio
Shack, electronics parts suppliers, and mail-order dealers. Magazines
such as Radio-Electronics carry ads from mail-order IC dealers. A few of
the chips are specialized and finding sources for them may be more
difficult. Four of the devices—the CEX-4000, 5560240, PCIM-161, and |
SAD-1024—may be available only from dealers in surplus and discontin-
ued iCs. However, the overwhelming majority of chips described in this
book are readily available from many different sources. In fact, prices for
some of the more common devices have fallen substantially since the first
edition of this book. Some are available today for pennies!

Most of the part nurmbers given for the integrated circuits in this book
are generic, and various manufacturers may add additional letters or
numbers or even use a completely different number. Far example, the
4011 is a quad of CMOS NAND gates. An “A” suffix (4011A) means this
chip can operate from a 3- to 12-voit supply. A “B” suffix {4011B) means
the chip can operate from a 3- to 18-volt supply. The high-voltage version
of the chip is by far the most common. Nationa! Semiconductor adds a CD
prefix to its versions of the 40118 (CD4011B), while Motorola adds an
MC1 prefix {MC140111B). Nevertheless, both chips are functionally
identical.

For additional information about chip identfication and specifications,
see the data books published by the various integrated circuit manufactur-
ers. These books are available directly from manufacturers of integrated
circuits and from industrial supply companies that represent integrated
circuit manufacturers. They are aiso available from some mail-order
electronics paris dealers.

Forrest M. Mims I
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ABOUT THE AUTHOR

Forrest Mims has been an electronics hobbyist since building a one-
tube radio kit at the age of 11. Following graduation from Texas A&M
University in 1966 and service as a photointelligence officer in Vietnam,
he worked for three years with high-powered lasers, solid-state instru-
mentation, and trained monkeys with the Air Force Weapons Laboratory
in New Mexico. Since becoming a fuil-time writer in 1970, he’s wrilten
several hundred magazine articles and scholarly papers. His articles
and columns have appeared in vitually every significant electronics
magazine, including Popular Electronics, Radio-Electronics, and Modern
Electronics. His articles on other scientific topics have appeared in a
wide range of other publications, including National Geographic Worid,
Science Digest, Highlights for Children, and Scientific American. His
editorial exploits have included an assignment from the National
Enquirer to evaluate the feasibility of eavesdropping on Howard Hughes
by laser (it was possible, but Forrest declined to take part) and getting
dropped by Scientific American as their “The Amateur Scientist” colum-
nist because he admitted to the magazine's editors that he was a born-
again Christian. His book sales total in the millions, and he is likely the
most widely-read electronics writer in the world.

Forrest is currently busy as the founding editor of Science PROBE], a
new magazine aimed at amateur scientists. In this role, Forrest is
creating the sornt of magazine that he wishes had been available in his
youth while acquiring a new understanding of the frustrations of being
an editor. He still keeps up a hectic pace of electronics and science
experimentation and writing.

Forrest and his wife Minnie have three children, and they currently
live in the Texas countryside near San Antonio. They are active in
church activities, and Forrest is a Baptist deacon. He has his office and
electronics lab in an old restored farmhouse adjacent to his home.



PARTS SOURCES

The chips and related components (resistors, capacitors, efc.)
used in this book are available from a variety of sources, including
electronics stores (such as Dick Smith Electronics in Australia and David
Reid stores in New Zealand), advertisers in electronics magazines, and
industrial electronics suppliers. Some chips—such as the SN76477N,
SN76488N, and SAD-1024A—are a bit "rarer” and you may have to look
for them at companies specializing in surplus and discontinued devices.

Manufacturers of integrated circuits publish "data sheets” giving
the bare-bones specifications for a chip and "applications notes” that give
additional information, including circuit schematics using the chip. These
can be oblained by contacting the national headquarters of the chip
manufacturer or their nearest sales office.

The manufacturer of an integrated circuit is identified by a prefix
in front of the actual part number. For example, "LM741" and "MC741"
would both indicate the device was the common 741 operational amplifier
found on pages 93 to 96 of this book. However, the "LM" would indicate
the device was manufactured by National Semiconductor while the "MC"
would denote a device manufactured by Motorola. Here are some
common prefixes and manufacturers:

AD Analog Devices M Mit__subishi

Am Advanced Micro Devices MB Fujitsu

Bx Sony MC Motorola

CA RCA (now Harris) MM Motorola

CD RCA (now Harris) NE Signetics

Cx Sony PM Precision Monolithics

DM National Semiconductor T  Toshiba

F  Fairchild (now TL.  Texas Instruments
National Semiconductor) TMS Texas Instruments

FSS Ferranti XR Exar

HA Harris uPB NEC

HA Hitachi

HD Hitachi

HG Hitachi

HI  Harris

IR Sham

KA Samsung

LF National Semiconductor
LM National Semiconductor
LT Linear Technology

Xi



REVIEWING THE BASICS

INTRODUCTION

"Can I use a 0.22 uF capacitor
instead of a 0.01 aF unit?"

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

This section will tackle these

common gquestions and many others.

Master them, and you will be
well prepared to tackle the
circuits in this book.

RESISTORS

Resistors limit the flow of
electrical current. A resistor
has a resistance (R) of 1 ohm
if a current (I) of 1 ampere
flows through it when a poten-
tial difference (E) of 1 volt
is placed across it. In other
words:

_ E - E —
R = T (or) I = = {or} E = IR

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

Resistors are identified by a
color code:

:F:::::?

COLOR 1 2 3 (Multiplier)
BLACK 0 0 1
BROWN 1l 1 10
RED 2 2 100
ORANGE 3 3 1,000
YELLOW 4 4 10,000
GREEN 5 5 100,000
BLUE 6 6 1,000,000
VICLET 7 7 10,000,000
GRAY 8 8 100,000,000
WHITE 9 9 (none)

A fourth color band may bhe pre-
sent. It specifies the tolerance
of the resistor. Gold is % 5%
and silver is + 1l0%. No fourth
band means + 20%.

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

What does K mean? It's short for
1,000. 20K means 20 x 1,000 or
20,000 ohms. M is short for meg-
ohm or 1,000,000 ohms. Therefore
a 2.2M resistor has a resistance
of 2,200,000 chms.

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? Thén it's usually okay
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.

2. Voltage division. For instance:

10y The voltage at ? is

I x R2. I means the
current through Rl and
R2. So I = 10/(R1 + R2)
1x or 0.005 amperes.
Therefore, ? = (0.005)

? x (1000) or 5 volts.
RZ
1K Note that the total
resistance of Rl and
= R2 is simply R1 + R2.

This rule provides a
handy trick for making
custom resistances.



Voltage dividers are used to
bias transistors:

>+

_—

VOLTAGE
DIVIDER T

ouT
N

1

They're also a convenient
source of variable voltage:

+iov

POTENTIOMETER O-I1D VOLTS
(VARIABLE 7 ¢

RESISTOR)

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

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

CAPACITORS

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

1 microfarad (uF)= 10-6 farad
1l picofarad (pF)= 1012 faraad
or
1 puF = 1,000,000 pF

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

2

marked .001-1000 are rated in pF.

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

ﬂ
N __-

THESE LEADS MUST GO
TO THE MOST POSITIVE
COmNEBCTION POINT.

Capacitors have a voltage rating,
It's usually printed under the
capacity marking. The voltage
rating must be higher than the, ‘
highest expected voltage (usually
the power supply voltage).

Caution: A capacitor can store a
charge for a considerable time
after power is removed. This
charge can be dangercus! 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 (1K 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 nF across power

supply pins of di?ital ICs. Stops
false triggering.

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

Ae) DA Faratay

RECTIFIER



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

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

5. Filter out unwanted portions
of a fluctuating signal.

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

3-t-F1-- +] - NS

7. Or to differentiate a
fluctuating signal:

MEW\V

8. Perform a timing function:

+ PEE}SS R
b e

C will gquickly 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
0f 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 pF.

SEMICONDUCTORS

Usually made from silicon. Be sure
to observe all operating restric-
tions. Brief descriptions of im-
portant semiconductor devices:

DIODES

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

A — DA

ZENER DIODES

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

13
+ + .
QT 3
IN DI OuT (V) o
o— > GND 3690

NV
DI = & VOLT ZENER DIODE

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

LIGHT EMITTING DIODES

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

Vee Rg = vcc _ VLED
LED;

Example: Vppp of red
LED is 1.7 volts. For
LED a forward current
¥y (LEDT) of 20 mA at
Vee = 5 volts, R =
- 165 ohms. Don't ex-
ceed LEDI!!



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 1s 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:

MANUFACTURER PART NUMBER
(MOTOROLA) (4021)

\ [ Bl [ [ml [ 6
@ MC1H02IB “ |

O[’CPSQ’ZL{
EE-_I 3] Ia] 1s] [ 17]

DATE CODE:

8L6= 1786
24= 24%h 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:

7835 DATE cobE |2¥ 7820
CDY06LRCN
J 2)19L MM 566 8N

21490 Qo6&

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.



DIGITAL INTEGRATED CIRCUITS

INTRODUCTION

DIGITAL ICs ARE 2-STATE DEVICES.
ONE STATE 1S NEAR O VOLTS OR
GROUND (LOow OR L) AND THE OTHER
IS NEAR THE IC's SupPPLY VOLTAGE
(MGH ©OR H). SuBsSTITuTE O FOR L
AND ! FOR H AND DiGITAL TICs
CAN PROCESS INDIVIDUAL BINARY
DIGITS (BITS) OR MULTIPLE
A 4-BiT wWORD 15 A MIBELE AND AN
88T woRD Is A ABAYTE,

THE BINARY SYSTEM

ITs VERY HELPFUL TO Know THE

FRST  le BINARY NUMEBERS. IF O=L
Anp | = H, THeEY ARE:

O-LLL L 8 ~HLL L

l-c et H - H LLH
2-LLHL lo- HLHL
3-LLHH N —HLHH

Y- LALL 2 -RRKRL L
§-LHLAH 13- H HLH

- LHHL M- HHHL
T-LHHH 1IS5- HA RH

NOoTE THAT LLtl (O) 15 AS MUcH A
NUMEBER AS AnY OTHER MUMBER.

LOGIC GATES

ARE MADE BY INTER-
MOKE oOF THESE

LoGIC CIRCcuUITS
COWNNELTING TWO OR

BASIC LoaIC G ATES:
AD_’ODT A BlouT
B L v} L

L. H L
AND TN S
H HI H
AD}_’ SOT A Q ouT
8 L o] W
L H H
NAND "
H H L

8T woRDS,

A:D'_‘OUT A BlouT
B L L L
OR Y

H H H
Dreor ater
NOR A

H H L

AD%OUT A BJOUT
B L L L
L H H

EXCLUSIVE-OR  w ol w
H H L

D atfes
EXCLUSIVE-NOR w of ¢
H H H

ouT ..-I—Q—_

A |> :LUT
HI H

YES (BUFFER)

A*DO-D ouT

NOT (INVERTER)

T
LI M
Hi L

3-STATE LOGIC

CONTROL CONTROL ___

A ‘&_VOUT A__Do_,owr

gontoor Al our  comrroL AlouT
L L L L .| H
L Wl W L H| b
H LIHI-Z H XiH-2

Hi=17 OUTPUT IN HIGH IMPEDANCE STATE.
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MOS/CMOS

INTRODUCTION

MOS TCs CAN CONTAIN MORE FunNc-
TIoNsS PER CLHIP THAN TTL/LS AND
ARE VERY EASY TO USE. MOST CHIPS
IN THIS SECT/ION ARE (MOS (com-
PLEMENTARY MOS). THEY CONSUME VERY
LITTLE POWER AMD OPERATE OVER A
+3-15 voLT RANGE. CMDS CAN BE Pow-
ERED BY THIS!

" T'—** e
+
q vours _—_ * a

(BATTERY) —_ T

i _» OGND

OR YOULU CAN USE A LiINE POWERED
SUPPLY MADE FROM A 7805/7811/78I5.
SEE THE LINEAR SECTION.

INCIDENTALLY, YOu CAN POWER A
LMOS CIRCUIT FROM TwWoO SERIES
CONNECTED PENLIGHT CELLS, BUT
A 9-12 VOLT SUPPLY WILL GIVE
BETTER PERFORMANCE,

OPERATING REQUIREMENTS

. THE INPUT VOLTAGE SHOULD NOT
EXCEED Vop ! (Two EXCEPTIONS:
THE 40449 AND 4050.)

2, Avoid, IF POSSIBLE, SLOWLY RISING
AND FALLING INPUT SIGNALS SINCE
THEY CAN CAUSE EXCESSIVE POWE R
CONSUMPTION. RISETIMES FASTER
THRAN 15 MICROSECONDS ARE BEST

3. ALL UNUSED INPUTS MusT Be
CONNECTED TO Vps (4) OR Vg (6ND).
OTHERWISE ERRATIC CHIP BEHAVIOR
AND EXCESSIVE CURRENT CONSUMPTION
WILL OCCLR.

COMNNECT AN INPLT
CIRCUIT WHEN

4. NEVER
SIGNAL TO A CMOS
THE PDWER IS OFF

C. OBSERVE HANDUING PRECAUTIONS.

b

INTEGRATED CIRCUITS

HANDLING PRECAUTIONS

A CMOS CHIP 1S MADE FROM PMOS
AND NMOS TRANSISTORS. MDS MEANS
METAL ~ OXIDE — SILICON (0R SEMICONDUCTOR).
P AND N REFER TO POSITIVE AND
NEGATIVE CHANNEL MOS TRANSISTORS.
AN NMOS TRANSISTOR LooOKS LIKE THIS:

+ Yoo

GATE
(1N) ‘ YV |
— ouT

1 = —
3

N P N
1. ALUMINUM
- - 2. [0
= 3. SILICON

A PMOS TRANSISTOR IS IDENTICAL
EXCEPT THE P AND N REGIONS ARE
EXCHANGED. THE $Si10z (SILICON DIOXIDE)
LAYER 15 A GLASSY FitM  THAT
SEPARATES AND  NSULATES THE METAL
GATE FROM THE SILICON SUBSTRATE.
THIS FILM 15 WHY A MOS TRANSISTOR
OR TIC PLACES PRACTICALLY NO LOAD
ON THE SOURCE OF AN INPUT SIGNAL.
THE FiLM 1S VERY THiN AND S THERE-
FORE EAS|LY PUNMCTLRED BY STATIC
ELECTRICITY:!

P
¢ - 'l u
CAPACITOR
¢ 2 X

',)4/

HOLE

PREVENT STATIC DISCHARGE!

. NEVER STORE MOS IC's IN NONCON-
DUCTIVE PLASTIC "Snow," TRAYS , BAGS
OR  FOoAaM.

2. PLACE MOS ICs PINS DOWN ON AN
ALUMINUM FOIL SHEET OR TRAY WHEN
THEY ARE NOT N A CIRCUIT OR
STORED IN COMDULTIVE  FOAM,

3. UusE A BATTERY POWERED IROMN TO
SOLDER MOS  CHIPS. Do NOT USE AN
AC POWERED IRON.



INTERFACING CMOS

. IF SUPPLY VOLTAGES ARE EQUAL:

+5 (Vepp)
Rpu: Rpu: 470 —4.7K
PuLlup FOR TTL;
RESISTOR. | — 10K
FOR LS.

/a'

TIL oR LS _I_ {mMos
+5
Vel *
cMOS TTL OR LS

2. DIFFERENT SUuUPPLY VOLTAGES:

+3-15

| \ \TTL
__L HoY4Y oR
oR LS

4050

NOTE THAT CMOS MUST BE POWERED
BY AT LEAST 5 vOLTS WHEN

tMOS S INTERFACED WiITH TTL.

OTHERWASE THE C(MOS INPUT WLl

EXCEED Vpo.

3. CMOS LED DRIVERS:

Vop (+3-5V)

X 4
C.Lows/ Vpp=+3-15V (‘ =
WHEN GLows
Low, WHEN

Voo (+3-15v)  HIGH.
R R \ ff
Vpp —~ 1.7 -
R= .ol (FOR YO mA LED CURRENT)

USE 1000 OHMS FoR MOST AFPPLICATIONS.

CMOS LOGIC CLOCK

M AN CIRCLUITS IN THIS SECTION
REQUIRE A SouRceE OF PULSES.
HERE'S M  S|mMPLE CMOS CLOCK

*3-18

TYPICAL VALUVES: R=j00K , C= O.ot— 0. uF

Ok TO OUSE 4049 ... BUT MUCH MORE
CURRENT WILL BE REQUIRED.

CMOS TROUBLE SHOOTING

. DO AlL INPUTS GO SOMEWHERE?

2. ARE ALL IC PINS INSERTED INTO
THE BOARD OR SOCKET?

3 Is THE Tc¢ KWgI? IF So, SEE !-2
ABOVE AND MAKE SURE THE OUTPUT
IS NOT OVERLOADED.

H. DoES THE CIRCLIT OBEY ALL CMOS
OPERATING REQUIREMENTS 7

5 HAVE YDU FORGOTIEN A CONNECTION?

7



QUAD NAND GATE Voo (+3-15V)
4011 wh )2y o 9p 8
THE BASIC CQMO0S BUILDING BLOCK
CHIP . MORE APPLICATIONS THAN TTL
7400/ THLSQO QUAD NAND GATE,
CONTROL GATE ouT
Voo /1 2] 3l 4 s el 7|
e LL H =
A B. ouT L H H | MPORTANT: CONNELT ALL UNUSED INPUTS
B > H L H TO PN 7 OR 14
= H H L
NOR GATE
INVERTER AT Voo
A Blou L
AlocuT L4 H
ouT B LY L
L H ouT H L L
H L H H L

-1 NPUT NAND GATE

ABC DlouT

I XX
FEZrXrI

EXCLUSIVE-OR GATE

OuUT
Yy NH 1 AplourT
L & 14501 e
H A _:_ By N3 Vip = OIL L L L
H 8 o » ouT L H H
H 8 1’4 1] —y H I H
9 |4on H H L

w F




QUAD NAND GATE (conTiNnusbD)

4011

GATED OSCI!ILLATOR

o}
.Ol,\'F

FREQUENCY IS
SQUARE WAVE,

OUTPUT
I KHa

SIMPLE OSCILLATOR

OUTPUT
AS AROVE

NOT AS SYMMETRICAL

CIRCU\T,

GATED FLASHER

+4 K

" NN

100K I 4.7 uF

FLASRES -2 H=
ENABLE S HIGH.
STAYS ON WHEN
Low.

LED
WHEN
LED
ENABLE IS

TOUCH SWITCH

*...__.
TOUCH ENARLE *CAUT!ON:
WIRES (wHEN H) BATTERY
POWER,
- oniy!
QUTPUT GOES Hial WHEN
TOUuCcH WIRES ARE BRIDGED

BY A FINGER,

ONE-~SHOT TOUCH SWITCH

22 M VDD

[1=1-1'4

100 K
Tovcw -~
WIRES

OuTPUT GOES HIGH
WHEM TOuCH WIRES
ARE BRIDGED BY A
FINGER . OUTPUT THEN
AFTER ABoOUT |

RETURN S Low
SECOND.

INCREASED OUTPUT DRIVE

INVERTER NAND GATE

USE THIS METHOD TO INCREASE
CURRENT THE  40i1 CAN SOURCE

OR SINK. OK To ADD MORE GATES.

Cl



QUAD NOR GATE Voo (+3-15V)

4001 wh 3] v 0l o 9] 8
AN IMPORTANT CMOS BUILDING _[I)J l.(]‘__
BLOCK  CHIP, ITS HIGH IMPEDANCE

INPUT MAKES POSSIBLE MORE
APPLICATIONS THAN THE TTL 7902/
TFHLS 0L QUAD NOR GATE.

T 2] 3] 4i s €] 71

BOUNCELESS SWITCH =
I MPOQRTANT: CONNECT ALL UNUSED
INPUTS TO PiN 7 OR I4.

INCREASED OUTPUT DRIVE

—

100 K

I NVERTER NOR GATE

= UsSe THIS METHOD TO INCREASE,
CURRLENT THE 4HO00ol CAN SOURCE

GATED TONE SOURCE OR SINK. OKk TO ADD MORE GATES.

Voo 470

¥ LED FLASHER

SPKR +9 1K

‘l-.\OIIuF

TONE. FREQUENCY 1S ABOUT /KHz.

LED FLASHES -2 'rmss/sscwo_

‘on RS LATCH
_ OR GATE
R s|@ Q
L L I NO CHANGE
L H | H L
H L[| L H
H H | NOT ALLOWED




QUAD AND GATE
4081

BUILDING BLOCK CHIP USE
FOR BUFFERING AND LOGIC.
NOT AS VERSATILE AS 4o01.

AND GATE BUFFER

vlb
IN \ ouT  IN=O0uT
z T
NAND GATE
Vep Voo AB lourt
a L L H
3 3 L A H
‘\ Y 4ous :: E
NOR GATE
ouT
H
L
L
[

e, P ouT
¢ 5 J IV
7 AB ¢ D Jour
= HN MH L
XX XX ,H

Vop(33-15V)

I‘iT 131 12f n[ w0} ¢ 8

o

4] 5| @ -:_L

th 2 3

DIGITAL TRANSMISSION GATE
Yop




QUAD EXCLUSIVE-OR GATE Vpp (+3-15v)
4070 HT 3L 2] uf el 9| 8

THE OUTPUT OF EACH GATE Goes
Low WHEN BoTH INPUTS ARE

EQUAL, THE OUTPUT GOES HIGH ]
IF THE INPUTS ARE UNEQUAL.
MANY APPLICATIONS [NCLUDING BINARY B

ADDITION, COMPARING BINARY WORDS t] 2] 3] 4] s| ¢ 7J_
AND PHASE DETECTION, —
IMPORTANT . CONNECT UNUSED INPUTS
TO PIN 7 OR 14, CONTROLLED INVERTER
1 =-B1T COMPARATOR Voo
- 1Y
IN y ,?b
THIS CjRCuIT 1S ALSD A HALF-ADDER -
WITHoUT A QARRY OQUTPUT. A
CONTROL =
ABR|ouT ()
L: IN = ouT
H: IN = 30T

hote
rrrr
rrTrr

BINARY FULL ADDER

H-BIT COMPARATOR CARRY IN Yoo
S TR ' sum

DETERMINES {F TWO 4H-BIT WORDS 7 CARRY
ARE EQUAL. M2 5le] Voo v, 2 ouT
HINT: USE \’: 7 Y’“ i °
VDD VDD Yo (F‘-B-‘?) ol GH ) 8
{F 4otZ 13 3 = 4 ‘ Iy 3
T 3
VNAVAILABLE. S o~ . uﬂm 3 TJ:‘
Vop 74 b 1 o1,23= Y 4049
4
o
! ouT
Hoiz PHASE DETECTOR

A} —
Y2 qono V34049 =

D L ) / 10 Vi i nd
o 13 ‘i? | IF DCBA=D'C'8'A
f 5 OUTPUT IS LOW,
QTHERWISE QUTPUT
= = IS HIGH. USE
SEcoND HALF OF LED SToPS GLOWING WREAN THE

40127 AS INVERTER TO REVERSE OPERATION. INPUT FREQUENCIES ARE EQUuUAL.

12




QUAD EXCLUSIVE-OR GATE (continued)
4070

EXCLUSIVE -~ NOR 3~INPUT EX-OR

Voo

QuT

Itl= 4070 -

{O MHz OSCILLATOR

Vbp

ouT

14 100K
. — W
2

ouT =

Voo= 3 To IS VouLTs

¢l = Y4 4070 AB|OULT FREQUENCY  VARIES  WITH  \py ©
ICZ = Y 4049
LL|H Voo | FREQuUENnCY | AMPLITUDE
LKL
HL |t 5 2.4 Mpa 3.5 v
HHI|H 10 G.4 MH 8.0 Vv
1S l{,0 MH2 iz.0 V

SQUARE WAVE GENERATOR

VoD

Voo
" ouT
ERLS
= Vpo = 3 To 1§ VOLTS
ICl, 2= 4070 RISETIME = 50 NANOSECONDS
FREQUENCY = 2 MHz ‘WHEN

Vop = 1D VOLTS



HEX INVERTING BUFFER
4049

IN ADDITION TO STANDARD
LOGIC ANMD CLMOS TO TTL
INTERFACLING, OFTEN USED
IN OSCILLATORS AND PULSE

GENERATORS. FOR LOW CURRENT
APPLICATIONS |, USE 40N CONNECTE
As INVERTER, (OK TO USE 4oll FOR

CIRCUITS ©ON THIS PAGE))

CLOCK PULSE GENERATOR

o] 15] 4

A
Y

3] iz

vy

H

D
1} 21 31 4] s] e 7] &
Voo (+3-ISV) =
NOTE LNUSUAL LOCATION
OF POWER SUPPLY PINS.

PHASE SHIFT OSC)LLATOR

R
100 K} ¢ }
\ (e I(.o:—/oﬂp)

1 __
PULSE RATE=[49RL

1,2= Y3 4049

BOUNCELESS SWITCH

Voo

SQUARE WAVE GENERATOR

L, T

z

I-).OUT

)

1.2.3= 24049

CT | c;—

QUTPUT FREQUENCN= 3.3p¢

TRVANGLE WAVE SOURCE

FREQUENCY = | 4 R Q1

! E] lNo_-—al__/\/\/\_q

REPETITION RATE = L4 R

1.2 = Ys 4049

4

ra

LINEAR 10X AMPLIFIER
R2
AAA 1DOM
| Rl Voo
O 1M \
7 b5 493 IL;.OUT
1. 123 =
NOTE THAT THE = Y24049

INVERTERS ARE

USED

iN G A LINEAR MODE. GAW= RZ/R].



HEX NON-INVERTING BUFFER

4050

PRIMARILY INTENDED FOR
INTERFACING CMOS To TTdl,
SUPPLIES MORE CURRENT
THAN STANDARD CMODS.

IMPORTANT . ALL UNUSED [INPUTS
MUST GO TO PIN | OR 8,

OUTPUT EXPANDER

1,2,3=% 4050

VDD
] 3{&‘ 2
(N 4_5% OUTPUTS
7 A
8

OUTPUT BUFFER

Voo
!
cmMmos| 3 Z ouT
8
1 Ye4osO

CMOS TO CMOS
AT LOWER Vg,

6] 15| 4] i3] 2] ] te] 9

INPS

LA NE AT I Y

NOTE ONUSUAL LOCATION
OF POWER SUPPLY PINS.,

||}2

LOGIC PROBE
Yo Ho50 3 A Voo

3 ' 2
INPUT 8 ¥y 1K
1 LED GLows

- WHEN INPUT
1S LOW,

INCREASED OUTPUT DRIVE

VDD & ¢OUT
1, 2,349 = 2 4 5] o
2/43 4050 J a

CMOS TO TTL/LS
AT LOWER Vec

Vop | Vop 2 Voo +5 (Ve
T A A
TT L
CMOS CMOS oR
LS
T Voo | EXCEEDS Voo 2. = 1= Y% 40S0

1= Ve 4050

I5



DUAL 4-INPUT NAND GATE Voo (+3-15V)
4012 144 13| r

VERY USEFUL IN MAKING ;

DECODERS. ALSO CAN BE
VSED To ADD ONE OR
MORE ENABLE INPUTS TO
vARIOUS CIRCUITS.

s

nj o] 91 8}

|

Ei

I BT BT B B B B
ENABLE [INPUT

Voo BLD DECODERS
14
—_— 2] »
3| ™ / DECI MAL O
4] 4yoiz
INPUTS s A3 2
i QUTPUTS v I I I |
12 oo XEXX = L
| % 13 R S 4 2
18] 4002, 8 3
q - Y
—_—
ENARLES, s ¢ b | s
D 9 10

!

LLLH=H
AAAR= L

a9 io L4 1z
= 1,234 A |
/e 4099 L3 y Voo Voo HLLR=RK
|2 By = | " AA XY=L
ENABLE _!M M-S 10| 4oy
%
o

WHEN ENABLE IS L, THE L

OUTPUT CORRESPONDING TO -

THE BA BINARY INPAUTS GOES Low. ALL
OTHER OUTPUTS Go HicH WHEN ENABLE /S H,

I6

I |




TRIPLE 3-INPUT NAND GATE

4023

HANDY FOR MAKING
CONVERTERS AND

CuSTOM DECODERS,
INPUT GATES.

MULTIPLE

6- INPUT OR GATE

Voo
i 14
.

3
; i‘* 5
b 5

glo

S

—
-

DECIMAL-TO-BCD CONVERTER

DECIMAL

9876543210

???T?T"?

IN  (SELECTED

14
Y3

yoz3
7

—

ouT

DIGIT H o,
ALL OTMERS L.)

|

[y V]

IMPORTANT: CONNECT

Vpp (+3-15V)
4l nl o] 9] 8
2] 31 4] 51 e 7

INPUT S

ALL UNUSED
TO PIN 7 OR I4,

9- INPUT NAND GATE

Voo

Vs
4613

ney

o o

LY ,s

mmao

Ys

|

HT ®
B

9

|- OF -4

o3

o3\t 8

"‘013 0 7

Voo

| 1,2.3= /24049

) z

8 Vio
A

T>Sod 4 %\
S| ST

3";. [

5_!__1.. UNUSED INPUTS

MUST BE GROUNDAD,

DECODER

,2,3,4,5 = Y 4049

H|::: 15 13

ENABLE

17
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QUAD BILATERAL SWITCH Voo (+3—t5v)
p I/o O/t 9/11/0
HObb m 13[ |1Ln| 101 9} 8_\:\
I3 L1
ONE OF THE MOST VERSATILE ¢
CMos CHIPS. PINS A,B,C AND D -
CONTROL FOUR ANALOG SWITCHES. T o ?
CLOSE A SwiTCH BY CONNECTING
ITS CONTROL PIN TO Vp,. ON E__'
RESISTANCE = 80 —250 OHMS. 1
OPEN A SwITCH B8Y COMNECTING ITS 2] 31 &« s] 6] 7
CONTROL PIN TO GROUND (v 2). Ij/o Ot Ot x/p B C =
OFF RESISTANCE = 107 OHMS. Tfo (INPUT/
OUTPUT) AND Of/T PNS ARE REVERSIBLE.
DATA BUS CONTROL DATA SELECTOR
HObb Voo Hobb Voo
A I ‘ 14 A__l J“*
DATA B 1 t\y/ o2 DATAR __1 , l/ 2
(N L/ A IN
c _8 043 B DATA c__8 ],/t;ﬁI 3 DATA
'“ : ouT } | > OUT
D _U oy ] ¢ D__ 1] ]/cr_l 1 19
7 ! /o , . Jo
| 07 0 ° I A {
L 6| 5 13 iy e} 5|13 MAKE
= o CONTROL: = SELECTED
L= OFF D ¢ B A INPUT W,
H=LoAD KEEP ALL
DATA SELELT OTHERS L.
Voo DIGITAL TO ANALOG (D/A) CONVERTER
A
0 THIS IS NOT A
Toee 2 3 9 10 LINEAR D/A CONVERTER.
___________ e e S A INSTEAD IT PRODUCES
14 ; ________ e -4 — —» e A PSEUDO-RANDOM
| :_ — e — = __._,.}’ OUTPUT THAT RANGES
7 T T T FROM 3.06 — 5.62
e P vorTs (Vop =9 V).
' '1l "L 5L '3l I Y USE TO DRWE HoYb
1 veO oOR PRODUCE
= ©C ¢ & A 2R 2R UNUSUAL WAVEFORMS.
DIGITAL IN R=497K AND ZR=/00K.
2R R R
USE 4518 (CoUNTER FOR M ANALOG  VOLTAGE
AUTOMATIC OPERATION. ouT



QUAD BILATERAL SWITCH (conTinued)

Hob b
PROGRAMMABLE GAIN AMPLIFIER
+9
R/8 40 G6b T
\ 149 ] 2
R4 | L/ s BV
R/Z L ' +9
8 PN b
R I A 1 2z
\O Ao_, : 9 3 L Vour
vV |
INC} 7—11/05 ,' : i Vou1'=RF/Rw
L E lb ls th = -9
0000 TO 1l AT DCB8A GIVES
D € B8 A Rw OF FROM R TO R/IS
PROGRAMMABLE FUNCTION GENERATOR Voo

U AN DR DR N P R N

RI R? R3 RY RS R R Ra R9 RID

I
Vop Voo

iif 3 8 LB T [ 3 8 o |z | £
13 )15 _‘b )4_\2 o 17 )‘ [ )ﬁ 23 )‘ iz )‘ 13 )_‘5
\ ' | ! 2 2 2 z 3| | 3|
4 ]2 ] 9 T F 4q 9 ] 2 Jq
E

A A
e
HO17 J
RII o

S Ic1,2,3 = 40L6 Voo = 3-1I5V

RiZ 5ss/ - RI-RIO = 10K TRIMMER  POTS
VK b 3
758588 PRODUCES REPETITIVE IO-STEP WAVEFORM.

z PROGRAM  HEIGHT OF EACH STEP ViA RI-RIO.
il RPN
I.Of—-fO/uF

VARY RATE VIA Ril AND (.

19



1024-BIT STATIC RAM

2102L

1024 1-BIT STORAGE LOCATIONS ADDRESSED
BY PINS AO-AG. TTL /LS COMPATIBLE.
CE (CHIP ENABLE) [NPUT CONTROLS RfW
(READ /wRITE) OPERATIONS). 3-STATE OUTPUTS.

A7 A8 A8 CE ouT iIN +5 GND
| 5] 141 13| 21 1t 1o} 4

—

NOTE UMNDSUAL LOCATION
QOF POWER SUPPLY PINS,

(AO~AQ: ADDRESS (NPUTS)

CE |R/w]| OPERATION
— T 2] 3] 4] 5] ] 7} 8]
L L WRITE (LOADS BIT AT PIN (i} AL A5 R/w Al AZ A3 A4 AO
L H READ (OUTPUTS RIT AT PIN 12)
H % Hl Z  (ouTPur EMTERS THIRD STATE)
CLEAR o 14
(WHEN H) n174193/ 21 02L ADDRESS‘ NG CJ RCUIT
[Te
7408193 | 2 5T
8
5 3 1
7 . H
2
749193/
14 o " G
17415193
1 1t
2 o F
8
5 2 " E
vi o
2
74193
14 o L
L] 74LS 193
[
Z , B
8
S 3 o A T
ADDRESS
gl sl 6| 71 ¢ s| 49| e LINES TO
fo OTHER
2102 s
9 21021,
_IL_ v & 11 |zl |3l 3l
-+ CLOCK THE ADDRESS INPUTS MUST BRE

IN  ouT ce RMW

STABLE DURING

R/W OPERATIONS.



1024-BI1T STATIC RAM (conTinvED)

2102L

ADDING PROGRAMMED

OR MANUAL JUMP

ADD THESE

COMNRNECTIONG TO THE

ADDRESSING CIRCUIT own FACING PAGE.

SA—-ST: UsE
8-POSITION DIP
SWITCHES OR

MINIATURE TOGGLES. 1
OPEN=H ; CLOSED =L 74193/
1o
53 o0 FHLSIT3 i
S I ‘ - 5 1"
7‘-“93/
SG ¢—o o1
TH4LS193
1
SE ﬁ»——‘o/o—'—s-
) D WP B
74193/
sc +—o/o—-'-‘-’—
749LSi93
CL I S S
1
SA d;__o/o 15
—
NORMALLY THE LOAD [NPUT IS HIiGH.

LOAD

MAkinG LOAD Low LOADS THE

ADDRESS PROGRAMMED

$A-5T (NTo THE 74192%s.

IN SWITCHES
THIS

PERMITS A PROGRAMMED JUMP

Of A MAKUAL TUMmP
ADDRESS,

To ANY

PEOOCMTOT HY

SINGLE I/0 PORT

I/0 conTRoy

—— oI/0 PORT

2102L

= =Y 7948307

ADD THIS CIRCLUIT To THE
ADDRESSING CIRCUIT ON  FACLING
PAGE . wHEN T/o (ineur/oureur)
ConTROL IS H, Pinm 3 oF THE
7445367 ENTERS THIRD STATE (H!-2)
AND I/0 PORT ACCEPTS INPUT
DATA. WHEN PIN 3 OF THge
7LS3e? s L, Ifo PORT
OUTPUTS DATA, . BoTH THESE
OPERATIONS ARE DEPENDENT
uPeN  THE STATUS OF THE
21020 CONTROL INPUTS.

CASCADING 2102L'S

ADDRESS Bus

>

mlshiel 122 ]eis[yl8) wlshefile|7]eis|v|s

2102L-A 2102L-8

whi[shsfa hef nliz|3in|qlel 45

a3 GND

—o CE
IN A o R/w
LV - N 5. 0UT B
3 OUT A

2



1024 % H-BIT RAM

*S A7 A8 A9 A B ¢ D WE
21 1 4L /40485 18] 7] 6] 1s] 14y 13} 12| 0| 1o}
1024-4-8iT STORAGE LOCATIONS ADDRESSED INPUT/ ouTPUT
BY pPins AO-A8Q. TTL/LS COMPATIBLE. PINS
FOR READ /WRITE OPERATIONS, CE (CHIP EMABLE,
ALSO CALLED CHIP SELECT) MusT B8E Low. AO-A9: ADDRESS INPUTS
WE INPUT  MUST BE cLow TOD WRITE WE! WRITE ENARBLE
(LOAD) DATA INTD CHIP. WHEN  WE
(S HIGH, OATA IN ADDRESSED vlo2f 3] 4 ST o] 77 87 4l
LocATION  APPEARS AT INPUT /ouTPuT A A5 A4 A3 AO Al AZ CE GWND
Pins, TDEAL CHIP FOR Do~ I1T-YOURSELF (¢s)
MICROCOMPUTERS AND CONTROLLERS.
CLEAR o.__, 4
(WHEN H) 74193/ 21 14L ADDRESSING CIRCUIT
o
74051932 5 T
8
5 3 o T
rz L'L o H
J 91 74193/
o - » G
] 7405193
o
Z . » F
® I
-—
5 3 - E
S ——— T
12 7 . D
M1 74193/
b 5 C
19405193
| 1o
2 — 8
_8)
Ly 3 -3 A A
ADDRESS
15 lo 17 I i 3 4 7 e LiNES TO
18 OTHER
2140 21140,
q

= Y ¢ ]
= .5 cLocK N iz 13 14 8 IOL
THE  ADDRESS INPUTS

D ¢ B A CE WwE MUST REMAIN STABLE
INPUT /ouTPUT  (CS) DURING R/wW OPERATIONS,

22



1024 x 4-BIT RAM (conTinueDd)
211 4L /7H04S

1024-NIBBLE

MANUAL  TumMP: )\, SET SWITCHES A-J DATA LOAD‘ NG Cl RC U | T
T0 DESIRED ADDRESS, Z. PRESs  Sé6.
(NIBBLE= 4-BIT wORD OR Yz 8-BIT WORD)
81~ CLEAR
e 14
8 USE  THIS CIRCUIT TO MANUALLY
lo STORE UP TO 1024 Y-BIT  woORDS
- 1 IN A 2id . AFTER THE. DATA
1o IS LOADED, IT CAN THEN BE READ
T I 2 BACK AT TRHE CLOCK SPEED. THE
11[2;% =) DATA  OUTPUTS ARE PINS [1-14 WHEN
t DATA INPUT SWITCHES ARE AT NEUTRAL.
i\ 5 3
SPST WRITE: L SWITCH S2Z TO THE
TOGELES BOUNCELESS PUSHBUTTON,
l 2 7 2. SWITCH S4 AND S5 TO L.
) 2. CLOSE S3.
81749193/ 4. INPUT  DATA.
o b 5. PRESS BOUNCELESS PUSHBUTTON.
oo 31749¢s)93 b. REPEAT STEPS 1-5.
& 00— 0
Floo : 2 READ: . OPEN S3.
Ehb oo 15 2, SWITCH S5 To H,
‘ i 3. CLOSE, THEN OPEN, SI.
3 - wf ] 5 3 H. SELECT CLOCKED OR
/1"_ MANUAL  OUTPUT (S2).
use AT
ALt IC 1z 7 NOTE:
PWR shY b4 BEST TO OUTPUT DATA
PING. 874193/ THROUGH 74L5367 HEX
te 1e ] BUFFER.
Dby o 9|74est93
Cp—o0D— 12
Bb oo L Z S4 — CHIP
AL oo ) ENABLE
1l
S6=LoAD 5 3 L. iL wd]
o
{NoRMALLY 150 fe| 174 1 2] 3 4] 7] | S5 )
CLOSED) 18 CE
214l (€9}
? J
s C(LOCK < B A WE
&2, T 12 i3 14 10
SPDT 7 > BOUNCELESS
TDGGLW
Dps-r_h*r______‘ L H L HT L HT [ l-ﬂ) L H
{;ﬁéﬁ.‘i{_—o/% 4 & P
: c; \ _[ ?‘ 1‘ A ) = +5
Y Lol DATA INPUT SWITCHES S5— WRITE
= +5 S3— WRITE (SPOT WITH NEUTRAL CENTER) ENABLE




DUAL D FLAP-FLOP Voo (+3-15V) cLock 2
2 28 Rz D2 gz
l.|0|3 HT 3| 1z | to] 9| 8
VERY VERSATILE PAIR OF D-TYPE
FLIP-FLOPS. GROUND ULNUSED INPUTS. | 2
[ —
|- OF-4 SEQUENCER |
Voo ! 2] 31 41 s| 6] 7|
T Voo R 18 RI DI S1 =
Al | 14 CLOCK |
JLo3{cLock qQ 13 r D
y QU HicLock '
c 24013 _ 2 . Y2 4or3 5 DIVIDE-BY-2
D Q D Q % e Iy
VDD
7 [—ﬂ1u4“ . 4
= 713 o2y 8 IN o3]ctock Qs IN
L ‘/7. 2
2 4O13
OUTPUTS GO H a1d Dols A S5|o gz
IN SEQUENCE. 1,234 1 400! 4 RS
ALL OTHERS = '1|é.|
STAY L. ._:L
MODULO-8 COUNTER
Voo A B Voo C D
I P \
14 14
COUNTS Y240i13 Yz 4oi3 Y2 4013 Y2 4013
LLLL— HLLL o\ o a2 § Slp L o o 13
AND R o] PE] 2l e
RECYCLES. 31D sie_| 8ls sle | 85 5 L2
3 oL 3 Y 7]
CLOCK

SERTAL IN/OUT, PARALLEL OUT SHIFT REGISTER

Vob A - 8 C Voo b
ut o]
Yo 4013 Yz 4013 Yz490r3 Y2 4013
SERIAL oS 1py q 4 1p al2d Sip Qo M Ll o3
DATA R |4 olp R K o]
IN S |e 8lg 5 (e 8fs SERIAL
DATA
3 7_[_ g 3 L 0 7 ouT

CLOCK o—

il

29



DUAL JK FLIP FLOP V»(+3 ISv) _ CLOCKI

Q RL KL 11 S
4027 Ib lsLH]_s i) ] o] 9}
USE FOR DWIDERS, COUNTERS AND ////
REGISTERS. S (se-r) AND R (RESET) 2
INPUTS MUST BE Low FOR CLOCKING
TO OCCUR. MAKING € orR R HIGH
SETS OR RESETS FLIP-FLOP INDEPENDENT

[

OF CLOCK . [MPORTANT: ALL INPUTS MUST
t] 2] 3] 4 s| 61 71 8]
RL KZ Iz %2 <=

6o SOMEWHERE!
2Q 2@

CLOCk 2
DIVIDE-BY-2
DIVIDE-BY-S5 COUNTER
COUNTER
Voo Yoo Voo
A " ]\ ’ 9117 J‘ 1 7 7]
o Q@ { N el7 ‘R 8 Ve ™ 8 Uz | N
i >3 8 HO27 4027 4027 5
5] k 2. y = —
4027 ; Q ad Qs , &5
IN o2 CLOCK IR ¢ 3|z Hlx SU4_L Sk Q2
= ceock @ T clock CLOCK
4177 8] 3 { i3 ] 3
R - o IN

DIVIDE-BY-3 COUNTER DIVIDE-BY-Y4 COUNTER

VDD VDD
r o f f ) 1 N w ! i
/. @ lIS "X g v Q 5 IN e /2 @ LIS o T @l IN
4027 _ 2 3 4027 Y
I Ik QP4 Sk 4oy |4 10173 Slk vy, |4
9 7 2 4027 |1
12 Jtle ZiQ 8 il {x Iz a
= CLOCK _ctock -4 CLock = CLock L
IN o i3] 3 - IN o 3] 2] -

H-BIT SERIAL SHIFT REGISTER

Voo A 8 Vop ¢ D

l le I T o T
DATA 19y T \/ Q 15 | e 7 @ l_ 10T o \5 . T Q i
N 2 G LM 5] k 312 g oL 5|k

4077 |9 . 7 Yo Ya. IR Yo SERIAL,
/ 1z 9 4027 |8 oz? [z 4] 4027 |8 ouT
e K —1 |
voir 1 3 d 3 il 3 L 3
o) 4049 = = - =
CLOCK o

25



QUAD LATCH

4042
FOUR  BISTABLE LATCHES.
CAN BE USED AS A

4-RIT DATA REGISTER.
ALL FOUR LATCHES ARE
LLOCKED
POLARITY
LLOCKING

PIN PROVIDES
FLEXIBILITY.

SIMULTANEOUSLY.

4-BIT DATA LATCH

Voo

L,

o

10, 8 DATA

ouT

Voo G3-15V)

wl

5|

G4 D4 DY @3 Q@3 QT QL

=8

i3] 1] w] 0] 9

Dea

o 0L

Q
i

o2

Q4 al

LLOCK

3] 4]
31 Dl

5 6| 7
P P2

POLARITY

T

POLARITY Q

0O

I
!

L

DATA ON

AT
S
WHE

D
LATCH
)
LATCH

-=-00

BUS  APPEARS
OUTPUTS. DATA
LATCHED (SAVED)

N CLOCK SWITCHES,

STEPPED WAVE GENERATOR

s U

26

cLoCK
DATA Bus Yoo POLARITY
b A 4 A o b
4 2 o A
-
4042
| N ¢
e 1 D
Y Yy vy 8T
D ¢ 8 A - L o CLOCK
VDD
)
4 g 16
3 slo ale |
look Tl ISsS
Yy
10K o youz
3 8 |4

ouT
RI R2 R3
1l o o | 13jp  q|N 4|0
Yu Ya Yy
4042 4o42, Yoy
Q
5

TYPICAL VALUES!:

Ri= R3 = 22k
RZ =33K



DUAL ONE-SHOT
4528

Two FULLY INDEPENDENT
MONOSTARLE MULTIVIRBRATORS.

BOTH CAN BE RETRIGGERED.
TRIGGER CAN BE RISING

OR FALLING EDGE OF PULSE.
TI AND T2 ARE TIMING INPUTS.
RST 1S RESET AND T iy ARE

TRIGGER INPUTS.

POSITIVE ONE-SHOT

V'DD
A
b |3 ouT
R e e . [ L
214528 ouT = Y2 R
i R
!
T
JU 4 .
IN ouT
18

€

Vpp(+37018v)
T2 RST +IN —IN ouT OUT

TI
u,T 15] M| a3) 1zl | o] g

RST AND
=IN = VDD .

UNUSED SECTION:
+IN = Vg AND

] 2]
Ti

3] a4l s]

T2 RST+IN =IN

6] 7] 8

OUT ouT = Vg

PULSE DELAYER

R Yoo

ez Ry Yoo
~iok A

.0l ~ 100K 4

2T

2 3|5

Vo 4518 G I Ve 4518

J e i

RI' CONTROLS DELAY TIME.
RZ CONTROLS DELAYED PULSE WIDTH.

STEPPED TONE GENERATOR

+9
A
TO CONTROL o |3 ADIUST RI TO CREATE
WITH  LIGHT, RT | UNIQUE STEPPED TONE,
vse CdS 100k \ S R1 CONTROLS FREQUENCY,
PROTOCELL /2. OK TO EXPERIMENT
FOR RI. CL ‘2] 4528 WITH I AND C2.
) 7 R3 CONTROLS GAIN,
b
R3
8 oK
8 JL
SPER

12 Y4 4o11

27



I4~STAGE BJ NARY COUNTER vw(3-isv) . Reser |
p CLock
4020 le 15| gl 3| 12| 1] 10| 4
A RIPPLE COUNTER WITH CARRY ouTPurs | INPUTS |
OuUTPUT . THE I¥-STAGE BINARY J
COUNT IS COMPLETED IN 1b,384 (2 AND 3 UNAVAILABLE)
CLOCKk PULSES. THIS  MAKES
POSsIBLE  VERY LONG DURATION
TIMERS, ASSUMING THE OUTPUTS
ARE  DECODED. THE OUTPUTS I 21 31T 4] s 6] 7 8]
REQUIRE A BRIEF SETTLING TIME 12 13 14 ¢ § 7 4 =
AFTER EACH CLOCk PULSE.
N 3] worm Voo
I4-B1T BINARY COUNTER M 2 LT
L « | 8
THE SECOND AND THIRD OUTPUTS |
(+4 AND +8) OF THE 4020 ARE NOT K &t3
AVAILABLE. THIS CIRCUIT INCLUDES A =
3-BIT COUNTER TO SuPPLY THE 3 e""
MISSING OuTPUTS. A IS THE LOWEST 2
ORDER  OUTPUT. I <
o CLOCK H '3 "
CLOCK |
e b ——’
VDD A VDD B c ‘
T T A F <
14 | 1] reseT |
3lcioek o Y Y2 Q2 E 2|
4013 4013
blg a2 Jlctock B [ g ceock QPE_ Voo D’
\ bl s B A B
7 /?'qms D 5.[ 7 D_FJ 9
4 R 1 R R
= 4 - 4 = o) S| =

SUGGESTED VALUE OF
R = 50K

R R

———

2R 2R

B C == M

(cireuIT ABOVE)

28

STAIRCASE GENERATOR

ANALOG ——a _-*

QUTPUT

QuUTPUT IS A STEPPED
VOLTAGE. APPLICATIONS
INCLUDE ANALOG-TO- DIGITAL
CONVERSION AND WAVEFORM
SYNTHESIS.




DUAL BCD COUNTER RESET ENABLE

VDD +3'|SV) 10 i g 1A, LLOCK
4518 (||.1~ 15| 1) a3l az] m) e @y

[—'I_TF__I

TWo SNNCHRONOQUS DECADE j
(OUNTERS In ONE PACKAGE,

WHEN ENABLE IS HIGH AND . 2
RESET 1S Low, EACH COUNTER ,
ADVANCES ONE  COUNT PER —— ] '_JI .——l
tLOCK PULSE,
2] 3] 4| s] 6] v, 8]
CLoCk 2A 28 2C 2D =

ENABLE RESET

CASCADED BCD COUNTERS

Voo D C ) A
4\ A A A A Vo > ¢ B A
b 5 Y 3 ‘ Iy 13 1z [
llo 15
A 4518 fle Yo 4518
Z ENABLE cLOCK 8
ENABLE CLOCK
T 8 I wl g 1

OK TO OMIT THE
4O, IF so, CONNEC)
PIN & OF FIRST 4518
TO PIN IO OF SECOMD
4518. GRouND Piv §
OF SECOND 4S8 ANMD
APPLY INPUT TO PIN |
OF FIRST 4518.

THE TWO GATES
TRIGGER THE
SECOND COUNTER 0 COUNT
AT HLLH (DECIMAL 9). IN

BCD KEYBOARD ENCODER

PRESS SO-—-39, THEN TOGGLE RESET  SwITCH
S0 TO Voo AND BACK TO GROUND,
B0 EQUIVALENT OF SELECTED KeY (SO-59) APPEARS—>» D C B A Voo

15| Voo I 15] qu I3T IZT HT_

Il cLock RESET RESET le
Ho17 IO} ENABLE
ENAALE]I si0 lcrock Yo 4518

50 8 82 S3I 84 S5 Sk 37 S8 s8¢




DECADE COUNTER/DIVIDER

RESET ClLock EMABLE

Voo (+2-ISy)| Ctock] CARRYY ¢
wh 1s) 1) 13 2} n 10] 9|

4017

SEQUENTIALLY MAKES I-0F -10 OUTPUTS
HiGH (OTHERS STAY Low) N RESPONSE
TO CLoCk PULSES. MANY APPLICATIONS.
CQUNT TAKES PLACE WHEN PINS I3 AND IS
ARE Low.

RANDOM NUMBER GENERATOR

FAST 4151: prESS AND
CLOCK -3 RELEASE.

’_{ lw 3

=  CLOCK

COUNT TO N AND RECYCLE

TO N
8 7 & 5 4 3 2 | 04__|
JA S
FOR N=9,
GROUND
PIN 15, q0!7
Ha e' |3| 4 15
Voo <_J L LOCLQCK L__J

30

8

INPUTS ]

DECODED ouTPUTS

(T 27 31 41 5] &
5 I+ o 2 &6 7 3

~

0-99 COUNTER

|

CLOCK o114
CI
4017 (4,
Voo -
A e}
* ™ >
!
8 =
5 .
I3
1 >
— 15 19
A B ( QuUT >
4 |
[~ /°“ 14 [ elock 15
N
15 2
=
S ﬁ|
Hqoj7 |AH 5
< 81
-
13
10
| o 5
t
. \_—>
5): A= RESET
B= RUN S
N
Ok, TO ADD 9
MPRE 4OI7's
L ’
‘L !

sl

R
-

oD
[0
20
30
40
50
60
70
80

20

1k



DECADE COUNTER /DIVIDER (CoNTINUED)
N017

BCD KEYBOARD ENCODER

)

4017

RN

RESET

1771 77¢%

SO St ST sS3 s4 88

59

ICi = 4049 Ifz2= 40N

TOGGLE SIO, THEN PRESS SO-54.

FREQUENCY DIVIDER

il Voo Voo

HO17

mnl

S §2 83 S84 S5 S6 S1 S8 S9 S0

= 1e1 = Y40op)

CLOSE SI—-%i0 TO DIvIDE
FREGQUENCY BY FRoM [ To }o.
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3-DIGIT BCD COUNTER Voo (+3-18 V) CLOCK

0S$S3 OF M E A
MCIH553 w] Sy ) a2 D o 9]
COMPLETE 3-DIGIT COUNTER. USE FOR
DO-IT-YOURSELF EVENT AND FREQUENCY
COUNTERS. BEGINMNERS: GET SoME
PRACTICAL CIRCUIT EXPERIENCE BEFORE
USING THIS CHIP. PIN EXPLANATIONS:
DS (DIGIT SELECT)|,2,3— SEQUENTIALLY
STRORES READOUTS., LE—LATCH ENABLE i1 2 3] 4 51 & 7 B_L
(WHEN H). DIS— INHIBITS INPUT WHEN H. ps2ps) —MH p ¢ B T
CLOCK—INPUT. MR— MASTER RESET (WHEN R). /7 001 4F |
OF —oveRFLOW. A B, C D — BCD OUTPUTS. (FOR DI&IT SELECT OSCILLATOR)

3-DIGIT EVENT COUNTER

A RIO
AM__ R | 1K
K8 | ‘K Voo
I5f 1] 2 Voo R | K
LATCH (LE) o-10] A a |3 a A
19553 |le lo| 4sH R2 7
RESET (MR) o !3| 3 b AME] [ == ‘\ &
4 R3 Qt
EVENTS o 2] (L VV COMMON
(cLock) Al 1A RY ANODE
8|7 g d fomadl =y ey ]
DISABLE (DIs)p ! clé 2|¢ RS -
(WHEN H) NEED DI5 elp e e Q-Q3 a3
OVERFLOW Rb&
¢) 4 warning? [N S| Ri-r7: f M &
.001uF PIN 14 GOES | B 8] IK IF R7 N
F]_\_.i.ﬂ AT OVERFL --__‘_— Voo =Qv, 9 h| 3 -
01 SEES COMMON ANDDE LED
OK TO USE LIQUID CRYSTAL DISPLAY C>» seecT RI-RT SO DISPLAYS. ULSE MULTI—
OR COMMON CATHODE LED DISPLAY, LED CURRENT DOES DIGIT DISPLAY OR WIRE
NOT EXCEED 10mA. TOGETHER MATCHING

CATHODES OF 3 DISPLAYS

6-DIGIT FREQUENCY COUNTER

Q0 5
Yoo 3 N LATCH: STORES
TIMEBASE . TOTAL COUNT IN
(CrerfHz) 13 | \ ONE COUNT CYCLE.
C
RESET: CLEARS CounT
5 3 Q ) TO 00000 PRIOR
TO NEW COUNT CYCLE.
2z V2 '
4013 3 ‘ COUNT: COUNT INPUT
9 el 7 3 =1j
-4 Lo FREQUENCY SEE NEXT PRGE 6-DIGIT COUNTER

INPUT FOR MORE INFO... (FACING PAGE)
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3-DIGIT BCD COUNTER (conTinuen)

6-DIGIT COUNTER
COUNT O
RESET oo
LATCH o
v
ol 13 °° bl 1| 12
Ilefa 15
OVERFLOW A4 17, M4
ouT 14553 F;?Ll 14553 )
413 Z
8 _8
il on
Voo D ¢ B A D ¢ B8 A Voo
A sT & 7] 9 s & 7| 9
b 2 7 [ 2 ! b
lo D ¢ B A D ¢ &8 A e
+ ysu 5158 451 Y
3 8.8 3
q £f e d ¢ h a g £ e 4 ¢ b o
14 Is q 10 1 1z 3 .,__L D] s q 10 H 12 13
RI-R7? B RS -I4
-
Rl F e d ¢ b_a g £ e d ¢ b a
flale | 11T . — I D
el e | (I ] I ] ) 1
To < RIS
ADDITION AL - Ql 174
STAGES
Rl
QT LQX K
THIS CIRCUIT SHOWS HOow TO CASCADE ( AAA
TWo 3-DIGIT COUNTERS. MAX/MUM COUNT Q3 ) R1\7
Is 499 949, DISPLAYS ARE COmMMON P K
)
CATHODE (tommoN ANODE CONFIGURATION Q ANA l
SHOWN oN  PREVIOUS PAGE) NOTE THAT
PIN b OF 1us543 (OR 45493) GOES TO GND

INSTEAD of Vep WHEN COMMON CATHODE ___I__

DISPLAY IS USED. \NPUT BUFFER

FREQUENCY COUNTER +Vbo

USE INPUT AND  ComTROL CIRCLIT ON
PREVIOUS PAGE . INPUT FREQUENCY SHoulh
NOT EXCEED Vob. NON- SQUARE WAVE
INPUTS MAY REGQUIRE INPUT TAILORING.,
USE COMPARATOR TO SHARPEN 5Siow RISING AuDID SIGNALS.




BCD-TO-DECIMAL DECODER  v,@¢3-sv)r B ¢ D A 8
4028 ib‘]‘ |53 gl a] 2| 1| 10 9

DECODES 4-BIT BCD INPUT INTO
I—OF~10 OUTPUTS. SELECTED
OUTPUT GOES HIGH, ALL OTHERS
STAY LoOow. USE For DECIMAL
READOUTS , SEQUENCERS, PRO-—
GRAMMABLE COUNTERS, ETC.

vl 21 31 40 5] el 7| &
'-420'795&1‘

0-9 SECOND T/MER
I-O0F-8 DECODER

| Hw CLOCK +9
[ A
2 5 (o] i 2 3 4 5 &6 7
\& —_-DL: VDD
4sig b | /el 4o28 |9 > 31 a4yl 2{ st () 6 7L 4
\?‘ 1o
3 1o 4y 8 Ho28
| y
Dl Tl
iiﬁi:g‘i 13 :’_(>£ _
INPUTS 5 L W 4 Izl fsl |ol
OF 12 =
SECOND Elg e B A
Yo 4518 [© 1l ! » 1L
a a s W ADDRESS |[NPUTS
=>4
W

1

COUNT TO N AND HALT

Ny
4

:

& TO N,}
RESET RUN P4
s W Voo 15 o9
Ri \ —0
OK TO USE F 1K /2.
QUTPUTS To - AM__ L Ie 7 o8
CoNTROL EXTERNAL 4518 HO28
LOGIL ©OR DEVICES. 3 10 (4 v
Ho4q
GROUND 4 13 MAPA
UNUSED
COUNT TO N AND RECYCLE INPUTS |5 12 (e 5
OF
SECOND | © It [l 54
USE THE ADTACENT CIRCUIT WITH Yo 4518
THESE CHANGES! 8 . 8 5 5 3
Vo |
° I OMIT 4049 74 2 62
2 Vo 7 o To N*I 2. MAKE PIN 2 HIGH
4518 (4o28) 3 USE PN T AS &' J_ [1H
_ COoNTROL INPUT. CLOCK =
_3_.0 o
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BCO-TO-7-SEGMENT Vepl3-15v)€ g a b ¢ d e
LATCH/DECODER/DRIVER e} st Wl nf sz ) ooy 9y
ysi|

CONVERTS BLD DATA INTO
FORMAT SUITABLE FOR PRODUCING J
DECIMAL DIGITS ON 7-SEGMENT

LED DISPLAY. INCLUDES BUILT-IN i

31 4} 5] el 7] 8]

D

Y-BIT LATCH TO STORE DATA To BRE 8 b A —
DISPLAYED (WHEN PIN 5 IS HIGH)- |

WHEN LATCH IS NOT used (PINS LOW), L ATCH ENABLE
THE 7-SEGMENT OuTPUTS FoLLow THE — BLANK|NG INPUT
BCD INPUTS. MAKE PIN H LOow To — LAMP TEST

EXTINGUISH THE DISPLAY AND HIGH FOR
NORMAL OPERATION. MAKE PIN > LOw
TO TEST THE DISPLAY AND HIGH FOR Vop
NORMAL  OPERATION.

DISPLAY FLASHER

DISPLAY FLASHES E | DISPLAY

ONCE  PER SECOND

WHEN E 1S HIGH. H | FLASHES
L OFF

Voo Voo
IMPORTANT ©  ALL
T INPUTS MUST GO
o |1l RI SOME WHERE. |
COUNT IN o]V 3] 4501 H32_ AW s a
4518 R
ENABLE o 2 o e tlp (2 MA_s b
R3 e
RESET o 1 c |5 zlc AN C
RY £ ’ lb
B[4 g 1 AN, d 3
OPERATION : ff RS
Y E 7 |A A,V NN - el lc
T0 COUNT, R -
ENABLE 1S BLANK o—1] 1S A, F | d
HIGH AND R7 ,
RESET 1S Low. SAVE. o—% AW 9 :1_—
BLANK SHoutD Lo . -~
BE HigH (Low 2 Vop E RI-K7=220 0L
TURNS OFF L COMM ON
DISPLAY). SAVE ) {4 = Voo = +5~9v CATHODE
SHOULD BE LOow, _l LED DISPLAY

MAKE SAVE HIGH
TO STORE INTERIM COuNT
WITHOUT AFFECTING COUNTER,

TO NEXT DCU
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8~-STAGE SHIFT REGISTER
4021

PARALLEL INPUT / SERIAL OUTPUT
SHIFT REGISTER. ALSDO SERIAL
INPUT. DATA AT PARALLEL
IiNPUTS s FORCED INTG TARE
REGISTER IRRESPECTIVE OF THE
CLoCk STATUS WHEN PIN 9 15
MADE HIGH. KEEP PIN 9 Low
FOR MNMORMAL  OPERATION,

PARALLEL~-TO-SERIAL
DATA CONVERTER

PARALLEL DATA N

Voo
7] 6| 5{ 4| 13] 4] 18] 1 A
H 66 F E D C B A

Houl 9

3] 8
. o
- SEND  LoADp

Iol’
CLOCK IN

SERIAL DATA ouT

AL I's (H's) ARE SENT AFTER
WORD IS

THE

B-BIT TRANSMITTED.

Voo (33-15V)7Y & 5 7 sER LOAD

N IN IN OouT W Clock
'bT 150 14) i3] 12} u| 1ol 9

o2l 3] 41 57 6] 7
8 e 8 4 3 2
IN ouT OuT IN IN IN [N

8-STAGE DELAY LINE

Voo
YT
40721
q
;0_‘ 2 8[7[ gy
CLOCK IN 5
L RUN NTIATE

DELAYED DATA ouT

THE FIRST PARALLEL INPUT (PINT)
IS GROUNDED. THIS LOADS A
SINGLE L WHEN Sl IS SWITCHED

TO IMNITIATE. THE SINGLE L BIT
REACHES THE OuTPLUT AFTER 8
CLock PULSES,

PSEUDO-RANDOM SEQUENCER

INITIATE RUN

3!
Vi ’ :{b [
'f“ 9 = 0] 1y 3
Ho|

Ho21

3 W

THIS CIRCUIT GENERATES A Voo
PSELUDO—RANDOM  BIT  SEQUENCE

AND Recycies. ¥ To  cuAangE

BiIT PATTERN, COMNECT DIFFERENT
PATTERMS OF |INPUTS OF SECORND -
402l TO Vpp OR  GROUND, LED

36

IX (mﬁpwmir+
47K

EEFPTT

INPUTSH

TO AUDIO AMPLIEIER

+ FOR SOUND EFFECTS.
" 10uF (ADIUST R1j CHANGE
= SOUND WITH SI.)



~ANALOG MULTIPLEXER
4051
INPUT ADDRESS AT CBA  SELECTS

|-OF-8 ANALOG SWITCHES., SIGNAL
AT SELECTED SWITCH I/o (INPuT/

ourpu-r) IS THEN APPLIED TO COoOMMON
0/t (OUTPUT /INPUT). THE INPUT
SIGNAL  MLST NOT EXCEED Vpp,
TRE INHIBIT (INH) INPUT SHoulD BE
GROUNDED FOR  NORMAL OPERATION.
ALL  SWITCHRES ARE OPEN WHEN
INE 1S RIGH.

Voo (+¥15v) I/0 1/0 1/o 1/o
2 1 ©

s A B C
16| 15 4] 13 12| u)] te] 9|
vy o2l 31 4] 5] e 7] 8
I/0 T/0 O/tT/0 1/O INH Vg =
b | b 7 s

~QF-8 DATA SELECTOR

I-0F-8 MULTIPLEXER (DEMULT/PLEXER)
7 & S5 4 O Voo DATA OUT Vg (SEE NOTE Vop
AT LEFT)
J ol sl b T'sT HT 3] P
B! e A __l &
1o 58
B0 4051 812 4051
e_9 8 ¢ 9] 8
\ 3 '7l NOTE 7.] 5' (lil 151 l:sl
ADDRESS YCONNEQT PIN 7 = =
INPUTS Vee” TO GROUND OF ) 3 o
DATA INPUT CIRCUIT.
IN IF GROUND IS DATA INPUTS
COMMQN) CONNECT
R2
TONE SEQUENCER i_/vvx__‘ Do NOT REDUCE RIO.
+9 Hos! R3 USE  AMPLIFIER FOR
|2 AAA{ MORE  VOLUME,
CYCLES THROUGH A R4 v
8 TONES AND " 3 oo Rio  SPKR
REPEATS . R} 2] RS , 270 8%
CONTROLS TEMPO. V24518
P2-R9 ARE D L2 Ne
INDIVIDUAL TONE (12 AAA_ o
RESISTORS. USE cis e RY
Ik~ ook EACH. IS_AM
pld 10l R8
T 14 A
A - A 13 Ra 1 2 G v}
8 '3 A ! !
c2 E
bEJ 3 .08
= 1.2.3,4,5,6 = 4049
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60-Hz TIMEBASE
MMS 369

PROVIDES PRECISE 0 Hz SQUARE WAVE

Voo (F3-18V) XTAL
ouT
o 11 ¢f 5]

XTAL: CRYSTAL

WHEN USED WITH 3.57959S5 MH= NEC:INO CoaN-
COLoR TV CRYSTAL. USE FOR MoOsT NECT/ON
DO~ IT-YOURSELF TIMERS, CLOCKS, CONTROLLERS,
FUNCTION GENERATORS, INSTALL IN  SMALL _
CABINET FOR WORKBENCH PRECISION CLOCK, V2] 3} 4
bOH=z = Nt NG
L0-Hz TIMEBASE 10-Hz TIMEBASE
Voo
A Voo
: o s
1, 6OHz ouT i 5
5369 [T, CRYSTAL LOHz o1 407 > 10 Hz OUT
FREQUENCY OUT IN 15
(3.579595 MHz) !
8 '3
I?‘ Ri— USE TwWO iOm | THIS 15 A
= IN SERIES. - - DIVIDER.
*
MOTOROLA SPECIFIES THAT C!=30pF
AND C2=6.36 pF. Ok TO USE SIX I-Hz TIMEBASE
4.7 PF CAPACITORS IN PARALLEL OR
47 pF CAPACITOR FOR Cl. TRY TUNABLE Yoo
CAPACITOR (€.9-5-50pF) FOR €Z. TO
TUNE, CONNECT FREQUENCY METER e
TO PiN 7. TUNE €2 UNTIL FREQUENCY 10 Hz o.M
IS 3,579,545 Hz. ALCORACY FAIRLY N Hoi7 Z | Hz ouT
GOOD EVEN (E YOU DonN'T TungE ©72.
is| 8] s THIS s A
D \ G 1 TAL STOPWATCH - TI0 DIVIDER.
D ¢ B A 8D _, p C B A OPERATION! | TOGGLE S FROM
A A A OUTPUTS CLEAR TO READY,
v 2. SWITCH S2 FROM
T’ CONMELT TO STOP TO START.
4 . 5 y 3?—7 LED or Le 4 13 12 ] 2. SWITCH ST FROM
Ve DECODER/ Vy START TO STOPR
e 4518 DRIVER (e.g. 4518 8 v
HIGH bpla!T 45/ or 4s43).] Low DIGIT AI\)D
_ i . = CLOCK N
2 7 | Voo 10 D15[4 r—-O
START I Hz = 00 ~-99 3EC
0 S READY
s2 T/ JOHz=0.0~ 9.9 SEC
CLEAR-
_[TE#OP | ?__ J OK TO ADD MORE

f_‘

T

STAGES.




NOISE GENERATOR
$2688 / MM5837N

PRODUCES BROADBAND WHITE
NOISE  FOR AUBIO AND
DTHER APPLICATION &. THE
NOISE  QUALITY IS  VERY
UNIFORM. 1T 15 PRODUCED

BY A 17-BIT SHIFT REGISTER
WHICH IS CLOCKED B8Y AN
INTERNAL OSCILLATOR.

WRITE NOISE SOURCE

-5y

S2e88/ |3 o
MMS83IN

T

NOISE OQuT

CONNECT ouUTPLT TO ALDIO
AMPLIFIER  TO HEAR NOISE |
USE 7815 VOLTAGE REGULATOR

TO OBTAIN 1 IS Vorrs.

COIN TOSSER

+1y-15y ¥

S\
I.5K

| b o 5

! HEADS
s2em8/ |3 3] Houv %
MM5839N A TAILS

f y 7 e

—_—r

PRESS S, BOTH LEDs GLOW. RELEASE
Sl AND oMLY ONE GLOowS., GROUND
INPUTS  OF UNUSED HALF OF 4o27
(Pins 9,10,11,12 AND 13) . *(ok TO  ULSE
9-voLT BATTERY AS POWER SUPPLY)

8l 7| o] 5]

Vge =0V

Voo =-14V T 1y

Ve =-27V £ 2v
(orTionaL)

1)o2 34

Voo Vgg OUT Vs

PINK NOISE SOURCE

+14-15

4] R
WK~ 10K

L2688 |3 N\/\__[ >
MM583TN +
c T PINK WNOISE
" O mF-LuF o
—L e
CAANGE R AND ¢ TO
BLTER NOISE SPECTRUM,

ALsO, TRY LOWER SUPPLY
VOLTAGES TO CHANGE SPECTRUM,

SNARE /BRUSH NOISE

el |
.osﬂFI :
S| "l(?
+HH- 5y
q
s2ues /|2
MMSBYTN PRESS SI TO OPERATE,
| INCREASE CZ AND
_L CL To |OWER OUTPUT

- FREQUENLY,
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TTL/LS

INTRODUCTION

TTL IS THE BREST ESTABLISHED AND
MOsT DIVERSIFIED T & FAMILY. LS
IS FUNCTIONALLY [DENTICAL ToO TTL
BUT IS SLIGHTLY FASTER AND USES
80% LEsSs PoweER. TTL/LS CHIPS
REQUIRE A RECULATED ¥.75-5.2%
YoLT POWER SuPPLY. HERE'S A
SIMALE BATTERY SUuPPLY !

i Vee
IN§001 +
e-voLTs ¥

T I I —= GND

‘THE ODIODE DROPS THE BATTERY VOLTAGE
To A SAFE LEVEL. BoTH CAPACITORS
SHOULD BE /NSTALLED ON THE TTL/Ls
CIRCUIT BoARD. CIRCUITS WITH LOTS
OF TTL /LS CHIPS CAN USE LOTS OF
CURRENT. USE A CommeRCIg. 5
VLT LINE POWERED SUPPLY TO SAVE
BATTERIES. OR MAKE YouR OlWN.
(sse T 780§ on PAGE 806, )

OPERATING REQUIREMENTS

L Voo MUST NOT EXCEED 5.25 volLTs.

2. INPUT SIGNALS MUST NEVER EXCEED
Vec AND SHouldD NOT FALL BELOW GND.

3. UNCONNECTED T‘TL/LS INPUT S
USURLLY ASSUME THE H STATE ...
8uT DON’T COUNT ON T/ /IF AN
INPUT IS SUPPOSED TO BE FIXED AT
H, CONNECT /T TO V..

Y IF AN INPUT IS SUPPOSED TO BE
FIXED AT L, CONNECT IT TO GNO.

5.CONNECT UNUSED AND/NAND [ OR
INUTS TO A USED /NPUT OF THE
SAME CHI~P,

6. FORCE OUTPUTS OF UNUSED GATES H
To SAVE CURRENT (NAND— ONE INPUT
Hy NOR— ALL INPUTS L).

INTEGRATED CIRCUITS

7 USE AT LEAST ONE DECOUPLIN G
CAPACITOR (0.0/— 0./ uF) FOR EVERY
S5-10 GATE PACKACES, ONE FOR EVERY
2-5 COUNTERS AND REGISTERS AND
ONE FOR EACH ONE-SHSOT- DECOUPLING
CAPRCITORS NEUTRALIZE THE HEFTY
POWER SuppiY SPAKES THRT QCUR WHEN
A TTL/LS OuTPUT CHANGES STATES.
THEY MusT HAVE SHORT LEADS AND Be
CONNECTED FRom Vo To GND AS NEAR
THE TTL/ts ICs AS POSS/BLE.

8. Avo/D LONG WIRES WITHIN CIRCUITS
Y. 1F THE POwER SUPPLY IS NOT ON THE
CIRCUHIT BOARD , CONMECT A [—I1OoMuF

CAPACITOR ACROSS THE POWER LEADS
WHERE THEY ARRIVE AT THE 80ARD.

INTERFACING TTL/LS

l. |} TTL OuTPuT wiLl DRIVE WP TO
10 T QR 2o L§ INPUTS.

2.+ LS OUTPUT WwiLL DRIVE UP To
5 TTL OR 10 LS INPUTS.

3. 'r'rl./z. S LED
Vee

1K W%

GLowS WHEN L

DORIVERS

1K )5'
ot

GLOWS WHEN H

TTL/LS TROUBLESHOOTING

I. DO ALl INPUTS GO SOMEWHNERE ?

2. ARE ALL Ic P/NS /NSERTED INTO
THE BOARD OR  SOCKET ?

3. DOES THE CiRCUIT OBEY RLt TTL/LS
OPERATING REQUIREMENTS?

4. HAVE You FORGOTTEAN A CONNECTION?

5. HAVE You USED ENOuGH DECOUPLING
CAPACITORS ? ARE THEIR LEARDS SHORT?

6.1S Voo AT EACH CHIP WITHIN RANGE?

4]



QUAD NAND GATE Ve (*5V)
7400 /7HL SO0 wd i3] 2] ul 10 9] s

THE BASIC BUILDING BLOCK CHIP _E(}J

FOR THE ENTIRE TTL FAMILY, VERY
EASY TO  USE. HUNDREDS oOF APPLICATIONS.,

CONTROL GATE

' Iy
A T‘/‘f 3 . ouT

1400

[__ 7

B (cow-TROL.)

INVERTER
Yee
, y Y Alou
l‘

AND GATE

Y4 N Vee
1
IOUT B | 2 {4ee ! &]
I, 1 ch_ 'I, b 3
y iy
H 2 |1y oo ! o B ouT
H ) -
by [
H 19 [1y00
‘1 Y —
Yu b
S 100 —

NOTE: P MNUMHBERS CAN BE
REARRANGED IF DESIRED.
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QUAD NAND GATE
7400 /74LS OO0

HALF ADDER

WHEN ENABLE (E) INPUT IS
.§ ovTPUT FOLLOwS D INPUT,
CHANGE WHEN E IS Low.

(CONTINUED)

HIGH,
NO

LED DUAL FLASHER

FLASH RATE (S
2 H: WHEN C)
AND €2 ARE 4T4F

) RS LATCH

NOT ALLOWED

H L
L H
NO CHANGE

FUNLTIONS AS RS LATCH

WHEN ENABLE (E) INPUT IS

HIGH. IGNORES RS INPUTS
WHEN E IS Low,

SWITCH DEBOUNCER

Vee

}

oLT

TOGGLE 5
TO OPERATE.

L AAA__

4.k
PROVIDES NOISE FREE OUTPUT FRoM
STANDARD SPDT TOGGLE SWITCH.
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QUAD NAND GATE (conTinuED)

7400/74LS00
8-1{NPUT NAND GATE BCD DECODER
ABCDlouvT
RLLH| L
x X xxl H
USE THIS
METHOD ToO

DECODE ANY
H-BIT MNIBRLE.
JUST ADD OR
REMOVE INPUT
INVERTERS,

¢z =
7400/74Ls00

Vee

270

LED GLOWS
WHEN  ALL
INPUT  SWITCHES
ARE CLOSED.

IC 1,27 7404
IC 3,4= 7400/
74{500




QUAD AND GATE Vec (+#5 V)
7408 /7HLSOS8 mh s| nl u] o} 9y )

ONE OF THE BASIC BULILDING BLOCK \—EJD'J -QD:]

CHIPS. NOT AS VERSATILE, HOWEVER,
As THE 7400/74LS00 QuAd NAND

GATE. ﬁ—— I'E—'

v 2] 3] 4] 5] ';‘L
AND GATE BUFFER =
Vee
" DIGITAL TRANSMISSION GATE
USE FOR IMTER:ACJNG WITHROUT Vee IN E |OUT
LHANGING LOGIC STATES. ENABLE IH L L (L
L K L
R L L
H H H
NAND GATE
E = ENABLE
Veo Vee
A - A ] Loty OUT
B
= — ‘LI404
AND-~OR -INVERT GATE
NOR GATE

¢ D
X X H
% X L
1| (I L
Y- INPUT NAND GATE H-INPUT AND GATE
Vee Ve
{ L] 1 14
g 2|08 t " B a
. ?’:ao 3 ouT 10 ;’:o' ] ouT
Cqb —7 Q ‘1’.
b 2{m8 " AB_CD |our o =7 AR cD lour
1 HHR O HH IL Bk HH HH 1#{
- ¥ * X H - X % X L
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QUAD OR GATE Vee (+5 V)
7JHLS32 il 13) gz n] w] 9| 8

FOUR 2—-INPUT OR GATES. —;>— —ElD4

NOT AS VERSATILE AS 7402/
74L502  QUAD NOR GATE,

BUT VERY USEFUL IN SimMPLE
DATA SELECTORS.

| 2} 3] 4] 5] &) 7

AND-OR CIRCUIT

Vee Vee

QUTPUT GOES HIGH WHEN BOTH
IWPUTS  OF EITHER Of &oTH ARD
GATES ARE RIGH, OTHERWISE
THE ouTtPUT IS  LOow. THIS BAsIC
CIRCLIT IS WUSED TO MAKE
DATA SELECTORS ... A% SHRown

BELOW "q

2-INPUT DATA SELECTOR

DATA N Vec
A . Y
b
z"zoﬂ Vee
. Wy SELECTS I=0F-2Z [INPUTS
i I ouT AND TRANSMITS ITS
L‘T LOGIC STATE TO THE
= ' OuTPUT.
= 4o -
k-
Vee y -
ADDRESS DATA 1IN QuT
iy
A B A
Ve El
)
37404 2 L X L L
\ L * H H
H L X L
H H p§ H
1 -
NOTE: FOR 3-INPUT DATA SELECTOR,
A USE THLS2ZY MNOR GATE FOLLOWED
BY INVERTER AND  PRECEEDED BY
ADDRESS (DATA SELECT) 740510 B-INPUT AND  GATES.
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QUAD NOR GATE
THO2 /7THLS 02

JUST AS VERSATILE AS THE
TMOQ / 14LSO0 QUAD  NAND  GATE...
BuT MNOT UuSED AS OFTEN.

ADD INVERTER (74904 [/ 74t504)

T0 BOTH INPUTS OF A NOR
GATE AND AN AND GATE 15
FORMED.

EXCLUSIVE-OR GATE

A —y
&

THIS CIRCIT 1S EQUIVALENT
TO A BINARY HALF - ADDER.

RS LATCH
Vee
] o &
NO CHANGE
H L
L H

NOT ALLOWED

Vcc(+5V)
1‘41‘ i3] 1] n} o} 4] 8

TRIS CIRCUIT 'S A MONOSTABLE
MULTIVIBRATOR OR PULSE STRETCHER.
AN IMPUT PULSE TRIGGERS AN
CUTPUT PULSE WITH A DURATION
DETERMINED BY R AND . oOuTPUT
PULSE WIDTH IS APPROXIMATELY O.8RC.

AND GATE




DUAL H-INPUT NAND GATE

Vee (#5V)
74LS 20 1l 13] 2] | o} 2] 8]
MANY  DECODER AND ENCODER
APPLICATIONS. CAN  BE USED
As,  DUAL 3-INPUT NAND GATE
WITH ENABLE (CONTROL) [NPUT
FoR EACH GATE. r-1
vl 2} 37 4] 5| & 7]_
Veco
Y
A 2 ABcD Jour A ABCD Jour
Vee L L L H Vee LLAR l H
" YRR X L W xR X L
2 Y4 1 1 2
& 71 &
o ouT
E 71,2,3,4,5 = Moy jrqLs o 7
D& 8 BCD oooo=H D Bcp 100l =H
?
OUTPUTS GO HIGH WHEN  APPROPRIATE BCD  WORD
APPEARS AT INPUTS DCRBA. OouTPUTS STAY Low
FoR  ALL OTHER 1wpPUTS, (OMIT  FINAL JNVERTER TO
PROVIDE ACTIVE LOW ou‘rPuT.) LSE THIS METHop TO
DECODE  ANY H-BIT NIBBLE.

DECIMAL-TO-BINARY CODED DECIMAL (BCD) ENCODER

BCD OUTPuTS+A B c D
Vcr. 8 VCc 3
DECIMAL 14 7 Yz \/q
INPUTS, THLSDO = 7YLs20 74006/
‘l’ 7HLS OO
o Nc_lls'fsbl""l—]_ TBEE 2 ]
o] =
2
2
"-{
5
[
7
8
q
SELECTED INPUT  SHOULD BE Low  AND ALL OTHER INPUTS SHAQULD
BE HIGH. BchD EQUIVALENT WILL APPEAR AT THE OUTPUTS.
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TRIPLE 3-INPUT NOR GATE
THLS27

FOR DATA SELECTORS
AND NOR GATE FLIP~FLOPS
THAT REQUIRE CLEAR AND
PRESET INPUTS.

USEFUL

GATED RS LATCH

ch(+5)
HT i3l 12] ui ] 9] 8
] 2] 3] 4t 5| e | 7]

PRESET
R 3-INPUT OR GATE
E
]
CLEAR
FUNCTIONS AS RS LATCH WHEN
E (ENABLE) INPUT IS RIGHR. IGNORES
RS INPUTS WHEMN E 1S LOW.
DATA IN Vee 3- INPUT DATA SELECTOR
3 L]
A y V3 6 SELECTS |-0OF-3 nPUTs AND  TRAMSMITS
s‘Hst 1 ITs LoGIC STATE TO THE QuTPUT.
t
B Vee
z N
& il \.f3 a 3 3
': LS50 Z - ; 74527 4 ouT
3
Vee e I.Z.3,q=°'/3 ?Hoq/stoq
A =
C. 2' \13 127 3
13 LS 10 5 =
I 7
Y 1o ADDRESS DAYTA N CuT
VI: -
M B A C B A
¢ 3 L L X X L L
3 " LoL X X H H
1,2,3,4 = /3 7404/ L H %X L¥ L
t n 74LS04 L R ¥ H X H
i H L L X X L
HooL H X X H
' & = R H X % X L
B A

ADDRESS (DATA SELECT)

4q



8~ INPUT NAND GATE
74LS30

HANDY FOR BYTE -SiZe (8-81T) DECODING
APPLICATIONS. CAN DECODE UP TO
256 INPUT  COMRBINATIONS. AlsO
USEFUL AS PROGRAMMARBRLE NAND
GATE.

8-BIT DECODER

Vee (#5V)

whd sl il ] o) a| sl
=

] 2] 3] 9] s ¢ ZL

—
-

UNANIMOUS VOTE DETECTOR

Vee
1,2,3,4,5,6 = 7404/ 74ls04
B E_Doi__ 1,272 a0y fr4Lsoy
cr—of HB : >0-—-__-—H Vl:c
e 270
Vee ' ] Vee o o—_{s : >o.___“
2 V,
p s .e 3 % ':L 3
9 N N
]—_;THLsso ouT *“{% X
e 2[5 8 s S:?‘i'tsso
o n ? 4 e 1 ls
— 13 10 i 7
F 1= H
e 13 >. 12 =
7
G L2344 8= TIV;.-. LED GlLows
IO LS50 } 2z WHEN AL
,_4:/ INPUT  SWITCHES
H X 1o ARE CLOSED.
e 3 4
‘ T
OUTPUT GOES LOW ONLY WHEN . =
INPUT IS LHHLLALL (DECIMAL iDO), -
bP To LSe INPUTS CAN BE DECODED
By REARRANGING UP TO £ INPUT
INVERTERS.
PROGRAMMARBLE NAND GATES
S-1INPUT - INPUT 7-~INPUT
) Vee ! Vee ! Vee
= g 2 fid ——E 14
3 3 3
[ &=
4 8 H e Yy 2
S |74Ls30 S |74L$30 S |74es30
b [ b
1" 7 i v n 4
1z | = X3 = 1z { =
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DUAL AND-OR- INVERT GATE Vee (+5V)
THLSS! HT i3] 12} u] o] 9] 8

VERY VERSATILE BulLDING BLOCK
CHIP. IDEAL FOR CUSTOMIZED
DATA SELECTORS , LATCRES

AND EXPANSION OF A SINGLE
INPUT T0 AN AND-OR |NPUT.

| I
LATCH WITH ENABLE INPUT T2l s al sl el 7
Vbn -
z > !
O DATA
% 1404 TYPICAL AND-OR INPUT
ENABLE
D C 8 A
Vee Ve 2
1 3 % 10 13 3 E
h__ 7
L Ve \/l
YL S THLSSI =
ouT = {AR)+(CD)
a8 S
ENABLE «— TYPICAL TTL
Y INPUT LoGIC CHIP.
Q Q
Q@ OuTPUT FoLLOWS DATA  INPLT
WHEMN ENABLE {INPUT 13 HIGH. NO
CRANGE WREN ENABLE 1S LOW.
THIS  CIRCUIT SELECTS l"OF_Z DATA SELECTOR
~0F-2 4H-BIT WORDS.
NeTE THAT THE
SELECTED WORD 15 INPUTS = D Y ¢ ¢! B B’ A A
INVERTED AT TBE o] o
OUTPUT S, THE CIRcuIT ? ? ? ? ?

REQuiReSs "Two
WLSE!  CHIPS.

\nuvfoz 34 5 4] 3 9 e

“Yrvou
INPUT ADDRESS Vee Vee

A ouT (N ~ ~/

KX K TFHLR5) Lk 7 THLSS)
H X L H
H % H L = 8 @ = 8
L L X H —_
L H X L OUTPUTS —> D c B N

S|



DUAL NAND SCHMITT TRIGGER Ve (35V)
74LS (3 Hf 3| az] wl 0] 9] 8

TWO 4-INPUT NAND GATES
WITH A SWITCHING THRESHOLD.
OuTPUTS Go LOwW WHEN [NPUTS

EXCEED L2 VOLTS. OUTPUTS GO g
HIGH  WHEN INPUTS FALL TO ‘—4

0.9 Vvolr. IF ANY INPUT 5 LOWw,

TRE RESPECTIVE OUTPUT  wiLL il 2] 3] 4] s e 11
STAY HIGH AND THE GATE wild =

NOT TRIGGER.

PHOTOTRANSISTOR

GATED THRESHOLD RECEIVER

DETECTOR Vee

COMNTROL

" 7 ouUT

== INDICATES = (wWREN CoNTROL
THRESROLD  LEVEL. INPUT IS HIGH) USE TO CLEAN UP [NCOMING LIGHT PULSES.
GATED OSCILLATOR TWO-STATE LED FLASHER

. JUUUUL COnTROLO—

ConTROL 9 74513

wf=l~]-

JRaR

2700
i | pl I
OluF 7] loo,uFT
. by
OSCILLATES WHEN CONTROL 1S  HIGH. LED FLASHES TWICE EACH  SECOND
CRANGE RI AND 1 TO CHANGE WrREN  CONTROL  INPUT IS HIGH.
FREQUEMNCY. OK TO DLSE THIS CIRCUIT LED STANS ON  AMD  DOES NOT
AS GATED CLOCKE FOR  LOGIC CLIRCWITS. FLASH WREN CONTROL IS  LOW.
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HEX

INVERTER

THO4 /74HLSOM

VERY IMPORTANT IN ALMOST
ALl Loaic CIRCUITS. CHANGES
AN INPUT TO TS COMPLEMENT

(ie. H>L AwnD

L=>H).

BOUNCEFREE SWITCH

L+OUT

DOUTPUT FOLLOWS
SWITCH FPOSITION,

1,2= Y3 740N frarson

UNIVERSAL EXPANDER

Vee (¥ 5V)

HT 13| 12| u} rof 9] 8]

|

AUDIO OSCILLATOR

Vee
QUTPUT TONE t

15 4 KH2.

70

I, 1= 74904 /74dLs04 g

Veo . )
TR PPN ALLOWS ONE |
SIGNAL TO
IN OUT(=TR) conTROL 2 oOR
2 MORE  INPUTS. 8 fL
5 SPrR
I-QF-2 DEMULTIPLEXER
Vee
Vee N 14
" 2 3 ouT A
! Z THIS  CIRCUIT STEERS THE
7 Yz 7408 INPUT BT TO THE OUTPUT
1 P SELECTED BY TRE ADDRESS.
- " b s OUT B
3 THIS TECHMNIQUE CAn BE
UsED TO MAK B MULTIPLE
" . = OUTPUT DEMULTIPLEXERS.
1,2,3,4 =404 /'NH.SO‘-!
+ 2
vi [ T |
DATA ADDRESS| OUT A ouT B8
4
L L L L
M L H L
L H L H
3 H H L (.
A
DATA (ADDRESS)
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HEX 3-STATE BUS DRIVER

THLS 367

EACH GATE FUNCTIONS AS A
NON=-INVERTIMNG BUFFER WHEN
ITs ENABLE InPuT (G! OR G2)

'S Low. OTHERWISE EACH GATE'S
QOUTPUT ENTERS THE HIGH
IMPEDANCE (HI-Z) STATE.

HERE'S THE
TRUTH TABLE:

|-OF -2 DATA SELECTOR

Veo

Ile
THLS3GT

i
G

ouT
A 2 2
Vee S (SELEC“.‘):
Y& H=A
W
5 qu‘ T e L= R
v & -

=  e7404

|I-OF-2 DATA SELECTOR

Vee
INPUT SELECTS
WORDS 1‘“- 1-0F-12
THLS 367 2-BIT WORDS.
B 1 ™~ 12
1T
A L | l 5
B 14 l\_ 13 N
QUTPUT
WORD
A iz n N
Vee
\ SELECT:
o--JJ Lol 'S —__].—e )
SELECT Y T4HOY H=8A
= L=gr A

Vie (+5V)

G2
o] 5] 14] 3] 2] ni o] 9|
vzl 3 4f s el 7] 8

Gl

ADDING 3-STATE OUTPUT
TO TTL

VI:C

TTL oR LS
CHIP

ENABLE INPUT

2-STATE OUTPUT

BIDIRECTIONAL DATA BUS

DATA

N b A /r er A
TYLS3LT
D lr_{> 3 TWO - WAY
(21DIRECTIONAL)
DATA BUS
¢ 4 [/ 5 /
B b [::> 7
LT I N Vee DATA
L/ T”' ouT
TACS367
1 3
WRITE g I 8 2 >__;. D
S
A >——>- c
b >___L B
9
1o D__,_ A
ryy |® L _oresn

O -
m
®
>



HEX 3-STATE BuUS DRIVER

THLS 3468

EACH GATE FUNCTIONS AS AN
INVERTER WHEN ITS ENABLE
INPUT (61 OR G2) 1S LOW.
OTHERWISE EACH GATE'S QuUTPUT
ENTERS THE HIGH IMPEDANCE
(H-2) STATE.

1IN | ouT
X JHI-
L H
H L

HERE'S THE
TRUTH TABLE:

rrITm

BIDIRECTIONAL
DATA BUS

125 /3 7418368
37 Yo 74LS 308

ONLY ONE |NPUT

GATE CAN BE
L ENABLED AT ONE
TIME, ANY NUMBER
ENABLEG. S| 18 Y ©F OuTPUT GATES
B CAM BE ENARLED.

GATED TONE SOURCE

IN (k) 15

4
.
Vee .05 Y3 74L5368
G [ P l'é ET P 0o
15
.08
41K § 220
Yk EMNABLE
(L=TOME)
Bai
SPKR

- TONE FREQUENCY = 3.8KH=z

Vee (+5V)
62
fef as] ] 3] 2} u]| o] 4}

) b
F%ﬁf&l

2] 3] 4} s| ef 7| e_j_

-

Gi

GATED LED FLASHER

Veo

2=Y3 THLS LS

(L = FLASH)

BOUNCELESS SWITCH
(WITH ENABLE)

Ve 1, 2= 74L5368
15
L 13 L3 ) " > OUT
15 a8
ENABLE
(wHEN L}
L H
_—-—07 O !
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Y4-BIT MAGNITUDE Vcc('l-SV)A e a A s ne e
COMPARATOR e 153 Wl 3] izl n| w9}
7HLS8S

INPUTS ]
COMPARES TwWOC 4-BIT wWoRDS. INOICATES OUTPUTS

WHICH IS LARGER ©OR IF THEY ARE EGUAL.

8-BIT COMPARATOR Tz 31 8 5y ¢} 7] ei

B3 ALB A=B A>B A>R A=B AB ==
HIGH EQuAl Low

- . WAV SN ]
o]
v oW 7 _J_

{ouTPUT LEDs ARE OPTIONAL)

Vee Vee
wT 5 b 7 s | A 7 o
2
TYLS8S 3 74L585
L’
D C B A b ¢ B A D ¢ B A pD € B A
15 13 iz o 4 Hi q 15 13 i? 1o 9

BINARY HI-LO GAME

Vee Vee Ve Vee
L 1\ ENMTER GUESSES IM
] le le ST-55. AN OPEN
4 D17 ) SWITCH 1S RKRIGH AND
B CLOSED  SWITCH
—La_ 5 C b Hlc IS LOW.
8 Blz Uig 5 Y
\2“ TOO HIGH
0 Al3 7 1A
74193 /74L5193 74L585 = [t
JuF & CORRECT
:_.[_: 2 o 50
PRESS SI FOR W Too LOW
A FEW SECONDS S49) o0 218
TO0 LoAD RANDOM 270
NUMBER 1IN 74193/ S5 o Jol A
74LSI92, LSE DIP
SwiTcH ARRAY OR -4 1s L

TOGGLES FOR 52-55
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BCD-TO-DECIMAL DECODER

© I 5 4 GND b 7 3
T4HY 1 1] is{ 4] 13| 2] n] w0} 9
DECODES 4-BIT BLDO INPUT INTO - P_
IFOF-10 OULUTPUTS.  SELECTED
QUTPUT  GOES Low; ALL OTHERS
STAY  HIGH. ORIGINALLY  DESIGNED B
10 DRIVE GASEOUS  GLOW DISCHARGE
TUBES, ALL OUTPUTS GO HIGH FOR
BINARY  INPUTS EXCEEDING HLLH ({(o0ol). 23l 4l s] el 718
8 9 A D Ve B C 2
(+5v)

|-OF-10 DECODED COUNTER

zzo VG:
_ _ & - - a _ " - )VVL___*L
VCC
AR IR IEKIRIEIRIKIK,
5 | 5] 8 q 3] 4] 10 ! 2
p ! po [ 2 3 4 5 ¢ 7 8 ¢
.I-U-Lo._.l_q_ ci8 Tlc g
IN 7490 741590 B9 ble 7441
z Allz 3 A 2
1 LEDs FLASH ON SEQUENTIALLY =
- IN RESPONSE T™ DECODED
CounT. onLY ONE LED SERIES
RESISTOR 1S REQUIRED.
L VCC Vcr_ Vcc Ve_r_
R 2o y R3- RI2  Ri3
M £ 5 (0-1K) SoK
plH 410 oflle _AAA_ -sl
i o TR LSV Vo N |
4 8 7490/ 118 A}
7 741590 ¢|8 7]e sl | BL 7%
R 3 4 43 aan. ] LA
K 555 C]ih SR VV N |
2 B2 tlg A LYYV 5] 555
3 7 [{#] A AN
z Ll o gi! AAA ]
+ 7 A2 3| A 92 A ] 'J— 2
CI — C1
I -sopfF L L L L1 | i B O DN
INCREASE ¢  To OECREASE  TEMPO. INCREASE <2 TO [INCREASE TONE

MREQUENCIES. TONES ARE DETERMINED BY R3-RIZ.

57



BCD-TO-7 SEGMENT Vec65Y) t b o d e
DECODER /DRIVER el 15] ] i3] 2] nf ] 9|
THHT 7 749LS47

COMVERTS BCD DATA INTO

FORMAT SUITABLE FOR PRODLUCING

DECIMAL DIGITS ©ON  COMMON

ANODE LED  7-SEGMENT  DISPLAY. vl 2] 3] 4 5] &) 7 8_]_
WHEN  LAMP TEST INPUT IS LOw, ALL B C D A =
ouTPUTS ARE Low (ON). WHEN Bi /RBO

(BLANKING INPUT) IS Low, ALL — RB\
OUTPUTS  ARE  HIGH (OFF).  WHEN L — Bl /RBO
DCRA INPUT IS Leet  (becimAL ©O) LAMP TEST

AND  RBI (RIPPLE BLANKING |NPUT)} IS

Low, ALL OuTPUTS ARE  HIGH (opp)

THIS PERMITS DNWANTED LERDING O's D‘SPLAY FLASHER
IN A ROW OF DIiGITS TO BE

BLANKED. Vee

MANUALLY SWITCHED DISPLAY

Vee

THIS SIMPLE
CIRCUIT  wWiLL
FLASH  DISPLAY
TwWiCE PER SECOND.

'! o )
D o———J“ TO PN 4,
¢ - 2 7447/ To  DISPLAY TA47 [rHusMT.
B o1 741547 (SEE  BELOW) 1= 3 2404
A — 2] e e2= 47 uf
Ts N
0-9 SECOND /MINUTE TIMER
Vee Yeo
Ve Vee " g3
R i A > A G
IM < 7447/ RY
5 LTI AL o b
4 p [ e|p RS a
d 7490/ LYV N ¢ l . b
4 8 81 | 74LS90 Rlo
z I c|8 2 e 10 Ay d 2
2 R
RZ 555 9 A A A e e ¢
1K Zz B9 e _
3 /\/\/\ £ d
z [ PR
+ Cl 7 Al TIA A/\f\ 2 3
Jd-i0ouF COMMON
:[: g B DO [ CRE R3-Rq <3300 ANODE LED
= = i} = - DISPLAY
CLOSE St TD START  TIMING  CYCLE, CALIBRATE 555 FoR | PULSE (COUNT) PER
SECoOnND ORI CounT PER MINUTE e~ ADIUSTING RL.

o8



BCD-TO~7-SEGMENT Ve (BSV) L 4
c e
DECODER /DRIVER Wb s w] nf el u] 0] 9]
7448
CONVERTS BCD DATA INTOD
FORMAT SUITABLE FOR PRODUCING
DECIMAL DigITS ON COMMON
CATHODE LED 7-SEGMENT DISPLAY.
1] 2 3] 41 s5{ &| 7 8_[_
B ¢ 0L A =
DISPLAY DIMMER .
. — RBI1
1.| — BI/RBD:
TO PIN 4 — LAMP TEST
7448
4.7 *SEE 7447  EDOR
EXPLANATIONS.
0-99 TWO DIGIT COUNTER
LOwWEST ORDER DIsPLAY HIGHREST ORDER DISPLAY
o b ¢ d e £ g «a b ¢ d4 e f g
4r 4‘\ 4\ 4\ {k {k 4l\ A A ,1\ 4\ 4\ {k A
Ri-RI1Y:
3301}
Rt| ez 3| vy 23 Ré[ R7? RE| Ra ] o] Ru | @iz| RI3] Ry
Vee COMMON
CATRODE
LED
3] 2] nwf o] 9] 5] 14 13 gz| n| o} 9| s] 4 Nee DISPLAY
!bT
7448 74498
[+ 3 a
A R C s} A B c D
7 1 2 L 7 ! 2 A _ P' lb
1 9 8 il 1z q 8 il e &
LA B c D Vee | A B C D Vee _
d
NN o 7490 / 74LS90 5 T I 7490 / 74LS90 5 T T
IN
2] 3] & 7] 0] 2] 3] 6] 7] 1o =
-—il—. —

—
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3-LINE TO 8-LINE DECODER
THLSI138

EACH 3-BIT ADDRESS DRIVES
ONE OuTPUT LOW. ALL
OTHERS STAY HIGH. THIs
CHIP  HAS THREE ENABLE
INPUTS., WHEN B2 1S HIGH,
ALL OUTPUTS ARE HIBH. WHEN
El 1S Low, ALL OUTPUTS
ARE HIGH. TO ENABLE CHIP,
MAKE EIl HIGH AND E2 LoOw.
(NOTE: E2= E2A + E2B.)

Vcc,(+5\l)
o I 2 3 4 5 G
| I5] ] 13 12 ] iol 9
ENABLE

vl 2] 3) 4| 5] %) 7 BJ_

A B C ETA EtB EI 7 =

-

INPUTS

-TO-8 DEMULTIPLEXER

DATA ouT

7 TQ TJO T“ sz TB T' T’SJC INPUT DATA (H

- or L) 1S PASSED
DATA N o © 7415138 . ;o f,e;ec'rc-o
UTPUT.
¢ B A
|3 ,z II 4_Js _

ADDRESS N

2-TO-8 STEP SEQUENCER

QUTPUTS

TO DESIRED
7 e 5 4 3 2 1 O SEQUENCE
Vee T T T (C.g. ConNECT
T 7 19 Jo v iz |3 iy Jis o ouTeur 4
o AND  CIRCUIT
74L5138 wWitL CYCLE
° 8 FROM 07O 3),
e Ve
3 [2 T 4 |5 i ¢
N/
o S = 2z e 7904
3 Slue 74 LS193 RESET |14
USE TO FLASM
LEDs, CONTROL
RELAYS, ETC,
LOiTo 100 MF Rt CONTROLS CYCLE RATE,

-
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H-LINE TO 16-LINE v s

Cc D EZ EI t5 4 13 12 U
DECODER 24) ) 2] ui 20| 9] a8l 7] e} is] 4] 3]
74154
INPUTS
EACH 4-B8!T ADDRESS
DRIVES ONE OUTPUT LOw.
ALL OTHERS STAY HIGH .
ENABLE INPUTS (Ei AND EZ)
MUST BE LOw. IF One OR ]2 31 4] 5] e 7] 8] 9] o] u '_ZL
"BOTR  ARE  HIGH, ALL e | 2 3 4 5§ & 7 8 9 10 =
OUTPUTS GO  LOW.
BACK AND FORTH
I-TO-16 DEMULTIPLEXER FLASHER
DATA ouT
LA e Bdudededd % e
d213l4lslelriglape|i]i3]m|iSfiefir 1l
DATA }ZJ L% '
N o8 74154 12 b
)9 ., f
D & B A IS I:]
23\ 21 2z| 23—[ 74154 £
SELECTED  OULTPUT = i4 K] { Vee
IS Low  WHEN ADDRESS N l‘ﬁf
DATA IN 1S LOW. (SELECTS 1-OF-1lb LE K] Y70
I DATA M IS ouTPUTS) | 5%
KiGH, SELECTED el |q.
QUTPUT 1S HIGH. 0‘5’
! ‘q THESE
q‘fr LEDs
Vee L Kl 4 FLASH
S Vec 4 BACK AND
R §$ j 24 8 _,Q_.} FORTH.
bOx . ::‘ e % VISUALLY
B 4 4 1 7
; 2 |2q00 > JloOWN D oD __&N_‘, APPEALING.
R c Ul C b
1K 555 |3 T4L5193 ‘Srl $
P Pk
2 e
y v 2
- : 5 7o P2 > jup A 3IA q’;m |
7 CLR 12 3
Y ' —,;KH
o '8 L‘K]—“
33 uF L . | %
“’ l - "‘1 i
— 1% 7400
INCREASE Rt TOo SLow  FLASKH RATE.
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QUAD 1-0F-2 DATA SELECTOR

ENABLE
Vec(rSv)] HA 4B 4Y 3A 38 3Y
ZHLS 157 wt us] wf i3 2| ] o] 9}
FOUR 2-LINE TO I-LINE MULTIPLEXERS.
MANY USES IN RouTiInG DATA. ALL INPUTS: A AND B
4 DATA SELECTORS ARE ENABLED OuTPLUTS: Y
WHEN pin 1S 1S Low.
DOUBLE DUTY DISPLAY vz 3] Al 5| e 7 'ﬂ_
SEtecT A 1B 1Y ZA 28 2Y =
Vec
s
—
5 | BUS SELECTOR
BUS THLS{SY Vee
A 11 | o
7- SEGMENT 2] 32
1] 7 DECOBER
(7447 f7448) _ 5] (b
9 AND BUS JHLS |57 BUS
—3 7- SEGMENT A I o B
Iz - DISPLAY.
| 1y 13
BUS 2
B 1o o o SBLECT SELECT o] is
i3 Low = BUS A Low =Bus A Yy 'Tl q lZl =
HIGH= BUS B HIGH=8uUS B
a_'.s—l OUTPUT
=4
Bus
A
BUS
B
Vee Vee
15| 13 iz 10 | Iy h q FA Y It 14 3 & {0 13
o Ho |
74L885 74L5187 3
B 8
g G 7 1] ql vl ql :;1 ]
270 =
A>B A=8 ’ ALlB
Gl % L LARGEST WORD
L
THIS CIRCUIT CONTINUALLY MOMITORS TWO  DATA BUSES. Bus WITH

HIGHEST MAGNITURE DATA  WORD
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)1-OF-8 DATA SELECTOR Vee(+5V)
Yy 5 I 7 A B ¢
TJHLSI15]) o} 1s] 4] 3] 2] nj 10] 9}
EQUIVRLENT TD 8-LINE TD |-LINE MULTIPLEXER. E: ENABLE
OuTPUTS
=
PROGRAMMABRLE GATE Y W
3-BIT ADDRESS SELECTS ONE
swiTCH AND  APPLIES ITS STATUS 1] 2] 3] 4] 5] ] 7 S_L
{oPEN = HIGH AND CLOSED = LOwW) TO 3 2 ! O ovrour E T
THE CUTPUT. ANY 3 INPUT
LOGIC FUumNCTron  CAN  BE
PROGRAMMED N SECOMNDS. PATTERN GENERATOR
O ! 2z 3 Y g [ ? LOW+
° RiGHR +
ve § L D3 L L b ) yl 3| 2t 1] as] oyl 3]
Vcc r
e 7HLS15]
B
y [ T R T C B A
T Ted 2
o THLS(S| (oR) )
Z-BiT TO LED, GATED
] COUNTER TONE SOURCE, ETC.
T =
PROGRAM ANY DESIRED LOW—HIGH BIT
c B A ouT TuT PATTERN, THEN PLAY IT BACK,
——
IN
OCTAL KEYBOARD ENCODER
Vee Vee INPUT
\ SWITCHES
Iu. _ e
KS IKS Ik A
=0
uP 74 LS50 0-1
13 —-L—a____‘fa
749193/
1493 | g | 4| H 5545
C e i qlc
IS "["6-1‘1
Bl2 10lg
7 r-l-——-O O-—ﬂs
A3 A
L 2 s5'sl2
= T O'T
r—os 5641
PRESS NUMBERED SwiTCH =
AND ITS  BINARY & iouT 4 =g _Jo
EQUIVALENT APPEARS ON
THE READOUT LEDs. THE READOUT LEDs: 7_L.§L
LEDs ARE OPTIONAL. oN = Low (0)

OFF = HIGH (1)
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DUAL ONE-SHOT
74LS123

INDEPENDENT
MULTIVIBRATORS .
&0TH ARE RETRIGGERABLE.
PiINs DES\WGNATED R AND R/cC
ARE FOR EXTERNAL TIMING
RESISTOR AND CAPRCITOR.

TWO FuLLyY
MOMNOSTARLE

BASIC ONE-SHOT

Ve (#5v)

R/je C

TIN 21N
1@ 1% 2GR A B8
2] w1 9]

|bT 1s] ] 18

\

&
CLR

Q

CLR

I—-—Q

'|
HIN
A B

2] 3
IIN 16R 1@ 2@ C R/2 =

4] S

o] 7| a_L

MISSING PULSE DETECTOR

Vee TWO WANVS TO Vee @Q OUTPUT STAYS
. TRIGGER: ¥ HIGH SO LONG AS
lo Ve INCOMING  PULSES
1. KEEP |NPUTS z ARRI\WWE BEFORE ONE-
R QU2 . A AND B LOW; Q3. shoT TIMING PERIOD
THEN MAKE B 3 RUNS OUT.
1S HiGgH.
c I+ THLSI123 2. KEEP INPUTS R THLSILY ADyusT R AND ¢
A AND B HIGH, TO GIVE TIMING
14 THEN MAKE A 15 | PERIGD  ABOUT Y3
Low. (o 4 LONGER THAN THE
N AO_LJ l INTERVAL BETWEEN
N By 2] TO CLEAR: 1 _ INCOMING  PULSES,
Qe @Y
CLR o2 MAKE PIN 3 LOW. IN f OPERATION:
THIS ALSO IN~—
J—S MBITS TRIGGERING. ilf IN _
) -8 1]
TONE STEPPER
Vee Vee
RI E ']N \
100K < b T THIS CIRCUIT STEPS
2 R ACROSS A RANGE
3 |ooK RY OF TONES WHEN RI
4 8 §220 AND /OR R3 ARE
7 3 ! 15 ADTLSTED. VERY
+ UNUSUAL SOUND
R2 555 TYLS(23 l c1 EFFECTS.
K v .OluF
CHANGE CiI AND C2
lLiJ‘ i3 FOR OTHER TONE
83 RANGES. ALSO, TRY
T 8 5 PKR PROTORESISTORS FOR
R\ AND R3Z.



DUAL D FLIP-FLOP

M™NTYH /7H9LST7H

Two O (DATA)  FLIP-FLOPS IN A

SINGLE PACKAGE. DATA AT D

INPUT 1S STORED AND MADE

AVAILABLE AT @ OUTPUT  WHEN

(tock  PuLse  (¥) GOES HIGH.

HERE'S THE TRUTHA TABLE:

PRESET CLEAR Clock D | Q [¢]
L H X X H L
H L X X L H
B H 4 H M L
H H 4 L L H

2-BIT STORAGE REGISTER

Vee

14

Ve

= 2741 ) 74LsH 12] 7474 J24¢574
gL
D EI Y il n] 1o
0 & o l <L
D -<—DATA IN —> D CLR ¢ PRESET

J DATA OUT
Q13 ®

‘/?_

WAVE SHAPER

Vee
b
_/""AJ\'\—.Q__ZD \ Q@
IN e
7474 [T4L8 24
P Q.._?"'ﬁ o)

RIE

Vee (#5V)

14

13] 12 ]

PRE-

o

2l 3w

CLR

¢ 1S CcLocKk

D & PRE

5 e 7
- G Q@ =

SET

INPUT.

t 1S RISING EDGE OF CLOCK
PULSE.

PHASE DETECTOR

VCC VCC
9 | | [ | 2 5
o— D \ Q
7 ¥ 270
7474 [74LS74
1] Lo_.13 @ Qe
I
THE LED GLOWS WHEN  NPUT
FREQUENCIES FI AND FZ ARE
UNEQUAL  OR ouT  OF PHASE.
Fi AND  FZ SHOULD &E
SRUARE  WAVES,

DIVIDE-BY-TWO COUNTER

Vee
B
#o—2s  alsy o
[
THIH [7HLS
2lp Gle
L
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DUAL J-K FLIP-FLOP
7473

Two 3K FLIP-FLOPS IN A
SINGLE PACKAGE. NOTE THE
CLEAR INPLTS . THESE FLIP-
FLOPS WILL  TOGGLE (SWITCH
OUTPUT STATES) IN RESPONSE
TO INCOMING CLOCK PULSES
WHEN BOTH JI ANK T INPUTS
ARE  HIGH. HERE'S THE TRUTH
TABLE:

CLEAR CLOocCK

X

zrxp

IxITr
Irrx|y
T Irx|x
drxrio

U
L
n

)
(o
r
m

DIVIDE-BY-TWO

Ve A

h
y
iy h qld

0] g 1473

ale

@
Lo s I"

DIVIDE-BY-THREE

-
n
P
>
®

7473 7473

J_Lcu; 5 _l_ll

&b

J @ a6 K @ &
M] 13} 1z} nl w] /] 8

4

C C

risql?svv

P CLR K @ cCar T
Vee (#5v)

@ IS CLOCK INPULT.

BINARY COUNTERS

THE THREE CIRCLITS oM THIS PAGE
ARE BINARY COUNTERS THAT COUNT
upP TO THE MAX| M UM COUNT
AND AUTOMATICALLY RECYCLE.
CONNECT A DECODER TO OUTPUT
OF DIVIDE —BY— THREE AnD DiviDE-
BY-FOUR CoOupTERS TO OBTAIM
ONE — OF -~ THRER AND OMNE — OF-FOUR
OPERATION. THIS TRUTH TABLE
SUMMARIZES OPERATION OF THESE
COUNTERS!

DIVIDE~-BY: TWwWO0 THREE FOUR
OUTPUTS: A B A B A
L L L L L

H L H L H

H L H L

H H

DI VIDE-BY-FOUR

Vec A B
A A
l..‘
1§y Ve Q 12 7|13 \’1 @ 9
3l 7473 10l k7473
. [ 3
-3 = P
o 1 5| U



DUAL T-K FLIP-FLOP

K @ & GND K @ & T
JNT7b wi 1s] 4] a3} szl n] o] 9
Two IK FLIP-FLOPS IN A Lll
SINGLE  PACKAGE. SIMILAR | 2
To 7423 /79LS73  BUT HAS :
BOTR  PRESET AND  CLEAR _J J |
INPUTS. FLIP-FLOPS wilbLtb
T06GLE (SwiTCH OUTPUT
STATES) IN RESPONSE TO 1l 3t 4] 8] el ] e
INCOMING CLOCK PULSES WHEN ® PRE CLR T ¢ PRE CLR
BotH T AND K INPUTS ARE Ve (+5v)
KiIGH. HERE'S THE TRUTH TABLE:
PRE = PRESET
— CLR = CLEAR
PRECLR _¢cex I K ] G Q ¢ = cLock (R cLk)
L H b b A R L
H L X X X L H TOGGLE = FLIP-FLOP SWITCHES
H H o H L H L OUTPUT STATES IN
H R I L H L H RESPONSE TO CLOCK
H H o H H |TOGGLE PULSES.
H-BIT SERIAL SHIFT REGISTER
PARALLEL OUT (ABCD)
VCC A VC( 5 VCC C VC: D
4
2[5 3] T 7] ) ,I 2| 513] ,L » 8
DATA o 4|7 al's_L 9| Qlt | qlx aps | 917 oLl
Vee \/1 \/Z.. \/Z- ‘/Z
Yorqoq |1 F LA 74976 247 7476 SERIAL
Lb? IT] 5 _ . _ OUT
i;—;llaK & P4 12| K {4} Mo | K. & 14 121K QLo .
- @ e} .} .3
REE N b 1 131 b
J_l—c; _ l
¢
y H4-BIT BINARY UP COUNTER
‘\Cc
2 5|3 7 8 Z| 5|3 K 8
Ya Ve Ve V2
el 7476 2k 747- ik 7476 1 e 7476
0 iy SN |- QL elg Qe i Q (4 b ¢ Q o
" I By
= Y ¥ = Y Y
DCBA BINARY OUuT—» A (2°) B (2") C (%) D {<")



QUAD LATCH

E -
k2 GND 3Q 3Q 4@

19 26 2@
74757 74LS75 o] 18] 4] 3} sz] n{ 2] ¢
A 4-BIT BISTABLE LATCH. Eq ! LJe & LQS GJ
PRIMARILY USED TO STORE E £ £ e 1
TRE COUNT IN DECIMAL & b p 2 & &
COUNTING ONITS. NOTE THAT ] ] D ]
BOTH G AND & OUTPUTS E
ARE PROVIDED, ALSO NOTE
THE E (ENABLE) INPUTS. WHEN rh2f 3t &1 5} &l 71 8
E IS HIGH, G Fotlows D. 1@ 1D 2D E vy 3D 4D 4B
9 (v5v)
4-BIT DATA LATCH DATA BUS Ve o LATCH
INPUT
(. S R T" 3 (ENABLE)
DATA  oON BRUS  APPEARS AT 2 e
oLTPUTS  WHREN  LATCA INPUT 1475
IS RIGH. DATA  ON BUS 37475 1S, DATA
WHEN  LATCH INPUT GOES LOW ouT
IS STORED  UNTIL LATCH INPUT b He o
GoES HIGH. (LATCH IMNPUT CONTROLS
BOTH ENABLE INPUTS) TWO QUAD 7 12,
LATCHES CAN BE  USED  AS AN
8-8BIT DATA LATCH. I Yov N
DECIMAL COUNTING UNI\T
T LATCH
Vee NEXT Vee Vee
I N
5 5 1" 73]
7490/ ) 7€Is) IM97) B3 AM_ 5 A
74L590 13| 741575 74LS47 R2
S =AM, b
(N ot 2 o e [p R3 a
PN, e
RA F ] b
2 c 18 3 15 Zlc L MA_ ., d —
l—‘T RS
2 KENV,V.V N - e ’t
B |3 b o e Rl
b IS AAA £ d
R7
7 AllZ 7 q 7 A _’_L/WL:P 3
_ COMMON
_EO [ | _Lll J_S RI-R71=370 ANODE LED
L gl 1 DISPLAY
EXPANDABLE DECADE COONTER. FOR  TwO DIGIT COUNT, ConneceT PIN )
OF 7490 /74L390  OF  FRST omiT  TO INPUT  OF SECOND  UMNIT. A Low
AT THE LATCH INPUT FREBZES  TRE DATA BEING PISPLAYED,
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QUAD D FL‘P-FLOP Nee (+5V)

4G 48 4D 30 38 3@ @

74LS175 | 1s| ] 3] 2} nl| o] 9|
H _._l l_j 3
HANDY PALKAGE OF Four D-TYPE
FLIP-FLOPS . DATA AT D-INPUTS
1S LOADED WHERN CLock GDES
RIGH . MAKING CLERAR INPUT ] 2
Low MAKES ALL & OoUuTPUTS Low F‘\I l—
AND & OUTPUTS HiIGH.
il ozl 3] 4] s| o] 7| @&

CLR I1G I& 1D 2D 28 z2@ =

DATA BUS
Vee CLEAR (CLR)
S S S BTN S
pufo ohs, H-BIT DATA REGISTER
12]c clto . DATA
ouT DATA ON BUS IS LOADED  INTO
548 B |7 o 74LSITS WHEN LOAD  INPUT
GOES  HIGH. DATA IS THEN
l dla Az STORED  AND MADE  AVAILABLE
AT OUTPuLTS UNTIL NEw  LOAD
Yoy S_L\\B_omf\o PULSE  ARRIVES.
D ¢ B8 A = THLSS

MODULO-8 COUNTER

Vee
A A B c D
I re I ! I s |
= ol
g alz 4 5ip alz | o allo ] 13|p Ql!s
IN .
o Y Yy iy
74LS 175 74LSI?5 THLSITS 74LS175
H1p S

L

SERIAL IN/OUT, PARALLEL OUT SHIFT REGISTER

Vee A B c )
JERIAL e i
DATA od]D Qlz_{ SIp al?z__1 1zfo afo_ | 13[p a s
(N
Vi Y Yy Yy SERIAL
TYLS LIS 7HLS)TS THLSITIS 74L5175 DATA
cLock od o ouT
R
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BCD (DECADE) COUNTER
7490 /74HLS90

ONE ©F THE MOST POPULAR
DECADE COUNTERS. EASILY USED
FoR wvipe - BY - N COUNTERS,
LESS EXPENSIVE THAN  MORE
SOPRISTI CATED CoUNTERS. RsST
INDICATES RESET PINS. THIS
CHiP IS sy ALLY  USED (Y

DECIMAL COUNTING UNITS | BUT
CIRCLIITS oN THiIS PAGE SHow

MANY OTHER POSSIBILITIES.

DIVIDE-BY-5 COUNTER

Vee

5

tnfz

UL ot 7990 /741s90
IN

23] o] 7] 0]

ks
p—h
-

DIVIDE-BY-& COUNTER

DIVIDE-BY-7 COUNTER
Yee
o) _st[g]

5 l ‘ | 3 H —-—'
o] HQO/T‘H_SQO LI -
IN

.'|ra|z 3£]

L

70

INA GA QD GND QB Qe
] 1] w2 n] 0] 9] 8

I 2z 3
INB RST RST

Hl 54 f 7
Ve (+SY) RST RST

DIVIDE-BY-8 COUNTER

<
3 3 I 5T

_ﬂﬂ_o_!i 7490 / 7HLS R0

N
8 > &

Il 1z L,I 7 ho

.

DIWVIDE-BY-9 COUNTER

Vee
! 21 12 ST
3
JULg | 74990 /74c590 1M
N 1] 9
o 7 10]

4L

DIVIDE-BY-10 COUNTER

] [_Fl ST

| 74%0 /74L58%0

3
z

|

S
7




BCD (DECADE) COUNTER

THLS196

MORE  SOPA'STICATED VERSION OF

THE POPULAR 7490 [74LS90  BCD
COUNTER. INCLUDES H-PRESET

INPUTS WHICH PERMIT ANY BECD
NUMBER TO BE LOADED WHE N

N Is MADE Low. THE COuNTER
IS CLEAREBD To LLLL WHEN PIN 13
1S MADE Low. @ IMNDICATES (CLlOcK
INPUT,

DECADE COUNTER

Hip D.’i’.
BCD 3l €2 o BCD
DATA COUNT
IN —1olg gBl9 o IN
41N AlS
COUNT IN 4 8 “]
.
THLS 19
=1 S2
I 12 1.
—_——8 i -0 O—
PRESS SI TO PRESS ST
PRESET TO 7 TO CLEAR
BCD DATA OUTPUTS
AT INPULTS, TO LLLL.

DIVIDE-BY-5

Vee
14
IU'LO__&; T4LS196 DIZ o IN
5
IN
=
= Q-4 CouvumnT IS
AVALLABLE AT
DCBA CUTPUTS.

COUNTER

CleaR D D B B
Vee (*5v) ouT IN N OuT
qu 13 1z " 10 9 8

||23q551

LoAD €& C A A g2 =
ouT IN In ouT

H-BIT LATCH

Vee
L
— Wb bl L
3 e cl2 o
DATHR DATA
IN oz g9 ouT
Yy
—4ia AlS
LOAD o 7405196
1
WHEN LOAD  INPUT IS LOW,
OLTPLTS FOLLOW  |NMPUT S, NO
CRANGE WHEN LoAaD [NPUT
1S HIGH. NOTE THAT A PAIR
OF 74L3194'S CAN BE USED
(INY A DECIMAL CounTING

UNIT (CoumTER

PLUS REG JSTER).

DIVIDE-BY~10 COUNTER

AR AlS N

IN

Vee

8 12 I
D

THLSI90

s
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DIVIDE-BY-i2 BINARY COUNTER
7492

OFTEN TO
LO HZ
LiNE

DvIDER

INDICATES

USED DivipDE CONDITIONED
PULSES FRom AC POWER
INTO i0 Hz PULSES., OTHER
APPLICATIONS ALso. RsT

RESET PINS.

DIVIDE-BY-7 COUNTER

Vee

s

IN A

QA QB GND QC QD
] 8

i) 13l 1z n] o
Vo] 3] 4| 5# | 7
IN & Vee (45V) RST

DIVIDE-BY-12 COUNTER

7 u] i
UL o] 7492 Lo TUL 4] 2492 8, N
IN 1z 7 N 'z
8l _w] :o‘l— b 7 10
DIVIDE-BY-9 COUNTER 0-HZ PULSE SOURCE
VC: VC(
ST ST
A
JULotl 7492 N JUUL 7492 8 10 He
IN 12 9 (,oHio—T ouT
_ iN
7L 8] ™ rj- ] 7 10]
DIVIDE-BY-120 COUNTER
Vee Ve
o i e £z
JTUL o] 7492 2 0% i 7492 18 IN_ cepeate ANY
IN ‘20 pivipe - BY- N
T3 C 5 = iﬁal 5 i] COUNTER,
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4-BIT (BINARY) COUNTER

7493 /74LS93

EAsY TO ULSE  4-BIT BINARY
COUNTER. LESS EXPENSIVE
THAN MORE SDPHISTICATED
LOUNTERS, RST INDICATES
BESET PINS. NMNoOTE UNUSUAL
LWeATION OF PowgR  SupPLY
NS,

DIVIDE-BY-10 COUNTER

Vee
2 9] sT
3
mo._i 7493/ 741593 IN
IN I 10

l| 7.[ 10

DIVIDE-BY-11 COUNTER

INA QA QD GND QB QC
] 3] 2] n} o] 491 8]

_ 1

b2 3] 4 5] ef 7]
INB RST RST V“(+Sv)

DIVIDE~-BY-12 COUNTER
Vec
|
mo__lﬂ. 7493 /741593 f}_,m

N 1Yy
i ] |7.| |o|

DIVIDE-BY-16 COUNTER

Vcr. th‘.
/ "
3 5 q 7 1] 5
2|08
JUL o4 7493 /741593 = J_U_Lo_"" 7493 /741893 |1 o n
IN L - IN IN 1o
Il
z i 17 11 ‘LL_ z 10}
e "_L:'
V 4-BIT BINARY COUNTER
‘\ct
‘ CouvnTSs FROM TRUTH TABLE
5| Rl O~15 IN BINARY
D [* : AND RECYLLES. DcRkA DCB A
_ﬂ_['Lo_l‘i_M P2 R2 Glowing LED ™= L
IN Ay LA (0); OFF LED=H LLLL ALLL
i & R3 (1). 555 TiMER L LLHAH HLLH
2| X B2 |Q AN IC MAKRES GOoD LLRL HLARL
Py 4 RY INPUT  CLOCK. LLHHA NLHH
3515 A '3_|4._AN\_J LHLL HRALL
~ £ LHLH HHLH
1 L RI-RY =270 L LRAL | RRKL
= = LHRH HHHRA

~J
N



BCD UP‘DOWN COUNTER IN CLEAR CARRY IN N

Vee(+Sv) A BoRROW | LQAD L D
4192 od is| | 13l 12| ul el 9]
FuLey PROGRAMMARBLE BCD COUNTER.
QPERATION 15 IDENTICAL ToO 79193 / CounT
THLSI93 EXCEPT CoOUNT IS 1O-~STEP N
Bcp  (reti—HLLH) INSTEAD OF
He= STEP BINARY. MANY APPLICATIONS
FOR 74192 f74¢5192 AND 74193/ 7413193 ]
ARE  INTERCHANGEABLE. Vo] 3) 4] s <] 7 ?L
InN B A Dowwn uvP C L =
B ourT ouTr ouT ouT

CASCADED COUNTERS SINGLE UP-DOWN INPUT

Vc.t. VC.:
2t badst 2 e tafst - o> uP
y 5 (to P 5)
o 24592 5 o 24192 4
q o] Jis] 9 [ro[ 1 J1s] CLock ©
2o ba bst 2tetetsh 2
4 IF} [ 13 ﬂ%' I
le 74192 B4 e 74792 |8, 4 P_—J
heGaCon ___L LA _‘ ow= o7
- - HIGH = DOwN
uP (0-99) pown (99-0)

PROGRAMMARLE COUNT DOWN TIMER

Ve
Vee A RU-RID= 3300
RI A I e 4
I M up 13 A, a
4 8] D |7 b|D RS
7 DOWN Z_MAL. b
cle 2]c R
4] 555 BORROW i AA_, ¢
LK B |2 e R7
D PO AAMA, d
z (SN A 3 s A RE
,_,_l__. CounTS Dowmn 53 | o 12]C VAV,
+{ ¢l FROM N TO 9z (M g5 | 7447 RY
T .1~ 100uF LLLL AND $7 | oo 1B l U3 AAA_, F
RALTS. i’ R1O
si g3 A j M AAA S 9
CALIBRATE RY  AND C1
TO PROVIDE  DESIRED 8] M™] | 8] o 2
NUMBER OF CLOCK PULSES L common
PER MINUTE. SET DESIRED N INTO S-S54 (cLOSED =  ANDDE
SWITCH = Low  AND  OPEN  SWITCH = HIGH). PRESS S5 TO LED
LOAD N AND START (OR RESET) CounT. (ED GLOWS AT RALT. DISPLAY.
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4-BIT UP COUNTER
JHLS 1 61

BINARY COUNTER
INPUT 5.
DATA AT

GENERAL PURPOSE
WITH PROGRAMMABLE
COUNTER ACCEPTS
WHEN LOAD INPUT GOES
A Low AT THE CLEAR INPUT
RESETS THE CounNTER TO LLLL
wpen  THE  NEXT  C(LoCk  PULSE.
P AND T ARE CounT ENARBLE
INPUTS. BoTH P AND T MUST BE
HiIGH TOD COuNMT. THESE ENABLE
INPUTS ARE NOT

INPUTS
Low.

AVAILABLE WITH

CARRY
Vec(#5v) T A B C D T LoAD
led 151 s4] 03] 2] 0] ol 9}

DATA OQUTPUT

Vo2 3] Al sl el 7] 8]
CtR ¥ A B ¢ D P =

DATA INPUT

THE OTAERWISE MORE ADVANCED T4L5193.

8-BIT COUNTER

T
v 1y
A M A
Jled 74 S0t
13 B
o
17 I
q
|
", Do
-
aut

>
THLSI6)
13 E
p—
10
U
t H
[ 7
8

g +

TO ADDITIONA L

COUNTER (5)

QUTPLT A IS LOWEST oORDPER
BIT-

RAMP SYNTHESIZER

A OUT
! )
T 7HLS 1)
9 ¢ 1 e
T A mF
10
B
CLOCK 0___.7_'_
L
8
- R=|K
3 VOLTS
L

TO OBTAIN THIS STAIRCASE.
OF RAMP AND STAIRCASE
FREQUENCY.

REMOVE QI
FREQUENCY
s Vi rlock
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H-BIT UP-DOWN COUNTER
74193 /74HLS 193

4-81T COUNTER
WITH UP-DowN CAPRBILITY. ANY
H-BIT NUMBER AT THE DCBA
INPUT S s LOADED INTO THE
COUNTER WHEN THE LOAD INPUT
(Ptn 1) 1S MADE  Low. THE
CounTER 18 CLEARED TO Lol
WHEN THE CLEAR INPUT (PIN  IH)
Is MADE HIGH. THE BoprRow AND
CARRY OUTPUTS  IMNDICATE LVRNDERFLOW
OR OVERFLOW BY Goine Low.

s R DA I Y

VERY VERSATILE

IN CLEAR CARRY iIN IN

Vee (45v) A BORROW| LoAD ¢ D

1o} “i15) uu| 3} 1z{ w] ro] 9|
COUNT

i 2] 3] uf s} & 7

IN B A Down LP ¢ D
B ouT our

ouT ouT

L

COUNT DOWN FROM N

AND RECYCLE

o ¢ B A il SET ODESIRED N INTO
ClocKk pdlbown 74193 [ 74035193 -S4 (CLOSED SwITH =LOw
8 | AND OPEN  SUTCH = HIGH),

b _¢c B A ~_1 WHEN  COUNT REACRES
nl o3 ‘?l 'Dl 'l l LLLL AND THEN UNDERFLOWS,
THE BRBORRoOwW PULSE LoaDps N
BND  THE  COUNT RECYCLES.

sS4 s3 S2 SI -

COUNT UP TO N AND HALT

Yee
PRESS Si (NORMALLY ,_TZL_ N
CLosED) TO RESET. 7o 1s
74154 [ 4
Vee = o !>
jL 14 12
—
e 13 i
4 D 7 20| D _l_l___o io
(=] q
b 2l 9 a
C —— L — o
8 7
l— 0
B2 2t p T _o b
b ., 5
5
‘* 3
]
= Vee 7'-“‘13/ 18 12 .z
7405193 5 2 !
230 o) o ! LY.
=3
8| 1z]
p GLowS A To N
4 =
AT HALT T

COUNT UP TO N
AND RECYCLE

CLOCK o2 {UP
AD 13

74193/
4 THLSIA L)
CLEAR

W o 10




NOTES
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H-BIT SHIFT REGISTER
74LS 194

BIDIRECTIONAL UM\VERSAL SHIFT
REGISTER. SHIFTS RIGHT wWHEN SO
IS HIGH AND SIS LOW. SHIFTS

LEFT wWHEN SO 1% Low  AND S}
IS BRIGH. SHIFTS ONE POSITION
PER CLOock PULSE. Loaps DATA AT
INPLUTS WHEMN Sp AND S1 ARE

HIGH.
SupPPLY PINS  wWiITH

IMPORTANT: BYPASS POWER
0.1 mF CcAPACITOR!

SEQUENCE GENERATOR

FULLY
CLOCK o, PROGRAMMABLE
Vee
4 il 2 A
10 N
ﬁ 745194 I
A 8 T
Y -1
,
52 RZ

oo dle 8 %M
83 R3
Jr_o/o__S_C- C ﬂm_/VV\-_J
54

RY
x
$oo—={D DI

= Juf
5 Z & d
b o o2 ] A Lk .
RS

S6
too— 18 AiS_“‘:K}_/\M._‘.
37 = Rio
L o o—21¢ ] S Vg WY N
S8 R7
s blDp CJ"-‘»\\!:] AAA
RS
8 D J'I.*l
10 ’ﬂ
7495194 Rl -Re:
izon

LOAD ANY DESIRED BIT PATTERN
INTD S -58 (OPEN= HIGH AND

CLOSED = Low). PRESS S9
(NORMALLY CLOSED) TO LOAD. DATA
WILL MOVE RIGHT ONE OULTPUT PgER
CLock PULSE. LEDs ARE OPTIONAL.

78

Vec (+5V)  DATA Oyt
T A B € DO & sl so
te] 15| 14) 13] jzj nj io] 9}

SERIAL |INPUTS:
SHIFT LEFTH
— SHIFT RIGHT

2] 3] 4] 8] ] 7] B

CLR RIGHTA B C D LEFT =
N LDATA N~ N

BARGRAPH GENERATOR

WHEN POWER 1S FIRST P\PPLIED, MAKE
ENABLE INPUT LOwW  TO START CIRCULT.
4 Vee
i A

7HLS194

A
i A
]
'8
1
]
L
I
I
+ D
JduF
: T
CIRCUIT RUNS 74519y | Ll ) =
WHEN ENABLE RS
I \\
IS HIGH. HALTS . AlS |q AAA
J AND CLEARS i b
WHEN Low. I VB lM Qﬂl ]
i ['§] r
L lﬁ{q_AAH
Vool X
8) LasT
—_[.:-_— OuTPuT RL-RB:
B 3300

CULUTPUTS G0 LOW  AND STAY Low

ONE AT A TIME FROM [EFT TO
RIGHT (A=>D) IN SEQUENCE WITH
CLOCK. WHEN FINAL  OUTPUT

GOES Low, ALL oOuTPuTs BUT
THE FIRST GO HIGH AND RECNYCLE,



8-BIT

SHIFT REGISTER

THLS 1 64

DATA
INPUTS
EACH
EXTRACTED
OQuTPUTS
ANY
AT

AT
15

EITHER

INPUT MUST BE

CLOCKING
PN 9

™6  LLLL.

CLOCK

QR
SINGLE

LOW

ONE OF THE Two SERIAL
ADVANCED QNE BIT FOR
PULSE. DATA CAN  BE
FRom TRHE 8 PARALLEL
N SERIAL FORM AT
QuTPUT. ENTER DATA
INPUT. THE UMNUSED
HRELD RIGH OR
wiett 8 INHIBITED.

CLEARS THE REGISTER

MAKING

Vee(45V
H G F E CLR ¢
qu 13 1z) | ey 9| &
QUTPUT s | ]

A‘BlclblElFIG‘P‘

i

{

CLR=~ CLEAR
@ = CLOCK

8-BIT SERIAL-TO-PARALLEL DATA CONVERTER

USE FoRr PARALLEL DATA oOUT
RECEIVING Ve H G F E D ¢ B A
BinARY DATA .
SENT OVER T
ONE CHAMNEL. 2] 3 N [ le) Is] 12] 91 & S} 2]
5 20 !
Lotk o 7490 /74LS%0 L 74L9374
1 10
8 £ |
i 12 b 7| 1o gl 7)) 1| 13| & 72| 4 3
L 13 12 H ¥-] [ Y Yy 3
= 4
THE 7490 DIVIDES THE CLOCK 2 THLSI LY 7
PULSES BY 8 AND LOADS 9
DETA (N 74HLSHeY INTO THE __J_L_
7405374 AT B8-BIT INTERVALS. 8] "L, seriaL baTA in =
(AT Crock RATE).
DUT
2R R [ R R 1 2
I
= 3
TYPICAL 2R %22 2R 5 4 1z i3
R=IK~10K 2 3
3 5 b 10 N 12 12 Vee 16 M
(LOCK -8 7HLS 164 2 b 9 [
OUTPUT 15 PSELDO—RANDOM STEPPED VOLTAGE. CHANGE [l 44 4 |7
7! PATTERN BY MOVING PIN 2 OF 7400 To PINS 3,45 6, (9
_I:—- 78,9 (0 OR 1\ OF 74L5164. B =

1,2,3,4 = 7400/74L500

'




OCTAL BUFFER

Vee (+5V)

E2
19 18] 17| 1] US| 14] i3] 2]

I|

74LS2H0O 20

IDEAL FOR |INTERFACING
EXTER NAL CIRCUITS TO
HOME COMPUTERS. . — ‘

INVERTS DATA.
CONTROL (EI,E2) | ouT

sl

T i1 7) o] 7] 81 91 o
H HIT; El ! .Jr
H-BIT BUS TRANSFER
To B8us FROM  BUS
Vee 2 Tq 1@ VB f? T1 _}5 Ts ”
L s weriTE
20
_| o | \{ V V o ReAD )
i g e T 12 " i3 {5 i7 "‘WHEM L
= > BUS
8-BIT BUS BUFFER
Bus 8

YYvyvyy Jr Yy

,,rg 4 A :r. b 4 A4

Vee 8 16 4 1 ¢ 7 5 3 l
| 10
| ENABLE
I 10 ,
= 9 1= A8
2 5 o 8 ] 1 IS H = ISOLATED

A = INVERTED

BUS A

Y YYY V¥ Y ”

FAAAAAAY
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O0CTAL BUFFER Vcc (+5 v)

74LS24Y 20 [q\ gl | te] s s} 3{ 2] uj
NON- | NVERTING  VERSION %/ (%/ &/ ﬁ/
OF T4L$240,  IDEAL FOR

COMPUTER INTERFACING.

conTROL (EI,E2)]| ouT
L N

- 21 3] 4l 57 e 71 8 o]
H Hi-Z 2\‘ I 71 &] 9] :_J_:
H-RBIT BUS TRANSFER
TO BUS FROM BUS
) Yq Yt'o Yg Tq Tv Ts T 3

HY YV VYV AAAARES

18 e 1y I It 13 1S 7 * when L

Bus

YYYY

Ad AL

8-BIT BUS BUFFER

- . Bus B
5

Vec o 14 1z 9 7 3 |
I‘ 20
e AANANANANANANAN e

10
= 19 L=A-—>»8

4 Y b 8 li 13 s 17 H = ISOLATED
D . Bus A

31



OCTAL D-TYPE LATCH

82

Vee (+5V) ENABLE
8@ 80 7D 76 L& LD 5D 5@ G
74LS373 0] 19} 8] 1) 1) us] 4] 3] z) )
EIGHT “TRANSPARENT  D- TYPE 8 1 7 & LS
LATCHES. QUTPUT FOLLOWS
INPUT WHEN ENABLE 1% A
HIGH. THE ©DATA AT THE I L] 2 3 K4y
INPUTS 1S LOADED WHEN
THE ENABRLE INPUT IS LOW.
THIS CRIP HAS 3-STATE 'l 2y 3| 4 s5{ & 7| 8] 9| 1
OLTPUTS WHICH ARE (ON- rd Q4 ID 2D 2@ 3Q 30D 4p Hq =
TROLLED By Piny 1. SEE QUTPLT
TRUTH TABLE BRELOW, CONTROL
H 6 F E D C B A 3-STATE REGISTER
P I I Y N A A
19 b o n. 9 ", 5. Z OuTPUT THIS 15 A GENERAL PURPOSE
Weg 1 LL S0 4& 38 24 16V L cONTROL  B-BIT STORAGE REGISTER.
o 74LS 273 HERE'S THE TRuTH TABLE:®
! I~ ENABL
gD 7D &D 5D 4D 3D 20 D E OUTPUT
8 Hl l‘i[ Bre- 7 ‘1] 3] ConTROL __ENABLE D | Q
= L H H H
N G F E D C B A L H L L
L L X &
H X x -2
DATA BUS REGISTERS H 6 F E D C B A ;
(44
Y Y
H: PLACES GUTPUTS IN Hi-Z MODE } 1 e ET iz) 9] &) 5| 2
L: MAKES DATA AVAILABLE 1 Z0
REG. 2 (74L5373)
H: OUTPUTS FOLLOW DATA ON E;us},D l 0
L: LoeAD DATA FroM BuUS
18 17 4 131 8 7 4 3 i
A N —=
B < -
C < .
D < -
E < -
F o« .
G >
H < N
VC( -
‘t 19 el 15§ 12{ 9 &f S5{ 2 {H: DISCONMECTS REG.) FROM BULS,
20 J_ro L: CONNECTS  REG. 1 TO Bus,
REG. } (74L23773)
194 N {H: QUTPUTS Fouiow  INPUTS.
. L )nPuT  DATA (ON Bus) LOADED.
__[ Y [ Hl s‘s} al 7 ’ y l Sl
- AT ANY INSTANT ONLY ONE 7415373
M & F E D C B A CAN  WRITE DATA ON THRE RUS. ANy
NUMBER CAN READ DATA FRoM BLS.



OCTAL D FLIP-FLOP Vec (#5V) ENABLE
Bg 8D 0 7@ Q@ &D 5p 54 G
TYLS3I 7Y ZOT 19} 18] 1) e} 1s| i) a3} iz} )
EI\GHT D-TYPE EDGE TRIGGERED 8 H’L 7 & 5
FLIP- FLOPS. UNLIKE T74LS373,
OuTPUTS DO NOT FoLtow
INPUTS. INSTEAD, A RISING IH] 2 3 1+ 4
CLockg Pulse AT PIN H LoOADS
DATA APPEARING AT I[INPUTS.
THIS CHIP HAS 2-STATE il 2y 3y 4| 5{ &1 7] 8] 9| o
QUTPUTS  WHICH HRE CONTROLLED @ I I 1@ 30 3D 4D 4o =
BY PIN ). I'*
ouTPLT
CoNTROL
CLOCKED
e s e s s a 3-STATE REGISTER
PN I P Y Y Y
B ] 15] 2| 9] e| s| 2 ouTPUT GENERAL PURPOSE
2080 7@ @ S5Q 40 3@ 2@ 1@ [I_ conTROL CLOCKED REG(STER.
THLS 37Y HERE'S THE TRUTH TABLE:
10 Hl o CLoek
80 11p b 50 4p 3D p 1D OUT PUT
'9] 7] I3] 8) 7) ‘f] 3’ CONTROL CLoCck D Q
= L g H H
H 6 F E D C B A L I L L
L H b Q
H X X Hi~z
COMMON INPUT/0UTPUT BUS REGISTER
-«— BIDIRECTIONAL DATA Bus —>
A - -
B - 2
C -“—— >
D = >
E <= .
F sy e
6 = —
H T
9] | 5] 2 q 1] 5 21 18] 172{ 4 13 8 7 4 3 Vee
Ba 70 Q@ 54 4@ 30 2@ 1@ 8pb 1D D 58D 4p 3p D ID [%O f]‘
1
10
L
] =
THIS CIRCUIT GIVES 7415374 COMMON  |NPUT AND
CLOCK OUTPUT QUTPUT LINES. WHEM OUTPUT CONTROL s H;GH,
CONTROL DATA ON Bus S LOADED {iNTO THE 749LS% 274
oh THE RisING EDGE (') OF ThE CLOCK PULSE.
WHE t oUTPUT ConTROL 15 tow, DATA 1IN THE
THLS 2749 IS WRITTEN ONTD THE RBus.
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OCTAL BUS TRANSCEIVER . ¢sv
E

THL S24S

ALlowS DATA
TRANSFERRED
DIRECTION
BUSES.
IMPEDANCE

TO BE
IN EITHER

BETWEEN TwO
INCLUDES
CHI=Z) ouTPUTS.

HiGH

W0 /9 7 i5

3

74N

I

7 18 19 lio
BUS TRANSCEIVER OR =
Vee
A —= B WHEN H oo J ——0 ENABLE WHEN L
B > A WHEN L HI-2% WHEN H
1 Jzo0 lig
{lelkﬁlxlklkh A A & A & A &
2] N
L
___<} R
>
] n
~
| ﬁ fo
5 {>____
| /\’{ T
& b__
1y
? N
L .
8 }>
] 12
N
9 [
e I
~ _
Y Y Y Y VY Y v oy Y Y ¥ Y ¥V ¥ oy o
10
Bus A L Bus B
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LINEAR

INTRODUCTION

THE OuTPUT OF A LINEAR IC 15
PROPORTIONAL TO TRE SIGNAL AT
ITS INPUT. THE CLASSIC LINEAR
IC 1S THE OPERATIONAL AMPLIFIER,
THIS GRAPH SHOwWS  THE LINEAR
INPUT —~ QUTPUT RELATIOMSHIP OF A
T™NPICAL OP- AMP CIRCUIT:

QUTPUT
(voLTs)

O - MWL

W T S S W
LHT 04 0k 08B

INPUT ( VOLTS)

MANY  NON-DIGITAL ITls — INCLUDING
OP- AMPS — CAN BE USED |IN BOTH
LINEAR AND NON—-LINEAR MODES.
THEY ARE SOMETIMES DESCRIBED AS
ANALOG TICs.

LINEAR TICs GENERALLY REQUIRE
MORE EXTERNAL COMPOMNENTS THAN
DIGITAL TICs- THIS [INCREASES
THEIR SUSCEPTARILITY TO EXTERNAL
NOISE AwnD MAKES THeEmM A LITTLE
TRICKIER TO USE. GN THE OTHER
HAND, SOME LINEAR ICs CAN DO
ESSENTIALLY THE SAME THING AS
A NETWORK oF DIGITAL CHIPS.

HERE'S A BRIEF DESCRIPTION OF
THE LINEAR CHIPS IN THIS SEC-
TION

VOLTAGE REGULATORS

PROVIDE A STEADY VOLTAGE, EITHER
FIXED OR ADJUSTABLE, THAT IS5 UN-
AFFECTED BY CHANGES IN THE SupP-
PLY VOLTAGE AS LONG AS THE SuP-
PLY VOLTAGE IS ABOVE THE DESIRED
OUTPUT VOLTAGE.

OPERATIONAL AMPLIFIERS

THE 1DEAL AMPLIFIER ... ALMOST,
RIGH INPUT (IMPEDANCE AND GRAIN,
Low OUTPUT [IMPEDANCE. GAIN s

INTEGRATED CIRCUITS

EASILY  CONTROLLED WITH A SINGLE
FEEDBACK RESISTOR. FET INPULT

oP-AMPS (BIFETS) HAVE A VERY HIGH
FREQUENCY RESPONSE., IT'S UsSuALLY
OK TO SUBSTITUTE OP-AMPS IF BOTH
ARE  NORMALLY POWERED BY A DUAL
PoLARITY supply (Y2 LF353 FoR 74i1C,
ETC.)... BUT PERFORMANCE wILL |IMPROVE
CR DECREASE ACCORDING TO THE NEw
OP-AMP'S  SPECIFICATIONS,

COMPARATOR

SAME AS AN OP-AMP WITROUT A
FEEDBACKR RESISTOR. LLTRA — RIGH
GAIN GIVES A SNAP—LIKE RESPONSE
TO AN INPLT VOLTAGE AT ONE
INPUT TRAT EXCEEDS A REFERENCE
VOLTAGE AT THE SECOND INPUT.

TIMERS

USE ALONE OR WITH OTHER I(Cs FOR
NUMEROUS TIMING AnD PULSE GENER-
ATION  APPLICATIONS.

LED CHIPS

MOST I1MPORTANT ARE A FLASHER CHIP
AND A DOT-BARGRAPH ANALOG-TO-
DIGITAL DISPLAY. VERY EASY TO USE.

OSCILLATORS

A VOLTAGE CONTROLLED OSCILLATOR
AND A COMBINED VOLTAGE — TO- FRE-
QUENCY AND FREQUENCY-TO- VOLTAGE
CONVERTER. ALSD InCLUDED 1S A
TONE DECCODER THRAT CAN BE SET TO
INDICATE A SPECIFIC FREQUENCY,

AUDIO AMPLIFIERS

TAIS SECTION INCGLUDES SEVERAL EASY TO
USe POWER AMPLIFIERS TRAT ARE
IDEAL  FOR DO~ IT-YOURSELF STEREQ,
PUBLIC ADDRESS SY STEMS , INTERCOMS
AnND OTHER  ALDIO  APPLICATIONS.

85



VOLTAGE REGULATORS
7805 (5-~VOLTS)
7812 (12-VOLTS)
7815 (15-VOLTS)

VOLTAGE REGULATORS.
FOR STAND - ALOME
PowgR  SULPPLIES, ON - CARD
REGULATORS , AUTOMOBILE
BATTERY POWERED  PROJECTS,
ETC. UP To (.5 AMPERES
ouTPUT F  PROPERLY HEAT
SunNK  AND SUFFIC/ENT  [NPUT
CURRENT AVAILABLE. THERMAL
SHUTDowN CIRCUIT TURNS OFF
REGULATOR (F MHEATSINK TOO SMALL.

FIXED
IDEAL

5-VOLT LINE POWERED

Si PRIMARY

ATTALH HEAT
SINK |E REQUIRED

2 - ouTPuT
3 — GRouwND

| — INPUT

TTL/LS POWER SUPPLY

r.— Z +5v
\\\ /A SECONDARY [ RN 7805 “I
ce |l ¢y Yy
CAUTION: You T T T 3 O.LuF
MUST INSULATE : : : :
THESE COMNECTIONS! J_
AC LINE R ¢1-C3 —looouF, 35V =
TI

Ti— 7 -126 V, LZA ©OR 3A TRANSFORMER
Bl = A —4A FuLL WAVE BRIDGE RECTIFIER
VOLTAGE REGULATOR CURRENT REGULATOR
USES |NCLVDE
VOLTAGE V[ raxx |2 +5 12 IN ' | 7axx |2 _ stase
N l OR 15 VOLTS BlASING FOR
g C. 3 ¢ g +] 3 K1 LEDs , LAMPS
in [-153 ? ]
’T T,; GROUND Cl ETc,
. 33 uF >
= OUTPUT LOAD
e

Cin = OPTIONALY USE O.33 uF orR So IF
REGULATOR FAR FROM POWER SUPPLY.
Cour — OPTIONAL, SE OJuF OR  MORE TO

TRAP SPIKES THAT BOTHER Losic ICs.
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OUTPUT cugpenT = REGULATOR VOLTS
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-5 VOLT REGULATOR
79058

ATTACH HEAT -
SINK |F REQUIRED

FIXED -5 wvouT
REGULATOR. CAN BE

&

USED To  GIVE \\\
ADJUSTABLE VOLTAGE ! — GROUND N\
OUTPUT. uP TO .58 Z - OuTPuT N\
AMPERES OUTPUT |F 3~ INPUT 3

PROPERLY HEAT SUNK
AND  SUFFICIENT (NPUT
CURRENT AVAILABLE.
THERMAL SHUTDOWN  ClReulT
TURNS  REGULATOR OFF
IF HEATSINK TOO SMALL.

FIXED -5 VOLT REGULATOR

=5 voLTs
l_|__—‘_\_ U ouT
=5.5 TO-35 VOLTS 2
IN 7908 =
: —: O T w
+ (BACK)
AL —— |1
o, I
2.2 uF
Q- S
- *
- WORKING VOLTAGE MUST EXCEED V.
ADJUSTABLE NEGATIVE POWER SUPPLY
-5 710
———-E; | 270 [-30 vVOLTS
-3.5 16 -35 vOoLTS 2 ouUT
IN 7905
o— t — |3 IuF | EXAMPLE:!
Jy (BACK) L IN=-20v
-~ j.' +
e N
+
22,6t
L 22 uF Rabr | Ik
+
O S

1l%



1.2-37 VOLT REGULATOR
LM317

CAN SuPPLY uUP TO I.5 AMPERES
OVER A L2-37 VOLT OUTPUT
RANGE. NOTE MINIMUOM  NUMBER
OF EXTERNAL COMPONENTS  IN
BASIC REGULATOR CIRCUIT BELOwW.
LUSE RHEAT SINK  FOR APPLICATIONS
REQUIRING FuLL POWER OuTPUT.
SEE  APPROPRIATE DATA Rook
ADDITIONAL INFORMATION:

FOR

01 Vuu

o { ADIDLST

]

BOTTOM CASE = Vour
VIEW

(To-3 cAsE)

1.25-25 VOLT REGULATOR &6-VOLT NICAD CHARGER

DI #*
1.
r= "'.‘\.q" """"" b
l i
\ |
! CASE|
! ~—— > Your
Vin Z1LM317 ' DT
(= 28v) TRTOSRe 1.25 =
'-{-‘ 240 25 vV
+ 1 :
el R\ R +
N 5K ;:rl': * d
: C3 I/uF
T

(+12-20V) -

YIN O—~——~_7;.

R

CASE 2z R

LM317

L

-

OF 4 NICKEL
IN

Bl 15 BATTERY
CADMIUM STORAGE CELLS

88

SERIES. THIS CIRCUIT CHARGES
Vin SHoULD BE FILTERED. OK TO oOmMIT Bl AT A CURRENT ©OF 5.2 wA,
Cl IF Vi VERY (LLOSE TO L(M3I7. INCREASE R|I TO REDUCE CURRENT,
Rl CoNTROLS ©OUTPUT VOLTAGE. FOR EXAMPLE, CURRENT S 43 mA
¥ADD IF ouTPUT >25V AND (2 >25uF WHEN Rl 15 24 oHms,
PROGRAMMABLE POWER SUPPLY
! . - e3> TO ADDITIONAL STAGES
Vin o2&l LM3an
210 74 R 4 DCBA INPUTS: CONNECT
(228v) To PN T TO SELECT.
CASE ne QL Qz ax
4 - R Vou-r
\} Lefs]) 1.8
Vour = = = 330 2.0
3K 33K 33K 470 4.0
LIMITS MAXIMUM Veur 1K 7.3
TO~ 27V  WHEN INPUT 8 A 2.2k |13.5
15 28 V. 33K lig.0




~1.2 TO -37 VOLT REGULATOR
3377

ATTACH HEAT
SINK IF REQUIRED
CAN SUPPLY upP 10O -1.5

AMPERES OVER A —-1.2

T0 =37 VOLT ouTPUT

RANGE. FEW EXTERNAL

COMPONENTS REQUIRED. | — ADJUST
COMPLEMENTS LM3I? Z — QUTPUT
ADIJUSTARLE POSITIVE 2~ INPUT
REGULATOR.

ADJUSTABLE NEGATIVE REGULATOR

o= 1 VL
5k
——
Vin 2 Vour -
+ + =
| 1] T *
1O uF ¥ — | 1O mF
337 R
00— . ———— 13 é 120
-1.5 To - 38 VOLTS ) (Topr)
B 1.2 T0-37 v
~Vour = ~L 25\’(‘* 120) | ouT

S
-

¥ WORKING VOLTAGE  MUST EXCEED V.

PRECISION LED REGULATOR

SUPPLIES ;Jn
CONSTANT 1K
CURRENT (T) ,ﬁ At *
TO LED. | l_r-‘ T \/»uF
—— 1\
337
— 13 O 18K
LED \ (TOP)
¥y I
AAA__
-5 T10-37YV Rl
LeED I = 1.SVv/Ry.
R?Z GIVES t |5% AL ySTMENT. A
_T__ LED I = I5 wA wheN R= {00, =
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2-37 VOLT REGULATOR

723

VERY

REGULATOR.

INPUT

VERSATILE SERIES
DP T 40 VOLTS
AND 2-~37 VOLT OUTPUT.

MAXIMUM OUTPUT CURRENT OF

150 mA

10 A
Pow ER
BeLow

CIRCULITS.

, SEe

FOR ADDITIONAL

CAN BE EXTEMDED To
BY ADDING EXTERNAL
TRANSISTORS. SHOWN
ARE Two BASIC
TRY THESE, THEN
APPROPRIATE DATA BEBOok
CIRCUITS.

2-7 VOLT REGULATOR

V'M O il 10 —/\N\_u..* VOUT
Rsc
(+1ov) 12 rd 22 8L
(o 3
723
Rf %R3
5 y
R2 13
.0l 100 pF
AL T ] %
TYPICAL VALULES
Veur | RI Rz | R3
3.0 q2 K 3.01 [ 74K
36 357K 3.5k |.80K
5.0 215K 4.9 l.SoK
(0. O L.I5 K b.OY K TN
FOR ANY VOLTAGE BETween 2-7
VOLTS
gz
#
Vour = (VREF )f‘ ( 2 +R2
*VREF = 6.8-75Vv (MEASURE AT PING)
RInRZ
K2 = RItRZ

90

NC

CURRENT LIMIT

CURRENT SENSE

~ INPUT

+ InPUT

Veer
V__

] 14 ne
2] '3 FREQ.
Comp.
3] LERVES
H Ve
s [CRVAS
e 9 v,
] 18 N

7-37 VOLT REGULATOR

Vm I 1o VouT
(M”=VM+S) Qsc
i 12 | 220
& 2
723
R3 RI
5 4
R2
) [iOOpF
7
L
TYPICAL VALUES
Veut R1 l R2 R?3
g 1,87 K T.15 K HBK
1z 4.87 K 7.15 K 290k
15 7.87 k 7. 15 K 295k
28 2'.0 k Is5 K 5.3k
FOR ANY VOLTAGE BETWEEN 7-37
VOLT S

Veour = (VRE?G) *

&)

RI*RZ  (R3, WHICH IS OPTIONAL, GIVES
TEMPERATURE STABILITY)

R3= RI+RZ



ADJUSTABLE SHUNT (ZENER) REGULATOR

TLY3}

EASY To USE THREE
TERMINAL ADJTUSTABLE
PRECISION  SHUNT
REGULATOR. OQUTPUT
CAN BE SET TO FROM

2.5 TO 36k VOLTS.

ADJUSTABLE REGULATOR

CATHODE (K)! 8 REFEREMCE
(R)
Ne 2 7. e
Ne 3 |© ANODE (A)
Ne M EX e

VOLTAGE DETECTOR

+5
T_/\/\/\_ﬂ ouT
K |
) IN ouT
\K
o MA_B] S L | 5v
H L8V
IN
43
L
USE To DETECT

TTL ¢OGIC LEVELS,

.5 TO5Vv POWER SUPPLY

R\
+
o~ —_—
RZ I
Vin 10K F—- Vour
Vegr — )8 il
Ri= 4748
R3 Vaw
470 43
A
o— 2
Vour = (U+ RV/RZ) Vger = 3-30V
SIMPLE TIMER
+9
390
LED GLOWS
AFTER DELAY
K|\ PERIOD
Rl
TYPICAL
VALUES:
Vner
RI=|M
8] 7/ eI = 1OMF
N L
pil
434
T RESET e
L 9
= peeay = (R (In §oves )

+0
i
IN 7805
ouT . > LE Tos5V
ouT
GND
EK
|
AL
N
100
43

i



12 TO 33 VOLT REGULATOR

350T

CAN  SuPPLY UP ToO
3 AMPERES OVER

TOo 33 VouLT OuTPuT
RANGE. FEWwW EXTERNAL
COMPONENTS REQUIRED.
HEAT SINK REQUIRED
FoR FutlL PoOwER

.2 TO 20 VOLT REGULATOR

OuTPUT,

ATTACH HEAT
IF REQUWRED

SINK

I — ADJUST

2" INPUT

T~ ouTPUT

i~

i

]

1.7 TO 33 vours
ouT

Bl CONTROLS
OUTPUT LZK
FAVAVAN
RI
= 50k | L
IJ : 2 SjOP;‘ O
+ o0 —JT12 (re
M
Z TO 3§ voLTS
IN
POWER PULSE GENERATOR
Vee

e
(1]

58§

R!
100k 7
Rz
1 OK 2
A
+
e A~
Ol ~ IO/AF

Vee = 5 TO 15 VDL

» T

)

our ¥
L2v
+ 1
R4
220

]
T T
3507 out
ADT
|
Z2N2222
R%
1.4

RS SETS AMPLITUDE,

Rt CONTRoLS RATE,
ks VSE TD FLASAH
10K IN CAMDESCENT
LAMP . VARY
D.C. MOTOR SPEED,
.. ETOC.
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OPERATIONAL AMPLIFIER
74\C

THE MOST POPULLAR oP—-AMP.
‘WSE FOR ALL GENERAL PURPOSE
APpPLicATIONS. (FOR  SINGLE
SUPPLY OPERATION AND VERY

orFseT 1| A\ 8 NC
NOULL
INVERTING 2 = 7 V+
INPUT
NON-INVERTING 3 + 6 OuTPUT
iNPUT
v- 4] 15 oFrseT
NULL

HIGH INPUT  [MPEDANCE, USE
OTHER OP~AMPS IN THIS NOTEROOK.)

INVERTING AMPLIFIER

RZ

: RY
VIN o

UNITY GAIN FOLLOWER

USE To V=%5-1gv
COUPLE HIGH
IMPEDANCE
To Low
IMPEDANCE. L 2
b e VOuT
Viw Q——iJ
Vour = Vin

SINGLE POLARITY SUPPLY

Rz
+¥= 5-1av
Vim MUST
BE NEGATIVE,
RY
Vin AN
| o Vour

TYPICAL USES:
AMPLIFICATION OF

DC

VOLTAGE AND PULSES.

NON-INVERTING AMPLIFIER

+V
V=15-\ay
Viy 0>
2 e ¥V oouT
Ri
ey - R2
= -V Vour ™ Vm(“' Tfr)
AN
R2
COMPARATOR
+Y
V= £5-18vy
VH\.I o_..___z ]
Vour
VR-EF 0“3.{
TYPICcAL
APPLICATION

SHown BE Low2

LEVEL DETECTOR

+q 14

THIS CIRCUIT
SHOWS SINGLE
POLARITY OPERATION
= OF A CHOMPARATOR.

Rl SETs THE VOLTAGE DETECT/ON
TRRESHOLD (UP TO +9),  WHEN Vin
EXCEEDS THE THRESHOLD (ALSO CALLED
THE REFERENCE), THE LED GLOWS.

3



{continuen)

OPERATIONAL AMPLIFIER

741C
RASIC INTEGRATOR
C\
{ 0 KRz N
V=5~ 1ay ‘—)F V=E5-18v
— AN g C1= .00t
R Ri= 10K R
+V Rz = j00k N/ O-NV\-\Q 2
RI 2 RI= JOK I '
A 7
N 741 b N
-+ QuT =
| &3 1
= -V WHEN v =1qy

AND N = X258 v,
our =% v,

R3
100K

CLIPPING AMPLIFIER

BASIC DIFFERENTIATOR

10 KHz IN:

RL

€l =.00022,F
Ri = 100K
Rz,R3=10x

Hoa

Y couT
-V WHEN V= %9y
AND IN = X .28V

oyT =% .25v

BRIDGE AMPLIFIER

Ri

RS
Sk

100K

+ O- wA

(] D2
V=t5-igv N :lq O AND D2 =
R2 ZENER DIODES.
e AAAN L IF Vg = QV}
THEN OQuTPUT

CANNOT EXCEED
6.7 VW

L5 Vour

R\

Vin a—MA—

RY
M

RY: BALANCE
Rb: ZzEROD

B

2
Vour =_V;M (‘EE‘— . *
UP To Vu, + 0.7 V. R
CELL

SEMSITIVE

'S

-V

SUMMING AMPLIFIER

UNKNOWN RESISTOR.
FOR RY To MAKE A VERY
LIaHT

VSE Cd4S

METER.

DIFFERENCE AMPLIFIER

oK R
) 00K
V=%5-1av R
ooK
VouT | 2 - 7
Vin 741 e | . Vour
2 o MA 3+
= 33K R2 1
-V looK R3
looK =V
Vour = —(VIM[ + Vm'z.) \ Vel ne
NOTE: Veur CANNGT = Vour = Vin 2 — Vil
ExcEep TV,
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OPERATIONAL AMPLIFIER
741C

LIGHT WAVE RECEIVER

+9

210K

L exn
USE To RECEWE  VOICE - SPKR
MODULATED LIGHT WAVES. oK
TO USE  SINGLE  PoLARITY PoOweER
SUPPLY FOR NON-VoicE RECEPTION,
HIGH PASS ACTIVE FILTER
Rf %
77K V=x5-18 48
R=R1=RZ __AAA : o
C=Ci=C2 -3
+v [;
FREQ
I ¢z 21 7
FRE@.-C! -0l 741 e FREQ.
NG ‘K K 3 + ” ouT
VALUES SHOWRN!
CUTOFF =2 RZ -y
[ 27K OdB = 750 Hz
2T RC -34dB8 = 250 H=z
= ~3548 = O Hz

LOW PASS ACTIVE FILTER

i

.0l V=ts5-18 4B
R3RI=R2 _ | o
c=Cl=C2 — -3( E
+V
FREQ
FREQ Rl RZ Z
IN  10DK [ 100K s FREG
O_M__Lm]js ouT
“ VALUES SHowN:
-V
CUTOFF = I ¢z 0dB = 50 Hz
N B OluF -3 dB =150 H2
2 RE = -50 dB = 10 KH2

(CONTINUED)

60-Hz NOTCH FILTER

C\ cz

T0pF  zz0pF  V=ES-e 4,

- N o

A8 Pl

£

R3

10M OH2

€3

470pF = ot FReQ.
._NVJ_/\N\_ J ouT

Ri K2

oM 1OM v LOHz INnPUT
Lo FREQUENCY IN pown -3dE8

H-BIT D/A CONVERTER

BINARY
\NPUTS R9
RI
¥ 2K VK
D o AMA_, Z
ouT
Em. 3 )2
gﬁ 4 ADOD CIRCUIT
C g BELOW FOR
- IMPROVED
R3 %R'l Rto OPERATION.
7K Ik [ 470 +14y
Ri=RS:
RY Ra| ok To usE
K | L8K. (2K
A gesT) """ 71°
RS ouTPUT
2K VOLTAGE
| 1Y v
+9 My
10K
10K
1Ok
-9 oK
TN
ouT

BASELINE
ADIuST

a5



OPERATIONAL AMPLIFIER
741 C

OPTICAL POWER METER

I My CAUTION:
L1 0-10.0 uA L AAA ¢ THIS 1S
2: 0~ 1.0 mA LuF A VERY
3: 001 MA < — +K‘—‘ SENSITIVE
100K CIRCUIT )
Sl oA AAA ¢ TOO MUCH
* A 2uF LIGHT witl
FuLl SCALE] ! I ——H(—4 StAmM THE
METER oK METER
READINGS FAVAVAN NEEDLE,
5K

SILICON SOLAR
CELL

THIS CiRewtT
GOOD QuALITY

CAN BE USED AS A FAIRLY
RADIOMETER.

ELECTRONIC BELL

R2 “)f" | @ YV k3
M .005 1M
RY ..
M -
RI c2 ] El'.‘3
10K .oo; *9 .00) PUDUO"%
S _'l To AVDIO
A AMPLIFIER
PRESS
TO RING

ADTUST RZ To JusT BRELOW OSCILLATION
POINT. ADJUST RZ AnD R FOR Sounbds
SUCH As BELL, DRUM, TINKLING, ETC.

96

(conTinuen)

BARGRAPH LIGHT METER

Ry
100K
R3! OFFSET
ADI0ST
Rl
13
AN
Ql
N
1
QU IS A PHOTOTRANSISTOR

CONNECTED AS A
PHOTODIODE . A SILICON
SOLAR CELL CAN ALSO
BE USED. USE GREEN
LEDs FOR READoOULT,

AUDIBRLE LIGHT SENSOR

RN
\/

R +9

Ik 5

o +7~u? 6 sox

2 L

R

100K

= PCZ B8R SPKR

PCI,PC2— CdS PHOTOCELLS

LIGRT on  PC!
LIGHT on Pe2

DECREASES TONE FREQUENCY.
IMCREASES TONE FREQUENCY.



DUAL OPERATIONAL AMPLIFIER Ve
1458 8] 7] &| s

TWo 741C OP-AMPS IN A
SINGLE 8-PIN MINI-DIP, TRNY
10 USE THIS CHIP FOR i
CigcUNTS THAT REQUIRE TwO
OR MORE 740's. You'LL SAVE

TIME, SPACE AND MONEY. o2 3] A
-
PEAK DETECTOR PULSE GENERATOR
R Ry
10K {OM Fc}\c *
AAN AN £l FREQUENCY
+
= * OOV MF 5872 He
Ci 01 mF L0 H=z
-y D )uF 51 H=
i 7
1458 > Your l.OOMF; & H:z
+ Ry it Yy 7
gl 1K by
Cl STORES oM
THE PEAK AAA_
VOLTAGE Ré&
AT Vin. L ‘é RS 1K
- R3 10K
APPLIC ATIONS INCLODE USE AS 10K =
ANALOG "MEMORN" THAT STORES
PEAK AMPLITUDPE OF A FLUCTUATING PUISES ARE DC. AMPLTUDE
VOLTAGE. WHEN (l= O.l/qF IS 5 VOLTS.
FUNCTION GENERATOR
RS |oOK — AN FREQUeMNCY = | KRz
e 100K
3 R
R +9 oo 21K
100K Ri10O
|OK
L AAA ‘0_./
Z 7
l4sg I
=
=
_f\;A/\z AN
= SQUARE: T 7.5y TRIANGLE: T2v sine: Yav
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DUAL OPERATIONAL AMPLIFIER v
LF353N (JFET INPUT) 8] 7] &} s

HIGH IMPEDANCE (10 onm) JumcTion FET
INPLTS. OUTPUT SHORT ClRcuIT
PROTECTION.  HIGH SLEW RATE (13V/uSEC),
Low NOISE OPERATION. AMPLIFIERS ARE

SIMILAR TO THOSE N THE TLOog49¢. NoOTE
THAT PIN CONMNECTIONS ARE THE SAME AS
Hsa. THIS OP-AMP, ROWEVER, OFFERS V] 2] 3] 4
Mucd  BETTER PERFORMANCE. V-
SAMPLE AND HOLD PEAK DETECTOR
TKACKS Vlu

AND sSToRES
PEAE Vin IN

Cl.
DI
InGiy | > Vour
Viw oY Vin
S/H o REDUCE Gl c ¥
_ ILuF ~4-18v FOR FASTER \/uFI ~4-18V
7 RE SPONSE.
o TO CHANGING Vv =
" = S/AT H = SAMPLE
OPTIONAL L= voLd
PROGRAMMARLE GAIN OP-AMP
+u-15
AUD.O MlXER GAIN A o 131 HObLk
SELeECT B 5 14
C o€, 1
Ry D o 7] 1
— A ”.-cr/o—~r—/\/\L2 AL T
PITINT MAKE
-8y SELECTED 3] oo l1AN] B
R GAIN INPUT R2
| o—AM 2 e H, others L. L 8] 5 1iAm c
2 \Y;
h—- ouT
R2 [-_._—"r;353q 0] oo d"AMAL D
R3 = ~4-18v R
3 VK
t | RI=RZ=R3=R4=|oK Vin o—AN
* v L.—?.VQUT
.\-
CONNECT OUTPUTS OF PREAMPLIEIERS 1 =—Vm(~'§:,'=-)
TO INPUTS -3, Ok To ADD MORE
CRANNELS. WoRKS WELL WITH -

TLORY MICROPHORE PREAMPLIFIERS.
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QUAD OPERATIONAL AMPLIFIER

TLOSYC (JIFET INPUT)

High IMPEDANCE (10 OHMS) JUNCT/ON
FET [INPUTS, OQUTPUT SHORT CIRCLIT
PROTECTION. HIGH SLEw RATE (12 v/
MSEC) PLUS LOW NOISE OPERATION.
PERFORMANCE SIMILAR TO LF2S53 N.
NOTE THAT PIN CONNECTIONS ARE
SAME As Lm3z24.

MICROPHONE PREAMPLIFIER

RT (GAIN

USE Low R! IM  comTROL)
To MEDIUM 1OK, R3 jpoxk t+4-i8vV
+

IMPEDANCE

DYNAMIC ¢ C3
MKe ~y WML 2~ | uF
= o 1 +
+ T oY ‘—IH
+ 1
R
¢! Rs R4 GAIN= o
F 1R IDOK,

NOTE SINGLE POLARITNY  POWER SuPPLY
(TRANKS To R3 AND R4) AND  Ac
COUPLING.

Wi i3] 2| n] 1w} 4} 8

_—

I 2] 3l 4) 5| &l =
v+

LOW-Z PREAMPLIFIER

USE Low
IMPEDANCE
(tow-2)
MICROPHONE

S

OK TO USE
85 SPKR AS
MIC ROPHONE. .

CONNECT DIRELTLY

g2 100K

L—)' VDUT

To INPUTS (PooR = RED

TO FMR) OR
TRANSFORMER

USE BLACK
(6ooD):
Vel N
B85 sexR
WHITE BLUE

INFRARED VOICE COMMUNICATOR

R2
100K +qv
— MMA_
RI
1K +9v
DYNAMIC 2 »
M\CR?PHQME Loy
+

Ri
120K

Ql

INFRARED
LED

PoINT TRE LED AT QY AND ADJUST RY  UNTIL
BEST Voice QUALITY 1S OBTAINED. (R4 APPLIES
PREBIAS To LED.) Rl LIMITS MAXIMUM LED

CURRENT TO A SAFE 40 mA.

R3
19y 100K — | M

Ci k1
.buF 1K

RECEIVER
-qv POWER

b AMPLIFIER

MAYRMUM RAMNGE Y HUNDREDS
OF FEET AT NIGHT  WiTR
LENSES AT Q1 AND LED.
POWER AMP: SE& LM3RG.

19



QUAD OPERATIONAL AMPLIFIER

LM324N

OPERATES FROM SINGLE POLARITY
POWER SUPPLY. MORE GAIN (100 dB)
BuT LESS BANDWIDTH (! MHz WHEWN
GAIN iS 1) THAN THE LM3900 QUAD
OP- AMP. NOTE UNUSUAL LOCATION
OF PowgeR SUPPLY PiNS. CAUTIOM:
SHORTING THE OUTPUTS DIRECTLY
TO NV+ OR GNP OR REVERSING THE
POWER SVPPLY MAY DAMAGE THIS CHIP

BANDPASS FILTER

BANDPASS
FREQUENCY !
| KHz

PULSE GENERATOR

+4-30v
N D
D - INGIY
CK TD
ELIMINATE, Rl RZ
IF SO, |?c° 1M
CONNECT
RZ TO Pin | R3
AND ELIMINATE z\00\4- D2
R3. : » I:JC!I"I _ﬂ_
3|, 324 =
I 386 KHa
D—N\A -
Ry
Cl A RS look CHANGE R4
.O0IuF 100K AND/OR LI
_L TO VARY PULSE

00

REPETION RATE.

GND

4] 13 21 1l

e
5

8|

7}

4] s
+3-30V

INFRARED TRANSMITTER

£

CARERULLY ADIUST
R3 FoR BEST VOICE

USE DYNAMLIL
MICROPHONE AT

QUALITY. FOR MORE INPUT, RECE\WE
POWER REDUCE RS SIGMNAL  wWITH
TC S5o0lt... Byr DO PROTOTRAMNSISTOR

NOT ALLOW MORE THAN PLUS oPF-AMP.
20 mA THROUGH LED)

INTERFACE CIRCU ITS+

OBSERVE al's
POWER  RATING!

Q"
-\.

TO
TTL
TTL DRWER £ ™. ALL Yoy LAMP DRIVER
LM3?_‘-1N

RUFFER (ouT =IN) LED DRIVER



QUAD OPERATIONAL AMPLIFIER

LM3900ON

OPERATES FROM SINGLE PRDLARITY
POoWER SUPPLY. LESS GAIN (70 dB)
BuT WIDER BANDWIDTH (25 MHz AT
GAIn oF 1Y THAN THE LM3249 QUAD
OP-AMP. NOTE STANDARD POWER
SUPPLY PIN LOCATIONS. CAUTION:
SHORTING THE OQuTPUTS DIRECTLY TO Vt
OR GROUND OR REVERSED PoweR
CONNECTIONS MAY DAMAGE THIS CHIP

ASTABLE MULTIVIBRATOR

+9

USE AS CLOCK,

PULSE GENERATOR OR
DUAL FLASHER (SHOWN).

+4-3ov

“‘T 13} 2] ) 0] 9] 8
2

2] 3] 4] 5] e 7

NOTE: OO0 NOT SUBSTITUTE
LM3900 FOR OTHER OP-AMPS,

TOGGLE FLIP-FLOP

+5-12

N 4 RI ?
100K
‘ . k2
| |
x e B
Rl (oA} 1M
500k .00
RZ > @
\O0K |
TO TOGGLE: MAKE
— INPUT LOW, THEN HIGH,
FUNCTION GENERATOR X10 AMPLIFIER
R3 RZ
33k LR i
P4V VAN
Di
NG ____ﬂ__
€2
o « |
R4
1K
¥
v PULSE

FREQUEWCY = 1.2 KHa




QUAD COMPARATOR

GND

LM339 9] 3} 2] nl o) 9 8]
3+

FOUR INDEPENDENT VOLTAGE COMPARATORS -

IN A SINGLE PRCRAGE. NOTE THAT

A SINGLE POLARITY POWER SUPPLY \

IS RE®@UIRED. (MOST COMPARATORS ARE 4 L@

DESIGNED PRIMARILY Y FOR DUAL SuPPLY -

OPERATION.) NOTE UNUSUAL LOCATION OF THE

SuPPLY  PINS. COMPARATORS MAY OSCILLATE V2] 3T 41 s e 71

IF ouTpuT LEAD IS Too CLOSE TO IMNPUT LEADS. +7-31V

GrouwnD ALL Pins OF UNUSEDp COMPARATORS.

NON-INVERTING COMPARATOR INVERTING COMPARATOR

Rl
vq B3 +2-32

OPTIONAL 5k 1K RI-R2

INPLT DETERMINE + INPUT
VOLTAGE REFERENCE VOLTAGE
9 / VOLTAGE
W (45 v AS SHown). +REFERENCE
Ry VOLTAGE

LED GLOWS WHEN INPUT VOLTAGE (PIN 5) ‘NVERT[NG COMPAR ATOR
Lu LOW ] OGLTAGE INH).
FALLS BE REFERENCE VOLTAGE (PINY) WITH HYSTERES\S

NON-INVERTING COMPARATOR 3L
WITH HYSTERESIS *INPUT
2-39 VOLTAGE

33K

+ REFERENCEQ +REFERENCE
YOLTAGE b OVT VOLTAGE
+ | NPLUT NOTE ! HYSTERES]S PROVIDED

VOLTAGE joK 1OM ~w—— RY FEEDBACK RESISTOR STOPsS
OSCILLATION,

3-STATE oUTPUT

+5

TTL DRIVER CMOS DRIVER

S ok +3-15 00k o CONTROL
L= ENABLE
TO To
5 TTL 5 CMDS ouT
17 Lirad
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QUAD COMPARATOR (conTinued)
LM339

WINDOW COMPARATOR
LED BARGRAPH READOUT

t5-10
+5-10

A S ¥ )

100K > _] Rl
Ri6
5 3 » 1K
-l-;/‘_’ 2 A
3
4| 39 RZ
.
K
i RT
¢ 7 % i W LK INPUT -
VOLTAG
3319
R3 *
1K R3
THE LEBD GLOWS WHEN THE INPUT VOLTAGE
RY 15 WiTHiN THE  WINDOW  DETERMINED BY
e *RI-RB. THE, wiNDow 1S Y-8 MILLWOLTS  \WIDE
rR9 WHEN Ri= 5000, RZ=|2008 AND R3= M. T
EXTENDS FROM L5 ~4.2 VOLTS WHEN Rl AND R3=
- 150000 AnD RZ=25,0000L. USE POTS FoR
RS R1-R3 FoR A FULLY ADTUSTABLE WinDow.
1K

ADTLUST RV T ACHIEVE

SENSITIVITY LP TOo A PROGRAMMABLE L‘GHT METER

FEW MILLIVOLTS PER

INPUT
VOLTAGE LED. SEE POPULAR ELECTROMICS +9

(SEPT. 1978 pp.22-97).

Rée
PCI K
SQUAREWAVE OSCILLATOR
W
R1 .
100K L.IT U ]
L 3v
.* [
R2 L1 |ouT(Ha) RY eIt L
lDoK Rl 5K Cd & PHOTOCELL =
000122, 078 iM
.00 | 2,124
.ol 309 ADIUST Rl AND R3 SO LED GLOWS WHEN
A 3o LIGHT AT PCl IS ABOVE OR BELOW ANY
.o H DESIRED LEVEL.
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LED FLASHER Z7OSCILLATOR
3909

FAST Rc | . 8 SLow RC
r oK
EASIEST TO USE IC N THIS ouT 2 S 7 NC
NOTEBOOK. FLASHES LEDs OR ¢
(AN BE USED AS TONE SOURCE. Ne 3 3K & & Ry
WiL. DRIVE SPEAKER DIRECTLY. # |1.n.§
WiLL FLASH A RED LED WHEenN Vi GND 4 Q 5 V+
is ONLY 1% VOLTS.
LED FLASHER POWER FLASHER
+3Y
RED LED W +1L5v TO (AT~ 30mA}
. o PIN &
S l B‘ 6] ST RI-R2: 6 51
ey S'.
i1 3909 OPEN=2Hz OPTIONAL 39049
¢ ; CLOSED=5.5 Ha FLASH gz ¢y
4T umF RATE 100 loouF
z I CONTROL. L2 4
1
INFRARED TRANSMITTERS
TRANSMITS
STEADY IR LED IR LED
I KH INGIH  +lL5Y U4 Hl5Y +|.5y
TONE. TRANSMITS ’__{Q_m__l
DISTINCTIVE ,
b TS WARBLE TONE % b TS |8 15
8
3909 3909 ‘ 32909
Ri Rl Ct -‘ﬁ
5K 470 l)uF
K 1 12 I L [F I8
- = = = +t qz!!F . =
LIGHT CONTROLLED TONE LAMP FLASHER
+LSvV TONE Yhv
FREQUENCY
INCREASES MLy
WITH  LIGHT. ‘@5— 8 S

¢ 3909
%112 or | 470uF

OTHER .._.\*‘(_.‘
L5-3 vV L ]2 J'_*

aULS.

PHOTOCELL %18

|04



LED FLASHER /OSCILLATOR (continues)

3909
WHOOPER CHIRPER
+1.5v +i.5v
J{ 8 5 y o] l 5
e ¢l 3909 R ¢y 2909
W[ F | ¥ 15K L AuF |
= Z g2 {9 |en T ore M &R
oo - SPKR 100 < SPKR
, AN AMA
;?;K +1.5v .5V
8 s} 8 )
3909 ] 2909
2 To (4 c2 : 1
loouF 1 22-47uF . ]
4 = -

SUN POWERED OSCILLATOR TOY ORGAN
) R L . +l.\SV
I,( ¢
¢l 8 -{‘[ —]l -11 4l -]I \_LIJMF 8 3
Rl Auf % "’;
ok [ === 3409 Ri SRz SR: SRY SRS z 34209
" 5 % % % % E
= Rb
___T‘l SlLicom ) 1 %100 _:H
R soL Rl = 2.3k (396 He -
1:0 N\ 7 g " CELLP:: R;.— l.o:: (771(; He) RYy=- 150 (2.88 kHz)ﬂ
L/W\ SPKR Ry - 330 (173 KHz) RS- 47 (b.54 KH2)

f

SN

TTL CONTROLLED 3909 SFlKRS

+5v
Y
‘ qu} 5] ] Rl
14 100
N i Z 4 23049 12
T K +
|- ——r ] ¢

.Iqu

+5 RI

M= FLASH LED Ci H= TONE + LED GLOWS
L= INRIBIT lOOuLF L= INHIBIT
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DOT /BAR DISPLAY DRIVER
LM39]4N

ONE  ©OF THE MOST IMPORTANT
CHIpPs IN THIS NOTEBOOK.
LIGHTS WP To I LEDSs

(BAR MODE) ©OR I-OF-10 LEDs
(Dor MoDE) IN  RESPONSE TO
AN INPUT  VOLTAGE. CHip

COMNTAINS A VOLTAGE DINDER
AND 10 COMPARATORS THAT
TUEN Oon N SEQUENMNCE AS
THE INPUT VOLTAGE RISES.
HERE'S A SIMPLIFIED VERSION
OF THRE CIRCUIT:

LED
+V
f
19] j h
R ."_ l)(
1K )
PINS
l‘!Ill
13|<j L
¥y
1K
e
K
1
Rie _q__‘ L — 12 +348v
20K BUFFER
IN 51 Al 2 GND
ﬁ MODE
REF 7 REFERENCE
ouT VOLTAGE
reg 8 SOURCE
ADTUST ¢.2v)

Ruw AND R ARE THE ENDS or
THE DLVIDER CARIN. THE REFEREMNCE
vorTaGe  output (REF owuT) 1S i2~L3
VOLTS. COMNECT PIN 9 TO Pi- Il FOR
DOT mMope OR VY FOR RBAR  MOUDE.

{06

2 3 4 5 ¢ 7 8 9 10

18f 2} ie| sy ) w) 2] n}

To ouTPUT LEDS

IF THE LEDs FLICKER, Copned]
A CAPACITOR (0.05 uF To

2.2 mF) FROM LED ANODE LINE
TO Pinv 2z,

T 2 2] 49l s1 el =71 el 4l
I -V V¥V Rie IN Rwm REF REF MODE
oUT ADY

DOT/BAR DiISPLAY

R +3-18
100K i\ LEDs
3
1o
= LM3QIY
q
TO INPUT
B
IND_S,{
Rl CONTROLS K
LED CURRENT,
CURRENT —-—-&-'-. b
THRROUGH R}y
S 15 LED 7 5
CURRENT. SjncE
CuRrenT (1) Rt H
THROUGH A IR
RESISTOR (R) 2 3
1S VOLTAGE
ACROsS R q 2
Dwicep 8Y
R, 1K &ves | _B] 1
Ar LED L

CORRENT OF

10

AL N qL B l(LDOT

S|
WHEN +V = +3-18 voLTS, THE READOUT
RaNGE 15 Q13— 1L.30 vOouUTS. TO
CHANGE RANGE TO O.[—lO0 VOLT
{0y vouT PER LED), INSERT A 5K
POTENTIOMETER BETWEEN PINS &

AND 7. COMNMNECT VOLTMETER
ACROSS PINS 5 AND & AnD  ADIUST
R2Z For | VOLT aT PIN 5§ THEN

8. FU5T (K POTY  DNTIL LED 1O GLoWS.
RePEAT THIS PROCEDURE FOR O.I
vOoLuT AT PIN S5 Awp LED 1. Ok
TO REPLACE THE Ik POT WITH A
FIXED RES ‘TOR oF THE PROPER
VALUE.



DOT/BAR DISPLAY
LM391 4N

DRIVER (conTinuen)

+3-18 Y
J
3
)
a o LM39)y
Si(a) . ‘zf.e
¥y !
7 13
R "ul 3
2.1k (9 |G
Ky
+|f 1 15
S A
¢l = o <)
Z.?./uF &
INGL 5 %
i
H 8
8 ! %<}q
Fa
T4 '
R3
3 22K
[
LM3quy{ %
7 I
%
%RZ __k'z l [
K ¥
2 3 |<I
/4
Y 4
- AR
8 IS I j
#
= 1o ]j
&
5 7 |:|
#
I‘L Z %_K}—A
'y
q I |j
Sl (k) % READOULT
DIRECTION
THE  CIRCLITS o~ THIS PAGE
ARE ADAPTED FROM NATIONAL
SEMICONDUCTOR'S LM3914 LITERATURE,

BoTH wokk

WELL,

THIS
2 oR

o4 v TO 2.7 V.
STANMS ON  DURING
SUBSTITUTIONS

DPDT
BAR
OMIT
ReQuIiRED.
CORRECLT

20-ELEMENT READOUT

CIRCUIT SHoWS How TO
MORE  LM3Qi4's,
voLTS,  THE READOUT RANGE 1S
HIGHEST ORDER LED
OVERRANGE. AVOID
FOR Rt Rz AND R3.

CASCADE
WHEN + V =

USE A
SELECTS
SELECTS DoT.

s THE MODE SwWi1TCH.
ToGGLE. PoOSITION |
AND POSITION zZ
S| IF  OwnLY ONE MODE 1S
SIMPLY WIRE IN THE

CONMNELTIONS.

FLASHING BAR READOUT

¢l *f 3] R3 Ik
lODﬂF 1o _{<]_/\/\A_qr
tM394] % Ry
R b ‘_I_N_&
470 %
7 12 +3-18v
R2
K
DOT MODE:
IN 5 CONNECT
PiIn 9 To
PIn 1
INSTEAD
p OF tV,
L‘
2
WHEMN ALL IO LEDs ARE oM
THE  DISPLAY FLASHES. OTHERWISE
THE LEDs DO NOT FLASH.

INCREASE CF To SLOwW FLASH RATE.
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DOT/BAR DISPLAY
LM39i4N

+4

]

DRIVER (conTinuen)

SOLID -STATE OSCILLOSCOPE

3] J _
“c THIS 1S AN
9] R1: VERTICAL GAIN EXPERVMENTAL
Lm3qr4 (W R3, HORIZONTAL SOLID - STATE
AVANPS-1 SWEEPYTIMEBASE] SCOPE  THAT Wit
IN 1z USE R3 TO FIT IN A POCKET
o SCREEN: SYNCHRONIZE S1ZE  HOUSING.
RI 13 SCOPE  WITH THE RESOLUTION IS
K 100 RED LEDs INCOMING WAVE.[ POOR, BUT VARIOUS
14 CONNECTED TO WAYEFORMS CAN
7] INTERSECTING BE ViSUALIZED.
5 LINES LIKE THIS EXPAND BOTH THE
R2 )’ VERTICAL AND
|K lo HORIZONTAL CIRCUITS
2 iﬁk FOR MORE RESOLUTION.
7 | ADD OP-AMP TO | FOR MORE |NFORMATION
8 INPUT EOR MORE | SEE POPULAR ELECTRONICS,
8 SENSITIVITY. USE | AUGUST 19479 (pp.78-79).
4 Rl To CALIBRATE.
L s
_} l R3
3 60K
b 2| 4 7 o ! 5 [ 9 i
) 2 2 4 5 - 7 & 9
v LS io 8
IS} RESET HO!7 AU » .ﬁn
(cLeaR) Jon
g
3] e] “D\L ApmF
- Si: )= TRIGGERED SWEEP 1

2= FREE RumNMING

+9

USING THE LM3914 AS A CONTROLLER:

RELAY

+

RYI (&V,500R)

4

ANY LED

QuUTPUT '}

LM39y

€1 —47uF (PREVENTS CHATTER)
DI — INGIH

108

OPTICAL COUPLING
RY1

———D RELAY: NORMALLY OPEN
,,—__—fﬂ’_; POINT Q@I AT NORMALLY cr_os&l>7
+5

+9 i1-oF-10 LEDs

TO DETECT T
4 SPECIFIC
bl Rl oOwTPuT
Yk LEVEL.

o

S

F_—_-‘_ Q1. PHoTO-

TRANSISTOR




DOT/BAR DISPLAY DRIVER sz 4 5 o 7 8 9 10
LM39ISN i8] 17 16| is} 4] 13} v n] o}

TO o©OuTPUT LEDS

LOGARITHMIC VERSIDN  OF THE IF THE LEDs FLICKER, CONNECT
LM39i4 N, THE LM3GI4N USES A CAPACITOR {(0.05 uF —2.2uF)
A STRING OF K RESISTORS FROm LED AnNODE LINE TO
AS A VOLTAGE DIVIDER WITH PNz,

LINEARILY SCALED DIVISIONS.

THE VOLTAGE DIVIDER RESISTORS il 2] 3] 41 s] e] 71 8] 9l
OF THE LM39I5N  ARE GCALED i -V +V R IN Rw REF REF MODE
TO GIVE A —~3d4dB INTERVAL ocuT ADT
FOR EACH OUTPUT. THIS CHIP '

IS 1DEAL FOR  VISUALLY MONI- SEE LMA39I4N  FOR EXPLANATION
TORING THE  AMPLITUDE OF OF PIN FUNCTIONS.

Aublo SIGNALS.

O TO -27 4B DOT/RBRAR DISPLAY

*3~isv LED DISPLAY
£
} BAR MODE
3
1044 O dB (FULLSCALE OR FS) ® 0S8 6 B OGS
Lmsqas_f“ f% % -3248 ( 707 FS) ®eo00000000
SIGNAL o5 4 ( )
IN 12 +<— - b dB .500 FS "EEXE XX XN KN
(AC oR DC) ¥
—'§—|<}—ﬁ -9 dp { .354 FS) A EX EEN BN
¥
¥
¢ ﬂ,_.m.__q -12d48  ( .250 Fs) ®9200880000
¥y
7 &_}4__4 -1548 ( 177 Fs) 208800000
¥
¥
RI I__,K“" }_ ! — 18 4B (.l?_S Fs) S0 eBOODODDOOB
1K 4
z 71— -21 4p ( .oe® FS) 800000000
¥y
4 '8 11— -244de (.02 FS) 0000000000
¥
8 __4<]__1' -2748 (044 rs 000000000
i ¥ )
= q
*0\-: TO OSE
o o— BOT MODE.
BAR  DOT

THE INPUT SiGNAL CAN BE CONNECTED
DIRECTLY TO PIN 5 WITHOUT RECTIFICATION,
LIMITING OR  ACQ COUPLING. SEE  THE
LM3914 N FOR  MORE IDEAS AND TIPS,
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LED VU METER MODULE

NSM3916
o
INCLUDES LED BARGRAPH DRIVER
AND LEDs ON SAME  SUBSTRATE. E, [e] Lep 10
MARE MODE PIN  HIGH FOR BAR-
GRAPA MODE . LEAVE OPEN FOR ] Leo 9
DOT MODE. SEE DATA  SUPPLIED H
WITH MODULE FOR  MORE INFORMA- . [c] mope
TION. ALSO, SEe LM39/4 AND LM3915,
— E REFERENCE ADJUST
VU BAR GRAPH DISPLAY [c] rererence out
b
] Rruw
+12 To I8V t5 RS ¢l
) t 10 1OuF E Bl sienaL
+
r__.;l-'-: LTJ R o
y 10 {
AUCIO 3 E V+
IN g NSM 3916
=3 B ] Grounp
7 re e E LED |
RI R2 R3 RY El ] vee
5K 220 10K 1OK o
—L -
BACK AND FORTH FLASHER
+9
A
R CONTROLS ! IN
CYCLE RATE., Rl TWO GATE OSCILLATOR
R4 CONTROLS 10k SWITCHES 4HO0blb oN 7805 GROUND
RANGE. AND OFF, (7 1S
3 4 CHARBED ViA R2
| \ AND DISCHARGED ouT
2 S |>c"' 5| 14 BY R3 TO Glve
] Y06l VOLTAGE ﬁﬂf) RDQ
y | |
RI e Jr 7 14 YA VAN 3
00K e T ’ J NSM 3%16
5
_*
- -~ TI_J,e q
i=Y%3 Youg £2 R3 RY

(6RouND UNnUSED 47.F [ 22k 5K RS R6 R
INPUTS — PINS __L_ 20 10K 10K
7y Uyl 14 ) - | _AAAL_AAAL

[0




LCD CLOCK MODULE
PCIM=-161

NOTE: ALL uUwusep PINS MUsT Go TO

Vop OR Vsg ( Your CHorcE)!
COMPLETE CLOCK MODULE.

REQUIRES ONLY I.5 voLT (BAck)

CELL AND  SWITCHES.

FOR COMPLETE INFORMAT/ON
SEE DATA  SUPPLIED wTH
MODULE. Vpp MUST NOT (it ® MM e M

EXCEED 1L vocTsl ALS MoOD LMP SET Vgo Vpp ALZ AU

ALARM CLOCK

PlEZO
ALERTER TO SET ALARM:
0--0_'7)——- SET Voo
USE For L I. PRESS ALS TwiICE ; PRESS
CIRCUITS | $5 o MOD  ALI RED SET UNTIL HOUR APPEARS,
BELOW & O
acso... | bats lAats AL BLUE 2. PRESS ALS ; PRESS SET
N UNTIL MI/NUTES  APPEAR.
o— 1LMP Vgg
1.5v *] _] 5. PRESS ALS.
T ' BLACK -
ALARM CLOCK RADIO
. . . To t 9 vouts O
KEEP RADIO SCR
SWITCH ON., St: tLosE To
BYPASS ALARM
k T
INGIY _ . TO RADIO T ” ]-l U
1N7222
TO Vi _y. TO RADIO - SCR

CONNECTOR

CLOCK CONTROLLED RELAY

CURRENT DRAIN:
RELAY ON = 4.8 mA
+9v  RELAY OFF® 1B mA

*CAUTIOM: USE
CARE WHEN
SWITCHING

LINE VOLTAGE! DO NOT EXCEED Si:t NORMALLY CLOSED
K CONTACT RATING! PUSHRUTTON,
23k — I[j ) OPEN (PRESS) ToO
INGI4 d | AMP RESET . MUST
TOo ALl ® 1zsv WAIT FEoR IS
2ZNZ222 RELAY SECOND ALARM
TO Vss + CYCLE BEFORE

< RESETTING.

[l



TIMER

55§

THE FIRST AND
MosT POPULAR
CHIP. OPERATES

STILL
IC
As A

THE
TIMER

ONE-SHoT TIMER ©OR AN ASTABLE

MULTIVIBRATOR.
TWO 855

555 EQUIVALENT CIRCUIT

CIRCUITS

THE 556

15
ON ONE CHIF

8| 4
INTERNAL
5K K REFERENCE
° +
5 i
5k g conTROL ||
FLIP- FLOP
2 t,
5k§
POWER L3
ouTPUT
| f‘
|7
| AND 2 ARE COMPARATORS, CIRCUIT
CLAN BE MADE FROM INDIVIDUAL PARTS
AS SHOwWN.., BuT 585 I5 MuUcH SIMPLER.

ONE -SHOT TIMER

+5-1
I\SV
8 .
R1 Z A TRIGGER
1M TOWPUT ]
-
533 o To
b 3 OuUTPUT. (1
o L ez 3L T=LIRICI
IIMF_ .O!qu
VALUES SHOWN GIVE
e | SECOND QUuTPUT

PULSE.

GROUND 8 Ve
TRIGGER 2] 7 DISCHARGE
ouTPUT 3| & THRESHOLD
RESET 4 S CONTROL
VOLTAGE

BOUNCELESS SWITCH

+5-15
y PRESSING S1 GIVES
8 4]  cLteAn 0.1 SEcomd
R OuTPUT  PULSE.
jDoK

I

7 555 2.,

o 2

Sl

T

IMER PLUS RELAY

+}‘\3 TRIGGER ~Lr—

Rl

RELAY
LV, Scofl
12 m A

IM

cp L

10 uF

~
Pt

AND €I SHOWN
WIiLL PullL RELAY IN FCOR WP TO
ABOCOUT NI SECONDS. UWUSE POINTER
KNOB  AND PAPER SCALE TO
HELP CALIBRATE CIRCUIT. USES IN-
CLuDE DARKROOM TIMING. CIRCUVIT
CAN BRE TR\GGERED RBY A
NEGATIVE PULSE OrR WITH A
PUSHBUTTON SWITCH  ACROSS
PiNns | AND 2.

VALUES oF Ri



TIMER (conTiNuED)

§55

TOY ORGAN
+9 To0 Loup?
R1 ADD l10OSL
100K 8 41 RESISTOR,
(comTROLS [
FREQUENCY 3
RANGE) 7] 555
an
2 b SPKR |
1K +
2 ce |
Si a ! el 1L1
S L TYPICAL VALUES:
z A
dr—O O——i(————{n
¢ — olo uF
S3 3 £t — 0.05 /U.F‘
—'L‘o__.fe___. .3 - o0 F
0 ] /M
{4 — Q.00 MF
sS4 cY £s — 0 00| F
40 o-_lH.—i d
USE  ANY
S5 cs AVAILARBLE VALUES
q»——-o'_l—'o—‘G__A IF THESE ARE
] NOT AYAILABLE.
¥ Y
ADD ADDITIONAL
STAGES |[(F DESIRED.

SWITCHES ARE NORMALLY

OPEN PUSHEUTTONS.

MiSsiNG PUSE R
100K

T

LED TRANSMITTER

4
10K

RT
1.9

¢y
.OS,.FL

8 4]2

5585

|

‘-L
—

R3
10 5L

Use [NFRARED
LED FOR ®EST
3:* RESULTS.,

CIRCUIT  PULSES LED
WITH 45 4SEC LONG,
120 wm A PULSES AT
A RATE OF 4.8KH2.

PULSE GENERATOR

+5-15
A

a8 Y
RI z UYL
M 7l ss55
R2 b USE TO SUPPLY
(K r CLOCK PULSES

Z TO TTL AND

L 1 s uoelc

i ! SIRCUITS, B!

Cy ! ConTROLS PULSE
.o} REPETITION RATE.

L
b

MISSING PULSE DETECTOR

+5-15

8

558

TIN

ro J6 [

O

3 ouT

-l}aF‘ I

THIS  CIRCLUIT 15 A  ONE-SHOT THAT
18 COMTINUALLY RETRIGGERED BY
INCOMING PULSES. A MISSING OR
OELAYED PUlSE THAT FPREVENTS
RETRIGGERING BEFORE A TIrING
CYCLE s COMPLETE  CAUSES FIN F
ToO GO LOW UNTIL A NEW  INPUT
PULSE  ARRIVES, Ri  AnD c¢I
ConTRoL RESPONSE  TIME, USE N
SECORITY  ALARMS , CONTINUITY
TESTERS, ETC,

13



Tl MER (CONTINUED)

S55

ULTRA-LONG TIME DELAY

TOUCH

SWITCH

+4
al 4] Rl ConTROLS o TOUCH WIRE
PULSE RATE {Touvecrn AND
FRom 5s55. LED  WliLa
555 THIS RATE IS GLOW | SECOND)
DIViDED BY
THE 40I17's WORKS BEST
To Glve *IO, INDOORS DUE
X100 AwnD To STRAY AL
X000 DELAYS. FIELD. BLSE—~
3 WHERE TRY
| TOUCHING
- +1 PiNs 1 AND 2.
14 o o] o
+9 1
4o 12, 14 o 2, 14 40(7 12 ADDITIONAL
STAGES
! : i
s 3] 8 lt s IS 13L:
X0 i X100 * looo
2 _ 0
. N :L___
| = RESET TYPICAL OUTPLT: 588 (Piv 3)
2 T RuM 4017 (x10 ouTPuT)
LIGHT DETECTOR DARK DETECTOR
+9 CdS PHOTOCELL +9 R3
A i‘@_ A ok Q‘m
[ AAA VAV, VN —_
R 4 oK R Y CdS PHOTOCELL
K 47k
7| 555 (3 cr 7] 555 |3
BERTN: BEiS
R o R2 b ™~z
1K 1.4 "i?/qlr:
2 Bo z
C1 SPKR c | 8n
! | SPKR

PRDODUCES WARNING TOMNE
MAK ES

PROTOCELL.

A

WHEN LiIGHT STRIKES
GOOD OPEN DOOR

ALARM FOR REFRIGERATOR OR FREEBZER.

(14

SILENT WHEN LIGHT STRIKES PHOTOCELL.

REMOVE LIGHT AND TONE S0UNDS,

RESPON

SE

FASTER

TRAN ADIACENT ClRcOIT



TIMER (conTinued)
558

NEON LAMP POWER SOURCE FREQUENCY DIVIDER

+5-15
GREEN  INQ4 A INPUT FREQUEMNCY
RED X
a8 ‘
Ri 2
4K
R\ 7 555 |3, DIVIDED
100K FREQUENCY
R 3 b
1K WHITE f
T: an -k e !
.lﬁFﬂ THE 5585 FUuNCTIOMNS
Ll ' :c'z.: ol uF, 250V AS A ONE-SHOT
.I,AFI___. Li: NEON LAMP L. AT 15 RETRIGGERED
- BY TRE INPUT WAVE.
= WORKS BEST WITH BETTER WAUES  ARRWING  DURING
QUALITY NEON LAMPS. REDUCE THE TIMiNG CYCLE
Ri  SLIGHTLY FoR  MORE ARE 1GNORED.
ouTPuT VOLTAGE.
ONE-SHOT TONE RURST
TRIANGLE WAVE
GENERATOR O
A H.7k
_L'o_./VV\
+9 8 —
A Ri 4
1K R4
8 4 7 555 106K
| 1 e3 :
Rl 10K R2 b c2 L |t
100K 7] s5s 2 o 24K ) 2 w-100uf|
——
R2 b e l _z[\N\/ a o * WU
1K \ Ol uF v ApuF ’[ : (B8O Hz)
. , L
o -
.lquT
1 PRESS S  AND  STEADY OUTPUT
= FREQUENCY  APPEARS AT  PIN 3,
RELEASE St AND  QUTPUT FCREQUEMKCY
ADJUST RI To PROVIDE UP o COMTINUES UMTIL ¢2 IS
10 KR=. OUTPUT FREQUENCY DISCHARGED 8y R4, INCREASE
THIS MIGH PRODUCES CLOSELY CZ (6R RY) TO [INCREASE LENGTH
SPACED TRIANGLE WAVES. THE OF THE RBURST CHANGE FREQUENCY
WAVES ARE SEPARATED AT SLOWER OoF TOME BURST Vi R2Z OR C\.

FREQUENCIES (VV—V).

s



DUAL TIMER

556

CONTAINS TWDO INDEPENDENT
TIMERS oON A SINGLE CHIP
BOTH TIMERS ARE IDENTICAL
TO THE 555, ALL THE

APPLICATION CIRCuLITS CAN

ALSO BE BOILT

WITH TwOo 555°%,

THIS PIN CROSS REFEREMNCE WILL
SIMPLIFY SUBSTITUTING Two
555's FOR A 556 ©OR HALF
A 554 FoR A 555
FUNCTION 555] 556()| 556(2)
GRoOLND { il 7
TRIGGER 2 A 8
ouTPUT 3 5 9
RESET 4 4 io
COMTROL V Y 3 I
THRESHOLD b 2 12
DISCHARGE 1 I 13
Vee 8 14 14
INTERVAL TIMER
+9
A
NEELDE
R3
100K
RELAY:
R ! 556 T Lv
M Sco0fL
1 L) INGIH 12 wmA
z il
1K b
5
8
I

Cl TC3T cy
1oouF |05 05] 22uF

i
TIMER |

OSCILLATOR.
RELAY DrRwWegrR. |
CNCLE., 2 PLULLS RELAY

[16

TIMER 2
FIRES 2

1S CONMECTED AS  ASTABLE

1S A ONE-—SHKUT
ONCE  EACH

1N FOR -5 SECONDS.

DISCHARGE ] _ 19 Ve
THRESHOLD _2| r__‘é DISCHARGE
conTROL 3 'Z THRESHOLD
VOLTAGE TIMER 1
RESET 4| il conTROL
- TIMER 2 o VOLTAGE
1
QUTPUT _1 — RESET
TR\GGER e} J 9 outpur
GROUND 7 |8 TRIGGER

3-STATE TONE SOURCE

+9
ﬁ\
4 i+ Ry
i3 14
Rl
2.2k
! 556
L1
o0 K
2|
(o
el T
s.sf.FT
7 RG
70
e
Sit -
I= Two TONE Jun L e L
2- STEaADY TONE R G EOTETGEG T T
3- TONE BURST JItmpna A
555/556 SCR OUTPUT
Ve - .
'_6_ RESET (MoRMALLY
22K CLOSED)
SCR
To 55§ /556
ouTPuT LOAD
(SMALL MOTOR | LAMP,
GNP ETC.)




DUAL TIMER (convinuss)
556

TWO-STAGE

TIMER

+S5-15
SOUND SYNTHESIZER A
+5-15 R\ 4l ) 19 R3
; IM 24K
L ! ird 2y
4] 14l 0] 8 R 556 ™
SPKR z 5
556 e 8 {j,.i
So0K Sook 3
2 Ry Rz OLTPRUTS 3 l .05
RZ [—{ 5K 24K
1K |& 9 (VOLUME) A e \ 1 .2
+
S 2 5 eu i:\_ T "L es Co A%
[ " cr|  .0SuF T LOSuF I-JOO/.;F-'/I-\
8 13 Nelo — |
cz 1 A
o L. L oluF T TRIGGER =
OF
RoTH TIMERS ARE [N  ONE-SHOT
| MODE. GROUNMBING THE TRIGGER
THIS CIRCUIT 1S AN OSCILLATOR = INPUT  INITIATES  THE  FiRST
FOLLOWED BY A FREQUENCY TIMEBR'S CYCLE TIME. THE SECOND
DWIDEE.  ADIUST RV AND Ry FOR TIMER'S CYCLE  BEGINS  AFTER THE
VERY UNDSUAL SOUND EFFECTS . Figst IS COMPLETE.
PROGRAMMARLE 4-STATE TONE GENERATOR
+5-15
A
- Fa¥a"!
41 M 7 RY 5K MODE SELECT
13
Rl e 1 B A |louvTPuT
22K 556 il A MODE
' 1o 15 Lo . B SELECT L L |Two-Tone
13 L H STEADY
RZ 5 2] 405! b RS é H L | BursT
100K 7 5K HH METRORNOME
2 8 1z 8 R3
q 100K L= GND
b 12 1 h=+S-1s (Von)
Y
a L il ) CHANGE C
23,F T —_lre A+ Aanp cu vo
7 2708 85 cy T ALTER THe
A SPKR A uF OUTPUT TONES.

17



QUAD TIMER

558 ouTeuT 1| Tl 16 guTPUT
iming 2] A ' T b 1S iming
CONTAINS FOUR |NDEPENDENT ot
MONOSTABLE TIMERS.  EACH TRIGGER 3] ([ /4 TRIGGER
TIMER s SIMILAR TO PART L L -
OF A 5585 TIMER. ASTABLE CoNTROL 13 RESET
OPERATION POSSIBLE WITH ONE
TIMER. Vec = * 4.5 TO /8 yocTs! Vee 5] 1T GROUND
CoONTROL AND RESET Pins | S
ARE  COMPMON. TRIGGER G| 1 r F'_ TRIGGER
T
TiMminGg 2 B 1 1 € 1% TimiNg
| |
outTpur 8| Lo 9 ouTPuT
| 1
BASIC TIMER ONE - SHOT
Yee
5 3 ¢ R Vee
joo k 12 - TRIGGER 7 J\
5
g Y4 ssg T 2] v,
Z 558
| _ . OUuTPULT e 13
.l-fOO/uF iz __r—l_. b 8
I LN o j Lo our _{1_
- [, -——
A t=/IRC
PROGRAMMABLE SEQUENCER
Yee
f Ro= R7T=R8=R9 = .5 TO 47K
RI Re | R2 R7 | Rr3 Tve | r4 %a ]
5 i3
! o 8 it 9 ) [t
Ve 558 |y Yassg [y V4 ss8 [ ¥ V4 558
2 A P B 10 d IS o J RS
A i 10K

‘E:r |3 Tcz 12 ’[cs ey

TRIGGER).] OUTPUTS A,B,C,D GO HIGH, THEN LOW, SEQUENTIALLY. _L
RI-RY AND CI-C4  CONTROL DE(LAY PER  STEP =

—I_I_ RS CoMNTROLS RATE.
(18




QUAD T | MER (QONTINUE D)
558

FULLY ADJUSTABLE PULSE GENERATOR

Vee v
A
Rl CLONTROLS PuULSE RATE,
5 R3 Ry | R2Z CONTROLS PULSE WIDTH.
R) Y4 558 Y4 558 R2 R3 =RY= 1.5 TO 4.7k,
2T ot bR T|7
v VERY USEFUL
i TR} " . Oe cireorT!  Putse
i3 ouT "2 Tcz RATE  AND
PRESS L ! >___|—1 n_ WIDTH TOTALLY
TO RESET }" ’ ] INDEPENDENT.
l L J ouT SEE RELOW FoOR
_l_ MORE INEORMATION
SIMPLE OSCILLATOR FIXED DUTY CYCLE PULSER
Vee
A SEE  ABOVE CIRCUIT. ADD  THIS
L VOLTAGE DIVIDER To KEEP DuTY
(e X CYCLE CONSTANT WHEN RATE 15
5 == .0l CHANGED
RI
S50k 21t TR |3 R3 Vee ) THIS witL
12K DR\WVE LED 220 Ve
L. Y4 558 10K ¥
Cl f| Pin Pin
l X . Rz ouT Y 8 IN27222
Sbk
-+ , UL = *
Ri ConTROLS =
FREQUENCY
LONG DURATION TIMER
Vee
h RS =RL=RY = 4.7k
R RS R2 RG R3 g R? RY RS
S VK
V4 Yy Yy
T2 558 T|7 558 T |10 558 T IS
3{tr i
\ T T —— T {i\
Yy ol G el ol8_1¢2 | Hirg of? _1€3 ] «lrr ol 1¢4
.| 558 N LED
2
ﬂ | l—o °~‘J‘.RESET J J
Push 1o i
START = SELECT RICQl, RZ2CZ, R3¢c3 AND R4CY ToO GWE DESIRED DELAY  PER
STAGE. DELAY = RAC. TOTAL PELAY = SUM OF ALL STAGES. LED Tuans
OFF AFTER TIME DELAY AND TUuRNS ON  AGAIN.

19



TIMER

75585

CMDS VERSION OF THE
555. VERY LOW  POWER
CONSUMPTION. WIDER
SuUPPLY VOLTAGE RANGE.
LONGER TIMING CYCLES.
CAUTION: APPLY POWER TO
755S BEFORE CONNELTING
EXTERNAL CIRCUIT,

FREQUENCY METER

Vee

GROUND 8 Vee (2-/8V)
TRIGGER 2] |7 DISCHARGE
OuUTPUT 3 & THRESHOLD
RESET ; S CONTROL
VOLTAGE

LIGHT PROBE FOR BLIND

Vee
IN
h A
_T_, 4K Cds “ 8} Ik (VOLUME)
" PHOTD - 3
T 250K CELL
75855 8 5L
S ok 7 [ SPKR
? (ZERo)
3 G
| o-lmA 22k 2
At
A5 1 o ' 47 uF
T Te S T
* —l" | —
CALIBRATE “ INPUT MUST BE -
SQUARE WAVE,
EVENT FAILURE ALARM
Vee
M
4 8
gq_"n( 1585
b
7 & 1o
047 AUDID
2 AMP
¢NZ907 ]
) -—+2.2—|o
Tk
_ 0/0_] - ALARM TONE SOUNR3 IF S IS
. NOT CLOSED  WITHIN 5—-30 SECONDS.

120



PHASE-LOCKED LOOP

Ve Vo
NC NEe NC NC V+ ¢ R
568 wp 03] ] u] 1o e} g
veo
SOPHISTICATED ANALOG SYSTEM  THAT
AUTOMATICALLY  TRACKS A FLUCTUATING PHASE
INPUT  SIGNAL. VOLTAGE CONTROLLED CoOMPARATOR 1
0SCILLATOR (VCO) FREGUENCY IS CONTROLLED 1 AMP
BY ouTPuT VOLTAGE FROmM  PHASE
COMPARATOR. THIS CAUSES VOO FREQUENCY
TO MOVE TOWARD INPUT  SIGNAL. THE T 2] 3] ul 5] & 7
toMPARATOR VOLTAGE ouTPUT s . V-~ IN IN VCO ¢OM REF OEMOD
AMPLIFIED AND  AVAILABLE FOR ouT N ouT ouT
COMMUNICATIONS  APPLICATIONS ... AS SHOWN LA

f [
gELOW, ‘ o _d

- PULSE-FREQUENCY-MODULATED INFRARED COMMUNICATOR

TRANSM‘TTER + 9 TRANSMITTER ¢ R3
Rr3 A CONTROLS GAIN. Ry
+ 100k CONTROLS CARRIER
beep ! FREQUENCY,  FOR
W 8 | INITIAL TESTS, REMOVE
(o) Mic Ry _I* M1C AND CONNECT
7 took T TRANSISTOR RADIO
2 ¢3 PHONE OUTPUT TO
+9
RS \OumF R3 VIA 47 uF AND
3 2 oK GND. USE Low
RY b LED | VOLUME SETTING. R3
56K . 3 _ MUST BE I100K.
L AN 1 ez RECEAVER: RS
R j\q‘ropp CONTROLS GAaN. ¢
5.6k _ AND C3  GIVE  VQO
GPERATION: POINT LED AT CENTER FREQUENCY
Ql. APPLY POWER  AND OF ~ 40. KHz.
ADIUST RY IN XMTR puTic SHIELD QI WITH TUBE
GooD QUALITY SCunD HEARD TO BLOOK EXTERNAL
RECEIVER FRoM RCVR (~ 3§-4S kHz).  LIGAT. USE LOw GAINV
+9 LENSES witl GIVE RANGE OF  (RS) WHEN ADIUSTING
A HUNDREDS OF FEET AT NIGHT.  TpansMiTTER!
{

110K —/ Ny ]I ce
o Rz R3 | RY 1 ca J_ 5 2.24F

N ™ 1M o 39K |q .00 ou?
[ AAL2 TN 2 1
v o > e | 565 7l Co 7

3 S 3 5] 3 10 mF LOO MF
¥ i RS S (3 M
~9 { q
Q| 10k
PHOTO- (2 7]= €3
E TRANSISTOR 001 .001 T
KEEP PWR LEADS ON BOTH UMITS SHORT. USE O.(uF ACROSS - L

PWR  CoNNgEeTionS (AT CHIPS) JF OSCILLATION  OCCURS. HAVE FUN.



PHASE“LOCKED LOOP (PLL) Voo(*3-15v) Sl &% }osuoo =
I

IN

ZENER VEOQ 1IN
4OY b o] 5] ] 13) 12 o 91
EXCEPTIONALLY VERSATILE CHIP. CONTAINS A
TWO PHASE COMPARATORS AND VOLTAGE P2 1
CONTROLLED OSCILLATOR (VCO), USE VCO Veo
AND ONE PHASE COMPARATOR TO MAKE b
PLL. CIRCUITS ON THIS PAGE VUSE VCoO ly
ONLY.
vl 2] 31 4| s 6 7] 8
$2Z Pl com veo veo =
OuT OuT IN OUuT INH _KJ
¥*
SPEAKER AMPLIFIER
TUNABLE OSCILLATOR
+9 8-0OHM SPEAKER
220 « 9 o1 oowuF
in K USE WITH CIRCUITS h s
o— ON THIS PAGE. 1
- ] 6 7
Rl
CHIRP BURST SEQUENCER sook< 4046 4 5. To
(veo) AMP
Y2, 8l S /W:J AD3UST RI
Hobk TO VARY
4 R2 FREQUENCY
= 100k (0SHz—>I85KHz
o ®)
- SIREN
< +q
+9 J
1“4
- ] 13 |
2 L
7+ Ri ey 1~
7 68K Y47uF 2
= ' ‘/q
330K +9 c2 4066
TO RS RY T EE \ 005 uF 17
Amp 4 (veo) uF S 470k ol ¢ 7 R -
{9 330K
R3 _':&\ 8 To < H4oye +
500K AP (vco) R3
. = 3 470K
= N
8| 1uF
R2: ADTUST FOR -4 CHIRPS PER CYCLE. R4 1
CHIRPS WILL HAVE DIFFERENT FREQUENCIES. 100K =

R3: CONTROLS PITCR OF CHIRPS.
FOR TONES INSTEAD OF C(CHIRPS,
CONNEST To Pl 12 (NSTEAD oF P 1l
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CHANGE Rl OR C\ TO ALTER CNCLE TIME.
CHANGE R4 OR C2 TO ALTER FREQUENCY.
CHANGE B2 OR €3 To ALTER wWALL.



PHASE LOCKED LOOP (conNTINUED)

Y0446
FREQUENCY SYNTHESI\ZER
SOUND EFFECTS TIMEBASE
OSCILLATOR
GENERATOR . ;
1.2 =
T V34049
, o
v
CONTROLS
FREQUENCY +9 l_"'.’(_.l oauF
"DT b 7 14
3
404
A (PLL)
w2l 8l S| 3] 100kt
K. duF
! oox Iﬁ\ 5K
1 T+
= +9
FREQUENCY oUT
e ° Tl'v
! 4017 8
W 12
ul 71 1o] 1] 51 &l 91 n
TITIT Tl
PRODUCES FASCINATING VARIETY OF
UNDULATING AND CHOPPED TOMNES. L_, SELECT TIMEBASE FREQUEMCY
R\ CONTRoLS CYCLE TIimE., R2Z MULTIPLICATION FACTOR. SET
ConTROLS DRELAY TIME, RY CoNnTROLS TIMERASE TO ~ 100OH=z,

FREQUENCY RANGE. ks CoNTROLS
CHOPPING RATE. CHANGING RS5's

SETTING GIVES MOST DRAMATIC RESULTS. TONE BURST GENERATOR

+4
¥ \ Rl SETS TONE FREQUENCY.
. LOCK INDICATOR Q! e q
op 500k TO AMP
g 4o4 ¢ —
(vco) S
114
h o R3 SETS
o . 0.00iuf| BursT
LED RATE .
* l2=
USE TO L{_os LED GLowS or /34049 N
VERIFY Lock 1 FLICKERS WHEN — C2
OF 4046 N - 4046 IN PLL MODE .rufF
PLL MODE. 1S ouT OF LOCK.
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TONE DECODER

567 QUTPUT }_'_ # OUTPUT
CAPACITOR
Low pass § 2] 7. GROunD
CONTAINS A PHASE—-LOCKED LoOOP CAPACITOR
PIN B GOES LOow WHEN THE INPUT INPUT 3] b{ TIMING
FREQUENCY MATCHES THE CHIP'S f‘ CAPACITOR
CENTER FRequency (fs). THE LATTER +4.75 -9.0y 1] 5 { TIMING
FREQUENCY IS SET BY THE TIMING RESISTOR
RESISTOR AND CApaCiToR (RAND C)
avp 1s (1) = (RC). R sSnoup BE THE VALVE IN MICROFARADS OF THE Low
BETWEEN 2k —20K. THE 567 CAN PASS CApPAcIToR SHoulD BE n/F.-_, WHERE
BE ADIUSTED TO DETECT ANY (MPUT w RAMGES BETWEEN {300 (For up To
BETWEEN O.0l Hz TO So00KHz. NOTE: 4% fo DETECTION BANDWIDTH) TO 62,000
| SEcoND OR MORE MAY BE REQUIRED (up 10 2% Fo DETECTION BANDWIDTH).
FOR THE 567 TO tock Oon TO LOw THE oOuTPUT CAPACITOR  SHoutD HAVE
FREQuemncY  INPuTs!  SEeE THIS CuPs ARoOT TWICE THE CAPACITANCE OF
SPECIFICATIONS FOR MORE [NFORMATION., THE Low PASS FILTER CAPACITOR.
BASIC TONE DETECTOR CiRCUIT
+9
+q THIS  CIRCwIT IS
3 —TL' HANDY FoR LEARNING
5 R3 TONE  DECODER
1 b RZ sS4 K BASICS, THE S67
Cf HOK PoRTIGN  CAN BE
RI Ny USED N MANY
100K e g8 T DIFFERENT  APPLICATIONS
(SEe BELOW)., THE
02 PREDICTED o IS
ADTUSTABLE TONE SOURCE A umF li KHz.  THE TEST
(orTionAL) CiRewiT  fo wWAS L3kHz
INFRARED REMOTE CONTROL SYSTEM
TRANSMITTER RECEIVER
+9 +4
N o
gl 4] 23 +9 R 100K 4]
10 3 RS
RI 5 K
555 INFRARED 100K I R4 567
LED
3 W
&
¢l
Vil e
! .[ PROTO- c2 ’[(‘JT /
TRANSISTOR 4 i A uF . 2-2 MF' 1uF oK To
= ADTUST R1  UNTIL RANGE © SEVERAL (NCHES. _J,_ USE LV
RECEwER LED Glows. LSE CENSES TO (MNCREASE. = RELAY.



TONE DECODER (conTtinuved)

567

2-FREQUENCY OSCILLATOR

+9

£ 4
SV

2-PHASE OSCILLATOR

+4
| §

1K
4 _,I |4_SHIFT
4 4
2 > 3981 KHa . 3 _—ﬁ_’ TLr
1] 567 ]7 567
le 3 » 1555 KHe ad .L_.,._.,. —J U L-J I
] oK
5] + A 5- yoLT
i I (oK K = = K SQUARE WAVE
<01 LA R (e
A pF i
. -
= e
LATCHING THE 5467 OUTPUT
R, T Re I
BOTH CIRCLITS
SHow  ONLY 8 8 ""l
THE LATCH IN9IY INCITAR R
COMPONENTS. 567 567 f/‘__'_l_o RESET
Ru 1S THE PUSH 21K 2
LoaD (LED, 22K To L Y4 Yot L=OFF
RELAY, ETc). ' RESET ’ i 7 H=RESET
ud I ot I
* ourpuT STAYS I 1T
ON EVEN AFTER L.
INPUT  TOME = MANUAL RESET - LOGIC RESET
REMOVED.
NARROW BAND FREQUENCY DETECTOR
0 FREQULEMCY IN
3 :1 3 ADTUST RI AND
R2Z TO RESPOND
TO CLOSELY SPACED
5 507 E3 FREQUENCIES. LEDs
] AND 3 wWiLL GLow
R\ R2 IF FREQUENCY 15
2k -ToK ZR-ZOK/ HiGH OR LOW,
b b LED 2 witl GlLow
WHEN THE INPUT
LS L[+ 71 2+ FREGUENCY IS
‘ ] " CENTRRED,
AuF 22uF 2rmf | ,/“:r‘lﬂa\
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TONE DECODER (conTinued)

567
®
TOUCH-TONE DECODER
S +5 IC1,2,3 = 7402
L ACTIVE OUTPUT=H
2.2K +5
3] 97 H=2 C2=4H.74F
57 8 | 7 M |
/1 |
5 A f [ 7 : 3
. 1 REPEAT
L TRIS CIRCWNT 5 4
4 fro.l eT |22 RELOW. | ! 2
! L
RI _l_ TUNE EACH
25k = 567 VIA R). 8 io
t 3
IN: 50-200 my 9
IN
[ 770 H €2 = 4.7 uF T
¢ z M Y 13 "
A7 12 13
< 45
Zz L]
] 2 5
852 Hz 2= ‘1'.7/4!: 3
S Y
‘——D)—'G
1 .
Q41 H2 C2 =2.2 ;mF 8
Z M jz to ,
9
] i
2 s 8
1209 H: CZ=Z.Z/.¢F 12 4
<45
t LY
14 3 q
3
1336 Hz €2 =2.2 uF s 5
&
8 10
/3 ' 3
1477 Hz €l =22 uF 7
I 3
3 *
(14 7
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12~-KEY PUSHBUTTON TONE MODULE

CEX~-4000
O (FREQUENCIES IN Hz) O
GENERATES THE 12 STANDARD ! 2 3
TELEPHONE  TONE DIALING FREQUENCY L99.} £29./ 699./
PAIRS. V+ SHoulD NoT EXCEED [ 1218.9( 1331.7| 1919
VOLTS. REQUIRES 3.58 MHz CRYSTAL.
Ok TO USE FROM | To 2 KEYS 4 s [
FOR REMOTE CONTROL. T llo. 2 766.2 76(.2
® 1218.9 133t.7 1471.9
TOUCH-TONE IS A PREGISTERED
TRADE MARK oF AT+T. 7 8 9
84714 847.4] [847.y
12189 13317 i42,.9
®
PORTABLE TOUCH-TONE ™ GENERATOR * o #*
948 944 PT)
V+ 1215.9| |13307] |99
7 +b
[0 [2] [E] | ToNE our | 3
O 0]
=] e
SK
[9] | vorume ¢ . g3 "'_]i
JuF /
1 (=] T4 220 uF 8N
SPKR
GROUND
REMOTE CONTROL
M
Dynamic 1ok
M1e
PORTABLE o ﬂoo 2
TOUCH —~ TONE
GENERATOR —_—t
00 CB TRANSCEIVERS
— = / TOULRH- TONE ®
- DECODER

STk Vyvvv vy

1234506789 0¥%#
127




VOLTAGE-TO-FREQUENCY
FREQUENCY-TO-VOLTAGE
CONVERTER

9400

IN VOLTAGE~TH - FREQuUENCY (V-F)
MODE, AN INPUT  VOLTAGE WHICH
HAS EBEEN CONVERTEP INTO A
CURRENT BY A RESISTOR AT PIN
2 15  TRAMNSFOARMED INTO A
PROPORTIOMAL FREQUEMCY. N
FREGQUENCY — TD~ VOLTAGE MODE A
FREQuEMCY AT P |l IS COomVERTED
INTO A PRoPORT/IBMNAL VOLTAGE |
THIS CHIP CAN  BE OPERATED
FRom A SINGLE ©OR DUAL PocARITY
POwWER  SuUPPLY.

BASIC V/F CONVERTER

+9-15
P - \ FEREQUENCY
ouT
R3 R4 r
M 33k 410
Z
b
’____._—-
RS
33K 400
- V/F
]
iz
R L 5
M T~ _I
1T 3
Cl cz
R oopr wrpF T\ T
ook
R
| 100K
IS -1
FRE®Q 10 Ri— opTiomal (UsE
ouT 5 TO SUPAY |NPVUT VOLTAGE
(Hz) DURING TESTS).

O 1T 46 8 vorThGE IN

128

ITaas L 4 Voo
ZERO 2] / /2 NC
ADTUsT NOTE UMUSUVAL
Tin 3| LocATioN oF 1L AMPLIFIER
__1 POWER SUPPLY our
Ves Al Pins, Il comPARATOR
Ry IN
Veese ouT 2 10 FREQ*Z OUT
GND & 9 outpuT
COpMMON
Veee _7 (8 PULSE FREQ.
out

CAUTION: THIS CHIP INCORPORATES
BoTH BIPOLAR  AND CMOS CIRCUITRY.
THEREFORE Eros 14 AMDLING
PRECAUT|ONS MUST  BE FOLLOWED
TO AvoiD PERMAMNENT DAMAGE.

FSK* DATA TRANSMITTER

R1 1DOK +9 puaL
v X FREQUENCY
3 ouT
I R4 r
= 33k L 1%
CONTROLS 2
FREQUENCY
b
R3 RS q400
lobK % 33K
:s V/F
BINARY N -
1
LlHlL
12
R!
5
h = L
T3
el cz
i 4 7| 9
.DOI)J-"'!?PF
ouTPuT (Hy) Re
C2 |L N RN LOOK
q?pf’ 3943 | 17,67/ *_Enaaueuw -
.lﬂF L0000 | blbS SHIRT KEYING, USE
TO SEND BINARY

R2 ConTRoLS (GuTPUT. OVER WIRE ok RADIO,



VOLTAGE-TO-FREQUENCY
FREQUENCY-TO~-VOLTAGE
CONVERTER

(COMTIHUED)

9400 1y
5 c2
R pF O -1 mA RS
' 3 10K
AUDI O FREQUENCY 9400 X
RI -
METER F/V 1M
IN oL [12
i R2
INBUT  EREQUENCY  MuST L .00l 5K .
Cross Q@ VOLT. WoORKS Uuf _I_ ' R
TO 25 RH2. RZ I5 zERO R3 P4 <3 = 10K
ADJUST FoR METER. ADIUST Y OK M o0l “:“
R? TO GIVE MAXIMUM 2 4 AAA - 3
READING AT 25 KHz (N : R
FOR  MORE STARILTY, CHANGE 'I e 9 '; R?
Re TO -V ZENER DIODE. L. 100K
L
%
ANALOG DATA TRANSMISSION SYSTEM
TRANSMITTER . RECEIVER
+\ 270 -{]?
8l
g2 R3 % RS
M % 33K 14 SPkR 4 10K, %
2 2
A
LED
R4 Q400 9400
33K
VIF F/v
= o)
1
R7
g rd 100K 5K
00! | czF Tct
— 47pF & 3 .
SRS +— OOIWFRG
Ts s T c2 Jox
Ry 47pF
AR T &1 7] 9 i 4 7]

& RS J % 1
ANALOC 160K :I_ ADAPTED FRoM A DESKENT
SIGNAL IN = BY MICHAEL PAIVA OF

TELEDYNE.
THE SPKR 1S OPTIONAL BUT MAY PROVE  HELPFULL DURING INITIAL TESTING., USE AW
INFRARED LED, Q! CAN BE THE PHOTDTRANSISTOR SvpPliep wWiTH
THE  LED, R7 N THE RECEIVER 5 2EROC ADJUST.
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VOLTAGE CONTROLLED
OSCILLATOR (VCO)
866

VERY STABLE, EASY TO USE

TRIANGLE AND SQULARE W AVE
OUTPUTS. «Ri AND Ci CoNTROL

CENTER FREQUENCY. VOLTAGE
AT PIN S5 VARIES FREQUENCY.
IMPORTANT : OUTPUT WAVE DOES

Nor FALWL TO o vourl AT 2

VOLTS (PN 8), FOR EXAMPLE, TRIANGLE
OUTPUT CYCtes BETWEEN T4 App +6

VOLTS. SQUuARE OuTPUT CYCLES
BETWEEN +6 App tI1LS VouTs.

FUNCTION GENERATOR

+9-24
i
1 i

cz Y. 7K
.ODS uF

1 .

WA
A

:. i 7]

- .05 R2 COMTROLS
FREQUEMNCY.

TWO-TONE WARBLER

lzzK . 3 _JHuu et 7 ',,__L
506 § AN | .05 T L

GROUND _ | 8 +9-24 V (Ve
NC 2 7
J—L ouT __3.. & R]
/\ out A 5 MODULATION
INPUT

2 (Vcc‘ INPUT voLTS)
REC) Vee

CENTER FREQUENCY =

FSK GENERATOR ¥

+q-i5
R

€2 4K

005 uF

Al

/l o| 8

. B UL

566 LAPAVAN

FSK MEANS FREQUENCY SHIFT KEYING.

OUTPUT  USE TO TRANSMIT BINARY
DATA OVER TELEPRONE

L 1.5 KHz LINES OR STORE ERINARY

R | 2.0KkHz | DATA on MAGMNETIC TAPE.

Yeo = 9VoLTs.

Rl CONTROLS

WARBLE RATE.

R3 conTROLS l_/\/\/\__%
TONE FREQULEMNCY, RZ

1,2 = 3 4049

+9
Re
A o aa DM
RY
£z 4K 1 4 Y 12 1 s
oosuF
[___4. RS
] 8 1M 345 6

3y qoyg 2o T L2
cy

5]  5bb l.m%F foo
2

B

cz Il ! SPKR
.osﬂF’T\ __l ‘
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ANALOG-TO-DIGITAL

CONVERTER TLS507 ENpeLE 8 RESET
CLoek 2] 7 Vee?2
PROVIDES ANALOG —-TO-
DIGITAL CONVERSION FOR GROUND 3] o Vee |
M{CROPROCESSORS. CAN
PROVIDE  4-BIT OR 8-BIT OuTPUT “H 5 ANALOG
OuTPUT WITH EXTERNAL IN
LOUNTER PLUS STEERING
Logic. MAKES  GooD Veel— 3.5 To & vouTs
POLSE  WIDTH MODULATOR. Vee2 — 8 TO 18 vOLTS
NOTE: USE Veel! OR Vee 2.
+E PULSE WIDTH MODULATOR
210 N 10 OUTPUT = .18 Vee! TO .25 Vee
4k ;L_

oK

8 |4
? IN o S
555 TLS0OY |
L
(crock) |3 2
2

fr l

410 pF A1

ouT LSV N I| || ” ySy

+

3.0V Nt N ll !l 783 Hz

(cLock = 100kHz)

8-BIT ANALOG-TO- DIGITAL CONVERTER

MS8

8 -BIT DATA BUS —>= Tz TS T‘" Tq

LS8

P A

+5 ¥oMmiT  gECOND
MLS193  For

BUS ENABLE ! 20 4-B|T OuTPUT,
(WHEN Low) 7HLS374 WORKS RETTER.
U LoAD
THIS PROTELT 3 9 7 |8 13 iy 7 |8 =
FOR ADVANCED +S +5
EXPERIMENTERS. 7 Je {2 |3 2 |6 12 |3z A
b < e Als 12|l D ¢ B A
Wl 740593 79.5193 ¥
RsT v MIRST up |S 8] 4 220
f
8 7 /72\4 e |4 8 -
e +5 555
— [
= 2l 13 L4 = d 10K
4 u )
q
"““{:[::)}b - n 2]
5
3 ——
It2 = LS50z y 470
] oF

3]



8-8IT D‘G‘TAL'TO-ANALOG COMPENSATION
~Vegr *Voee V& B8 B7 B BS
CONVERTER DAC 80l w)_is] 14 i3] =] ul o 9

PROVIDES VERY FAST 8-BIT
DIGITAL=TO- ANALOG CONVERSION.
WILL ACLEPT TTL LEVELS

AT INPUTS Bl TO B8. CAN
PROVIDE * OUTPULT, LSE

TO INTERFACE MICRO ,OMPUTER
To ANALOG DEVICES.

1\ 31 4l 57 el T 8l
Towr V- I 8l B2 B3 B4

Bl — MOST SIGNIFICANT BIT. THRESHOLD our
B8 ~LEAST SIGNIFICANT BIT, C ONTROL
vi-—-145 10 18 V. "

8-BIT DAC o

B! B2 B3 B4 B85 Be B87 B8

Vo LB LELL L g g

I\N\ 14 Y 0uT
DAC 801 l
15 . OuT
ya?
47K 3 e 113 I
A .01 .
T8 AY I
v H 48
A \ ¥ =
= V- V4

DAC 80! POWER SUPPLY

Ti: \2ovAC /218.2 VAC CT

ouT » OV (ADIJUST
IN | 3507 VIA R1)
2K
ADT
' R
* 50K
N\ 808
[( In oot o 5V
FULL whvE |+ —L -
CavTion | RECTIFIES = CI GND ¥
€ T T i o common ()
You MUST _L l
INSULATE ¢l e2=1000pMF_[t €2 GND
CoNpECTIONS! T T'I
_ 7905 | OuvT | TSV
*
USE TO-220 HEAT SINK.
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8-8IT DIGITAL-TO-ANALOG

CONVERTER DAC 801 ( CONTINUED)
256-STEP STAIRCASE GENERATOR
+5
A
Y ._L.I _L.I Rt
4 e T b 4 T 4 8 100K
14 = 5 = 3
T4LS193 5 n 7HLS 193 ol
8 8 +lo 7
- §8S
- 7 & 2 3 iy e 1 3 = t
S b 10K
10K z
+10 | Lo«
f 4.7 s le}7 |8 a lie |n iz oo
AAAL_IH Y ]l l
33K DAC 801 1
g R1: CLOCK =
\5 RATE
/2 Cl: (NCREASE TO
R2 | | 2 e (13 SLow RATE
10K . el ) !
JRR SR K B g
. 3 |2 48 S\ CLOSE FOR
= = -5 +5 = 4 é ouTPUYT
R1: FULL SCALE
ADJUSTMENT ! . 47K A1
DAC 801 TONE GENERATOR l
+S
+:5 ouT
. o
Ri 4 8 220 T -5
look
g CHANGE OR OMIT
7 SPKR ONE OR MORE
555 INPUTS TO DAC By
Rl AND CI TG MAKE UNIGQUE
10K e CONTROL TONE WAVEFORM S.
3 RANGE .

2 Note: +I0V REFERENCE
¢ _[ S CAN BE +5 TO +i0V
0l I N NON— PRE CISION

T | RoLES  (&.9. ToNnE
GENERAT/ON).
-
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TEMPERATURE SENSOR AND
ADJUSTABLE CURRENT SOURCE
LM334

VERSATILE 3-LEAD COMPONENT THAT LOOKS
MORE LiKE A TRAMSISTOR THAMN AN IC,
CAN  BE WUSED AS A TEMPERATURE SENSOR,

CURREMNT SOURCE FoR
COMPOMNENTS OR C!Rcurrs,
ETC.

LEDs AND OTHER
VOLTAGE REFERENCE,

BASIC THERMOMETERS BASIC CURRENT SOURCE

+5-20V +5-20V
t +2-20V
Tl LBOR 2 MAXIMUM
! ouT ‘ Iser = _ I?—_ CURRENT
LMz34 Lmz324 CURRENT OUT =10 mA,
22050 INTO PIN 2. [LM33Y |
3 ouT - Rsar
DEVICE 13
10K OUTPUT VDLTAGE 1OK BEING .
VARIES IO MILLI~ POWERED . 067
vouTs [ ® KELVIN. 1 Rset = “Trer AT 25°C.

VOLTAGE REFERENCE CALIBRATED LED

+3-20V LED
| +1.5-20v Z R |current
tmM334 {2 T (MusT BE 1V
OR MORE AROVE 1o 0 6.4 mA
g OUTPUT.) IS |1 4.3 wA

\
|_AAM_,, OUTPUT :

23K og—~ S50V

1

L 10K

T .00luF \
ADJUST VOLTAGE
OUTPLT -

1% CoNSTANT LED
OUTPUT FOR ANY
INPLT BETWEEN

2-720 VOLTS.

RAMP GENERATOR LIGHT METER

1.5~
t+3-20v — t1-5-20v O-lmA
- + -
(I LM33Y M> 2 W

[ <Y

- ‘ ToP FLATTENS %222 BULB CLOSE | LM334 |1
JUL 3 I IE INPUT TO Pei  GIVES

j.éot,.F PULSE RATE 2.5 m A OUTAUT. pel

1 KHz 1K TOO SLow. 3
IN __[_ Pcl~CdS PHOTocELL L,
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POWER AMPLIFIER
LM3856 GAIN ] 8 GAIN

~INPUT 2 2 7. BYPASS
DESIGMNED MAINLY  FOR  Low
VOLTAGE AMPLIEICATION. WILL + \NPUT 3 + &6 +H-12vVv
DRIVE DIRECTLY AN B-0HM
SPEAKER. BAIN FIXED AT 20 GND H S ouT

BUT AN BE INCREASED TO
ANY  VALUE UpP TO 200.

X20 AMPLIFIER X200 AMPLIFIER

SIGNAL loK
\N 2 2zo0uF

N/

CormTROLS INPUT SIenAL LEVEL. - SPKR

4
BASS BOOSTER AUDIBLE ALARM

2[ +H"JZ \" TDNE R
C) FREO: ke

SIGMNAL 220 uF 2.1 KRq.
I REDUCE
cy To .
cz INCREASE Y auTion:
033 FREQUENCY|  Cl VERY Loupl
o— 212uF

_]__Gﬁm: ipoH2 = 2548 ] _
= 2KH2+ = 1948 T Ny

HIGH GAIN POWER AMPLIFIER

CIRCUIT SHOWN +9Qv
IS VERY SENSITIVE USE CARE, +q  GAIN=20 (TO CHANGE
LIGHT WAVE R3 SPKR  CAN

RECEIWVER. QK TO 220K Be tovp!

DSE OTHER oOFP-

AmpPs  FOR THE W@
Y

TLosd.

/ SEE ABOVE)
A

'210/(43:
5 +

an

J‘\ T___IT_ SPER
135
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8-WATT POWER AMPLIFIER
LM383 /7 TDA2002

POwER AMPLIFIER DESIGNED SPECIFICALLY
FOR AUTOMOTIVE APPLICATIONS — BUT
IDEAL FOR ANY AUDIO AMPLIFICATION
SYSTEM. DESIGNED TO DRIWWE A  4H-OHM
LOAD (EQUIVALENT TO A SINGLE 4-ONmM
SPEAKER OR TwO S-OHM SPEAKERS

IN PARALLEL).  THIS CHIP CONTAINS
THERMAL SHUTDOW M CIRCUITRY T0O
PRoTECT ITSELE FROM  EXCESSIVE LOADING,.
TRIS wiLL CAUSE  SEVERE DISTORTION

NOTE PRE-
FORMED LEADS.

DURING OVERLOAD  COMDITIONS. You MuUsT
USE AN APPROPRIATE HEAT SIMNK. | |
SPREAD O -+ IN
SomME  HEAT SINK  COMPOUMND 2= — IN
ON THE LM3B83 TAB BEFORE ATTACHING d 3~ GND
THE HEAT SINK. “—‘ﬁ_‘ - ouT
U““i 5-+5-20V
8-WATT AMPLIFIER 12345
QOPERATION:
¢s
1000-2000uF [ USE HEAT Sink,
. 2. REDULCE POWER SUPPLY
ew* [ R VOLTAGE To -9 VoLTS

*CH—PLACE CLOSE AS POSSIBLE TO THE TC.
RZ-0GK TOo uUsE 4-10JL RESISTORS N PARALLEL,

e,
—

16-WATT BRIDGE AMPLIFIER

2uF * I-HQ sprR (As v Ci1geurT BELOW)
pal OR IF SEVERE DISTORTION
1 2-8 5 spxRs OCCURS.

IN PARALLEL. 3. DoN'T APPLY EXCESSIVE
INPUT  SIGNAL.

LT L TN
Ry Cs _|* RY
220 .2,‘1-‘]“ 220
A _%Ff

OrR DSE 4-~105t| RS Clo {
RESISTORS N 2.2 H?O,.Fﬁ—
PARALLEL

+i12-14v
A
ct I-4.0L SPKR R&
AUDIO  10mF oR 5 1M
IN H,_t_‘_,+\5 2-8 5L SPKRYS T

OFFSET

L+
[

,_7)§ 100K

R7

3yt
A

c8

.7./.4F




DUAL Z‘WATT AMPLIF'ER +10-24V GND
our ——*—a +IN N
LMIS77/LM377 wl i3] 2] wf 1o] 9| 8

HIGH QUALIT‘{, EASY TO VsE POWER
AMPLIFIER. IDEAL FOR DO-IT-YOURSELF
STEREO , P A. SYSTEMS, INTERCOMS, ETC.
AutTomaTIC THERMAL SHuTDOWN PROTECTS
AGAINST OVERREATING. 7048 CHANNEL
SEPARATION MEANS VIRTUALLY NO

CROSSTALK. ONLY 3 MICROVOLTS NOISE INPUT. ozl 3] 4] s] e] 7
HEATSINKING: UNNECESSARY N MANY BiAs our L_____J +IN -IN
APPLICATIONS SINCE  AVERAGE POWER IS

USUALLY  WELL Betow BRIEF PEAKS, IN

ANY  CASE, PINS 34,5, 10,11 AND (2 SHouLD NOTE: GND PINS SHOULD
BE CONMECTED TOGETHER. IF LOAD EXCEEDS BE HEAT SUNK FOR
DEVICE RATING, THERMAL SHUTDOWN Witt MAXIMUM  POWER.
OCCUR.... AND WILL CAUSE SEVERE DISTORTION,

USE HEATSINK (OUP TD 10 SQUARE INCHES OF
COPPER  FolL on PC BOARD OR METAL FIN)
|- THIS OCCURS,

H-WATT AMPLIFIER
STEREO AMPLIFIER o

L uF
18K 100K T
IN r_4uF 100K N
(LEFT) |4 I NN
,I,,.F' = .7
|oo|< MF
S V
OO K /""
VOLUME 20.uF 8L sPrR
100K ! LRTHT I +O-20Y
" | q +|
317 ¥
mtm_‘ 470 uF ook
N 2 J T 4.9.F

(RigAT) 100K /\/\/\J
PUBLIC ADDRESS SYSTEM

10K 100K 1.8K 100K |0 SPKkR

USE tow tC/\N\ . . ¥

TO MEDIUM ymF _ THIS CIRCLIT

IMPEDANCE Tl T WORKS WELL.

{00 -wo0m) - NOTE FEWER

DYNAMIC __I PARTS IN

MICROPHONE Ny | LMmig?y f LM377

- 1 STAGE ... THANKS

100K - TO SPUT PoweR
(VOLUME) SUPPLY.
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COMPLEX SOUND GENERATOR

SN-’"'I-’?N NOTE: THE SN9L488 INCLUDES BUIWLT-
IN SPEAKER AMPLIFIER. THE SN7GHI7
DoES NOT.
INCORPORATES S.LF ENVELOPE SELECT 1 1} 28 ENVELOPE SELECT 2
(SuPER Low FREQUEANCY
osciLLATOR), VCO GRounD 2 27 mixER setEcT C
(VOLTAGE CONTROLLED
OSCILLATOR), NOISE EXTERNAL NOISE CLock3) 26 MIXER SELECT A
GENERATOR AND A
MIXER TRAT ALLOWS NOISE CLOCK _MA 4 25 MIXER SELECT B8
THE o©OUTPUTS FROM
ONE OR MORE oOF NOISE FILTER _NA_ 2] 24 ONE-SHOT _AMA_
THE ABovE To BE
COMBINED. CAN 8E NOISE FILTER i & 23 OnE~SHOT  — 1 —
OPERATED TOGETHER
WITH APPROPRIATE. DECAY _AAa__ 7] 22 vco SELECT
RESISTORS AND : 2
CAPACITORS TO ATTACK [DECAY . B8] 2 SCR
PRODUCE MANY KINDS
OF sSounDS. CAN BE SYSTEM ENABLE 1 ,3-’ S.LE __AM_
CONTROLLED - BY EXTERNAL
LOGIC, SEE DATA ATTACK _AMA_ 10 19 prren conTROL
SUPPLIED WiTH CHIP FOR
MORE INFO. AMPLITUDE _AAA__ 11 18 veo _amAa_
FEEDBACK _MA_ 1 7 veo g
AuDio OUTPUT 13 'e EXTERNAL VCO
THIS CcHIP Is EBAsy  +45-m1zv (v gesT) M 1S Vaeg
TO USE IF YOU FOLLOW
DATA SHEET INSTRUCTIONS.
PERCUSSION SYNTHESIZER
+9
L SI— PRESS TO ACTIVATE SOUND.
|
q9K % | 5| \9 9 4

SNIEL4TIN 1]

10 §‘ le
(vCo ::S) }

2| 7 8) o] ul| 1| 18 23 z.?l 249y 12 8-0HM
t_. 4 + S'KR
T 22 Si100 l 47K
I~1om | 33 |1IM< kK € K & .47 100K A |4
4 4 19 ] , p *

[ ) LY, .
. CONTROLS ADOS USE 270K FREQUENCY <ONTROLS +I
= DECAY EXPONENTIAL TO Siow ConTROL SOUND 106~
DECAY ATTACK (Low=DRumM) DURATION 104F )s00
™S N— N T (voLume)
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COMPLEX SOUND GENERATOR (continued)

SN76477N /
NOISE GENERATOR

+9
A

NOISE SELECT PIN
15| 8 /_ 14

SN7LUYTTN
] B-ORrM

) 2 2 4q 5 b 9 o i 26] 47 ¥ SPKR

q47k q1k S H0 \oo 100

FTFE

= PRODUCES STEADY HISS. MAKE SNARE DRULM
BY CONNECTING PUSHBUTTON |IN SERIES WITH
SPEAKER. ADD S.LE OsCILLATOR TO MODULATE
THE HIss. (SELECT S.L.F. + NOISE BY CONNEC-
TIhag Pins 25 AND 26 TOo GNP ANMND Pl 27 TO
+9v. ADD 1M POT FROM Pin 20 TO GRND AND
LuF cAPAcCITOR FrROomM Pin 21 To GMD.)  SoumDs
LIKE  STEAM  TRAN OR PROPELLER AIRCRAFT
DEPENDING ON ADITUSTMENT OF IM POT.

UNIVERSAL UP-DOWN TONE GENERATOR

100-500
(volume)

+9
A S1—~PUSH FeR
—_—0 O0—— TONE SEQUENCE
bl o1} 22| 1M q 5] 2] 27
SNT64TTN
2 7 8 fs] 1 1 ig] 2o 2| 23 24
+ L_ + -+
= -
oM <. 22uF | 100K S 100k Y JuF | 49K IM 2.2 | 33uF| 1M
s
L K A X A R A x A
- CoNTROLS VCo S.L.R CONTROLS +
DECAY FREQUENCY EREQUENCY SOoUND Jjoo -
DurRATION loﬂF 500
PRESS S1 AND RELEASE TO HEAR UNDWATING TONE. ] {vocome)
SToPS. CHANGE VCO

THAT GRADUALLY DECAYS AND
AND  S.LL.E COMPONENTS FOR
RANGING FROM SIREN TO SciEmCE FICTION MOVIE
SounD, OMIT ComMPONENTS AT PINS 7. 8,23, 29 AND GRoOunD PIN 9.

MANY DWFFERENT SouND EFFECTS

SounDS. FOR CONTIAMUOUS
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COMPLEX SOUND GENERATOR

SN76488N

MODIFIED VERSION ONE~SHOT outPuT | 28 ENVELOPE SELECT |
OF SN IGH4TIN.
INCLUDES BURT-IN VeO ouTPuT 2] 27 ENVELOPE SELECT 2
AMPLIFIER FOR
DIRECT  SPEAKER NOISE CLOCK ouTPuT 3| |26 S.L.F. SELECT
DRIVE. NOTE
THAT SN 76488N S.L.F. outPur 4] 25 MIXER B8 INPUT
AND SN76477N
HAVE  DIFFERENT NOISE —/MA_ 5| 24 MIXER A INPUT
PinouTS.
- NoisE —i6— & 22 MIXER ¢ (NPUT
MANY  DIFFERENT 7]
SoUNDS CAN BE DECAY WA 7] 22 ONE - SHOT —"M—
CREATED. FOR
BEST RESLLTS, DECAY —j¢t— 8 2 onE-SHoT 16—
STUDY CAREFuULLY
THE TECHNICAL INHIBIT 9] 20 VCO SELECT
DATA  SUPPLIED
WITR  CHIP, AUDIO INPUT [0 19 S.L.F —
VERY EASY To 5-votTs ouT N '8 S.LF. —MA—
DEVISE YOUR OwWN
UNIQUE  S0uUnDS | Vee (+9V) g N veo M-
NOTE: Sounp ourPuT AUDIO OUT i3] b Veo —{—
MAY CHANGE AS Vee
GOES FRom +6 T t9V. GROUND il 1S EXTERNAL VCo
CONTROL
BOMB DROP PLUS EXPLOSION
+6TO G
T 515 % T Press To sTarT
Ch
|2 ] 5 1] 28 20 9 100 M
SN764H88N 3 +K"—
5 Y 7 ]_8 7 —_[f_c, 8 19 ¢y |22 2 19
L 4ropF t _r 22mF _1r 8n
RV T R2 R3 Ry T Rs T SPKR
680K 500k | C2 H410Kk |C3 I'm ook [ ¢S5

R2Z CONTROLS
RS CONTROLS

{40
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COMPLEX SOUND GENERATOR ( contimuen)
SN76488N

IMPROVED STEAM ENGINE AND WHISTLE

AN
R2 CONTROLS ENGINE Re  +9 PRESS FoR ¥yge .oo47 For
SPEED, 4.7k W HISTLE RASPY WHISTLE
R4 CONTROLS WHISTLE | AAA_2] ” ¥ oR .ol FOR
FREQUENCY. RS 74} 6_____0_.L_ PURE TONE.
1K 3 / y 01 cs*
+LTo § j
= ey
e A rd 10 IOO/L(F
SN7L488N ._“3 + —
8.1t
i ' SPKR
5 _]_e _te i8 7 _]lb 15 I ez 1y
+
Rt el et R 3 cs R4
'K 470¢F | | uF Sook & 470K |470pF 100K

THE ULTIMATE SIREN

+6 To ¢

R3  (OPTIONAL VOLUME  CONTROL)
1OK

€3
12 20 I0 13 10O MmF

3 +“
8N
8 ‘Lw ] r 14 SPKR
+

RI ¢l R2 e [
500k | 47.4F ook | .01

SNT6H488N

Rl ConTroOLS CYCLE RATE.
R2 LCOMTROLS FREQUEWNCZY.

ADJUST RI FOrR HIGH RESISTANCE TO GIVE
ULTRA SLoOw SIREN.

41



2

RHYTHM PATTERN GENERATOR 2 TimE TRIGGER OUTPUTS
MMS871 | 15] 4] 13} iz} n] 0] 4]
PRODUCES SIX DIFFERENT RHYTHM SEE FACING PAGE
PATTERNS AND TRIGGERS FIVE FOR PINn EXPLANATIONS.
DIFFERENT INSTRUMENTS.
ADJUSTABLE TEMPO. COMPLICATED
TO USE, BUT WELL WORTR THE EFFORT.
th 2] 3] 9] s e 7] 8]
RHYTHM BOX Nog TEMPO Vep Vsg )
L Time
POwWER PULSE WIDTH
CORD
) 7 ! Z CAUTION: YOU MUST
n T INSULATE POWER CORD/
7815 (& LM317 [CASE TRANSFORMER CON-
n NECTIONS |
/ + 3 !
T A B e RI
0V-24 v BRIDGE Iooo uF RZ 240 =+ 27V
TRANSFORMER RECTIFIER [z YV 5K
) 1
d £ p . GMND (,)
1 h
= _c N R LY
P et B
L J1F I
1  Jremeo L o2 M E 9
RS gy E % z 2 3
+ + IM g 5 = 2 8 &
™ R7 ] . ] i ) ,
c?2 R3 [¢3 | RHY ?oox
'If‘F 2ook|duF 1 M CY Rls C.S.JL
_ 005 1DOK, .OOSI
4]1f{2 1] 4] 5 2] 3 ] 7] 8 14| 15] le
3 $2688/ MMSaT7IN
MM3BYTN
g 2] 13 | o] 9
+27 1
DI Re Qi TRIGGER OUTPUTS
INQiq 'ook TN2222 (SEE FACING PAGE)
[
[ BASS DRU
+27 — M
D2 29 D BLOCK
a9y I0DK. | az
L‘d _ANA IN2222 — BONGO
> SNARE
- BRUSH
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RHYTHM PATTERN GENERATOR (CON'\'INUED)

MM S8BT

PERCUSSION SYNTHAESIZERS: MM5S87 PIN EXPLANATIONS:
DK TO TUWE BY MAKING i —=Nee (-27viav)
SLIGHT CRANGES TO Re 2 —TEMPO CONTROL (RC NETWORK)
COMPONE NTS. 3 T TRIGEER QUTPUT PULSE WIDTH
BASS DRUM CONTROL {RE METWORK)
4 = Npp vt zv)
53— Vss EOV)
PATTERN SELECT INPUTS—
b~ ROCK 8~ MARCH 15—-Cfw
7 - LATIN IH=WALTZ e —SWING
TRIGGER OUTPUTS—
@ —-BAsS (1~ BONGO 13— SNARE
10— BlocK 12— BRUSH
BLOCK
RUYTHM ROX OPERATION:
POTS RID-RI4 CONTROL VOLUME
OF EACH [INSTRUMENT. EXPERI-
R2O R2) 5K MENT WITH SETTINGS FOR
K 13 _MA 149, 1o BEST RESULLTS. OK TO SELECT
+15 R213 Co5uF TWO ©R MORE PATTERNS SI—
IM MULTANEOUSLY!
—F—
R2Y Cll Rle
22.0K 4M SUMMING
BONGO — ety (3L AMPLIFIER /
J o 8 PREAMPLIFIER
M2y
Ul Riz
R1S 50K
1.5k cn, o
+15 .DOSFF
Aubio POWER
AMPLIFIER
R27 €13 RLY R34 D3
2.9k azx} _ 3 5o IZV ZENER
SNARE >__/VV\ C'“',JL { )
/ot 7 n&, l
_Nv\_f_';”m RI3
R2g 5K R3S
IK Ci3, iy lox
+15 022 uF GAIN
CONTROL
L
R20 ’C_FS_)TS'Z
3.3k 62K ! 8 5L
BRUSH S— MA Cle 1 2 ]': SPKR
2] RI4 5K
R3 " eis i
®ow to LSE LM324; look O1mF

TLOBH WORKS BETTER.
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DUAL ANALOG DELAY LINE NC P28  our & ?lav
SAD-1024A A I i B

15| 13 12] uy e

SECTION &
CONTAINS TwWO INDEPENDENT 512 STAGE

SERIAL AMNALOG  DELAY (SAD) LIMES e e o — . — ]
(ALso CALLED ANALOG SHIFT REGISTERS).
OK TO USE EACH 5i2 STAGE SAD SECTION A

SEPARATELY OR IN SERIES. ANALOG
DECAYS oF UP TO Y2 SECcOND CAN BE ,

ACAIEVED. A 2-PHASE Ctock 1S REQUIRED 2] 3] ‘*l 5] 6] 71 8l
TO DRWE INPUTS ¢! AND 2. [NPUT GND | ¢2A ouT A |+I0-1TV
DATA RIDES THROLDGHA THE SAD oON INA NC OuT A" ¢lA
ALTERNATING CLOCK PULSES  AND

APPEAR AT THE TWwWo QUTPUTS AFTER CAUTION: THIS Nmos CHIP s
PASSING THROUGH ALL §12 STAGES. VULNERABLE TO DAMAGE FROM
Comnect Vo To Voo (PINT) oOR, FOR staTic  DiscHARGE!  FoLlow
OPTIMUM RESULTS, TOo | VouTr BELOW CMo5 HANDLIN G PROCEDURES.

Vop. THIS CHIP CAN BE TRICKY To

USE SINCE SEVERAL EXTERNAL

ADTUSTMENTS ARE REQUIRED. ClRcuUITS

ON THit PRGE EXPLAIN OPERATING SERVAL OPERATION
REQUIREMENTS WHILE A  COMPLETE

CIRCUIT 18 SHowN oN  FACING PAGE.

SAD IN/OUT CONTROLS

+10 - |5 PR PLA R
RZ K RS
47K
2| SAD-1024 A ouT
Rl (secTion A)
el L ) W
1 7 omF OUTPUT R ConTROLS BIAS To SECTION B.
- %H N BALANCE NOTE THAT oMLY ONE OUTPUT OF A
INPUT BLIAS i3 CONNECTED TO INPUT OF B8

ADTUST R! {InPOT BIAS FOR OPTIMUM
ALDIO OUTJ(?UT. OUTPU)TS APPEAR  LIKE OUTPUT SUMMER
THI=S on A SCOPE:

AAN_
2K~ Q0K

A

e P L0tk GLITCHES

= .
SUMMED OUTPUTS (A+A)T T 1 1

A/

ANY OP-AMP CAN BE USED, BUT
SET SCOPE To VISUALIZE  INPUT  SIGNAL Low NOISE 57 'NPUT TYPES ARE
(CoMPRESSING  CLOCK RATE): BEST.
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DUAL ANALOG DELAV L‘NE (CoNTsMuED)
SAD~I1024A

+
AUDIO
tN =
RS
- 1K,

ADJUSTABLE FLANGER OR PHASER

J_ 2-PHASE CLOCK KELPS TO
cl +1Zy CONNECT
100pF =, 0O\ F LV FREQuUENCY
| 5 2 iy RS R COUNTER HERE
. . B ik 15K To MoNITOR
2 o 9 13 7 —AM___ CLOCK FREQUENCY.
PREAM BRIDGE HERE TO ELIMINATE UL = Anr + )
[¥ HiGH-PASS CuTORE +12V e
R20 o . J ?gﬂp':
1ok OIuF Ty 7] 81 3] e o] 4] 9 I HELPS TO CONNECT
rB%Tq\ 1 mF SCOPE HERE.
TL:aq 14 12| sap-1029A |5 * 151 sap-1024A |[Ra ld
o AN ( SECTION A SEcTION B |[See
Low- R /" i
PASS 10K (—4 S gs {1 RIO R
FILTER QY- 47K Low=PASS %z.u« 10K
+|'fv :l: OI\MF EILTER
EASIER Vo 4 - K|
SET BIAS RI3 A _l_ C7*J 4YA
(R13, R7) BY 10K - .00V Fokr 10K
couuac-r)ms cs 4 I | c8 s
ScoPE To Pin RIS 1O0uF _) .ooy‘Fr
5 of SAD, THEN 4,7 MIXER HH AUDIO + o
R9's CENTER ouT Ct RIB
TAP. START ¢ My I0MF  1OK
WITH  LOw RiH 1 L AAN
LEVEL AuDio v, MK g |THo8d Rile RI7 =AEC'f~-c:8»:
DK 50K USE .OiuF FOR
Low ¢ RATES. }
ADTUST CIRCcU)T  FOR DESIRED EFFECLT
BY CONMECTING TRANSISTOR RADIO TO
AUDID  INPUT. TUME RADID TO A TALK REVERBERATOR
SHow RoR BEST RESULTS. Rz AmD R?
CONTROL BIAS To SECTIONS A AND B OF gl [}
THE SAD. R3 BALANCES THE SAD OUT- Y N
PUTS. RZ CONTROLS THE CQLOCK RATE. TO PIv 2 1ouF
RI7 15 THE  MAW  BALANCE CONTROL. OR PIN 3 1M
IT CONTROLS THE RELATIVE AMPLITUDES OF TLOB8Y (TRY BOTR).
OF THE ORIGINAL AND DELAYED SIGNAL
APPLIED TO TRE MIXER. CONMECLT THE ADD  THIS FeEeDBACK CQIRCKIT FOR
ouTPUT T0 A POWER AMPLIFIER. YOU MusST UNUSUAL REVERBERATION EFFECTS.
ADTLST BIAS CoMTROLS PROPERLY, FoR BEST Stow Citock FREQUENCIES GIVE
RESULTS., SET R2Z FoR  LOW FREQUENCIES MOST STRIKING REVERBERATIONS.
(3-BKN2) FOR SINGLE ECAO. ULSE KIGHER TRY S5-20 KWz, FASTER cLock (20-
LLock FREQUENCIES (20-100KHz) FOR HOLLOW, 100 KHz) AND CAREFUL ADIUSTMENT
SWISHY  SOUNDS. MNOTE: TAIS CIRCUIT 5 NOT GIVES ROBOT-LIKE SOUND USED IN
For BEGINNERS. SOCME SCIENCE  FICTION MOVIES.
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TOP OCTAVE SYNTHESIZER
SS50240

THIS PMOS CHIP ACCEPTS AN INPUT
FREQUENCY (@)  AND THEN DIVIDES IT
INTO A FULL OCTAVE PLus ONE NOTE
ON THE EGQUALLY TEMPERED  SCALE.
THIS CHIP IS IDEAL FOR  Music
SYNTHESIZERS, ORGANMS, ETC, FOR
TOP OCTAVE OPERATION, P SHould BE
2.00024 MHz, LOWER FREQUENCIES
GIWVE LowgER OCTAVES,

Y78 239 253 268 284 30! 34 338

el 15l wl 2] a2l wl el gl

NOTE
CHIP NULMBER
MAY BE INVERTED,

ty 21 3] 4] s| e 7] 8]
+ll-ley ¢ GMD = + = = =
b4s1 426 401 379 358

ADJUSTABLE OCTAVE SYNTHESIZER

- 5 - Ca IMPORTANT:
PRESS oneY QONE SwWITCH AT
R N 1 ANY TIME. TO OBTAIN
S\MULTANEOUS TONES (CHORDS)
* )
b 35 1 Dg BSE AN  OP-AMP MIXER OR
SuMMING  AMPLIF/IER LIKE TH(S:
—1_
73 | Eg ——, L ook 100K
—o 0-—-/\/\/\_1
8 'z  1Fg
°—-—1 5 _L 100K
50140 # 2 5 oA ¢
CLOCK 2 rQ_._-b'l_o———J F8 ook |
= e 5B AN
FOR ToP OCTAVE, ADIUST 05 o —4Gs | oo
RI  FOR CLOCK FREQUENCY " 7 =45
OF 72.00024 MHz. Fop Ul 55— 4Gs
NEXT LOwWER OCTAVE, USE
12 —re A
1.00012 MH2 CLOCK '~ O C-——d B
FREQUENCY. #*
13 "J_o-_——J-AB
Mo e B
5 O__—T 8
1.
r'_-"___o o—4Ca
A
LI, H Ce
S TO AUDIO AMPL”:JER

SPECIAL EFFECTS
Yy Hou.\

13

+
1

%

i+

10K

> TO PINS 1-2 OF CLock.

e L
JuF
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(P AV} TO PIN 3 OF CLOCK,
"T ' RZ

THIS PRODUCES BAGPIPE AND OTHER UNUSUAL
SOUNDS.

ADIUST RlI  To VARY INTERRUPTION RATE.



OPTOCOUPLERS
TIL V1l - PHOTOTRANSISTOR
TIL 119 - PHOTODARLINGTON

INFRARED LED TURNS ON
PHOTOTRANMSISTOR WHEN LED
IS FORWARD RBIASED. USE
TO REDUCE ELECTRICAL NOISE
AND SHOCK HAZARD. IPEAL
FoR [SOLATING AND INTERFAQING
MICROCOMPUTER BUsS LINES.

B ¢ E B ¢ E
6] s} ~4 6|l s} 4]
S e

bl 2] 3 R E]
A K NC A K NC
TiL 1 TiL 119
USE TIL 19 WHEN INPUT
SIGNAL IS  SMALL,

TILII/TILIIG TEST CIRCUIT

Veel
100K \ TIL 119 IS SLOWER Vee2
1 . BUuT MORE SENSITIVE,
4 18 ! Veel = Vee2=5v
5 Iv2=VY3 7404
4r0 N
555 ' 42 2 our T IN
ok 2 TIL
| BT T U
05 N s
T ! THIS  CLREUIT  SHowsS Tl it GIVES 1.5Kv
- TTL INTERFACING. __T.__ ISOLATION.
CALCULATOR /COMPUTER INTERFACING
KEYBOARD INPUT CALCULATOR TIMER
~ NC NC
H= CLOSE I b ! l(a
L= OPEN
1 2 ‘73 N
l t Lﬁl Ls 4 |5
Reenngte L TO KEY COMTACTS TO BLACK TO RED Sl
L= DISABLE -~  (REVERSE IF NECESSARY) BATTERY BATTERY ,—
CLIP LEAD CLIP LEAD $
IMPORTANT: “THESE CIRCUITS
MAY VOID YOUR CALCULATOR’S TO__OPERATE: +o [F] xev
WARRANTY., 1 HAVE USED BROTAH COMTALTS
WITH A Low (0ST CALCULATOR . SET Rl TO GIVE [0 H=
wWITH LED READOUT. SEE FREQUE NCY. NOTE:
POPULAR ELECTRONICS , DEC 1979 THIS SHowsS
(pp. BS-87) FOR DETAILS. 2. enter [ [ ¢ MOS
ALWAYS FoLLow MDS MHANDLING INTEREACE,
PROCEDURES WHEN WORKING 3. PRESS S! FoR TIMING PERiOD.
WITH CALCULATORS ) IF NOT,
You MAY DAMAGE THE  UNIT's Y. READ TIME To TENTH SECOND FROM
PROCESSING CHIP, PIS PLAY.
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OPTOCOUPLERS

MT  NC MT G A K
MOC3010 ~ SCR 6] 5] 4 6} 5] 4]
SCS11C3 ~TRIAC | s
>
INFRARED LED  SWITCHES 12 3] ] 2] 3
TRIAC (MOC 3010) OR SCR A K NC A K NC
(scsncez). MOC 3010 WILL MoC 30/0 3¢S (3
SwWITCH 120 vVoLTs AC AT
100 mA. Scsiic3 witt
SwWITCH 200 wvOLTS D& AT
300 mA. _
CALCULATOR OUTPUT PORTS
SCR (DC) PORT TRIAC (AC) PORT
V+
I i3 RESET ! b -
SEE } E (normALLY SEE
BEL?W -l 5__3 CLOSED) RBELOW _(_i} S AC
i VOLTAGE
; 3] 4 ml 3 L Y,
SCSIHE3 = Moc 3010
CONNECT PINS | AND Z TO DECIMAL THE LOAD FOR ALl THESE C(CIRCUITS
POINT o©OF LOWEST ORDER READOUT MAY BE LAMP, MOTOR OR OTHER
DIGIT, BE SURE TO OBSERVE DEVICE WHICH DOES NOT EXCEED
POLARITY. USE oMLY WITH RATING OF OPTOCOUPLER.
CALCULATOR  HAVING LED READOUT.
TVYPICAL OPERATION: KEY IN
NUMBER WHICH PLACES DECIMAL COMPUTER OUTPUT PORTS
ANYWHERE BUT FEINAL  DIGIT. THEN
PRESS 1 0 [B. Numsger
IN  DISPLAY WILL BE DECREMENTED Veo = ‘ b V+
EAcH TIME [E) IS PRESSED. WHEN 410 SZ RESET
COUNT  REACHES ©, DECIMAL BUS A2 5 ol
MOVES TO LAST DIGIT AND
ACTUATES  OUTPUT  PORT. FOR 3 4 lieap
MORE INFORMATION SEE POPULAR
ELECTRONICS =~ DEC. 1979 (pp. 8L-87). =
SOME CALCULATORS WiLL REQUIRE SCSUCY — D¢ PORT
DIFEERENT KEYSTROKE SEQUENCE,
| MPORTANT: THESE  CIRCUVITS
MAY  VOID THE  WARRANTY OF Vee - i b .
YOuR  CALCULATOR OR  COMPUTER, 470 jz -
FolLOW  MOS HANDLING PROCEDURES BUS e AL S AcC
TO  Avoid DAMAGING CALCULATOR Y? VOLTAGE
OR LOMPUTER. COMPUTER PORTS 3 4 LOAD
DESIGNED To [NTERFACE  WITH E
TTL OR LS RUS LINES,
MOC 3010 = AC PORT
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OPTOCOUPLER
MOCS5010 LINEAR AMPLIFIER

CONVERTS CURRENT FLOW THROUGH
LED INTO QUTPUT  VOLTAGE.
IDEAL FOR TELEPHONE LINE

COUPLING AND VAR [OUS AudiO
APPLICATIONS,

ISOLATED ANALOG DATA LINK

OuT
+9 ’
| R 4\ VERY SENSITIVE,
- K M r BIAS t.0025 voLT IN
%Pﬂ/\_ﬁ ADIUST 13 GIVES FULL
220 outpuT of +8. t9
2 . REDUCE Ry OR
Low LEVEL ( 1ok R2 To REODUCE
SIGNAL OR ‘—, SENSITIVITY.
MICROPHONE
+9 o
Ik —#
2N2222 [2 %5 I3
I 1
3 Y |
J__ Mot So10 1

470
+5V o AAALL
IN }
o _ 2]
S
PUSH TO RESET_3
(NoRmAwLY CLossc;ﬂ

+V

o4

}%fﬂ

L = OUT

MO 5010 MOC¢ SO0 i
AC SIGNAL ISOLATOR
Rs t4
o— A he / 100K ~ (M
ANALOG FS‘\Z _ T AAA
SIGNAL o 2 S
IN % N 1k
3] 4 I 2 2
Rs = SIGNAL VOLTAGE 1( 24y e [, ouT
.025 3
MOC 5010 4 v _J LT 4y
-1 ouT /L L2



NOTES

S0



NOTES

[51



TTL/LS
DEVICE PAGE
7400/74LS00 42-44
7402/74LS02 47
7404/74LS04 53
7408/74LS08 45
74L813 52
741520 48
74LS27 49
741530 50
741,832 46
7471 57
7447/74LS47 58
7448 59
741551 51
7473 66
7474/74LS74 65
7475/74LS75 68
7476 67
74LS85 | 56
7490/74LS90 70
7492 72
7493/74LS93 73
74LS123 64
74L5138 60
7418151 63
74L5154 61
7415157 62
74LS161 75
74LS164 79
74LS175 69
74192 74
74193/74LS193 76
74LS194 78
74L5196 71
7415240 80
7415244 81
74,5245 84
T4LS367 54
7415368 55
74L8373 82
7415374 83

NOTE: TTL and LS
chips are generally
interchangeable,

15 ©hnyips consume
less power than TTL
equivalents, Use LS
chips for battery-
powered circuits,
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INTEGRATED CIRCUIT INDEX

CMOS/MOS
DEVICE PAGE
4001 10
4011 8-9
4012 16
4013 24
4017 30-31
4020 28
4021 36
4023 17
4027 25
4028 34
4042 26
4046 122-123
4049 14
4050 15
4051 37
4066 18-19
4070 12-13
4081 11
4511 35
4518 29
4528 27
4553 32-33
2102L 20-21
2114L 22-23
CEX-4000 127
MC14553 32-33
MM5369 38
MM5837 39
MM5871 142-143
52688 39
550240 146

NOT®E: The Linear
index includes some
CMOS/MOS chins,

LINEAR
DEVICE

555

556

558

565

566

567
741C
1458
3909
7555
7805
7812
7815
7905
9400
DAC801
LF353N
LM317
LM324N
LM334
LM3377T
LM339
LM350T
LM377
LM383
LM386
LM723
LM1877
LM3900N
LM3914N
LM3915N
MOC 3010
MOC 5010
NSH 3916
PCIM-161
SAD 1024
SCsS11cC3
SN76477
SN76488
TDAZ2002
TIL-111
TIL-119
TLO84C
TL431

AN SN

PAGE

112-115
116-117
118-119
121
130
124-126
93-96
97
104-105
120
86
86
86
87
128-129
132-133
98
88
100
134
89
1¢2-103
92
137
136
135
90
137
101
106-108
109
148
149
110
111
144-145
148
138-139
140-141
136
147
147
99
91
RN



INDEX OF CIRCUIT APPLICATIONS

AC signal isolator 149
Adder:
binary full 12
half 43
Alarm clock 111
Amplifier:
bridge 94
clipping 94
difference 94
high gain 135
inverting 93
linear 10X 14
noninverting 93
programmable gain 19, 98
single polarity supply 93
stereo 137
surming 94
unity gain follower 93
4-watt 137
8~watt 136
10x 101
lé-watt bridge 136
20X 135
200x 135
AND gate 8, 11, 42, 45, 47
AND-OR gate 11, 42, 45, 46, 51
Analog data link 149
Analog data transmission system 129
Audible alarm 135
Audible light sensor 96
Audio frequency meter 129
Audio mixer 98
Bargraph light meter 96
Bargraph generator 78
Bass booster 135
Binary HI-LO game 5¢
Buffer 11, 45
Bus buffer 80
Bus register 82, 83
Bus transceiver B4
Bus transfer:
4-bit 80, 81
8-bit 81
Calculator output port 148
CMOS interfacing 7
CMOS logic clock 7
CMOS operating requirements 6
CMOS power source 6
Coin tosser 39
Comparator:
inverting 101
inverting with hysteresis 102

noninverting
noninverting with hysteresis
three—-state output
using operational amplifier
window
1-bit
4-bit
8-bit
Computer output port
Control gate
Converter:
decimal to BCD
digital to analog
parallel to serial data
voltage to frequency
4-bit digital to analog
8-bit analeg to digital
B-bit digital to analog
8-bit serial to parallel
Counters:
cascaded BCD
count down from N and recycle
count to N and halt
count to N and recycle
count up to N and halt
count up to N and recycle
decade
decimal
divide by
divide by
divide by
divide by
divide by
divide by
divide by
divide by 9
divide by 10 70,
divide by 11
divide by 12
divide by 16
divide by 120
modulo-8
0-99 two digit
1 of 10 deccded
3-digit
4-bit binary
4-bit binary up
6-digit
8-bit
14-bit binary
Current regulator
Dark detector

24, 25,

25,

@ -J s Wl

102
102
102
93
103
12

12

56
148
g, 42

17
18
36
128
95
131
132
79

29, 74
76
30, 34
30
76
76
71
35, 68
65, 66
25, 66
25, 66
70, 71
70
70, 72
70
70, 72
71, 73
73
72, 13
73
72
24, 69
59
57
3z
73
67
33
75
28
86
114
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Data bus, bidirectional 54, 55

Data bus control 18
Data bus selector 62
Data latch 26, 68, 71
Data register 69
Data selector 18, 46, 49, 51, 54
Decimal to BCD encoder 48
Decoder:
BCD 16, 44, 48
1 of 4 16, 17
1 of 8 34
8-bit 50
Delay line 36
Demultiplexer:
1 of 2 53
1 of 8 37, 60
1l to 16 61
Differentiator 94
Dot/bar display driver 106~107, 109
Electronic bell 96
Enable input 16
Event failure alarm 120
Expander, universal 53
Filter:
bandpass 100
low pass active 95
high pass active 95
60 Hz notch 95
Flip-flop:
D 43
toggle 101
Frequency counter 32
Frequency detector 125
Frequency divider 31, 115
Frequency meter 120
Frequency synthesizer 123
FSK data transmitter 128
FSK generator 130
Function generator:
programmable 19
variable 130
1 kHz three ocutput 97
1.2 kHz pulse/ramp 101
Gated threshold detector 52
Infrared remote control 124
Infrared transmitter 100, 104
Infrared voice comunicator 99, 121
Integrator 94
Interfacing:
calculator to computer 147
CMOS to CMOS at different voltages 7
CMOS to CMOS at lower Vdd 15
CMOS to TTL/LS at lower Vo 15
CMOS to TTL/LS at equal Vdd 7
TTL/LS to CMOS at equal vdd 7
Inverter B, 12
Keyboard encoder:
BCD 29, 31

154

octal 63
Lamp flasher 104
Latch:

gated RS 43, 48

RS 43, 47

with enable input 51
LED bargraph readout 103
LED drivers:

CMOS 7

TTL 41
LED flasher 9, 10, 43, 52, 55,

61, 104, 110,113
Level detector 93
Light detector 114
Light probe for the blind 120
Light wave receiver 95
Logic probe ‘ 15
Missing pulse detector 64, 113
Multiplexer 1 of 8, 37
Multivibrator:

astable 101

monostable 27, 47, 64, 112, 118

monostable with tone 115
NAND gate 8, 11, 17, 42, 44, 45, 46, 50
NiCad charger 88
Noise source:

pink 39

white 39
NOR gate 8, 11, 42, 45, 46, 47
Octave synthesizer 146
Optical power meter 96
OR gate 8, 10,17, 42, 47, 49
Oscillator:

audio 53

*chirper” 105

gated 52

light controlled 104

phase shift 14

square wave 103

sun powered 105

two frequency 125

two phase 125

tunable 122

variable square wave 119

“whooper” 105

10 MH=z 13
Oscilloscope, sclid state 108
Output drive, increasing 9, 10, 15
Output expander 15
Pattern generator 63
Peak detector 97, 98
Percussion synthesizer 138
Phase detector 12, 65
Phototransistor receiver 52
Power pulse generator 92
Power supply:

adjustable negative 87

programmable 88



1.5-5 v 91
5 V line powered 86
Preamplifier:
low-2 99
microphone 99
Programmable gate 63
Programmable light meter 103
Pseudorandom voltage generator 79
Public address system 137
Pulse delayer 27
Pulse generator 14, 97, 100, 113, 119
Pulse source 72
Pulse width modulator 131
Ramp synthesizer 75
Random number generator 30
Register 82, 83
Rhythm pattern generator 142-143
Sgmple and held 98
SCR driver 149
Sequencer:
chirp burst 122
generator 78
programmable 118
pseudorandom 36
tone 37
1 of 4 24
2 to 8 step 69
10 note tone 57
shift register:
serial in/out, parallel ocut 24, 69
4-bit serial 25, &7
Siren 122
Sound generator:
“bomb drop” 140
flanger 145
snare/brush 39
“steam engine” 141
“ultimate siren” 141
variable 117, 123, 139
Square wave generator 13, 14
Staircase generator 28, 133
Static RAMS 20-23
Stepped tone generator 27, 64
Stepped wave generator 26
Storage register 65
Switch:
bounceless 10, 53, 55, 112

debouncer
touch 9,
Temperature sensor
Timebase:
1 H=z
10 Hz
60 Hz
Timer:
digital
interval
long duration
programmable count down
simple
two-stage
ultra-long delay
with relay
0-9 second
0-9 second/minute
Tone burst generator
Tone detector
Tone sources 10, 55, 116,
Touch-Tone decoder
Touch-Tone generator
Toy organ
Triangle wave generator 14,
Troubleshooting:
CMOS circuits
TTL/LS circuits
TTL interfacing
TTL operating requirements
TTL power source
Unanimous vote detector 44,
Voltage detector
Voltage regulator:
adjustable
adjustable negative
precision LED
1.2-20 v
1.25-25 Vv
2-71 v
5/12/15 v
-5V
S T-37 v
VU bar graph display
Wave shaper
XNOR gate 13,
XOR gate 8, 13,

130, 133,

43
114
134

38
38
38

38
116
119

74

91
117
114
112

34

58
123
124
139
126
127
113
115

41
41
41
41
50
91

91
89
89
92
88
90
86
87
30
110
65
42
42
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$19.95 [U.S.) Electronics
Price May Vary Qutside U.S.

Over 750,000 Forrest Mims Fans Can’t Be Wrong!

That's right, previous editions of The Forrest Mims Engineer's Notebook have sold over 750,000
copies worldwide. Continuing in that winning tradition, this updated edition is a goldmine of
integrated circuit applications and ideas!

This isn’t like any other book about IC applications. Forrest has carefully hand-drawn and hand-
lettered the pages to recreate the “feel” of one of his actual laboratory notebooks. He has built and
tested each circuitin this book. Forrest also includes numerous tips on parts substitutions, possible
modifications, and circuit operation. The result is a practical, no-nonsense guide based on his
years of intensive hands-on experience with IC circuits.

You'll find a wide array of proven circuit designs in this book, ranging from simple digital logic
networks and amplifiers to rhythm pattern generators, tone decoders, temperature sensors, digital
to analog converters, counters, bus transceivers, and many other useful circuitideas. Each comes
complete with |C pin numbers, values for other components, and supply voltages clearly indicated.

Over the years, The Forrest Mims Engineer's Notebook has been an essential reference for
professional design engineers, educators, technicians, students, circuit hobbyists, or anyone else
who needs concise, accurate information on different chip applications. This is one book that won't
sit on the bookshelf—it will find a permanent place next to the logic probe, multimeter, and
breadboard in your electronics lab!
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