Cat. No. 275-5001

INTEGRATED
CIRCUIT
APPLICATIONS




COMMON SCHEMATIC SYMBOLS

-+ + | O

UNCONNECTED CONNECTED sasii METER
WIRES WIRES
SPEAKER MICROPHONE TRANSFORMER CRYSTAL
ggEmALLY NORMALLY
~ CLOSED

SPST TOGGLE PUSHBUTTON PUSHBUTTON -

SWITCH SWITCH SWITCH
s AN /\*fx _:46___ ._:%ér_
RESISTOR POTENTIOMETER CAPACITOR e s
CAPACITOR

A N
/;' N
—— = Ay O
LIGHT EMITTING

DIODE SOLAR CELL PHOTORESISTOR
DIODE (LED)

£ c R -
c 3 Z e N
PNP NPN PHOTOTRANSISTOR
TRANSISTOR TRANSISTOR (NPN)



ENGINEER’S NOTEBOOK

A HANDBOOK OF INTEGRATED CIRCUIT APPLICATIONS

BY

FORREST M, MIMS, III

CONTRIBUTING EDITOR
POPULAR ELECTRONICS

FIRST EDITION
FOURTH PRINTING --1981

COPYRIGHT © 1979 BY RADIO SHACK, A DIVISION OF TANDY
CORPORATION, ALL RIGHTS RESERVED. PRINTED IN THE
UNITED STATES OF AMERICA.



READ THIS..,

This book is for the entertainment
and edification of experimenters

and hobbyists. While reasonable
care has been exercised with regard
to the accuracy of the information
in this book, the author and publisher
assume no responsibility for errors,
omissions or suitability for any ap-
plication. Neither do we assume any
liability for any damages resulting
from use of this information. It

is your responsibility to determine
if use, manufacture or sale of any
device incorporating one or more
circuits in this book infringes any
patents, copyrights or other rights.

Due to the large volume of mail re-
ceived by Radio Shack and the author,
it is impossible to answer letters
requesting custom circuit designs,
technical advice, troubleshocoting
assistance, etc. But though we can-
not acknowledge individual letters,
we will nevertheless be delighted to
review carefully your comments, im-
.pressions and suggestions about this
book. Address your comments to:

Engineer's Notebook

Radio Shack Technical Publications
Dept. DG

1100 One Tandy Center

Horti Worth i TX 1761102

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

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

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

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

2. My engineering notebooks.

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

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

Fewedt M. Mt nx

HOW TO USE THIS BOOK

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

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

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

consider them as building blocks
you can connect to other circuits
+o accomplish new applications.
Experiment! Change resistors and
capacitors in RC circuits to alter
frequencies and timing. Add new
functions. Above all, work with
as many different chips as you can.
If you've always used TTL, you'll
be impressed with the operating
flexibility of CMOS. If your
forte is digital logic, you'll be
amazed at what you can do with an
op-amp. Finally, keep a record
of your experiments and circuit
designs. A notebook with a grid
ruling like this one is best, but
a 50¢ spiral notebook 1is OK.

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

5



REVIEWING THE BASICS

INTRODUCTION

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

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

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

RESISTORS

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

E E
R T (or) = (or) E IR

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

Resistors are identified by a
color code:

. — ==

j:

COLOR 1 2 3 (Multiplier)
BLACK 0 0 1
BROWN 1 1 10
RED 2 2 100
ORANGE 3 3 1000
YELLOW 4 4 10,000
GREEN 5 5 100,000
BLUE 6 (S 1,000,000
VIOLET 7 2 10,000,000
GRAY 8 8 100,000,000
WHITE 9 9 (none)
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A fourth color band may be pre-
sent. It specifies the tolerance
of the resistor. Gold is t 5%
and silver is + 10%. No fourth
band means t 20%.

Since no resistor has a perfect
tolerance, it's often OK to sub-
stitute resistors. For example,
it's almost always OK to use a
1.8K resistor in place of a 2.0K
unit. Just try to stay within
10-20% of the specified value.

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

Resistors which resist lots of
current must be able to dissipate
the heat that's produced. Always
use resistors with the specified
power rating! No power rating
specified? Then it's usually OK
to use 1/4 or 1/2 watt units.

Almost every electronic circuit
uses resistors. Here are three

of the most important applications
for resistors:

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

2. Voltage division. For instance:
+10 Vv The voltage at ? is

I x R2. I means the
current through R1 and

Ri R2. So I = 10/(R1 + R2)
1K or 0.005 amperes.
? Therefore, 2 = (0.005)
x 2L 1.00.0) o iS5 tvplts..
R2
1K Note that the total

resistance of Rl and

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



Voltage dividers are used to
bias transistors:

-

7 o

VOLTAGE

DIVIDER
ovT

IN

They're also a convenient
source of variable voltage:

+ 10V

POTENTIOMETER O0-10 VOLTS
(VARIABLE ¢
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 g farad
1 picofarad (pF)= 10~ farad
or
1l uF = 1,000,000 pF

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

marked .001-1000 are rated in uF.

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

ﬁ S

THAESE LEADS MUST GO
N____ TO THE MOST POSITIVE
CONMNECTION POINT,

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

Caution: A capacitor can store a
charge for a considerable time
after power is removed. This
charge can be dangerous! A large
electrolytic capacitor charged to
only-45ioril0 velEskcanameli:Sthe
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 (lK or more;
use Ohm's law) across its leads.
Use only one hand to prevent
touching both leads of the capac-
itor.

Important capacitor applications:

1. Remove power supply spikes.
(Place 0.01-0.1 uF across power

supply pins of digital ICs. Stops
false triggering.)

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

7
,ch\c AQQT
_ > GND
5
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:

L5 EI: LIZPNT

7. Or to differentiate a
fluctuating signal:

T

8. Perform a timing function:

+ PREss R
b

O W
WEE A EREL

‘'C will quickly charge...then
slowly discharge through R.

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

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

fast and powerful pulse.

Can you substitute capacitors?

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

8

SEMICONDUCTORS

Usually made from silicon. Be sure

to observe all operating restric-
tions. Brief descriptions of im-
portant semiconductor devices:

DIODES

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

T A T o T S D A M W S

ZENER DIODES

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

ground:
13
+ .
:i ouT 3
IN DI OuT (V) o
- > GND 3692
IN(V)

DI = G 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 RL & Vee - VLED
LEDI

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



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

TRANSISTORS

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

INTEGRATED CIRCUITS

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

A notch or circle is near pin 1l:

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

MANUFACTURER PART  NUMBER
(MOToROLA) (4021)

DHHDELWH

@ MCIHO21IB =

O /CP782L1

T B & B &

\DATE CODE !

7=l 1918
24= 24*% 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 CopE |4AY 7820
CDY066BCN
l 2L MM S666 BN

CANS S 4066

Store ICs in a plastic cabinet 1if
you can afford one. Or insert

them in rows 1in a styrofoam tray
(the kind used for meat in a gro-

cery store). CAUTION: Never
store MOS/CMOS ICs in ordinary
non-conductive plastic. See p. 12.

CIRCUIT BUILDING

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

can be inserted directly into the
holes in the socket.

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

I prefer to use wrapping wire for
IC projects. Insert wrapping sock-
ets 1n board and make connections
with a Wire-Wrapping tool (such as
276-1570). Apply wrapping wire
directly to leads of transistors,
resistors, etc. and solder in
place.

A~
IC
-
WRAPPIN G SOCKET
'Y NUNIVERSAL Pc BOARD

8lsdinig ‘\——’WRAPHNG WIRE
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DIGITAL INTEGRATED CIRCUITS

INTRODUCTION
DIGITAL TICs ARE 2-STATE DEVICES.
ONE STATE IS NEAR O VOLTS ©OR

GROUND (LOw OR L) AND THE OTHER

Is NEAR THE IC's SuUPPLY VOLTAGE
(HIGH OR H). SUBSTITUTE O FOR L
AND | FOR H AND DIGITAL ICs
CAN PROCESS INDIVIDUAL BINARY
DIGITS (BITS) OR MULTIPLE B8IT WORDS.
A 4H4-B)T WORD IS A MNIBRLE AND AN
8-8IY WORD IS A BYTE,

THE BINARY SYSTEM

IT'S VERY HELPFUL TO KNnoW THE
FIRST b BINARY NUMBERS. IF O=L
Anp | = R, THEY ARE:

o-LLLL 8 ~HLLL

I — L L LH 9-HLLH

2 -LLAL lo- H L HL
3-LLARH H —HULUHH
4-LALL 12— HHL L
5§-LHLH 13- K4 HLH

L—- LHHL M~ RHH HRL
7-LHHH IS HH HH

NOTE THAT LLLL(O) 15 AS MUCH A
NUMBER AS ANY OTHER MNUMBER.

LOGIC GATES

LOoGIC CIRCUITS ARE MADE BY INTER-
CONNECTING TwWO OR MORE OF THESE
BASIC LOGIC GATES:
A:D_"OUT A BlouT
& AE =N
L R 15
AND 5 i
R H H
A ouT A BlouT
BD_’ L v| H
L H H
NAND Rl ey In
H HI L

ouT

A@_’O\'.T A_BlouT
= S S L
OR Sl
H HI H
> ouT A o
BZDO__’ L E l|:T
NOR i g
H H L
3PS Nnaammarmr a
EXCLUSIVE-OR  w | «
H HIl L
& ouT A B
EXCLUSIVE-NOR w of «
H H H
A%OUT T-/5_\_0_1-(”_“
YES (BUFFER) i
A‘—{>o_>oUT AlouT
NOT (INVERTER)  «l.
3-STATE LOGIC
b
CONTROL Al ouT CONTROL A
L L" L L i H
L H{ R L H{ &
H XI1HI-2Z H XiRi-z
Hi-2: OuTPUT IN RIGH IMPEDANCE STATE.




MOS/CMOS

INTRODUCTION

MOS ICs CAN CONTAIN MORE FuNC-
Tions PER CHIP THAN TTL/LS AND
ARE VERY EASY TO USE. MOST CHIPS
IN THIS SECTION ARE CMOS (com-
PLEMENTARY MOS). THEY CONSUME VERY
LITTLE POWER AND OPERATE OVER A
+3-15 voLT RANGE. CMOS CAN BE Pow-
ERED BY THIS:

L I 1 * >
t-[____o/ (Vo)
Qyolrs | L . I
(BATTERY) = F
[ ms AuF
| o GwND

OR YDL CAN USE A ULINE POWERED
3UPPLY MADE FROM A 7605/78!2/78IS.
SEE THE LINEAR SECTION.

s

INCIDENTALLY, YOU CAN POWER A
CMOS CIRCWLIT FROM Two SERIES
CONNECTED PENLIGHT CELLS, BUT
A 9-12 voLT SUPPLY wWiILL GIVE
BETTER PERFORMANCE.

OPERATING REQUIREMENTS

l. THE INPUT VOLTAGE SHOULD NOT
EXCEED Voo ! (TWwo EXCEPTIONS:
THE 4049 AND 40S50.)

2. AvoidD, IF POSSIBLE, SLOWLY RISING
AND FALLING INPUT SIGNALS SINCE
THEY CAN CAUSE EXCESSIVE POWE R
CONSUMPTION. RISET|IMES FASTER
THAN 15 MICROSECONDS ARE BEST

3. ALL UNUSED INPUTS MusST BE
CONNECTED TO Voo (+#) OR Vgg (GND).
OTHERWISE ERRATIC CHIP BEHAVIOR
AND EXCESSIVE CURRENT CONSUMPTION
WILL OCCULR.

Y. NEVER CONNECT AN INPUT
SIGNAL TO A CMOS CIRCUIT WHEN
THE POwWER IS OFF,

5. OBSERVE HANDLING PRECAULTIONS.

12

INTEGRATED CIRCUITS

HANDLING PRECAUTIONS

A CMOS CHIP 1S MADE FROM PMOS
AND NMOS TRANSISTORS. MOS MEANS
METAL -~ QXIDE — SILICON (0R SEMICONDUCTOR).
P AND N REFER TO PODOSITIVE AND
NEGATIVE CHANNEL MOS TRANSISTORS.
AN NMOS TRANSISTOR [0OOKS LIKE THIS:

GATE +Voo
(|N) \ TMJ
T A ) —— ouT
o 5t/
LI N
l. ALUMINUM
| 2. SI 0,
[~ 3. SILICON

A PMOS TRANSISTOR IS IDENTICAL
EXCEPT THE P AND N REGIONS ARE
EXCHANGED. THE Si0a2 (SILICON DIOXIDE)
LAYER 1S A GLASSY FILM  THAT
SEPARATES AND  |NSULATES THE METAL
GATE FROM THE SILICON SUBSTRATE,
THIS FILM IS WHY A MOS TRANSISTOR
OR TIC PLACES PRACTICALLY NO LOAD
ON THE SOURCE OF AN INPUT SIGNAL.
THE FiLM 1S VERY THIN AND IS THRERE-
FORE EAS|LY PUNC TURED BY STATIC
ELECTRICITY:

\
Q s O———-]
’I/? l’rf aLl l‘_\ ”CAPACITDR“
§ 0T & e
KHOLE

PREVENT STATIC DISCHARGE!

. NEVER STORE MOS IC's IN NONCON-
DucTivE PLASTIC "SNow,” TRAYS, BAGS
OR  FOAM.

2. PLACE MOS ICs PINS DOWN ON AN
ALUMINUM FOIL SHEET OR TRAY WHEN
TREY ARE NOT IN A CIRCUIT OR
STORED IN CONDUCTIVE FOAM.

3. USE A BATTERY POWERED IRON TO
SOLDER MOS CHIPS., DO NOT USE AN
AC POWERED IRON.



INTERFACING CMOS

l. IF SuPPLY VOLTAGES ARE EQUAL:

+5 (Voo)

Reu * T  Rpu: H70 —H.7K
pPuLLUP FoRp [TTL,
RESISTOR. 1K — IOK

FOR LS.
TTL OR LS _L cMOS

+5
» ok AN
cMOS TTL OR LS

2. DIFFERENT SUPPLY VOLTAGES:

S

+3-15 S

CMOS

T o 2
10 4049 oR
OR LS

4050

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

CMOS IS INTERFACED WITH TTL.
OTHERWISE THRE CMO0S INPUT WiLL
EXCEED Voo.

3. CMOS LED DRIVERS:

Voo (+3-5V)
= o
GLows/ Vop = +3-1S V f =
WRHEN GlLows
LOW. WHEN
VDD(+'5=I5V) HIGH.
B R \ /';v
K
VDD—-|'7 7
Rl gl (FOR 10 mA LED CURRENT)

USE 1000 OHMS FOR MOST APPLICATIONS.

CMOS LOGIC CLOCK

MANY CIRCUITS IN TRIS SECTION
REQUIRE A SpURCE OF PULSES.
HERE'S A SiImMPLE CMOS CLOCK

+3-15

TYPICAL VALUES: R=)00K , C= o.on—o.ll,.r-'

OK TO ULSE 4049 ... BUT MuUcCH MORE
CurRRENT WIiLL BE REQUIRED.

CMOS TROUBLE SHOOTING

I. DO ALL INPUTS GO SOMEWHERE?

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

3 IS THE IC HoI? |IF So, SEE -2
ABOVE AND MAKE SURE THE OvuTPUT
s NOT OVERLOADED.

Y. DoES THE CIRCuIT OBEY ALL CMOS
OPERATIN G REQUIREMENTS ¢

5 HAVE YOU FORGOTTEN A CONNECTION?

13



QUAD NAND GATE Voo (+3-15V)
"{0" lit 13] 121 ul o] 91 8

THRE BASIC CMOoS BUILDING BLOCK
CHIP . MORE APPLICATIONS THAN TTL
7400/ 74LSO0  QUAD NAND GATE.

CONTROL GATE ABjouT
Voo / 2] 3] 4] Sl é 7
1 L L H =
8 ; D> OV T LIH H I MPORTANT: CONNELT ALL UNUSED INPUTS
e 2 H L H TO PIN 7 OR 14!
1 T (e
0 AT
INVERTER - NOR GATE
ABlouT
A oOuUT gk H
ouT B L H L
L H ouT H L j#
H L H H L
-1 NPUT NAND GATE
QuUT ABC DlouT
L LXXX| H
L XLXX | H
L XXLX|H
H XXXL|H
AHHH | L
EXCLUSIVE-OR GATE
OUT o

Vg Nad 12 AB|louT




QUAD NAND GATE (conTinNuED)

HO I
GATED OSCILLATOR TOUCH SWITCH
Vo ¥
X 100K 22M oD
ENABLE Jue
(WHEN H)
- TOUCH ENABLE *CAU‘noN:
( T cl WIRES (WHEN H) BATTERY
M 100K 01 pF POWER
—_1'— oNLY !
OUTPUT FREQUENCY IS OUTPUT GOES HIGH  WHEN
) KRz SQUARE WAVE, TOUCH WIRES ARE BRIDGED

By A FINGER,

SIMPLE OSCILLATOR ONE-SHOT TOUCH SWITCH

ook 22m  Vop

Lk 4.7pF
TOUCH —
WIRES

OuTPUT GOES HIGRH
OUTPUT NOT AS SYMMETR\CAL WHEN TOuCH WIRES
AS ABOVE CIRCULU\T, ARE BRIDGED BY A
FINGER. OUTPUT THEN RETURNS LOwW
AFTER ABOUT | SECOND.

GATED FLASHER
INCREASED OUTPUT DRIVE

INVERTER NAND GATE

LED FLASHES |-2 H=z

WHEN ENABLE 'S HIGH. USE THRIS METHOD TO INCREASE
LED STAXYS ON WHEN CURRENT TRE HOIJl CAN SOURCE
ENABLE IS LOW. OR SINK. OK To ADD MORE GATES,

15



TRIPLE 3-INPUT NAND GATE

4023

HANDY FOR MAKING

CONVERTERS AND MULTIPLE

6- INPUT OR GATE

Voo

| ol
: Vo3 Voo
3 14
¢ 3 4 e A2)

ouT

0 #oz
E : 10 ’
F 8 =

DECIMAL-TO-BCD CONVERTER

DECIMAL IN (SELECTED DIGIT R,
ALL OTHERS L.)

98766543210

T Py T o T
Voo BCD
ouT
1y
3
i
FAY 9 /3
E:'eo« o3 A
% s
V” 1 7
Ly -
2 n.;o 2
S
[ -:ol -
5
8 Iy 4_¢
Iy 10 G
9 Jyoor Yoti

1o

CUSTOM DECODERS,
INPUT GATES.

IMPORTANT :

Voo (+3-15V)
HT Y nl o] 9] 8
My2YT 3T TITS ] &1 2
CONNECT ALL UNUSED
INPUTS TO PIN 7 OR I4.

9- INPUT NAND GATE

Al DU
B
c 5
-y
D ._._'..‘/3
E 2_ 4023 95‘7_
F_8
G —-—“—.-‘Is
H 12 J4o23
p 4LV

NEY

1)

r ALL uNUseD 'INPUTS
MusT BE GROUNDED,

|-OF-4 DECODER

B9 1o

L7403

) ] A}

ENABLE _'_"_bds

4.5 = % Ho4q




DUAL 4-INPUT NAND GATE
4012

VERY USEFUL IN MAKING
DECODERS . ALSO CAN BE
USED TO ADD ONE OR
MORE ENABLE INPUTS TO
YARIOUS CIRCUITS.,
Vop

= \H

3 /2. ,

414012
INPUTS S

B OUTPUTS

12

| o 13

10| 4012

q

=1

ENARBLES | 7

Voo
2 Y
Va
3 A
M (4o O
ls.
Voo
Ast g Sz
a 9 lo Ll 12
Tl ol tog o
S/ 4049
ENABLE _'7 IS
7/
WHEN ENABLE 1S L, THE

QUTPUT CORRESPONDING TO Y 2
THE BA BINARY INPUTS GOES (Low. ALL
OTHER OUTPUTS

Go HI6H WHEN ENABLE /S H,

Voo (+3-\5V)
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QUAD NOR GATE

4001

AN IMPORTANT CMOS RUILDING
BLOCK  CHIP, ITS  HIGH IMPEDANCE
INPUT  MAKES  POSSIBLE MORE.
APPLICATIONS THAN THE TTL 7902/
JHLS0OZ QUAD NOR GATE.

BOUNCELESS SWITCH

470

L B8R
SPKR

/l.\OI/uF

IS ABOUT IKHz.

TONE FREQUENCY

RS LATCH
Vop
R:sl@ Q
[, L | NO CHANGE
L H | H L
H L [ H
H H I NOT ALLOWED

Voo (+3-15V)

wt 13

12} 1] j0] 9

1 2] 31 4] s| @ 7_‘_1__

CONNECT ALL UNUSED

| MPORTANT:
' INPUTS TO P/IN 7 OR 14.

INCREASED OUTPUT DRIVE

3 >
—
INVERTER NOR GATE
USE THIS METHOD TO INCREASE.

CAN SOURCE.
OK TO ADD MORE GATES.

CURRENT THE 400!
OR

SINK .

LED FLASHER
z+‘7 | K

LED FLASHES -2 TIMES/ SECOND,

OR GATE




QUAD EXCLUSIVE-OR GATE Voo (+3-15V)

4070 HT 13] iz ;]l]w 91 8

THE OUTPUT OF EACH GATE GOES

Low WHEN BOTH INPUTS ARE ‘
EQUAL., THE OUTPUT GOES HIGH EGC]

IF THE INPUTS ARE UNEQUAL.
MANY APPLICATIONS INCLUDING BINARY
ADDITION, COMPARING BINARY WORDS 1] 2] 3] 4] s| el 7]

AND PHASE OETECTION, =

|MPORTANT ¢ CONNECT UNUSED INPUTS CONTROLLED |NVERTER

TO PIN 7 OR I4,

|-81T COMPARATOR

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

Voo AR CONTROL —
ouT
,‘_& (,L: IN = OUT
g 2y OVT LL)t H: IN = 30T
1 LH]H
H L] H
b3 HHI L

B1NARY FULL ADDER

4H-BIT COMPARATOR CARRY IN Yoo

DETERMINES \F TWO 4-BIT WORDS 2 CARRY
ARE EQLAL. 1|2 5(6 Vop V 2 ouT
ZI L Vool b
4ol Hoil i 8
3 3 y ' : " 3 ]
3
2 2>6lT; Iy wtrs
I N0 1 1,23= 24049
J ouT
PHASE DETECTOR
A Voo

IF DCBA=D
OUTPUT IS LOW,
OTHERWISE OUTPUT

IS HIGH. USE
SECOND HALF OF LED STOPS GLOWING WHEAN THE

40/2 AS INVERTER TO REVERSE OPERATION. INPUT FREQUENCIES ARE EQUAL.

i




HEX INVERTING BUFFER
4049 le] 15} 1) a3) 12] w] 0] 9

IN ADDITION TO STANDARD & é A
LOGIC AND CMOS TO TTL

INTERFACING, OFTEN USED

IN OSCILLATORS AND PULSE
GENBRATORS. FOR LOW CURRENT
APPL\QATlor\\S, USE 4o/l CONNECTED
As

INVERTER. (OK TO USE 40II FOR Iy 2l 31 4] s| 6] 7] &

CIRCUITS ON THIS PAGE.) Voo (+3-1ISV) =
CLOCK PULSE GENERATOR RN IRE T TR

PHASE SHIFT OSCILLATOR

_(-01-10uF) |
|

1,2=Ys 4049 PULSE RATE=T.9RC QT CT QT
Ly oUT , .
| 4L

BOUNCELESS SWITCH CoU™T freauency=33pe = 1.23= oy

TRIANGLE WAVE SOURCE

! L
1,2,3 =2 4049 Voo R2 i€ c2
.05

3!> ZL-O

) ~ 140 Hz
i B 1

FREQUENCY=T1.49R1ci /N "\
SQUARE WAVE GENERATOR

i LINEAR 10X AMPLIFIER
[»]+]
T R2
Q | 3 I I AAA 10 M\
3leLock Cil iRl Vop
= T |% 6-:- EEM e 6S g 3 2
it G550 wo_al,_/va_J 5> OUT
4 ] q[i A 23 =
REPETITION RATE = /. 4 RC = NOTE THAT THE = Y24049
= INVERTERS ARE USED
,2=Ys 40499

IN A LINEAR MODE. GAW= R2/R].
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HEX NON-INVERTING BUFFER
4050

PRIMARILY INTENDED FOR
INTERFACING CMOS TO TTL.
SUPPLIES MORE CURRENT
THAN STANDARD CMOS.
IMPORTANT :  ALL UNUSED [NPUTS
MUST GO TO PIN | OR 8.

OUTPUT EXPANDER

Voo
¥ Py AR
IN ___?_i% OUTPUTS
7 e 1,2,3 =42 4050

16} 1s| 4] 13} 2] n] el 9
| éJ 41 Z&_
£ IE ) ) B
VDD =
NOTE UNUSUAL LOCATION

OF POWER SUPPLY PINS,

LOGIC PROBE
Yo 4os0 '\ r Voo

INPUT

e LED GLoOws
I WHEN INPUT
IS LOW.

INCREASED OUTPUT DRIVE

OUTPUT BUFFER

VDD L;=OUT
Voo A28/ AHE 2 y 6 10
‘ 2/4 4050 ! 8
cmos) 3 Z ouT
8\ IN K3 S 7 9 =y
YeHoso

CMOS TO CMOS
AT LOWER Vpo

VDD ] VDD 2

HH

CMOS TO TTL/LS
AT LOWER Vec

¥od +5 (Vcc)
A 1\

S

CMOs

CMOS

|
2. i
_3<D>___ =
8 LS

= Voo | EXCEEDS Voo 2.
|= Yo 4050

= 1= % 4050
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ANALOG MULTIPLEXER
4051

INPUT ADDRESS AT CBA
|I—OF-8 ANALOG SWITCHES. SIGNA
AT SELECTED SwWITCH I/o (iNnPuT/
OUTPUT)
O/T (OUTPUT /INPUT). THE INPUT

SIGNAL  MUST NOT EXCEED Vpp.
TRE INHIBIT (INH) INPUT
GROUNDED FoOR NORMAL OPERATION
ALL  SWITCHES ARE  OPEN WHEN
INH IS RIGR.

I-OF-8 MULTIPLEXER

2 OV

HT '3T

7 6 Lo S

o o] o] el

Hosi

e —ll

ADDRESS CONNECT PIN 7

!

VE_ES»TO GROUND OF

SELECTS

(15

IS THEN APPLIED TO CcomMMmMON

SHoulLD BE

DD

A i
8 __1o] &1 im
&t A9 %' 4]
\ 7l NOTE: L

Voo (+3-15v)

6] 15

AT I8¢
9|

1/01/o 1/0 1/0
2 1 (o]

3
13 121 1

4

! Z] (31 |4 S| 6 7| 8

I/o /o O/xr/0 T/O INH Vg =
Y 6 ; 4 5

I-OF-8 DATA SELECTOR
(DEMULT/PLEXER)

DATA OUT Vge (SEE NOTE

T FT)
3T .,T AT LE

Hosl

y 4 1 [lﬂljlﬂl3

n

e

10

e

-4

Voo
J
b

%.

INPUTS 7 6 2 / O
DATA INPUT CIRCUIT,
IN \F GROUND 15 DATA INPUTS
CoMMoN’ CONNECT
RZ
TONE SEQUENCER 4 DO NOT REDuUCE RIO.
+9 Hos1 3 R3 USE  AMPLIFIER FOR
= AM_4  MORE  VOLUME.
CYCLES THROUGH A RY
& TONES AND Lo lo S AAA Voo RIO  SPKR
REPEATS . RI 2] e RS 270 85
CONTROLS TEMPO. Y2 4518 ! 4 >
R2-R9 ARe D e Nne R6
INDIVIDUAL TONE 12 AAA ¢
RESISTORS. USE cls ilc R7
K~ looKk EACH. IS _AAA 3
B4 0|8 R&
14 A
7 b 5 & |1 AlL3 HiA R9
j 8 13 AAALL 1 12 ('_Wq 10
Rl ] TR T 7?Er* bE 3 o5
500k | mF otk
k3 - LB H 5 b= 14049

272




QUAD BILATERAL SWITCH

Voo ("' 3-15v)

)

A D I/o on 0/1 1/0

H0bb i3] 12) Wy 10 81
1 I HF‘
ONE OF THE MOST VERSATILE A ) B ¢
CMOS CHIPS. PINS A,B,C AND D °\ , ¥
CONTROL FOUR ANALOG SWITCHES. t ? 1K
CLOSE A SwITCH BY CONNECTING !
ITS CONTROL PIN TO Vpp. QN JJ_J
RESISTANCE = 80 —250 OHMS.
OPEN A SWITCH BY COMNECTING ITS R PR T N T e
CONTROL PIN TO GROUND (PN 7). I/o Ot O/t 1fo B C =
QFF RESISTANCE = [0% OHMS. Tfo (InPuUT/
OUTPUT) AND O/I PINS ARE REVERSIBLE.
DATA BUS CONTROL DATA SELECTOR
40bb Voo 4066 N oo
A ' | Lﬁj A__! 4
DATA B __ 1 l/o__?__ A DATA DB __ 1 l/ 2
IN L/ A IN |
EL LB o+.L B DATA gl S .43 DATA
A S R
D U MWL R H AW S WL
7 RS WRE R . g ATRI lo
BEEEEE 2 | T ax
2] 6] & 13 _L (i 6| s 13 MAKE
x o CONTROL: % 7 SELECTED
L= OFF D € B A INPUT R,
H= LoAD KEEP ALL
DATA, | SELECT! WOTHERS L.
Voo DIGITAL TO ANALOG (D/A) CONVERTER
A
40606 THIS IS NOT A
2 3 /0 LINEAR D/A CONVERTER.
(50 UL A O 5 0 e ) L ) T ) S L O 17 N 7 INSTEAD IT PRODUCES
19 HENENO RSN ST '} _,}5_ ® A PSEUDD-RANDOM
, I‘— Lt Ll L NG OUTPUT THAT RANGES
2 SRR WY A T FROM 3.06 — 5.62
! ; 1 ! ) voLTS (VDD =q V).
12l 6| 5| 13 USE TO DRIWE 404p
1 VCO OR PRODUCE.
£ ) nlle L BLA UNUSUAL WAVEFORMS.
DIGITAL IN R=47K AND ZR=/00K.
USE 4518 COUNTER FOR | N5 ANALOG VOLTAGE

AUTOMAT IC OPERATION.

ouT
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BCD-TO~-7-SEGMENT Vl315V)€ g a b C d e

LATCH/ DECODER/DRIVER wh is) w| s i2] 0 1] 9
4sii

CONVERTS B(CD DATA INTO

FORMAT SUITABLE FOR PRODUCING

DECIMAL DIGITS ON 7-SEGMENT

LED DISPLAY. INCLUDES BUILT—IN H 21 3] 4] sl ol 7] 8]
H-BIT LATCH TO STORE DATA To BE B ¢ DI Al &
DISPLAYED (WHEN PIN 5 1S HIGH).

WHEN LATCH IS NOT useD (PINS Low), — L ATCH ENABLE
THE 7-SEGMEBNT OUTPUTS FoLLow THE — BLANKING INPUT
BCD INPUTS. MAKE PIN 4 Low To — LAMP TEST

EXTINGUISH THE DiISPLAY AND HIGH FOR

NORMAL OPERATION. MAKE PIN 3 LOw

TO TEST THE DISPLAY AND HIGH FoOR Vop
NORMAL  OPERATION.,

8 2 U
10 ]
9 O TO PIN Y
DI SPLAY FLASHER oo sl oy 0 P
DISPLAY ~FLASHES E | DISPLAY | +
ONCE PER SECOND = 100K * 4. 7uF
WHEN E IS HIGH. H | FLASHES
L OFF

DECIMAL COUNTING UNIT (DcCU)

VDD VDD
IMPORTANT ¢ ALL
T INPUTS MUST GO
o o RI SOME WHERE. !
COUNT IN ot ‘s 4sn. H3 M s a
4518 RL
ENABLE o2 D [e blp \Z_AM_s b
R3 —t
RESET oL ¢ 15 Zlc LUBYS .V
Ry £ I Ib
B (4 /g 10 MA__,. d 13
OPERATION: RS
= =1 2 o g Al3 7IA (9 AAA O € , lC
TO COUNT, R6 i - -
ENABLE IS BLANK o3 S amA__y f d
HIGH AND o_] s
RESET IS Low. SAVE o2 19 AAA q il
BLANK SHoOULLD 1 =y
BE HIGA (Low 8 Vop £ RI-R7=220 1L
TURNS OFF A COMM ON
DISPLAY). SAVE ) n Voo =+S~qy CATHODE
SHouLD BE LOw. LED DISPLAY

MAKE SAVE HIGH ~
TO STORE [INTERIM COUNT
WITHOUT AFFECTING COUNTER,

24
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BCD-TO-7-SEGMENT \.'m,(f.%-ISv)‘r g 1€ (d]C 5 q
LATCH/DECODER/DRIVER o} 15) | 13| 12l w] 10 9
4543 (14543)

DESIGNED TO DRIVE LIQUID CRYSTAL r‘
(Le) DISPLAYS BUT WwiILL DRIVE

OTHER DISPLAYS ALSO. INCLUDES \
BUILT—-IN 4-BIT LATEH TO STORE

DATA TO BE DISPLAYED (WHEN PIN | 11 2l 31 4| 51 6] 7 B_L
IS Low). WNEN LATCH 1s NOT REN- S I EF-Y —
usep (PIN | HIGH), THE 7-SEGMENT
OUTPUTS FOLLOW THE BCD /NPUTS. LATCH PHASE
MAKE PIN 7 HIGH To BLANK THE DISABLE(LD) BLANKING (BI)
DISPLAY AND LOW FOR NORMAL

OPERATION,

LIQUID CRYSTAL DISPLAY DECIMAL COUNTING UNIT

Voo Voo LIQUID
Voo ! +3—9 vouTs 'T » CRYSTAL DISPLAY
lo o
COUNT INog L] Y2 |6 Y 2 o a .
ENABLE 2] 4518 |5 2] 4543 U0 b pl lb
RESET oL 4 3 e _3_
O PERATION: 3 5 12 d e l lc
TO COUNT, ENABLE IS BLANK 7] I3, e d
HIGH AND RESET IS
LOW. BLANK SHOULD BE SAVE o '] 15 £ BACKPLANE
Low. MAKE SAVE b
LOW TO STORE INTERIM . 9
COUNT. FOR NORMAL [ SQUARE
COUNTING MAKE SAVE 8 Vop - 6 WAVE
HIGH- TS ¥ GENERATOR
4 .
Yol 4 10 8
ade
BN 3 ﬂ
To NEXT Deu 1 o R1
6 100K
DISPLAY FLASHER DRIVING LED DISPLAYS
Voo [____7 {-OUTPUTS(Q-‘F) Voo COMMOI\{ ANODE
70 4543 S Rs o] {&
(PIN ) > Rs
RL. L CIIS 8] Je 4543 |
look 4.7/“F’ = 9 ) X
I2="3 4049 ~  CoMMmoON CATHODE ouTpuTs (a-f)

fd <3



BCD-TO-DECIMAL DECODER
4028

DECODES 4-BIT B¢D
I-OF-J0
OUTPUT GOES HIGH;

STAY LOW.

READOUTS , SEQUENCERS,

INPUT INTO

OUTPUTS. SELECTED
ALL OTHERS
USE FoR DEC/IMAL
PRO ~

GRAMMABLE COUNTERS, ETC.

0-9 SECOND TI/MER

| Hz CLoCK +9
] A

2 s D|
q\gg o | tof 4 T

{ 028 Dl
3 1o 4 \
-__{>}-—.4>
GROUND - 3 W

I 7

UNUSED §.l>+_<
INPUTS z - Q‘L

OF 12 Dl
SEConND W
Y2 4518 |@ J ! D' _TL
N
8 8 1S E' l
W
+/E J7 L |\\
b 3 )
RESET RUN =.,{>t..,
W

OK TO USE F.

OUTPUTS TO
CONTROL EXTERNAL

LoGiC OEVICES.

OR

=R

|

4049

COUNT TO N AND RECYCLE

Use THE ADTACENT CIRCUIT WITH
THESE CHANGES:
Voo
/L_ l. OMIT 4049
LI 7 _TO N*I 2. MAKE PIN 2 HIGH
4518 (4028) 3. USE PN T AS
CONTROL INPUT.

26

Voo (#3-I15 V) |
3

] -

Voo

Lj m‘T j;j

Pl € Db A

12| 1

8

TECIRE 10

(¥}

‘R

-

O 2] 43P H ST w»l 7
G2l P 71945 &

||}-?;-‘

OF -8 DECODER
A
e b

28

—>

Yy

(E¥

ADDRESS INPUTS

COUNT TO N AND HALT

70 N
it = Y
’ Voo NP
i T
lo 3 AR
4518 © | 4028
3 10 -H—o 7
GRounp (4 I3 -7_.0 b
UNUSED
INPUTS |5 2 (b o5
OF
SECOND | © I KNI
Ve 4518
8 8 S5 3
7 =l a2
A 14 4 )
CLOCK =
350




60-Hz TIMEBASE
MMS369 (276-1769)

PROVIDES PRECISE 6O Hz SQUARE WAVE

Voo @3-18V) XTAL
ouT
8] 711 ¢l 5

XTAL: CRYSTAL

WHEN USED WITH 3.57959S5 MH=z NC:NO CON-—
COLOR TV CRYSTAL. USE FOR MOST NECT/ON
DO—- IT-YOURSELF TIMERS, CLOCKS, CONTROLLERS,
FUNCTION GENERATORS, INSTALL IN SMALL
CABINET FOR WORKBENCH PRECISION CLOCK. 1] 2] 3} 4
LOHz = NC NC
50-Hz TIMEBASE 10-Hz TIMEBASE
Voo
h Voo
8
‘_1'__>6>O Hz ouT fa 5
5369 |7 . CRYSTAL LOHz o1 4017 > 10 Hz OUT
XTAL FREQUENCY OUT IN 15
V2 | S (3.579545 MHz) :
)3 g_lfrus
3 {4 Ri— use Two 1om " { THIS IS A
3 IN SERIES. 1 + & DIVIDER.
*
MOTOROLA SPECIFIES THAT CI=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 Voo
CAPACITOR (€.4.5-50pF) FOR 2. TO T
TUNE, CONNECT FREQUENCY METER v
TO PIN 7. TUNE C2 UNTIL FREQUENCY 10 Hz o.M
IS 3,579,545 Hz. ACCURACY FAIRLY IN Hoi7 12 o | Hz ouT
GooD EVEN IF YOU DON'T TunE C2.
HEIBE
THIS Is A
D‘G‘TAL STOPWATCH o~ T10 DIVIDER.
D G-l -Bol A L2 BAD gt B4 Q B 1 A OPERATION: | TOGGLE S| FRoM

OUTPUTS CLEAR TO READY.
Voo WK BE B T 2. SW(TCH S2 FROM
: ﬁ CONNECT TO STOP To START.
b o] 5| 4] 3T\ |leo or e Ml 3] r2] © 3. SWITCH $2 FROM
ol DECODER/ Ve START TO STOP.
' 4518 DRIVER (e.g. 4518 8 v
HIGH DIGIT 4sil or 4543).| Low DIGIT ﬂ‘:D
, _ $ LOCK IN
ARdRE Voo 15/ [
START | Hz = 00 -99 SEC
| X S) READY
s2 r I0Hz =0.0- 9.9 SEC
CLEAR
EOP ] T_____( Ok TO ADD MORE

i
=

STAGES.

ZE



DUAL D FLIP-FLOP Voo (#3-15V) | €LOCK 2
2@ 2% Rz D2 g2
4013 HT 3] 12 1) 10 9] 8
 BBL.)
A
VERY VERSATILE PAIR OF D-TYPE ' ] L—l '
FLIP-FLOPS. GROUND UNUSED INPUTS. | 2
| -0F-4 SEQUENCER |
! 2| 3 41 & 6 7_L
Voo @ 13 RI DI SI =~
i 14 CLOCK |
1 i 2] 1 Do
CLoCk '
Y2 4013 s DIVIDE-BY-2
D a 'z b 4 Cc
ARG ﬂ\ Voo
f_l_‘,. x 14
QD& 8 IN o3]cLock Q r’_, IN
\/7_ 2
12 4013
OUTPUTS GO H s PRt 5|p 52
IN SEQUENCE. 1,234 : 900! 4 RS
ALL OTHERS = qlef 7]
STAY L. :L_
MODULO-8 COUNTER
VDD A B VDO C D
14 _ mT
COUNTS V24013 V2 4oi3 Y2 4013 Y2 4013
LLLL—= HLLL ok e K A\ QL3 . a4 %o o I3
AND R 4 o] R KL lolp
RECYCLES. 5D s 6 8|s Seles 3 12
3 7 T 3 J_ 1 H3

CLOCK O—

SERITAL IN/OUT, PARALLEL OUT SHIFT REGISTER

A

VDD
i
2 4013
SERIAL 0-3]p Q
DATA R
IN S

Y2 40:3

D
R
S

3 7
CLOCK "

Q |

]

= -

8

G Voo D
A
V4 o3 1 Y240:3
q9 i3
D D
8 SIS O
s (e 81s SERIAL
DATA
3 Ll K Z_L ouT

28



DUAL JK FLIP FLOP Voo (*3-15V) 4 CLOCKI

Ql Ri KI I1I S}
1027 lof 15} H[ |3 1] i) 1o} 9}
USE FOR DWIDERS, COUNTERS AND ////
REGISTERS. ) (SET) AND R (RESET) 2
INPUTS MUST BE Low FOR CLOCKING
TO OcCcuR. MAKIN G S OR R HIGH
SETS OR RESETS FLIP-FLOP INDEPENDENT
OF CLOCK. |[MPORTANT: ALL INPUTS MUST
Go SOMEWHERE! "2 3] ST Bl B
2Q 2@ RL K2 J2 S2 =
CLOCK 2

P DIVIDE-BY-5 COUNTER

C
Voo 0 UN T E R VDD Voop
/r q \2 4 7
3 QU 5 IN elT ' o] ! 8 Va o gl | Ve AN
el J \ 2 8 4027 4027 4027 5
5 K. /L y - -y
4027 7 Q |! 0}y QS . ely
IN o2]CLOCK e B IK R Ik Q] 5|k Q|2
E .1 = CLOCK CLOCK CLOCK
977] 8] i 13 3
i L IN

DIVIDE-BY-3 COUNTER DIVIDE-BY-H4 COUNTER

Voo Voo
4\ .
\ | \
lo /2 Q@ |US e’;\/qfa_lﬁ 16 AN Y ENEA E; @l IN
Heeg ) - 3 4027 Y
g Q /4 5|k 4027 |4 107 SiK V2 4
q 7 q qoz7 |7
12 J|l0o Zlq 8 1k 1z 8
= CLOCK [_Ctock - cLock - CLock —
H-RIT SERVAL SHIFT REGISTER
Vop A B Vo C D
”\ /
o] | It
DATAGe—124T  QfB 4L ely Qi | 1od] > | ey Q!
N ; 2 K =1 W SR 2 I J a b slk y
4027 q 7 /7_ 3 & 7. z SER\AL
/’ 1z ] 4 4027 |8 yozr [z | 4] 4o027 |8 ouT
UsSE K _l_ l
qoit 1 13 3 — ks _ 3
oR 4049 E | 1 1 & 7
CLOCK g—

ZH



8-STAGE SHIFT REGISTER

Voo33-15V)7 & 5 7 sER LOAD
IN IN IN OUT W ClLock
4021 lbt 1s] 14l 13] 12 nj 10} 9
PARALLEL INPUT / SERIAL OUTPUT
SHIFT REGISTER. ALSO SERIAL .
INPUT. DATA AT  PARALLEL |
INPUTS s FORCED INTO THE '
REGISTER IRRESPECTIVE OF THE |
CLoCk STATUS WHEN pin 9 IS
MADE HIGH. KEEP PIN 9 Low il 2] 3] 4] 5{ 61 7] 8]
FOR NORMAL  OPERATION. 8 b 8 4 3 2 I =
IN ouT Out IN N IN [N
PARALLEL-TO-SERVAL 8-STAGE DELAY LINE
DATA CONVERTER Voo
4\
PARALLEL DATA IN o] nJ
Voo H4o2l
7] | 5| 4| 13] 19 15] \ q
H G F E D C B8 A Llb
T z_[ 3/ 8|71 s)
Ho721 9 CLOCK IN n
X — RUN INITIATE
'ir 3| 8 DELAYED DATA oUT =
CLOCK IN 1 AR
SERIAL DATA oOuT L. SEND  LoAD THE FIRST PARALLEL INPUT (PINT)
N 1S GROUNDED, THIS LOADS A
ALl I's (H's) ARE SENT AFTER THE SINGLE L  WHEN S| |S SWITCHED
8-BIT WORD IS TRANSMITTED, TO IMNITIATE., THE SINGLE L =IT
REACHES THE OULUTPUT AFTER 8
CLOCK PULSES.
PSEUDO-RANDOM SEQUENCER
INITIATE RUN
Sl
Voo
I q = 0] 12y 3
9 pol bt bl 4ozl
4021 3 1
8 8
Voo |
1[_ ] v = 7lkl5lql:;llqpsl/l
3 L 2 INPUTSH*
THIS C/RCUIT GENERATES A Voo A 1
PSEUDO —~RANDOM BIT SEQUENCE 5
AND RECYCLES. ®¥TO CHANGE

BIT PATTERN,

PATTERNS OF
“4o2l [TO |Vhe

30

CONNECT DIFFERENT
INPUTS OF SECOND
OR GROUND.,

1K (ORW
47K

TO AUDIO AMPLIFIER
FOR SOUND EFFECTS.

IOuF (ADJUST R1, CHANGE

SOUND WITH SI.)

<



I4-STAGE BI1NARY COUNTER  vu(3-15v) o g RESET |}

i CLOCK
4020 wT IS} 4y 13) 12] 1| 10] 9
A RI\PPLE COUNTER WITH CARRY OuTPUTS | INPUTS |
OuTPUT . THE I4—-STAGE BINARY -
COUNT IS COMPLETED IN 1b,384 (2 AvD 3 UNAVAILABLE)
CLOCK PULSES. THIS MAKES

POSsIBLE VERY LONG DURATION
TIMERS, ASSUMING THE  OUTPUTS

ARE DECODED. THE OUTPUTS Il 21 31 4) S| 6] 7 BI
REQUIRE A BRIEF SETTLING T/IME 0 1 o 0 R < s T 1 % 2 T T
AFTER EACH CLOCK PULSE.
N ) VDD
4020
IH-BI1T BINARY COUNTER M 2 o ]
bl | 8
THE SECOND AND THIRD OUTPUTS
(4 AND +8) OF THE 4020 ARE NOT K &2 l
AVAILABLE. THIS CIRCUIT INCLUDES A =
3-BIT COUNTER TO SuPPLY THE S et
MISSING OUTPUTS. A IS THE LOWEST
ORDER  OUTPUT. il 59 Ll
3
(I TV, 3 H <!
cLock | 1°
G b
Yoo o Voo B (¢ ==
y
I ]‘ T F i
"*T "’T reseT (!
gheibck & ! Y2 Q) ! Y2 QL3 E <_5_J
Y4013 40i13
bls o2 Slctock & |2 Miciock SPZ_ Voo D [’}
Y 6] s J 8ls A B
7] qoiz plS 7 DS p|9
L R B R R @ m
- 4 = 4 - 10 S| ¥ 3
SUGGESTED VALUE OF STAIRCASE GENERATOR

2R R =50k
R R
et ol ANALOG —a .-
OUTPUT
2R 2R 2R
OUTPUT IS A STEPPED
A B C ——> M N VOLTAGE. APPLICATIONS
INCLUDE ANALOG-TO~- DIG|TAL
(crreviT ABOVE) CONVERSION AND  WAVEFORM
SYNTHESIS.
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DECADE COUNTER/DECODER

RESET CLOCk ENABLE

Voo (#3-1Ssv)| <tock| cArrRY? 9 8
Y4O\77 (u, is) 14 131 2] nl 0] 91
SEQUENTIALLY MAKES /I-OF =10  OUTPUTS INPUTS |
HiGH (OTHERS STAY Low) IN RESPONSE
TO CLOCk PULSES. MANY APPLICATIONS. DE(CODED ouTPUTS
COUNT TAKES PLACE WHEN PINS I3 AND IS
ARE Low.
i1 2] 31 4] 51 6| 71 8]
RANDOM NUMBER GENERATOR AR IE AT AR AT
0-99 COUNTER
r'3-> o
CLOCK o4
2
Ho17 4o17 |3, 2
FAST M1si: press Anp |10 [/ ] 73 ]8 Vo Ll N
CLOCK 03 RELEASE. +9 ik \
1 4 lo N
s 5
COUNT TO N AND HALT 8
S b
To N 13
ale |z |4 s g (312 4 | del _[ e 7
= 15 9 8
! QT aT ST /T /oT 7T HT 2T =] § 171
|\ 12} carry [V
A 8 f ouT g 9
4017 —o0 ; <
, 9] cLock -5 OO
58 Ieecet o el VL 8 lw 3 % IN
rnd L gl L L LY LT ]| ciodk S| .
= 4017 j-) 20
COUNT TO N AND RECYCLE 7l ka
13
TO N Q0
813 L6 18 14 13 13 110 gl lo
! J 50
I T T T T ’r L SI: A= RESET
9| o} s 1{ 1of 7] 4] 2| 3| B= RUN 5, 60
FOR N=9, L
GROUND =5 70
PIN IS, 4017
_ Ok TO ADD 9, 8o
ﬂ e{r—JB L IS MORE 4017's
Voo - CLOCK & ', 90

1]




DUAL BCD COUNTER RESET

ENABLE

Voo (+3-1sv)] 1D I1C 18 1A CLOCK
4518 v 151 19} i3] i2] nl o] ¢
TWO SYNCHRONOUVDS DECADE |
COUNTERS IN] ONE PACKAGE,
WHEN ENABLE IS HIGH AND ‘ 2
RESET IS Low, EACH COUNTER
ADVANCES ONE = COUNT PER S oA
CLOCK PULSE,

123q5T6|7|e_1_

CLoCk 2A 2B 2¢ 2D =
ENABLE RESET
CASCADED BCD COQUNTERS
VOo D C B A
A A A A \ N D G B A
y
—1 1
b 5 4y 3 I 13 12 T
1o ' 15
A ysig e 2 4si8
Z | ENABLE CLOCK 8
ENABLE CLOCK
7] 8 I 10 9 R
! OK TO OMIT THE
THE TWwWO GATES

40Il. IF sO, CONNECT
PIN o OF FIRST 4518

TO PIN IO OF SECOND
4518. GRounND Pin §

OF SECOND 4518 AND
APPLY INPUT TO PIN)
OF FIRST 4St8.

TRIGGER THE
SECOND COUNTER o COUNT
AT HLLH (DECIMAL 9). IN

BCD KEYBOARD ENCODER

PRESS S0-59, THEN TOGGLE RESET  SwITCH
Sio TO Veo AND BACK TO GROUND.

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

is] v | is] Iqt |3T /zTJ
| op

CLOCK RESET 8 |[RESET b
Ho17 O] ENABLE

fz' T O 2 TR I3 q.EN:BLE 9lcLock Y2 4sis
gERIERIRRE

S0 SI S2 S3 S4Y4 SS Sb S7 S8 S§




3-DIGIT BCD COUNTER Voo (+3-18 V) CLoCK

F M E A
MCI Y553 lo 1?33:;-) |3R|z nD‘S:oL 9
COMPLETE 3-DIGIT COUNTER. USE FOR
DO-IT-YOURSELF EVENT AND FREQUENCY = SEE RADIO SHACK _J
COUNTERS. BEGINNERS: GET SOME DATA Book FOR
PRACTICAL CIRCUIT EXPERIENCE BEFORE MORE INFORMATION...
USING THIS CHIP. PIN EXPLANATIONS: ]
DS (DIGIT SELECT)|,2,3— SEQUENTIALLY |
STROBES READOUTS. LE—LATCH ENABLE K Y SL;' 5] 61 71 8]
(WHEN H). DIS— INHIBITS INPUT WHEN H. DS2 DSI = IREN I
CLOCK—INPUT. MR— MASTER RESET (WHEN R). /7 .00IoF
OF —oveERFLOW. A B, C D — BCD OUTPUTS. (FoR DIGIT SELECT OSCILLATOR)

3-DIGIT EVENT COUNTER

A RID
AM__ Rq | I¥
R8| | K Voo
ISl L'} 2 Voo R 1K
LATCH (LE) o190 A a |9 a ( N
14553 fle | el 14543 R2 ]
RESET (MR) o '3 ! b|!OAAAb| | == ‘\ al
6 R3 Qz
EVENTS olZ ¢ (h AL COMMON
(cLock) ALl 5/A RY ANODE@
B |7 38 d f2Asnd, syt o P4
DI SABLE (D15)p 11 Clé 2]c RS = e s
(WHEN H) NEED DL5 ull ) e 3aan_e] Q-Q3 Q3
OVERFLOW Rb6 RS2022
¢) HiwArRNING? |1 7 R\-R72: f .‘_ENV\_ﬂ @_4
.oon,uF_J:_‘ PIN 14 GOES |8 8l IK IF R? I_l-l
’]:_i‘H AT OVERFL01 — Veo=av. 9 [Mana g, =S
SEES COMMON ANODE LED
OK TO USE LIQUID CRYSTAL DISPLAY C> seLecT RI-RY SO DISPLAYS. USE MULTI-
OR COMMON CATHODE LED DISPLAY. LED CURRENT DOES DIGIT DISPLAY OR WIRE
SEE 14543 FOR DETAILS. NOT EXCEED IOmA. TOGETHER MATCHING

CATHODES OF 3 DISPLAYS.

6-DIGIT FREQUENCY COUNTER

LATCH: STORES
TOTAL COUNT IN
ONE COUNT CYCLE.

TIMEBASE
(O.I or|Hz) |

I

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

COUNT ! COUNT INPUT

L'T?
e FREQUENCY SEE NeXT PAGE 6-DIGIT COUNTER
INPUT FOR MORE INFO... (FACING PAGE)
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3-DIGIT BCD COUNTER (conTinuvend)

6-DIGIT COUNTER
COUNT o
RESET o
LATCH o
\
o| 13 el 101 3| n
"'I"' IS
OVERFLOW x4 é’L e
ouT 14553 ‘* 14553 :
|
y | 3 2
8 8
il on
Voo DTG BT D ¢ B A Voo
51y &Il ('l O st ef .7y 17 \
alf 2l 88 & ] 2| 31 S
lo DiLIG g IA lb pild l& I'A lo
| 14543 14 145432 \
8 |8
g £ e 4 ¢ b a 3 € e d4 c b a
Nl s 3] 2] n] | 9 .._L ] is] 3] 2l u] 0] 9
RI-R7 3 R& -4
> (_J
i 9 f e d C b a 9 g 1é& d G b a
Flale | 11T = = 1 I
e fr—-He+ = I )~ 1— I =
d
TO < RIS
AODITIONAL Ql 13
STAGES .
Rik
Qz \K
THIS CIRCUIT SHowS How TO CASCADE (QL sl 1]
Two 3-DIGIT COUNTERS. MAXIMUM  COUNT Q3 <!7 R17
At B CR R DISPLAYS ARE COMMON 1 K
CATHODE (CcommON ANODE CONFIGURATION Q /AL
SHOWN on  PREVIOUS PAGE) NOTE THAT
PIN & OF 14543 (OR 4543) GOES To GND Q-Q@3= RS2023
INSTEAD OF Vop WHEN COMMON CATHODE _l_
DISPLAY IS USED. =
INPUT BUFFER
FREQUENCY COUNTER : +Voop
USE INPUT AND CoNTROL CIRCUIT ON /\/
PREvIOUS PAGE . INPUT FREQUENCY SHOULD il
NOT EXCEED Vop. NON-SQUARE WAVE
INPUTS MAY REQUIRE INPUT TAILORING. / G
USE COMPARATOR TO SHARPEN SLOw RISING WAVES, 8 M 4
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PHASE-LOCKED LOOP (PLL) voolt3-15v) sl ¢2 jgosmoo =

ZENER' " | OUT OUT yeq In
"’O"lb lof IS 14] 13] 12 u{ 0] 9
E XCEPTIONALLY VERSATILE CHIP. CONTAINS A
TWO PHASE COMPARATORS AND VOLTAGE ¢2| &
CONTROLLED OSCILLATOR (vco), USE VCO VCO
AND ONE PHASE COMPARATOR TO MAKE b |
PLL. CIRCUITS ON THIS PAGE USE VCoO | ¥ T
ONLY. SEE RADIO SHACK SEMICONDUCTOR
REFERENCE HANDBROOK FOR MORE 1] 2] 3] 4] s] 6] 7] 8
INFORMATION. $2 Pl com vco vco G

OuT OuT IN ouT INR »

SPEAKER AMPLIFIER™

8-OHM SPEAKER

TUNABLE OSCILLATOR

+9
* : Ci .OOl/qF

USE WITH CIRCUITS Jé
ON THIS PAGE. 1
= | G 24
RI
CH,RP BURST SEQUENCER Book 9 4046 :‘_>TO
L (vco) AMP
Y. sl s Mﬂ ADIUST RI
{ TO VARY
4 R2 FREQUENCY
= 100k (0SHz—>I8SKkHz
= +9
+9 A
14
13 |
x Lg
R1 cy -~
68K 47uF 2 l
_ \,q
+9 c2 40bb
T l—__‘ ‘ .OOS,«F 7
b 5» 77 R2 =
9 330K
Sol | J\ 4044 4
: | AP (vco) R3
=l ¢3 470K
i j LM/\S ; ‘/‘F
R2: ADTUST FOR |-4 CHIRPS PER CYCLE. RY o2
CRIRPS WILL KAVE DIFFERENT FREQUENCIES. 100 K -
R3: CONTROLS PITCH OF CHIRPS. CAANGE Rl OR ClI TO ALTER CNCLE TIME,
FOR TONES INSTEAD OF CHIRPS, CHANGE R4 OR C2 TO ALTER FREQUENCY.
CONNELT TO PIN 12 INSTEAD OF PIN I]. CHANGE R3 OR €3 TO ALTER WAIL.
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PHASE LOCKED LOOP (conTiNuEeDd)
FREQUENCY SYNTHESIZER

+9

046

SOUND EFFECTS
GENERATOR

PRODUCES FASCINATING VARIETY OF

ONDULATING AND CROPPED TONES.
RV  CONTROLS CYCLE TimE . R2
ConTROLS DELAY  TIME., RY ConNnTROLS
FREQUENCY RANGE. RS  CoNTRoLS
CHOPPING RATE . CHANGING RS’s
SETTING GIVES MOST DRAMATIC RESULTS.
¥*

K INDICATOR

,,, LOCK INDICA

*
USE TO
VERIFY LocKk
OF 4046 N
PLL MODOE.

LED GLows OR
FLICKERS WHEN
9046 INn PLL MODE
IS ouT OF LOCK.

/SOOK

TIMEBASE
OSCIWLLATOR

1.2 =
V34049

/7
CONTROLS
FREQUENCY +4

o o

3] 1009

.l,.4F 5K

B
AR
+9

> FREQUENCY oULT

.

11_5__ 4017

BB BUE o ) Rl

3 X4 XS X X7 X8 X

l—s SELECT TIMEBASE FREQUENCY
MULTIPLICATION FACTOR. SET
TIMEBASE TO ~ |IOOHz2.

TONE BURST GENERATOR

+9
Rl SETS TONE FREQUENCY.
RI lo
500k Fi_,'ro AM P
4046
(vco)
8 \OOK
R3 sETS
k- .0oluf| BURST
RATE
1L2=
24049
c2
T 4.2uF




1024-BIT STATIC RAM

A7 A8 AQ CE OuT IN +5 GND

2102L to| 15| 14] 13 12| 1] o] q
——
1024 |-BIT STORAGE LOCATIONS ADDRESSED NOTE UNUSUAL LOCATION
BY PINS AO-AQ. TTL /LS COMPATIBLE. OF POWER SUPPLY PINS.
CE (CHIP ENABLE) INPUT CONTROLS R/W
(READ /wRITE) OPERATIONS). 3-STATE OUTPUTS. (AO-AQ: ADDRESS INPUTS)
CE R/w | OPERATION
T 2] 3 a] 5] <] 7] 8]
L. L WRITE (LOADS BIT AT PIN (1) At. AS R/w Al A2 A3 A4 AD
L H READ (OUTPUTS RIT AT PIN 12)
H X Hl Z (ouTPur ENTERS THIRD STATE)
CLEAR g 14
(wWHEN R) 174193/ 21 02L ADDRESS\ NG Cl| RCUIT
[ e
795193 |2 T
8
S 3 oI
7 AH
"2 i
74193/
4 (3 e
117405193
(o
- » F
8
5 3 e
7 > O
12 1
74193/
14 o |
IL] 7405193 |
1o
2 B
8 L
5 3 A T
ADDRESS
lgf 1s| 1w} 1] 2} 7| | s| 4| & LINES TO
% OTHER
2102L's
q 2i02L
l& i 4 ul |2l lsl zl
n i e cLock THE ADDRESS [NPUTS MUST BE

IN OuT CE RMW  STABLE DURING R/w OPERATIONS.



1024-B1T STATIC RAM (conTinueDd)

2102L

ADDING PROGRAMMED
OR MANUAL JUMP

ADD THESE CONNECTIONSG TO THE

ADDRESSING

SA—SI: USE
8-POSITION DIP
SWITCHES OR

MINIATURE TOGGLES. 9
OPEN=H ; CLOSED =L 74193/
10
B o o—1] 74Lsi93
5T L A R i
74193/
SG -l dion Sl
74L5193
SF J»-—__(/o_'
"
SE dp_.o/o.i
Shl LU L el ¥
74193/
Sc 0——-0/0__’_0_
74905193
S8 #—‘/0"'7
H
S A F—O/ 15 |
= &
= LOAD
NORMALLY THE LOAD ([NPUT IS HIGH.

MAKING LOAD LOow (OADS THE
ADDRESS PROGRAMMED IN SWITCHES
SA-ST INTO THE 74193’s. THIS
PERMITS A PROGRAMMED JuMP
OR A MANUAL JumpP TO ANY
ADDRESS.

CIRCUIT on FACING PAGE.

PoeNOPOUOMINEOHLE HY

SINGLE I/0 PORT

I/0 conTRoL

. o1/0 PORT
YA () 74115

= \
1= fo 7905307

Rl
ADD THIS CIRCLUIT TO THE

ADDRE SSING CIRCUIT ON FACING
PAGE. wWHEN I/o (InpuT/ouTPUT)
ContROL IS H, PIN 3 OF THE
74L53¢7 ENTERS TH/RD STATE (H!-2)
AND I/0 PORT  ACCEPTS INPUT
DATA . WHEN PIN 3 OF THe
298 36 L1s L A Aol JRCRT

OUT PUTS DATA . BOTH THESE
OPERATIONS ARE DEPENDENT
UPON THE STATLUS OF THE
2102L CONTROL |NPUTS.

CASCADING 2102L'S

ADDRESS BUS
Mlsiel 11217 | [S|Y|8 miisjiel 1 j2l7(6[S5(49(8
2l0ZL-A 2/02L-8

NINBE q{lo[ nfiz]afisfaliol _ +5

> GND

o CE
IN A ___oR/wW
IN B% > OUT &
5> OUT A




1024 x 4-BIT RAM

*S A7 A8 AQ A B D WE
21 1 4L /40485 18] 17| 16] 5] 4] 13) |21 ) 1o}
1024-49~-8/T STORAGE LOCATIONS ADDRESSED INPUT/ 0UTPUT
BY Pivs AO-AQ. TTL/LS COMPAT/BLE. PINS
FOR READ/WRITE OPERATIONS, CE (CHIP ENABLE,
ALSO CALLED CHIP SELECT) Musr 8 Llow. AO-A9: ADDRESS INPUTS
WE INPUT  MUST BE tOw TO WRITE WE: WRITE ENABLE
(LoAD) DATA NTO CHIP. WHEN  WE
(S HIGH, OATA IN ADDRESSED vo2f 31 4] 5] e 77 8T 4l
LOocATION  APPEARS AT  INPUT /OUTPUT AL A5 A4 A3 AO Al A2 CE GAND
PINS. IDEAL CHIP FOR DO-IT- YOURSELF (¢9)
MICROCOMPUTERS AND COMNTROLLERS.
CLEAR o hl
(WHEN H) Iin«m/ 21 149L ADDRESSING CIRCUIT
o
74L5193(2 ol ]
8 7
5 3 -
12 A " H
91 74193/
b » G
M} 7405193
16
2z > F
8
s 3 | 1B
12 7 _i 0
M1 74193/
b Ligle
] 7405193
[ o
2 — > B
8
s 3 N )
ADDRESS
15 o 17 I 2 3 4 v 6 Y LINES TO
18 OTHER
k& 2114L 2114L°s.

§'+i§ CL‘;CK nl 1z 3] 14 8] “1
THE ADDRESS INPUTS

Bt C B A CE WE MUST REMAIN STABLE
INPUT /OUTPUT €s) DURING R/W OPERATIONS,
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1024 % 4-BIT RAM (conTINUED)
211 4L /404S

HY

mmO T

> MO

1024-NIBBLE
DATA LOADING CIRCUIT

MRANUAL JUMP: |. SET SWITCHES A-J
TO DESIRED ADDRESS), 2. PRESS  S6,.
(NIBBLE= 4-8IT wWORD OR Yz 8-BIT WORD)
Si— CLEAR
r—o/c i

8| 74193/ USE THIS CIRCUIT TO MANUALLY

o STORE UP To 1024 4-BIT  WORDS

9| 7415193 N A 214 L. AFTER THE DATA

10 IS LOADED, IT CAN THEN BE READ

2y ! 2 BACK AT THE CLOCK SPEED. THE
1[_;":& IS DATA OUTPUTS ARE PINS |I-14 WHEN

I DATA INPUT SWITCHES ARE AT NEUTRAL,
) 5 3
SPST WRITE: I SWITCH SZ TO THE
TOGGLES BOUNCELESS PUSHBUTTON.

l 2 v 2. SWITCH S4 AND S5 TO L.

4 3 OLesE LS3

8174193/ 4. INPUT DOATA.

e e S. PRESS BOUNCELESS PUSHBUTTON,
= 91 79esi93 6. REPEAT STEPS |-S.

o 0- 1
oo : = READ: |. OPEN S3.
00— IS 2. SWITCH S5 To H.

d 3. CLOSE, THEN OPEN, S).
yWF 2 3 4. SELECT CLOCKED ©OR
LN MANUAL ouTPUT (S2).
USE AT
ALL Tc 12 % NOTE:

PWR SAY 14 BEST TO OUTPUT DATA
PINS. 874193/ THROUGH 74L5367 HEX
1o b BUFFER.
10~ 9|74¢s193
>0 10
oo a Z S4 — CHIP
L o0—0- 15 ENAGLE

I
S6-LOAD 5 3 cnd ]
(NoRmALY 3BT N S S BEL BET ikl 88 W g
CLOSED) 18 CE

2114L €s)
9
oot ClOE X 2 ¥ e A WE
S2. i 12 13 IT] 10
SPDT —» O—> BOUNCELESS(} S}
TOGGLW
DPST"il__.___‘ I HT L HT L HI L HT L H
41‘0(. LE : e:_ & : = 2
T ™ i A } = |45
Y M DATA INPUT SWITCHES S5~ WRITE
= +5 S3—~ WRITE (SPDT WITH NEUTRAL CENTER) ENABLE

H|



COMPLEX SOUND GENERATOR
SN76477N / SNT76488N

NOTE: THE SNTI6488 INCLUDES BUILT-

IN SPEAKER AMPLIFIER. THE SN2477

DOES NOT.
INCORPORATES S.L.F ENVELOPE SELECT ) 28 ENVELOPE SELECT 2
(SuPER Low EREQUENCY PINOUTS
OscitLAToR), VCO GROUND 2] FOR BOTH [27 MIXER SetEcT C
(VOLTAGE CONTROLLED CHIPS ARE
OSCItLATOR), NOISE EXTERNAL NOISE Clock3| IDENTICAL [26 MIXER SELECT A
GENERATOR AND A EXCEPT:
MIXER THAT ALLOWS NOISE CLOCK _MA__ 4] 25 MIXER SELECT B
THE ouTPUTS FRom SN488 —
ONE OR MORE OF NOISE FILTER _AM__ 5] PIN 12 s |29 ONE-SHOT _AmA
THE ABOVE To BRE AN AuDIO
COMBINED. CAN BE NolSE FILTER __ji— &l InpuT.  [2 OnE-SHOT  —j1—
OPERATED TOGETHER
WITH APPROPRIATE DECANY _AAA__ 7] 22 vco SELECT
RESISTORS AND SNIIL4Y
CAPACITORS TO ATTACK [DECAY )| 8| REQUIRES l'z"l Stk L de
PRoODUCE M™MANY KINDS SIMPLE.
OF SounDS. CAN BE SYSTEM BNABLE l OuTPUT 39 SILIEL L AAA_
CONTROLLED BY EXTERNAL AMPLIFIER.
LOGIC. SEE DATA ATTACK _MA__ 0] !9 PITcH  cownTROL
SUPPLIED WITH CHIP FOR
MORE INFO. SNI64M? AMPLITUDE _AM__ 1) snowisg '8 veo  _aaa
AND SN?72488 ARE ouTPUT
INTER CHANGE ABLE. . .. FEEDBACK _AAA 2] R Mool 4 L fel
BuT sn2488 DoES 8-0HMm
NOT NEED OUTPUT Aubio ouTPUT Q_l‘ SPKR ng EXTERNAL VCO
AMPLIFIER. NOTE: 2
THIS CHIP Is EAsY  +45-—2Vv (9v BesT) M| louF 1S Veeg
TO USE IF You FoLLow =
DATA SHEET INSTRUCTIONS.
PERCUSSION SYNTHESIZER
+9
I SI— PRESS TO ACTIVATE SOUND.
:_Q]ci
4IK ({ s} 19 9 5 RS2009
SN76477N
100K, 16
(vCo &iAs)
3 By, 8 tol | 17} I8 22| 23| 24| 12 8-0HM
"i. ad B 1 SPKR
22 Stoo 47K
[-1omMm | 33 [IM< K< kK Q.47 100K .\I"’O
" ) A LL
/ N xi N7
o . CONTROLS ADDS USE 270K FREQUENCY CONTROLS ¥
= DECAY EXPONENTIAL TO Stow ConTROL SOUND 100~
DECAY ATIACK (Low= DRUM) DURATION [N
[T e SR AWM T (voLume)

S



COMPLEX SOUND GENERATOR (conTinued)

SN76477N /7 SN76488N

NOISE GENERATOR

+9

/’NOISE SELECT PIN
4

RS20049

SN76477TN

8-0rM
SPKR

3 q | 5 GJ-‘? loL i 260 27| 12
47K 47K 470 {00 100
AT

SNARE DRULM

: 3 PRODUCES STEADY HISS. MAKE
BY CONNECTING PUSHBUTTON IN SERIES WITRH 100-500
SPEAKER. ADD S.L.F. OSCILLATOR TO MODULATE (VoLume)
THE Hiss . (SELEcT S.L.F. + NOISE BY CONNEC- |
TING PINS 25 AND 26 TO GND AND Pin 27 To
+9y. ADD |IM POT FROM Pin 20 TO GND AND
LuF  CAPACITOR FROM PIN 21 To GND.)  SOUNDS
LIKE STEAM TRA(N OR PROPELLER AIRCRAFT
DEPENDING ON ADIUSTMENT OF IM POT.
+9
\ SI—PUSH FOR
D0 TONE STQUENCE
+9
\ 19] 221 W 9 251 26| 27| 28
RS2009
SN764 77N
. S -0HM
2 7, 8 10 \ B ig] 20 21 23 24 12
+ + o +)
lom .ZzﬂfTwok look .lﬂFI“L"K M z.é/l\.nﬂ;\ M
M
4. Rt X A R A x A/ ,
3 ConTROLS VCo S.L.F CONTROLS - l
DECAY FREQUENCY FREQUENCY SOUND joo -
DURATION \o,uF 500
PRESS SI AND RELEASE TO HEAR UNDULATING TONE _I lvoLume)
THAT GRADUALLY DECAYS AND SToPs. CHANGE VCO
AND S.L.E COMPONENTS FOR MANNY DIFFERENT SsounD EFFECTS
RANGING FROM SIREN TO SCIENVCE FICT)ON MOVIE SoUMDS. FOR CONTINUOUS
SounD, OMIT COMPONENTS AT PINS 7,8,23,24 AND GROUND  PIN 9.



DUAL ANALOG DELAY LINE
SAD-1024A

CONTAINS TwWO INDEPENDENT 512 STAGE
SERIAL AMNALOG  DELAY (SAD) LINES
(ALso CALLED ANALOG SHIFT REGISTERS).
OK TO USE EACH 512 STAGE SAD
SEPARATELY OR IN SERIES. ANALOG
DELAYS of UP TOo ‘Y2 SECOND CAn BE
ACRIEVED. A 2-PHASE Cock IS REQUIRED
TO DRWE INPUTS @I AND 2. [NPUT
DATA RIDES THROUGH THE SAD oN
ALTERNATING CLOCK PULSES AwWD
APPE AR AT THE TWO OUTPUTS AFTER
PASSING THROUGH ALL 512 STAGES.
ConnecT Ve To Voo (PINT) oR, FOR
OPTIMUM RESULTS, TO | VOoLT BELOW
Voo. THIS CHIP CAN BE TRICKN To
USE SINCE SEVERAL EXTERNAL
ADTJUSTMENTS ARE REQUIRED. CiRcuITS
ON  TR|s PAGE EXPLAIN OPERATING
REQUIREMENTS WHILE A COMPLETE
CIRCUIT |S SHOWN oON  FACING PAGE.

SAD IN/OUT CONTROLS

+10 -(5 PIA  PZA R3
R2 8] al | Il 2K ga
41K 1K
2| SAD-1024 A ouT
R) (secTion A)
lok ! W
A '5 ouf ouTPUT

s__i‘f (__.o IN BALANCE
INPUT BIAS

ADJUST Rl (INPUT BIAS) FOR OPTIMUM
AUDIO OUT PUT. OUTPUTS APPEAR  LIKE
THIS OoN A SCoPE:

ol NNl lninly

A/

e T CLOCK  GLITCHES
SuMMED OUTPUTS (A+A"): s

SET SCOPE TO VISUALIZE INPUT SIGNAL
(COMPRESSING CLOCK RATE):

HY

NC P28 our B @iB
IN B NC ouT 8 Vb
o] 5] 4} i3] 421 )| 10] 9

SECTION &

SECTION A

T 2] 3] & 5|~e.l 7] 8]
GND | ¢2A out A |tIo-1TV
INA NC ouT A' olA

CAUTION: THIS NMOS CHIP IS
VULNERABLE TO DAMAGE FROM
STATIC  DIScHARGE! FolLLow

cmMmos HANDLIN G PROCEDURES.

SERVAL OPERATION

Ci
IyF
A 5+ is| B

Rl RZ
SK 41K

Rl CONTROLS BIAS To SECTION RB.
NOTE THAT oMLY ONE OUTPUT OF A
IS CONNECTED TO INPUT OF R.

OuTPUT SUMMER

W4AVAYAN
~ 1K 2K — 100K

s
B ~2K

T_% —>

ANY OP-AMP CAN BE USED, BUT
Low NOISE FET INPUT TYPES ARE
BEST.




DUAL ANALOG DELAY LINE (continueo)

SAD-1024A

ADJUSTABLE FLANGER

OR PHASER

2-PHASE cCLOCK KELPS TO
{ v CONNECT
100pF —. 001 FREQUENCY
RS RG COUNTER HERE
1K ISK TO MONITOR
&—AM___.  CLock FREQUENCY.
BRIDGE HERE TO ELIMINATE e N +’(___J
Y_HIGH-PASS CUTOFF +I12V W .
) o™
v 71 8 3 c3 10] 14 S I HELPS TO CONNECT
'3_|/ Y | uF F'_]z‘ SCOPE HERE.
a 14 l2] sap-1024A |5 ti IS1sap-1024A |[ra
12 ILOSL‘/ SECTION A L stcTion B |[599
/n
, TEELE 2s |6 1
FILTER <o 47K LOW-PASS
HIV | oIuF @ FILTER  ~
EASIER TO ] = SK}
SET BIAS RI3 \l ]_ cy ¥
(R13, R7) BY 10K _ u .00 F =
CONNECTING cS
SCOPE TO PIN RIS IOuF __)l A
5 OF SAD THEN 4.7k MIXER H AUDIO +
RQ's CENTER ouT CL RIB
TAP. START el 10uF 10K R1q
WITR Low Riu +/q U L_/\N\ 8 % ISK
LEVEL ALDIO IN. HIK 8% Rib R7 *C'l-ce:
10K 50k USE .O\mF FOR
Low ¢ RATES.
ADIULST CIRCUIT FOR DESIRED EFFECT
BY COMNNECTING TRANSISTOR RADIO TO
AUDIO INPUT. TONE RADIO TO A  TALK REVERBERATOR
SHow FOR BEST RESULTS. RJ3 AND R?
CONTROL BIAS TO SECTIONS A AND B OF i
THE SAD. R9 RBALANCES THE SAD oOUT- { N\
PUTS. R2Z CONTROLS THE CLOCK RATE. TO PIN 2 \OmF
R17 1s THE MAIN BALANCE CONTROL. OR PIN 3 L M
IT CONTROLS THE RELATIVE AMPLITUDES OF TLOB4 (TRY BOTH). =
OF THE ORIGINAL AND DELAYED SIGNAL
APPLIED TO THRE MIXER. ConNECT THE ADD TRIS FEEDBACK CIRCUIT FOR
OUTPUT TO A POWER AMPLIFIER. YOU MUST UNUSUAL REVERBERATION EFFECTS,
ADTUST BIAS CoONTROLS PROPERLY FoR BEST Stow CLock FREQUENCIES GIVE
RESULTS. SET RZ FoR (Ow FREQUENCIES MOST  STRIKING REVERBERATIONS.

(3-8KH2) FOR SINGLE ECHO. USE HIGHER

CLock FREQUENCIES (20-100KHz) FOR Hollow,

SWASHY sounDS.
FOR BEGINNERS.

NOTE: THIS CIRCUIT IS NOV

TRY 5-20 KH2. FASTER CcLock (20-

100 KHz) AND CAREFUL ADJUSTMENT
GIWWES ROROT~-LIKE SOUND USED IN
SOME SCIENCE FICTION MOVIES.

s b



TOP OCTAVE SYNTHESIZER FHERE

S50240

Y78 239 253 268 284 30 33 338

e 15| ] i3] az] nj w0} 9|

THIS PMOs CHIP ACCEPTS AN INPUT NOTE :
FREQUENCY (@) AND THEN DIVIDES IT CHIP NUMBER

INTO A FULL OCTAVE PLUS ONE NOTE MAY BE INVERTED.

ON THE EQUALLY TEMPERED  SCALE.

THIS CHIP 1S IDEAL FOR Muslic

SYNTHESIZERS, ORGANS , FOR

TOP OCTAVE OPERATION, ® SHouLD BE XN EE TR br"l 8]
2.00024 MHz, LOWER FREQUENCIES +l-lev @ GND + =

GIVE  LOWER OCTAVES. usI 426 402 379 358

ADJUSTABLE OCTAVE

+rv

\][

FOR Top OCTAVE, ADJIUST
R!  FOR (CLOCK FREQUENCY
OF 2.00024 MH=. For
NEXT LOWER OCTAVE,
l.00012 MH: (CLOCK

FREQuENCY.

USE

SPECIAL EFFECTS

So240

SYNTHESI ZER

Hé6

l 43_~C8* IMPORTANT :
PRESS omLY ONE SwITCH AT
3—0&-4-09 ANY  TIME. TO O©BTAIN
* SVMULTANEOUS TONES (CHORDS),
—OH Dg USE AN OP-AMP MIXER
SUMMING  AMPLIFIER LIKE THIS:
————o Dby 4 100k
\1[.‘_0_L 100K
8 = Fga
——©0 Oo—04¢ 100K
5 L. +12v
ot
CINESTNRRY My 1~ %
Y g My 5| 7e
O-—AM—<-
]
Te e BE +
—0 O——yq Ga 100K o
v LY -
#—-—o 5—4Gs 33K
Y
LAl
'—2—0 O——4 AS
+
(N N T
M5 Bg
Ji—-o o———4 Ca
L1t
/65 o——TCa
— 5. TO AUDIO AMPLIFIER
TO PIN 3 OF CLOCK,
R2
\” 10K
ok JO, PINS| I-20 OF CLock.
THIS PRODUCES BAGPIPE AND OTHER UNUSUAL
SOUNDS. AD3IUST Rl To VARY INTERRUPTION RATE.



NOISE GENERATOR
S2688 / MM5837N

PRODUCES BROADBAND WHITE
NOISE  FOR AUDIO AND
OTHER  APPLICATION S. THE
NOISE QUALITY IS  VERY
UNIFORM. IT 1S PRODUCED
BY A 17-BIT SHIFT REGISTER
WHICH 1S CLOCKED 8Y AN
INTERNAL  OSCILLATOR.

WHITE NOISE SOURCE

+Il4-15Vv

Li

2088/ 13—
MMS83IN

NOISE OULT

b 1]

CONNECT OUTPUT TO AUDIO
AMPLIFIER TO REAR NOISE .
USE 78IS VOLTAGE REGULATOR

TO O8RTAIN tIS vVoLTs.

COIN TOSSER

+14-15v ¥
s N
0 o
s\
1.5K
Y 6| ] 5
! HEADS
szeee/ |3 3] 4027 %
MMS583IN % TAILS
%
] y 7 8
L
PRESS SI, BOTH LEDs GLOW. RELEASE
S) AND ONLY ONE GLowS. GROUND
INPLTS OF UNUSED HALF OF 4027

(pins 9,100,112 AND 13) ¥(ok TO ULSE
9-voLT BATTERY AS POWER SUPPLY.)

gl 7] &] 5

Vss = OV
Voo =-14V T 1y

Voo =-27V = 2V
(o;moum_)

1y 2] 3] 4
Voo Vee OUT Vss

PINK NOISE SOURCE

+ 14-15

PINK NOISE

i

CAANGE R AND (¢ TO
ALTER NOISE SPECTRUM.
ALsOo, TRY LOWER SUPPLY

VOLTAGES TO CHRANGE SPECTRUM.

SNARE /BRUSH NOISE

Ri
3.9k el Ll
L_/wL i AAA_OmF T
e\ c
OS5 uF -OluF +14-1S V
RZ
Si “|9 EK 3 P i
741 ¢C L |
+14- 15y 31,
4 x\r
4 4. ouT
Szuas/r:ij
MMSBITN PRESS SI  TO OPERATE.
INCREASE (7 AND
LL_ W & o) LOWER OUTPUT

= FREQUENCY.
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R"YT“M PATTERN GENERATOR a' TIME TRIGGER OUTPUTS

MMS871 | 18] ] 13] 12} n] 1o 4|
PATTERNS AND TRIGGERS FIVE FOR PIN EXPLANATIONS.

DIFFERENT INSTRUMENTS.
ADJUSTABLE TEMPO. COMPLICATED
TO USE, BUT WELL WORTH THE EFFORT.

T 2] 3] 4 8 & 3] 8

RHYTHM BOX Vo6 TEMPO Voo Vsg ‘“—~—/
w TIME
POWER PULSE WIDTH
CORD
) ! z CAUTION: YOU MUST
i INSULATE POWER CORD/
7815 [Z LM317 |CASE TRANSFORMER Con-
N NECTIONS |
A BB |
o il D 4 B T R ‘
l20vV-24v BRIDGE 1000 4, F R2 240 »t27V
TRANSFORMER RECTIFIER SV J S5k 24
(273~ 1480) (27%-1172) e . > GND (=)
e J ot Sy
ST
——— - >
T 1 ]TeEmPo Lig I I ELS
¥ 7 P
RS IS B N 2 I I Y [ <
(@] o < o 3
+ + IM > J b3 2 O 0
| T R7 MY i U R S e e
C2 [R3[c3 | RY §|oo|<
.|/AF 200K .|,4F ™M ;.ch Rb<C5_}
é c—€ 005 <I00K |.005
ylijz 1| 4l s 2] 3 el 7| 8] 1] 5] 16
3]S2e88/ MMS87IN
MMS837N
41 3 2] 13 n| o 9
+27 1
Di R® Q\ TRIGGER OUTPUTS
INGIq 100K 21N2222 (SEE FACING PAGE)
K
1 BASS DRuL
+27 0 A il
D2 R9 15 R I WS BLOCK
INgi1H 100K QL
__l<}_g 2N2222 i BONGO
- SNARE
- BRUSH

H&



RHYTHM PATTERN GENERATOR

MMS87I

PERCUSSION SYNTHE SIZERS:

OK TO TUNE BY MAKING
SLIGHT CRANGES TO RC

(conTiNnuED)

MMS8T71 PIN EXPLANATIONS:

\ =VNee (-27vt2v)
2 — TEMPO COnTROL (RC NETWORK)

COMPONENTS, 3 —TRIGGER OUTPUT PULSE WIDTH
BASS DRUM CONTROL (RC NETWORK)
— ) — 4 = Voo %‘HViZV)
€17 rg 5-Vss (0OV)
M
_C.;&_I 2| PATTERN SELECT INPUTS —
b— ROCK 8-~ MARCH I15—-C/w
3 7 - LATIN H—WALTZ l6—3WING
R
22K TRIGGER OULUTPUTS—
+15 +iS 9 - BASS 11—~ BONGO 13— SNARE
R19 10~ BLOCK |2~ BRUSH
220K by
BLOC K r
1 RHYTHM BOX OPERATION:
T /\g 1 POTS RIO-RI4 CONTROL VOLUME
Rl OF EACH INSTRUMENT. EXPERI-
5K MENT WITA SETTINGS FOR
IK 1K /MA cq,ci0 BEST RESULTS. OK TO SELECT
*+15 R23 .00S5 mF TWO OR MORE PATTERNS SI-
1M MULTANEOUS LY
M\ L
R24  |Ci R A
220K 4M R 33 SUMMING
RONGO > MAgClzye (81D 1K AMPLIFIER /
3 8 e PREAMPLIFIER
LMY
01, RiZ
R2S 50K S
1.5K cn, ez r 473 R
+15 .005 uF 33uF ]
+IS AUDIO POWER
\r AMPLIFIER
RZ7 ¢z R9 R34 D3
3.9k 8.2K | i & 150 12V ZENER
SNARE >___/\N\___<_‘-_'5_{ :£
S| RI3
R28 ‘ 5K R3S
[ K Ci3, Ci4 oK
+15 022 uf GAIN
CONTROL|
-
R3o0 |ci1s R32
33K 62K a s
BRUSH > M C'b;g SPKR
RI4 Sk
R31
® ok To ULSE LM324; tooK

TLO®H WORKS BETTER.

+15

4q
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QUAD NAND GATE bk
7400 /7L SO0 wh 3] 2] 1| o] 9 a

THE BASIC BUILOING BLOCK CHIP L;}J

FOR THE ENTIRE TTL FAMILY. VERY

EASY TO USE. HUNDREDS OF APPLICATIONS, E

CONTROL GATE

' iy
i o M NS3 o ouT
7400,

-8

2) (CON:FROL)

INVERTER ,

A
Y

EXCLUSIVE-NOR GATE

A : \y N Vee
!
|ouT B ! ’“°°V b
H Yy 3 ce Yy 3
H LY Ll m 2lvog ey
by 8 ?
H 10 [T 400
e is
] & ol
S |00 —

NOTE: PIN NUMBERS CAN BE
REARRAGED IF DESIRED.

=7



QUAD NAND GATE
7400 /74LSO0

HALF ADDER
Yy o Vec
S |yeg,
’ Iy "\ 3 = ‘/qw ¥ e
UM
1 hyoo, 13 7400
AtB
Y (At B)

CARRY
D FLIP-FLOP
Vee
D ] - Lt Y
= [t pid Lo it R
]
9 1o Vee
Yy :
% . Yy i I Yy N 3 Q
8 13 1900 2 |7vo0
7

WHEN ENABLE (E) INPUT IS HIGH,
Q ovuTpUT FOLLOWS D INPUT, NO
CHANGE  WHEN E IS Low.

LED DUAL FLASHER

FLASH RATE IS
2 Ha WHEN (i
AND C2 ARE 47.4F

o
-

(comTinuen)

RS LATCH

l a [
NOT ALLOWED

R L

L H
NO CHANGE

FUNCTIONS AS Rs LATCR
WHEN ENABLE (E) INPUT IS
RIGH. IGNORES RS INPUTS
WHEN El _iS! Lo,

SWITCH DEBOUNCER

Vee

}

H.K

TOGGLE SI
TO OPERATE.

4.7k

PROVIDES NOISE FREE OUTPUT FRoM
STANDARD SPDT TOGGLE SWITCH.

o3



TRIPLE 3-INPUT NAND GATE Ve (#5V)
7T4HLSI1O T 3] 2] n)] w] 9] 8
)i
VERY USEFUL IN DO-IT-YOURSELF
DECODERS. ALSO VERY RANDY
FOR ADDING ENABLE ConTROL
TO DIGITAL CIRCUITS.
| -OF -4 DECODER 1 2 ) B S Y e
Vee =
] G
|/3
o o2y O
13 ENABLE INPUT
INPUTS Vee i v
3T 5
"IED VWO « ST Yol 1 MEREREN",,- |
r~ M10 5 73 12
? _____{ 10
= 131 s
9 y INPUTS OUTPUTS
B 13 1z lu 10 1o 3 8. 2 3 m
/0
- —_— 410l
Vee S|
4
1,2,3,4,5 = S/ 7904 /741504 L T
3 12 %
M1,
E 71508 13 ENABLE (WHEN R)
4 ]
i TYPICAL ENABLE  INPUT
FOR EACH oF “4 PoSSIBLE BINARY INPUTS CiRcuIT. LVDSE THIS METHOD
(Le , LtH, HL AnD HH) ONE INPUT GOES Low TO CONTROL ONE  OR
WHILE ALL OTHERS STAY HIGH. E SHoutb BE H. MORE GATES.
OVUTPUTS > O / 2 4 5 E
Viz = . 8 Ve “ 8 V. T3
INPUTS w/ ‘3 V3 Y3 B Y3 U4 VE
{ 0 I4Lsio 14L810 I4L$10 u 749L510 74L$ 10 749L5 10
v V] 2oy 3| 4] S AR D 3 4 s qTiol n 1 21 i3
A : IH T e y
B 3 >%H J
c S 3 3
3 1,2,3= Y2 7904 /24Ls0y
FOR EACH OF 8 POSSIBLE  BINARY  INPUTS (LLL, LLH, LHL... HHH),
ONE  OUTPUT GOES Low WHILE ALL OTHERS STAY HIGH.
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DUAL 4-INPUT NAND GATE

Vee (+Sv)
71-|L520 1] 3] 2] n| o] 9] 8]
MANY DECODER AND ENCODER
APPLICATIONS. CAN BE USED
As DUAL I-INPUT NAND GATE
WITH ENABLE (CONTROL) [NPUT
FOR EACH GATE. ’—1
! 2] 3] 4] 5] &| 7
Vee
L
U R ) ABC D _|ouT A Asc D |our
vhalsdelels IH Ved Vee HL LH {
v AHIEERS 8 » X X X X
g 3 4 i 4 B ! 2 ]
X3 2 ‘
4 ouT 4]
C _S_W c 3 Y s
7 1,2,3,4,5 = 7404 [r14tsoH ? "
D A4 8 BCD o0oco=H D _ BCD 100l =H
7
OUTPUTS GO HIGH WHEN  APPROPRIATE BCD WORD
APPEARS AT INPUTS DCBA. OuTPUTS STAY Low
FOR ALL OTHER INPUTS. (OMIT FINAL INVERTER TO
PROVIDE ACTIVE LOwW ouTPuT.) USE THIS METHop TO
DECODE AnNY H-BIT NIBBLE.

DECIMAL-TO-BINARY CODED DECIMAL (BCD) ENCODER

8¢COD ouTPurs—>A B Y D
VC( 8 \/c< 8 V:r_

DECIMAL 14 2 Ve V2

INPUTS 14LS3d0 == 74LS820 74Ls20 \7 2400/
¥ 749L500
o Ncllsusslun] NBEE q Tior2]13 |7 2 1
) = =
2
=
L{
5
b
7
8
9

SELECTED INPUT SHoOULD BE Low AND ALL OTHER INPUTS SHRouLD

RE HIGH. BCD EQUIVALENT WILL APPEAR AT THE OUT PUT S.

L



8- lNPUT NAND GATE Vee (#5V)

7‘“—530 I#f 13 1] un] o] 9] 8]

HANDY FOR BYTE -SIZe (8-8I1T) DECODING
APPLICATIONS. CAN DECODE UP TO
256 INPUT COMBINATIONS, Also

USEFUL AS PROGRAMMARLE NAND
GATE.

T 2] 31 4] sl ¢ ZL
8-BIT DECODER T

UNANIMOUS VOTE DETECTOR

AL L - Vee
\ l E“‘ 52 I
1,2,3,4,5,6 = 7404/ 791504

& __l3 : >)_“ - 1,2/= 7404 /741304
r—o G‘{:ﬁ : >0-——-H Vee
4 S5 O I 270
Vee L Vee o S A
2 ‘: V
o s e 3 I LT:J -
9 3 14 N
%7%530 B ouT ot y X
E %4 8 & S |74ts30
5 n 7 o e i b
= 12 i ] ?
E ﬁ IR 12
e 13 1”2 ﬁ b
7
G 1L2345= Ve LED GLows
74904 /749L50Y L0 o ! Nal WHEN  ALL
INPUT SWITCHES
Hi 2 10 ARE CLOSED.
4»—0/ : 2
e
QUTPUT GQOES Low 0OnNLY WHEN . - =
INPUT S LHHLLHLL (DECIMAL 100), 8
LP TO 2S6 INPUTS CAN BE DECODED
BY REARRANGING UP TO 8 INPUT
INVERTERS.
PROGRAMMABLE NAND GATES
5-INPUT - INPUT T~-INPUT
1 Ve i Vee
z L] ———E L]
3 —L13)
1] 8 Y 8
S [74Ls30 S {74Ls3o
b s
n 7 1 4
‘2 = 12 =
] et




QUAD AND GATE Ve (#5V)

7408 /7T4HLSO8 A i 12l u] o] 9| 8]
ONE oF THE BASIC BuILDING BLOCK —%"‘ —EJ‘)-J
CHIPsS. NOT AS VERSATILE, HOWEVER,

As THE 7400/74LS00 QuAD NAND

GATE. E—- —E__

v\ 121 3] 41 5] & 7_L
AND GATE BUFFER =

Vee

o Foa)yes our  msour DIGITAL TRANSMISSION GATE

Vee

USE FOR [NTERFACING WITROUT

CHANGING LOGIC STATES. ENABLE IH

FrrxXxrr|jm

NAND GATE

9]
H

OUTL H H

B -4 H
‘/¢.7Hoq H H £

NOR GATE 3

c M
D=2 AB CD |our
. X< XX H
I I X X &
11 111 L
H-INPUT NAND GATE H-INPUT AND GATE
Vee Vce
[ 14 1 14
P & Vee A-LB
8 .2 : ” 8 .k
2 ;’:oo > > OUT 10 -:/:oc 2 QT
(65 1 7 c M
o2 - AB CcD lour 2 - Ag ¢ D lour
i HH HHA L Lk HH HH ‘H
3 X ¥ X X H T X X X X i

1L



QUAD OR GATE Vee (+5V)
74HLS 32 il 13 1z2] n] ol 9] 8

FOUR 2-INPUT OR GATES. \i:l -=g>‘|

NOT AS VERSATILE AS 7402/

749Ls02Z  QUAD NOR GATE,
BUT VERY USEFUL IN SIMPLE |
DATA  SELECTORS.

'] 2l 3] N) 5] e] V1

AND-OR CIRCUIT NOR GATE
Vee Vee Vhe
A | Y 7 Y4 3 =
sj &

= Vw404

NAND GATE

14
OUTPUT GOES HIGH WHEN BOTA A >
INPUTS OF EITHER OR B80TH AND L
GATES ARE HIGH, OTHERWISE 7737«0'4

THE OuTPUT IS Low. THIS BASIC
CIRCUIT S WUSED TO MAKE B
DATA SELECTORS ... AS SHowN

BELOW —} —

DATA IN
A
SELECTS I-OF-2 INPUTS
ouT AND TRANSMITS ITS
LOGIC STATE TO THE
B QOUTPUT.
VCC y
ADDRESS DATA |IN QuT
14
A B A
/7 3
V37404 2 L X L B
\ L X H H
H L X L
H R X H
] -
NOTE: FOR  2-INPUT DATA SELECTOR,
A USE 74LS27 NOR GATE EFOLLOWED
BY INVERTER AND PRECEEDED BY
ADDRESS (DATA SELECT) 74LsI0  3-INPUT  AND GATES.
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QUAD NOR GATE
7402 /74LS 02

JUST AS VERSATILE AS THE
7400/ 74LS00  QUAD NAND GATE...
BUuT NOT USED AS OFTEN.

ADD INVERTER (7404 /74LS04)
To BoTH INPUTS OF A NOR
GATE AND AN AND GATE 15
FORMED.

EXCLUSIVE-OR GATE

TH!S CIRCUIT 1S EQUIVALENT
TO A BINARY RALF— ADDER.

RS LATCH
Vee
Rs |l a 7
LL |NO CHRANGE
L H H L
H L L H
HH INOT ALLOWED

Vee(+5v)

H* i3] v n] 0] a| 8

Ll L
3] 7]

| 20 3] 4f s| e 7]

= O o e e

ONE-SHOT

TRIS CIRCUIT IS A MONOSTABLE
MULTiVIBRATOK OR PULSE STRETCHER.
AN INPUT PULSE TRIGGERS AN
OUTPUT PULSE WITH A DURATION
DETERMINED BY R AND C. ouTPUT
PULSE wIDTH IS APPROXIMATELY O8RC.

AND GATE

)




TRIPLE 3-INPUT NOR GATE
T4HLS27

SELECTORS
FLIP-FLOPS
CLEAR AND

FOR DATA
AND NOR GATE
THAT REQUIRE

PRESET INPUTS.

USEFuLL

GATED RS LATCH

ch(+5)
Ht i3] 2] u] w0l 9| 8|
2] 3] M) 5| o] 7

PRESET
R
E
s
CLEAR
FUNCTIONS AS RS LATCH WHEN
E (ENABLE) INPUT IS HIGH. I1GNORES
RS INPUTS WHEN E IS LOw.
DATA IN Vee 3" |NPUT DATA SELECTOR
3 4 (L]
A u KB ‘ SELECTS [-OF-3 |NPUTS AND TRANSMITS
5 | 74Ls1o, : ITS LoGIC STATE TO THE OuTPUT.
]
& 7
t
9 3N <
z 10 i 0:9 4 » 8
L [1eso [A L ot 0/ 4 ” ouT
1
Vee A% 12,3473 7404 /79Ls04
| 7 T
C ; \l} \2 3
[Lsto *1 T
- 3
y 10 ADDRESS DATA IN OouT
V.( Ly
m2 /\ B A C| Bl |A
2 Ll b x] &1 i 7!
f AN X X H H
: 1,2,3,4="3 74904/ L H X1 it 9 b
i 79LS04 Ll M X H X H
H L LKL X L
k H L H, x| X H
) 13 3 H H Xl el IX L
B A

ADDRESS (DATA SELECT)
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DUAL AND-OR- INVERT GATE
74LSS51

VERY VERSATILE BuILDING B8LOCK
CHIP. IDEALL FOR CUSTOMIZED
DATA SELECTORS , LATCHES
AND EXPANSION OF A SINGLE
INPUT To AN AND-OR INPUT.

Vee (+5V)

Ht i3] 12) ] 10l 9] 8

I
LATCH WITH ENABLE [INPUT vzl st ] sT e 9]
Voo —
o) L] !
—O DATA
B e 7904 TYPICAL AND-OR INPUT
ENABLE
D C B8 A
Vee Vee 2
| 13 9 10 1 3 4 S A
4
L] Ve \’l
74¢5 S) 948 St =
out = (AB)+(cD)
a8 A
ENABLE | TYPICAL TTL
A d INPUT LOGIC CHIP.
Q Q
Q OuTPLT FoLLows DATA INPULT
WHEN ENABLE INPUT IS  HIGH. NO
CRANGE WHEN ENABLE (S LOow.
TRIS  CIRCUIT SELECTS 1-OF-2 DATA SELECTOR
[-OF -2 4H4-8IT WORDS.
NOoTE. THAT THE
SELECTED WORD 1S INPUTS > D vy c ;! 3 Y A A
INVERTED AT THE ? ? ? ?
OUTPVUTS. TRE CIRCLIT
REQULIRES TwoO
4LS Sl CHIPS.
9 10 34 s | 3 9 10 2
INPUT ADDRESS Vee Vee
A ouT (A) N ~ 7
X _ X 74(SS! 14 14 74LS 5]
H L EISE H .S L
H X H L T 8 e i 8
L L1 H =4 |5 i =
L e X I ourPurs—> D c B A

bl



DUAL NAND SCHMITT TRIGGER

74LS13

TWO H4-INPUT NAND GATES
WITH A  SWITCHING THRESHOLD.

OuTPUTS Go LOow WHEN INPUTS
EXCEED 1.7 VOLTS. QUTPUTS GO
HIGH WHEN INPUTS FALL ToO

0.9 Vvour. IF  ANY INPUT IS LoOw,

TRE RESPECTIVE OQOUTPUT wiLL
STAY HIGH AND THE GATE wild
NOT TRIGGRER.

GATED THRESHOLD
DETECTOR

/rOUT
(WHEN ConNTROL
INPUT IS HIGH)

~=~ INDICATES —
THRESROLD LEVEL.

GATED OSCILLATOR

Ri
1K
Vee
: 19
E‘/z
CONTROL, [17%513 s
5
7/
C A
-OluF
OSCILLATES WHEN CONTROL IS HIGA.
CAANGE Rl AND (€I TO CRHANGE
FREQUENCY. Ok TO ULSE THIS CIRCUIT
AS GATED CLOCK FOR LOGIC CIRCUITS.

62

Vc¢(" 5\!)

'l‘tt i3f 1] wul IOLQ

3| & _[_

PHOTOTRANSISTOR
RECEIVER

Vee

33K

Ql: PHOTOTRANSISTOR
(RADIO SHACK
276-130  €TC.)

USE TO (LEAN UP |NCOMING LIGHT PULSES.

TWO-STATE LED FLASHER

1K
/A
Vee
Iy
l\
[“‘/z
CONTROLS- Tz 240512 Vb
‘
5
- 220
+|
‘OO/AF
, )
LED FLASHES TWICE EACH SECOND
WHEN CONTROL INPUT IS HIGA,
LED STAYS ON  AMD DOES NOT
FLASH WHEN CONTROL IS LOW.



QUAD NAND SCHMITT TRIGGER
74LS132

NAND GATES WITH A SWITCHING

TRRESHOLD. OUTPUTS GO LOW WHEN
INPUTS EXCEED .7 VOLTS. QUTPUTS
G0 Low WHEN INPUTS FALL TO
0.9 VOLT, VERY USE FUL FOR
CLEANIN G UP DIGITAL SIGNALS
BEFORE THEY ARE ALLOWED

ENTER A LOGIC CIRCuUIT.

TO

WAVE SHAPER

ouT

pec
\OO,qF’l

TRIGGERS
ENABLE
HIGH.

Vee (‘* S V)

Hf 13

] 2

LED FLASHER

1

Ul

FLASHES
ABOLT
TWICE
EACH
SECOND.

2205

N

WHEN

INPUT IS
ouTPUT RIGH
WHREN ENABLE LOW.

LEVEL.

T T 7 INDICATES THRESHOLD

ADDING ENABLE

INPUT

ENABLE Yee
144
3, ouT

7
IN

—

BCUNCELESS PUSHBUTTON

Wil

PRESSING  SI

GIVES SINGLE ,
CLEAN QuUTPUT
PULSE. USE FOR
MamLALLY INJECTING
LOGIC SIGNALS, ETC.
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HEX 3-STATE BUS DRI VER

THLS 367

FUNCTIONS AS A
BUFFER WHEN

EACA GATE
NON-INVERTING
ITS ENABLE InPuT (G) OR G?)

1S LOW. OTHERWISE EACH GATE'S
OUTPUT ENTERS THE HIGH
IMPEDANCE (H1-2) STATE.

HERE'S THE (@)

TRUTH TABLe: H X Hi~ Z
L L L
' H H

| -OF-2 DATA SELECTOR

Vee
Tu.
THLS 367
B &) J\ 13
1S <
ouT
A L l\ 3
P
Vee S (SELECT)
Yy bt iz
S o4 2 L= B
LI AN ¥
- Yo 7404
I-OF-2 DATA SELECTOR
Vee
INPUT SELECTS
WORDS Lt"- 5 1-0F-2
EFpae 2-BIT WORDS.
B 2 g I
]
; s
2T
Bl 4 [\ 13 >
5 OUTPUT
WORD
A 1 I 2
Vee 1/
[ SELECT:
2.4 M 2 E _e
SELECT 7 Yo 404 H = B A
= L= 12 A

64

Vee (45V)

l(oT Igz 1] i3] 2] nf o 9}
SmmE *?J
LR

2 31 9l &1 ¢f 71 8

Gl

—

ADDING 3-STATE OUuTPUT
TO TTL

VCC

TTL oR LS
CHIP

3-STATE OULTPULT

ENABLE INPUT

BIDIRECTIONAL DATA BUS

DATA Vee
ie A \ /r \ A

74YLS3L7

D jg_{::> 3

o) 2 5
et

g o NI
ot

A 10 q
B8 e

WRITE o ]!

3

—

TwWOo - WAY
(B1DIRECTIONAL)
DATA BUS

>

Vee DATA

L= ouT
74LS367

D

*w

‘&(n

SR = an
P

9
'S A

N ~<—
-

O =<
o>
>

eJl>_;5
{>_

1_8 | OREAD



HEX 3-STATE BUS DRIVER

T4LS3568

EACHA GATE FUNCTIONS AS AN
INVERTER WHEN ITS ENABLE
INPUT (Gl OR G2) 1S LOW.
OTHERW!ISE EACH GATE'S OUTPUT
ENTERS THE HIGH IMPEDANCE
(H1-2) STATE.

here's /e G | IN | ouT

TRUTH TABLE: H X RHI-Z
L L R
L H L

BIDIRECTIONAL
DATA BUS

ENABLE

1,22 5 748308
3=l 749¢53L8

ONLY ONE  INPUT
GATE CAN BE

IN 4 ] | ENABLED AT ONE
TIME. ANY NUMBER
ENABLES 'S| _I8 Y OF OuTPUT GATES

CAN BE ENABLED.

GATED TONE SOURCE

—
,2=
Vee .05 ‘3 74Ls3e8
m"" 13 ]1( . 12]2 1
15
.08
41K 220
Yk ENABLE
(L=TONE)
8 L
SPKR
i

TONE FREQUENCY = 3.8KH2

Ve (+SV)

] .f'z wf 1]l u| 1o a]
B
EEELLa R

|2|3]Hl?|f]7]gj_

Gl E

GATED LED FLASHER

Vee

2= /3 T4LS3e8

ENABLE

l (L = FLASH)

BOUNCELESS SWITCH
(WITH ENABLE)

Vee 1,2= 74LS368
(1%
) 14 13 12 2 1] 3 ouT
15 a
ENABLE
(wHEN L)

| L H
<
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HEX INVERTER Vee (+5)
7404 /74LSON YT T Y

VERY IMPORTANT IN ALMOST [:;‘] l—‘;J E)D"J

ALL LoGIC CIRCUITS. CHANGES
AN INPUT TO ITS COMPLEMENT

(i,e. H>L AnD L—>H). m :>>—, m
BOUNCEFREE SWITCH IS B S N R

| our AUDIO OSCILLATOR

L OUTPUT FoOLLOWS Vee
{ SWITCH POSITION. OUTPUT TONE t :
{ IS 4 KR2. I,1= 7404 /741804 g
1,2= /3 790M [79Ls504 270
_L_ 47K 4

Vee

ALLOWS ONE I
SIGNAL TO

IN ouT(=TN) CONTROL 2 OR
MORE INPUTS.
SPKR
|-OF-2 DEMULTIPLEXER
Vee
Vee . 14
" 2 3 ouT A
DATA z 4 THIS CIRCUIT STEERS THE
IN 7 2 7408 INPUT BIT TO THE OUTPUT
4 SEERC, SELECTED BY THE ADDRESS.
3 < e ouT 8
< THIS TECHNIQUE CAN  Be
L, USED TO MAKE MULTIPLE
1,2,3= 7904 /74Ls04 |, = OUTPUT DEMULTIPLEXERS.
DATA ADDRESS | OUT A OouT 8

e
EET T
e X
TrxTxI

2
s
‘1
A
3
A

(ADDRESS)

b6



H4-81T MAGNITUDE Vee (+5V)

A3y B2 A2 Al Bl AO BO

COMPARATOR tef 15] ] i3] 12] w| o] 9
74LS8S5

INPUTS :
COMPARES TwO 4-BIT WORDS. INOICATES OUTPUTS \
WHICH IS LARGER OR IF THEY ARE EQUAL.

8-BIT COMPARATOR E T B B 2 2 Y
B3 A<B A=B A>B A>R A:B ACB ==
RIGH EQuAL Low

o

(ouTPur LEDs ARE OFTIONAL.)

Vee =1 Vee
u.T 5 b 7 s ® 7 |
2
74L585 2 741585
A'
TRESICWE, b ¢ B A 0.4 . & TR B TC I8 A
is| i3 12 |7 s‘El ICHE] Q" 15| 13 1z[ :pri 1 T 0 q
SRR VIR IS S IS S W=
B IN B IN AN AN
Vee Vee Vee Ve
91k A J t ENTER  GUESSES IN
L 1 S2-S5. AN OPEN
L‘* D2 '{b SWITCH 15 KWIGH AND
8( 4 s\ A CLOSED SWITCH
7] 3 —J—u Cle Hic IS Low.
1K 555 i 8 B{2 Hle i—b*-ﬁ
N TOO HIGH
4 Al3 9 1A
2] o
74193 /74L5193 741585 (e >4
:]: A uF = & | Coreect
yli 2 4/& 15| p
PRESS SI  FOR RS Yoo LoOw
A FEw SECONDS o I O s 1218
TO LOoAD RANDOM 270 ;
NUMBER IN 74193/ SS! o o 1o} A
74¢s193. ULSE DIP 5
SWITCH ARRAY OR Ll ._l_ ._L

TOGGLES FOR S2-S5

L7



QUAD |-OF-2 DATA SELECTOR  cunic
Vee(*SV)| WA 4B 4Y 3A 3B 3Y
THLSI57 ERESEET 2] u] o] 9]
FOUR 2-LINE TO |I-LINE MULTIPLEXERS.
MANY USES IN ROUTING DATA. ALl INPUTS: A AND B
4 OATA SELECTORS ARE ENABLED r OuUTPUTS: Y
WHEN PIn IS IS Low. |
DOUBLE DUTY DISPLAY VT2 37 4 51 6| 7| e
SELECT A 1B IY 2A 28 2Y =
b Vee
! e { BUS SELECTOR
BUS THLSIST Vee
7. i ) 30 A g ™
7- SEGMENT 2, 3
sl b DECODER
(7447 [7948) S |6
2] AND BUS 74LS 157 BUS
i 7- SEGMENT A I I B
12 DISPLAY.
A ] 3
Bus 8
B _tof L_OSELECT SELECT o ! IS
13 Low = BUS A Low =BUS A "{ 7l 91 'Zl =
HIGH= BUS B HIGH=B8uS B
sl s OUTPUT
N
WORD SORTER
Bus
A
BUS
8
Y
I s} 3] 1z] 10 by 1wl n| 9 2] s| u| M 3| ef o] 13 Ve
I 16 1o I
B 74HLS 88 T749LS8187 1S
5 A 7 ] ') S ql 12} i
270 1 i
A>B A=8 ’¥ A<LB
% % L LARGEST WORD
-i:-..
THIS CIRCUIT  CONTINUALLY MONITORS TwO DATA  BUSES. 8us WITH

HIGHEST MAGNITUDE DATA  WORD

68
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1-OF-8 DATA SELECTOR

Vcc(+5V)
y 5 8 2 A 8 ¢
J4LS 151 o sl 4] i3] 2] u} 0] 9]
EQUIVALENT TO 8-LINE TO |-LINE MULTIPLEXER, E: ENABLE
T__J OVUTPUTS
! 4
PROGRAMMARBLE GATE Y w
3-BIT ADDRESS SELECTS ONE .
SWITCH AND APPLIES ITS STATUS 1l 2 31 4} 5| ¢ 7] 8
(oPEN= HIGH AND CLOSED = LOw) TO 3 |2 |4 |0 lobrlout E |'F
THE OUTPUT. ANY 3= INPUT
LOGIC FUNCTION CAN BE
PROGRAMMED  IN SECONDS. PATTERN GENERATOR
a—trie sy gyt kO
va L8 TH TH TN (X T8 [L 14 gl 3| 2| o] is{ 14| 13| nr
Vee 7
lo 74LS15]
8
y Is| 4| 13] 12 C B A iy
| EEEEEY £ W5 HE WEE 7L
o 749LSIS| (oR)
8 3-81T TO LED, GATED
, L COUNTER TONE SOURCE, ETC.
quor lll 5| 1 =
PROGRAM ANY DESIRED LOW-HIGH BIT
(> 8 ouT OuUT PATTERN. THEN PLAY IT BACK,
H__J
IN
OCTAL KEYBOARD ENCODER
Vee Vfc INPUT
SWITCHES
Tu. M
IKS KRS 1K 2 5ts 7
5 |up 74LS15I
I 1355 0_1_9
74193/
Yy Tasa3 | 5| K| & M 554S
7400 c le _ QU c
9 10 'S o c)__.*‘.’
B |2 10lg
—'——O‘—L_o——-us
4 A3 A
i 25542
o M8 4 i
1 RPN b
PRESS NUMBERED SwITCH - >
AND  ITS  BINARY e louT L sMaldo
EQUIVALENT APPEARS ON
THE READOUT LEDs. THE READOUT LEDs: 7L 8
LEDs ARE OPTIONAL. on = Low (o)

OFF= HIGH (1) 2

69
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B8CD-TO-DECIMAL DECODER

o I 5 4 GND b 7 3
T4HY1 o as| w] 13 2] u| wof 9
DECODES 4-BIT BCD INPUT INTO o
I~OF-10 OUTPUTS. SELECTED
OuLTPULT GOES Low; ALL OTHERS =
STAY  HIGH. ORIGINALLY DE SIGNED
TO DRIVE  GASEOUS GLOW DISCHARGE
TUBES. ALL OUTPUTS Go HIGH For
BINARY  INPUTS EXCEEODING HLLH (foor), ry 120 Bl & s{e 7] 8
8 9 A D Vee B C 2
(#5V)

|~-OF-10 DECODED COUNTER

220l | Vae
Vee
dEIRIEIEIRIEIEIRIR”
5 o} 5| 83 9§ 3% h4p hog o it 2]
p [ po 8 |2 I8 4 1SiglTlield
JUL o4 clg 7l s
IN 7490 [r4Ls90 8|9 eis 7441
z Aliz & 1

3 i 7 10} ! l

LEDs FLASH ON SEQUENTIALLY

= IN RESPONSE TO DECODED
COUuNT. onLY ONE LED SERIES
RESISTOR 1S REQUIRED.

I0O-NOTE TONE SEQUENCER

VC( Vcc Vu
RI LA v R3- RIZ

M 5 5 (0-1K)
D 1 Yy b

7441

4 8 7490/

7 74LS90 C|8 7]c
R2 4
1K 555

4

ci
I I-5ouf 2Ll kRIS D

— — — —

D00 e LW —
g F

disiwln

INCREASE Cl\ TO OECREASE TEMPO. INCREASE C2 TO |INCREASE TONE
FREQUENCIES. TONES ARE DETERMINED 8Y R - R)2.
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HY-LINE TO 1b-LINE VeclsSV)

T IEY (e I [Ty e

DECODER 29] 23] 2] uf 20| ] 18] 1] 6] us| 14] 3]
INPUTS

EACH 4-BIT ADDRESS
DRIVES ONE OUTPUT LOW.
ALL OTHERS STAY HIGH.
ENABLE INPUTS (EI AND E2)
MusT BE LOw. IF ONE OR "7-3"‘5"739'0“1
BOTR ARE RIGH, ALL g |4 120 13 |8 |8 '@ |7 |89 |iol=E
OUTPUTS GO LOW.

| -TO-16 DEMULTIPLEXER

DATA

IAAAEREARAHAHRAN

749154

ouT

Vec

.

X4

:

-

DATA

IN A8

0-—1

D
zo‘ 20

a0 100 -

22|

A

*l

ADDRESS IN
(seLecTts I-OF-16
OUTPUTS)

SELECTED
IS Low
DATA IN
IF  DATA
HIGH
QUTPUT

OUTPUT
WHEN

IS LOW.
IN 1S
SELECTED
IS RIGH.

BACK AND FORTH

FLASHER

Vv
.‘\“ Vee

A
R

24

=y

5
xX

[&
X

74154

i

o

DOWN D

c
71419193
B

| %Q
100K !
8 &
2

7,

R2

1K 8§58 3
2

b

7400

10

21

22

3

——

~ W Bo
\\ AN\ A\

-

L8

Vee

420

THESE
LEDS
FLASH
BACK AND
FORTH.
VISUALLY
APPEALING.

it

13 |r900

INCREASE Rl TO SLOW FLASH RATE.

7




BCD~-TO-7 SEGMENT

b id T
DECODER /DRIVER e 15| 1) i3] 12| u] w| 9]
THY7 / 74LS47
COMVERTS BCD  DATA INTO
FORMAT SUITABRLE FOR PRODUCING
DECIMAL DIGITS ON COMMON
ANODE  LED  7-SEGMENT  DISPLAY. 2] 3] ql s e 7 8]
WHEN  LAMP TEST INPUT IS LOwW, ALL B | L D A =
OouTPUTS ARE LOw (ON). WHEN BI /RBO
(BLANKING INPUT) Is * Low, AL ‘ — RB\
OUTPUTS  ARE  HIGH (OFF). WHEN — BI /RBO
DCBA  INPUT IS LLLL (DeCIMAL O) — LAMP TEST
AND  RBl (RIPPLE BLANKING INPUT) IS
Low, ALL OuTPUTS ARE  HIGH (OFF).
THIS PERMATS DUNWANTED LEADING O's DISPLAY FLASHER
IN A ROW OF DIGITS TO BE
BLANKED. 1K
A THIS SIMPLE
CirculT  wilLl
MANUALLY SWITCHED DISPLAY i FLASH  DISPLAY
Vee - TWICE PER SECOND.
L ,
D 6 E -~ poacgon - TIO L PANL 1
c &l 7447/ TO  DISPLAY w_ 7447 [74Ls47.
: + V4
B RN ENEY Ty (see BELOW) 100uFH
A bt (2] \ 74Ls132 i.t,w
KH|STEADY
i1 L. i LIFLASHES
0-9 SECOND /MINUTE TIMER
Vee Ve
Vee t”‘ R3
12 _MA_, a
7447/ RY
S 24471 AMAL_ o b
B o L elp RS whitolil
S | 74LS90 Rb
j cl8 2]c 10 AAA d 3
2 R7
91 hala e e ¢
2 B9 g RS
3 15  AAA £ d
e Rq
Z Al TIA 4 AAA 5 3
CommoN
it LICL A L] 12 rs-rq=330n ANODE LED
- 3 B DISPLAY
CLOSE SI TO START TIMING  CYCLE. CALIBRATE 555 FOR | PULSE (COUNT) PER
SECOND OR | CoOunT PER  MINUTE 8N ADJIUSTING R1.
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BCD-TO-7- SEGMENT \/cc(jksv)‘c FHASIANRES
DECODER /DR]VER ol 1) ] 3] az| u] o) 9|
7448
CONVERTS BCD DATA INTO
FORMAT SUITABLE FOR PRODUCING
DECIMAL DiGITS ON COMMON
CATRODE LED T7-SEGMENT DISPLAY. |
] ] 2 cl BCT CH S 7 8_I_.
B C DA R
DISPLAY DIMMER i
Vee : RB]1 :
g M 745132 — Bl /RBO
E 0——-':15 3 _.Toen 4 E|DISPLAY — | Amp TEST *
; o - 7448 H{ NORMAL
1, * lania i) Ll om ¥see 7447 FOR
L 1K EXPLANATION S.
0-99 TWO DIGIT COUNTER
LOWEST ORDER D1SPLAY HIGHEST ORDER DISPLAY
Vee sl bleld €T3 a et da & 173 Vee
4} &l T A A A & A J} A 1\ 5 4\ A A o 1\
p— VM b A4 RA-RIY:
R2 RQ 3300
{,—M M/\___o
R R10
RY R1l
RS R\2
p A A _TL
1
Re RI3
L AV §
R RIY COMMON
»—/V\'\——iL /\N\__J{ CATRODE
LED
130 124 nj o] 9] Is| 14 13 it tal 91 IS} 4 DISPLAY
S 16
7448 74948
8 =) o,
‘ A B c D B c D
" 1 2 e ! 2 I3 ?‘ Ib
-+ = 9
12 9 8 n 9 8 ] e e
1l A B € D Vee | B (& D Vec
d
1] 7490 / 74LS90 B T i 7490 / 74LS90 {5
IN il
T VS 3] el 7] 19 =
! W
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DUAL ONE-SHOT
THLSI23

INDEPENDENT
MULTIVIBRATORS.
B0TH ARE RETRIGGERABLE.
PINs DES\GNATED R AND R/c
ARE FOR EXTERNAL TIMING
RESISTOR AND CAPACITOR.

SEE RADIO SHACK DATA BOOK FOR
INFORMATION ABOUT R AND C.

Two FuLLy
MONOSTABLE

BASIC ONE-SHOT

VC( ('OSV)

R/je C

wt Is] 4] 13

TIN 2N
1Q 10 2R A B
2] u] 0] 9|

CLR

CLR

J
1N
A

2]

B

3

1IN IQR 1@ 2@ C R/c =

4 S5

¢ 7] 8

MISSING PULSE DETECTOR

\jku TWO WwAYS TO V\cc Q OUTPUT STAYS
) TRIGGER: HIGH SO LONG AS
L) o INCOMING PULSES
I. KEEP INPUTS 2 ARRIVE BEFORE ONE-
R Q{3 . A AND B LOW; QU3 5 SHOT TIMING PERIOD
THEN MAKE B 3 RUNS  OUT.
IS HIGH.
c _I+ 74LS12% 2. KEEP INPUTS R § THLSIY ADJUST R AND C
A AND B HIGH, TO GIVE TIMING
] THEN MAKE A 15 PERIOD ABouT Y3
Low. CyL_ LONGER THAN THE
IN A gt ] ~ INTERVAL BETWEEN
IN 82| TO CLEAR: n) - INCOMING  PULSES.
Q4 Q |4
CLR g2 11 MAKE PIN 3 Low IN I T OPERATION:
o . 1
THIS ALSO IN- ,
__\_8 RIBITS TRIGGERING. —‘Le IN
1 | UL
4 o Q 111
TONE STEPPER
Vee Vee
RI EL 1\ $
100K < lo THIS CIRCUIT STEPS
(3 R3 ACROSS A RANGE
3 100K R4 OF TONES WHEN RI
4 8 %220 AND /OR R3 ARE
7 3 I 115 ADJILSTED. VERY
+ UNUSUAL SOUND
R2 555 74LS123 , c2 EFFECTS.
\K 14 -OI}JF
CHANGE CI AND C2
2| 6! 13 FOR OTHER TONE
8 S RANGES. ALSO, TRY
C ﬂ_ 8 3PKR PHOTORESISTORS FOR
IMF R! AND R3Z.

=

74



DUAL D FLIP-FLOP

THTH /7HLS 74

Two O (DATA) FLIP=FLOPS IN A

SINGLE PACKAGE. DATA AT D

INPUT IS STORED AND MADE

AVAILABLE AT Q OUTPUT  WHEN

Ctock  PuLse (@) GOEs HIGH.

HERE'S THE TRUTH TABLE:

PRESET CLEAR ctock D | Q@ Q
L H X X H ™
K L X X L H
Rn H by H H oL
H H 4 L L R

2-BIT STORAGE REGISTER

Ve

I ‘2

DATA OUT
14
7 Ql5 Q

Ve

=2 17414/ 74w 1217494 /74¢s5 74
< LJ 5 Q
4] 3 7 13f (g |10

D =<— DATA

WAVE SHAPER

Vee

i

) 58 YT U}

IN =D CLR ¢ PRESET

W ot WM T, Qls
IN 2
7474 [14Ls 74
¢ o—23]9 Qe
15

Q=

J T 2 s N

Ve (+5V) PRE- V2
T CtR D @ SET @ Q
19 1 2] n| 1o} 9 8
L‘l |
2

l
(-ﬁ l-1 |
il 2] 3 | 5§ ] 7

CLR D @ PRE-Q Q@ =
SET

@P 1S CLOCK INPUT.

$ 1S RISING EDGE OF CLOCK
PULSE.

PHASE DETECTOR

Vc‘ ch

ki) V% 270
7%7«/7«1.57«

| | | | o 3l o Qle

B U
THE LED GLOWS WHEN JNPUT
FREQUENCIES Fl AND FZ ARE
UNVEQUAL  OR OUT OF PHASE.
Fi AND F2 SHOULD B&E

SQUARE WAVES.

DIVIDE-BY-TWO COUNTER

Vee
i
$ oo | QS > ¢/2
1
T4H74 [14LS7H4
2lp Qle
il I

75



DUAL J-K FLIP-FLOP
7473 /74LS73

Two

IK

SINGLE
CLEAR
FLops
OUTPUT STATES)

TO

WHEN

ARE

INCOMIN G
BOTH
HIGH.

TABLE:

CLEAR

FLIP-FLOPS
PACKAGE.

INPUTS .
wiILL

CLOCK

IN A
NOTE THE

THESE FLIP-

TOGGLE (SWITCH

IN RESPONSE

I ANK
HERE'S

CLOCK PULSES
JT INPUTS
THE TRUTH

L

H
H
H

X

Ju
JL
55

Trrx|4y

T XIrX|x
gr-::r-o

DIVIDE-BY-TWO

Vee
\

14

LAl Ko

ol

7473/74L$73

Qll

DIVIDE-BY-THREE

cxrxlo

T % Q
7*173/7'41.573

K

5]

(S

Vec A
3
11
3l A& Qlzd 7
7473 /741573 Vee
RIR: a3 le
@ =
JLo

=1 S AT

76

J @ a G K Q@ &
M) 3] w2} n] o] 4} 8]

" !

1 2

L

L

1] 2] 3
P CLR K

HJ 5| 6| 7
@ CcrR T
Vee (+5V)

@ IS CLOCK INPUT.

BINARY COUNTERS

THE THREE CIRCUITS ON THIS PAGE
ARE BINARY COUNTERS THAT COUNT
uP THE = MAXIMUM COUNT
AND AUTOMATICALLY RECYCLE.
CONNECT A DECODER TO OUTPUT
oFf DIVIDE —8Y—~ THREE AND DiviDE-
BY—-FOUR COUNTERS TO OBTAIN
ONE — OF - THREE AND  ONE —OF-FOUR
OPERATION. THIS TRUTH TABLE
SUMMARIZES OPERATION OF THESE
COUNTERS:

TO

DIVIDE-BY: TWO | THREE | FOUR
OUTPUTS: A B _A A
L Ll 1L 5.
H L H U lH
H_1L -n
H H
DI VIDE-BY-FOUR
Vee A B
. A
L.‘
14 J "/L Q 12 713 \/1 Q 9
7473 /74L573 7473/749L873
3 K 10 K
Q> Qe
@ @ =
i PSR | ST



DUAL T-K FLIP-FLOP
7476 /74HLS 76

TwO JIK FLIP-FLOPS IN A
SINGLE PACKAGE. SIMILAR
To 7473 /74LS73  BUT HAS
BOTH PRESET AND CLEAR
INPUTS. FLIP-FLOPS wiLl
To6G6LE (SwiTCH OUTPUT
STATES) IN RESPONSE TO

K @ @ 6MD K @ @ T

1o |

| a3 szl n] o] 9

th

L‘l
=
T2

3] 4] 8] | 7| ®

INCOMING CLOCK PULSES WHEN $ PRE CLR T @ PRE CLR
BoTH T AND K INPUTS ARE Vee (+5V)
HIGH. HERE'S THE TRUTH TABLE:
PRE = PRESET
. CLR = CLEAR
PRE CcLR ctk JI K] @ Q @ = cLock (oR cLK)
L R X K b8 H L
H L X X X L H TOGGLE = FLIP-FLOP SWITCHES
H H JL H L H L OUTPUT STATES IN
H R I L H L H RESPONSE TO CLOCK
H H Ju H H | TOGGLE PULSES.
4-BIT SERIAL SHIFT REGISTER
PARALLEL OUT (ABCD)
Vee A Vee B Vee (& Vee »)
L A
ANG t?] T 7] 8] I 2l s LZ] I ? &
DATA 411 QIS 9l aQ il 41y eis_| 9|7 e
Vec b . . 1 \/z \/Z
Yoruonw [t 4| 7976 7405% 14706/ 2415 7% 247/ 740 574 7476/79¢s¥  SERIAL
o FAY 4D 2 = ouT
i;-‘u.K e Lk 12{ K @ llo 16 K QY 121K Qllo .
=5 @ @ @ @
R z 1 A
L1 o 18 E
¢
4-BIT RINARY UP COUNTER
xcc
2 5|3 22 8 21 . 5'1I'S i 8
4ly al!s N a ! Hi3 al/s 9|3 al
Va Ya Vo \
el K 7470/ Rk 74976/ ol k 74976/ Uk 7476
749LS 7% 74L576 149LS 76 79LS 7
e aly | ele gle { 1e aly {_ele aljio
T B A1
T Y Y T Y ¥
DCBA BINARY OuT=> A (2°) (") C (%) b (2%)
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QUAD LATCH

E E:
1Q 20 2@ 12 GND 3Q 3Q 4Q

7975 /7 74LS7S o] 15} ] 3] 2] u| o] ¢
A 4-BIT BISTABLE LATCH. q ! Je @ [os o}]
PRIMARILY USED TO STORE 3 £ 3 e 4
THE COUNT IN DECIMAL o o 2 a &
COUNTING LDNITS. NOTE THAT 0 (%
BOTH @ AND & OUTPUTS —
ARE PROVIDED., ALSO NOTE
THE € (ENABLE) INPUTS. WHEN 2] 3] 48] o] 7] 8]
E 1S HIGH, Q FoLlows D. 1@ 1D 2D E V¢ 3D 4D 48
34 (4sv)
H-BlT DATA LATCH DATA BUS Vee —o LATCH
INPUT
A A A A siyls (ENABLE)
DATA ON BUS APPEARS AT < L
QUTPUTS WHEN LATCR INPUT 74715
IS HKIGH. DATA ON BUS 31 74LsI5 |15 ., DATA
WHEN  LATCH INPUT GOEs Low ouT
IS STORED  UNTIL LATCH INPUT b o -8
GOES HIGH. (LATCH INPUT CONTROLS
BOTH ENABLE INPUTS) TWO GQUAD Z 9 5
LATCHES CAN RE USED AS AN
8-8IT DATA LATCH. Y 4! SRR __1_'_"
DECIMAL COUNTING UN\T
TO LATCH
Vee NEXT Vee Vee
T STAGE T‘ t Vee
5 5) 16 Ri
7490/ I 7415/ 7947/ U35 a
74L590 13| 74Ls7s 749LS Y47 R2
T gm P2 AMA__,. b
N D [} . 2 1% b D R3 xQ
e AAAL Lo, 1€ ) l
RY ¢ b
2 c|8 3 1S 2]e 10 AAA d 8
Rs
% B_AML . s ‘c
B |9 b 10 | g Rb
b 1S £ d
WS
7 Aliz 7 q 7 |A 1 AAA 3
CoMMON
opFge il _l_n ‘LB RI=R7=270 ANODE LED
I L A DISPLAY
EXPANDABLE DECAOE COUNTER. FOR TwoO DIGIT COUNT, CONNECT PIN ||
OF 7490 /74LS90 OF FIRST ULMIT  TO INPUT OF SECOND UNIT. A Llow

AT THE LATCRK INPUT FREEZES THE DATA BEIN G DISPLAYED.

78



QUAD D FLIP-FLOP

HAND'Y PACKAGE OF FourR D-TYPE
FLIP-FLOPS. DATA AT D~ INPUTS
s LOADED WHEN cLock GOES
HIGH. MAKING CLEAR INPUT
LOw MAKES ALL Q OUTPUTS Low
AND @ OUTPUTS RIGH.
DATA ©BuUSsS v
cc CLEAR (CLR)
‘} 9 A JP ‘OT ||
131D D IS
1zlc Cll© , DATA
ouT
Sl B 7 o
HE BIK K ) e_l;\IQ__OLOAD
'AF BT 3F = quusns

A
IS D Q

c
7T|1.D QlO]I}D Q'Sl

Vee (+S V)

4a 4G 40 30 32 3@
| is] ] 3] 12l | 1o

TS

il

Tz 3

CLR I1Q 14

Hrs]s 7 Y
ID 20 2@ 2@ —

4-BIT DATA REGISTER

DATA ON BUS IS LOADED INTO
I4LSI1IS WHEN LOAD INPUT
GOES RIGH. DATA 1S  THEN
STORED A ND MADE AVAILABLE
AT OUTPULTS UNTIL NEW LOAD
PULSE ARRIVES.

COUNTER

J-Lﬂ_ o._q._¢ Q%
IN
Y Yy
7HLS 175 74LS171S
41D
i
£ COUNTS

LLLL To HLie (O-7) AND

y Yy
74LSINS THLS IS
o4

RECYCLES.

SERIAL IN/OUT, PARALLEL OUT SHIFT REGISTER

Vee A B c D
A
SERIAL e[ 1]
DATA o—1iD Qlz_4 Slip Q{7 __{ 1Z|o afto | 13/p alis
IN
Yy o Ve Y4 SERIAL
74LS11S 74LS175 74LS175 74LS17S5 DATA
cLock o 9o ouT
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OCTAL D-TYPE LATCH Vec (+5V) ENABLE
8@ 80 70D 7@ 6LtQ& LD 5D 5@ 6

7HLS373 20f 19| 18] 1] e} 1s] 4] i3] 1z] uj
EIGHT ‘TRANSPARENT' D-TYPE STy N 6
LATCHES. OUTPUT FoOLLOWS
INPUT  WHEN ENABLE IS
HIGH. THE OATA AT THE ] 2 3 q
INPUTS IS LOADED WHEN
THRE ENARBLE INPUT IS LOw.
THIS CHIP HAS 3-STATE 1] 2} 3] H} s{ & 7 8] 9| 10
OUTPUTS WHICH ARE CON- IQ 1D 2D 2@ 3@ 3D 4D YHYa =
TROLLED BY PIN |. SEE OuUTPLT
TRUTR TABLE BELOW, CONTROL

BT ETLRTET el RY & 3-STATE REGISTER

SR Y P
A 9] o] 1sf r2] 9] e S| 2 ouTPUT THIS 1S A GENERAL PURPOSE
l_ﬁ‘ 8@ 1@ LQ S& 4@ 3@ 2@ 16l _psconTROL B-BIT STORAGE REGISTER.
7491373 HERE'S THE TRUTH TABLE:
10] l_o ENABLE
80 1D D 5D 4D 3D 2D |D OLTPUT
18] 1 'ﬂ l3l 8] |7 ‘1] 3] conTROL __ENABLE D | Q@
> L R H H
- N W 5ot S o S e o O 2 - L H L} L
L L X Q
H X X Hi-2Z
DATA BUS REGISTERS bl B Fl el Dl El Bl B
Vee
H: PLACES OUTPUTS IN HI-2 MODE } l‘lr e !ST :zT QT l"T ST ZT
L: MAKES DATA AVAILABLE ! z°___J
REG. 2 (74LS323)
H: OUTPUTS FOLLOW DATA OoN BuS o ' 10
L: LOAD DATA FrROoM BUS l
18] 17 140 131 8 7 Y 2
S Y i =
B. >
£l >
D < —>
E < -
Fo —
G < —>
Hi L -
Vee i B |
[ iy [ty 15§ 12§ 13 |Gff [S§ 12 {H: DISCONNECTS REG.! FROM BULS,
20 '_ro L: CONNECTS REG.1 TOo BRus,
REG. | (74LS373)
10 o {HZ OUTPUTS Fotltow INPUTS.
l L: INPUT DATA (ON BUS) LOADED.
18

AT ANY INSTANT ONLY ONE 7415373
H G = E D cC B8 A CAN  WRITE DATA ON THE BUS. AwnY
NUMBER CAN READ OATA FRoM BuUs.
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OCTAL D FLIP-FLOP Ve (+5V) ' ENABLE

8Q 8D 70 7Q@ 6Q 6D 5p 54 G

THLS3 7Y 2; 19] 18] 7] se] is] 4] 3] 12} nj

EIGHT D-TYPE EDGE TRIGGERED 8 7 6 S
FLIP- FLOPS. UNLIKE 74LS373,
OUTPUTS DO NQT FoLLow
INPUTS. INSTEAD, A RISING R4 2 3 Y
CLOCK PULLSE AT PIN 1l LOADS
DATA APPEARING AT INPUTS.
THiIS CHIP HAS 3-STATE ! 2y 137 144 1516 7] 8| 9 /i
OUTPUTS WHICH ARE CONTROLLED r—_J I ID 2D 2@ 3@ 3D 4D 46 =
BY PIN .

OuUTPLT

CONTROL

CLOCKED

3~-STATE REGISTER

E E D C =} A

H 6
i A
9y | 1s] 2] 91 6 s 12 ouTY PUT GENERAL PURPOSE
20

8Q 7@ L& 5@ 4@ 36 20 1@ r1__c,co|~mzoL CLOCKED REGISTER.
74LS 37" HERE‘S THE TRUTH TABLE:
0] 5 clock
8D W b S5p 4p 3D 2p 1D OUT PUT
8] ] | 3 a] 7} 4] 3 CONTROL cLock D Q
- L] T H H
A l&el ElEI B CI B & L I L L
L H X Q
H X X Hi-2
-«— BIDIRECTIONAL DATA BUS—>
A - —
B —— —
¢ <« S
O < —
E - >
- —>
& - -
| WS >
q| le| 15| 12 9 b 5 2] 18] 17| M 13 8| 7 4 32 Vee
ga 76 Q@ SQ@ 4@ 3@ 2@ i@ 8D D Db SD 40 3p 2b D |*@ )
\
10
| -
THIS CIRCUIT GIVES 74LS374 COMMON INPUT AND
cLock ouTPLT OUTPUT LINES. WHEN OUTPUT CONTROL IS HIGH,

CONTROL DATA ON BUS IS LOADED INTO THE 74LS 374
On THE RISING EODGE () OF THE CLOCK PULSE.
WHREN  OLTPUT ConTROL IS Low, DATA IN THE
TH4LS 324 IS WRITTEN ONTO TRE BUS.
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8-BIT SHIFT REGISTER Vee (45 Vv

H G F E CLR ¢
THLS 164 IHT 3] 2] u] 0] 9| o
DATA. AT ONE OF THE TwoO SERIAL
INPUTS IS ADVANCED ONE BIT FOR OUTPUT s:
EACH CLOCK PULSE. DATA CAN Be l_‘ A.B,C,D,EF,G.R
EXTRACTE D FROM THE 8 PARALLEL
OUTPUTS OR IN SERIAL FORM AT
ANY SINGLE OUTPUT. ENTER DATA
AT EITRER INPUT. THE UNUSED Y 12] (3] (49 |S5F | &f | 7
INPUT MUST BE HELD HIGH OR Al'Br Al B & =
CLOCKING witl BE INHIBITED. MAKING -
PIN 9 LOW CLEARS THE REGISTER IN CLR= CLEAR
TO  LLLL. @ = CLOCK

8-BIT SERIAL-TO-PARALLEL DATA CONVERTER

USE FOR PARALLEL DATA OUT
RECEIVING Vee H G F E oLl SNre B A
BINARY DATA
SENT OVER
ONE CHANNEL. 2 3 1l 19 % IS 172 q b S| 7
5 20! !
CLOCK oo Lk 7490/ 74Ls90 74LS 374
8 1 10
) 12 o] 7] 10 8| 17 1l 13| a] 2] 4 3
—.‘_L i3 12 1] 10 b 5 Yy 3
T 1Y
THE 7490 DIVIDES THE cLOCK 2 24LS16Y 7
PULSES BY 8 AND LOADS 9
DATA IN 74LSILY [INTO THE xS
7415374 AT 8-BIT INTERVALS. 8] 'L, seriAL bATA In i
(AT CLOCK RATE).
ouT
2R 1 3
]

- 3
TYPICAL 5 4 12 13
R= IK—I10OK 2 3

3 13 Vee 6 1
CLOCK -8 74LS 164 2 } 9] o
OUTPUT IS PSEUDO—RANDOM STEPPED VOLTAGE. CHANGE 4 iy 4 |7
7| PATTERN BY MoOVING PIN 2 OF 7900 To PINS 3.4, 5 6, |9
_.E—— 78,9 (0O OR 1l OF 74LSleM. NEiZ
% 2 1,2,3,4 = 7400/74L$00  '|__
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4-BIT SHIFT REGISTER
74LS 194

BIDIRECTIONAL UNA\VERSAL SHIFT

REGISTER. SHIFTS RIGHT WHEN SO
1S HIGH AND SI 1S LOW. SHIFTS
LEFT WHEN SO IS Ltow AND S)
IS RIGH. SHIFTS ONE POSITION
PER CLock PULSE. LoADS DATA AT
INPLTS WHEN SO AND S| ARE

HIGH.
SUPPLY PINS WITH

IMPORTANT: BYPASS POWER
0.1 uF CcAPACITOR!

SEQUENCE GENERATOR

FuLLY
[TT 1« o RS PROGRAMMABLE
VC(
<9 ni 2 A
10 AN
}5_ 74LS 194 et e
8 e
Sl " £ o
L o2 ]A A ﬁ‘_.|<}_J\M_~
YA R2

o118 B %—M
s3 . R3
Lo o—31C e QM-J

S4 RY

P, L D '7-"3(}__/\/\/\___‘,
= _: A LLe
b L 3TA Lk T

S6 RS

LLAdalg Aﬁﬁq_M&T_
S R
2 151, gm\‘]j adal |l

S8 > R7
L o o—b|D O L. D B
R8
8 D ll*‘} W
10
I} 74Ls194 RI -R8:
330 N

LOAD ANY DESIRED BIT PATTERN
INTO  S1-58 (OPEN = HIGH AND

CLOSED = Low). PRESS . 59
(NORMALLY  CLOSED) TO LOAD. DATA
WILL MOVE RIGHT ONE OULTPUT PER
CLock PULSE. LEDs ARE OPTIONAL.

Vee (#5V) — DATA OUTH
Al Bf 61 D & St} so
tof 1s| 4] 13] 4z nf{ 0] 9]

SERIAL INPUTS:
SHIFTY LEFTH
rSHIFT RIGHT

'y 2y (3] 5] 51 &) 7] B

CLR RIGHTA B C D LEFT ~=
IN LpATA N IN

BARGRAPH GENERATOR

WHEN POWER \S FIRST APPLIED, MAKE
ENABLE NPUT LOW TO START CIRCUIT.

P
1]
] |2
Vg 17 8
. B 74L5194
3 34A
Vee —= ! A
$Wels | F ’
Vy ¥ IR
14 Moo, ]
[}
b L ¢l
2 8
ENABLE + D
AuF
: i
CIRCUIT RUNS y [ EALLR EILISE B
WHEN ENABLE RS
I A\
IS RIGH. HALTS v AR Ny
AND CLEARS ) R
4 _WHEN Low. I | B‘_""_E.lq,_N\/\__J.
M 1 R7
Ry 13_‘5.*<]_/\N\_‘.
CLOCK ! k8
# D12 ‘?\‘}Q_j\/\/\_
8| LasT
_‘ ouTPUT RI-R@:
i 330 0L

OULUTPUTS GO LOW AND STAY LOW

ONE AT A TIME FROM LEFT TO
R\GHT (A=>D) IN SEQLENCE WITH
CLOCK. WHEN FINAL ouTPUT

GOES Low, ALL OuTPLTS BUT
THE FIRST GO HIGH AND RECNCLE.
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BCD (DECADE) COUNTER
7490 /74LS90

MOST POPULAR
EASILY USED
COUNTERS.,
THAN MORE

COUNTERS. RST

INDICATES RESET PINS. THIS

CHIP 1S VUSUALLY USED IN

DECIMAL COUNTING bNITS | BUT

CIRCVITS ON THIS PAGE SHow

MANY OTHER POSSIBILITIES.

ONE OF THE
OECADE COUNTERS.
FOR DWIDE - BY-N
LESS EXPENSIVE
SOPRISTI CATED

DIVIDE-BY-5 COUNTER

Vc(
5
UL o_14) 7490 w12
o— /14Ls90 LU
IN
2[3] e] 7] 0]

-

DIVIDE-BY-& COUNTER
VCC

2 1 12 5

_ﬂ_ﬂ_o_'i 7490 /74Ls90
IN

(,L 7] 10]
L

DIVIDE-BY-7 COUNTER

Vcc.
o[ 9 st'/[_g
““_0__"4 7490 [74Ls590 L I—.:j-

IN

1] 2] 3]0
3

b
—

34

INA QA QD GND QB QcC

] 13| 2 ] 0] 9 8
r‘ Py

] Ul 13 (915481 o1 7
INB8 RST RST Vc<(+sv) RST RST

DIVIDE-BY-8 COUNTER

ﬂ_ﬂ_o_w. 7490 / 74LS90 _8_,%'

IN
l| lzl Ll 7 o
-, .

DIVIDE-BY-9 COUNTER

VCC

bl 2] n ST

z

7490 /74LS90 '
IN g

of 7 10]
.

o

DIVIDE-BY-10 COUNTER

V“
Ml HI St
_ﬂfLo_' 7490 /741590 LZ_?"_N‘S
IN
3 B B




DIVIDE-BY~12 BINARY COUNTER

7492 /74LS92

OFTEN USED TO DIVIDE CONDITIONED
0 H2 PULSES FRom AC POwEeER
LINE INTO 10 HZ PULSES. OTHER
DIVIDER APPLICATIONS ALSo. RST
INDICATES RESET PINS.

DIVIDE-BY~-7 COUNTER

(I & 1]

IN

7492/ 74Ls92

0

—

8 4

DIVIDE-BY-9 COUNTER

INA QA QB GND QC QO
wl 3| az] n] 0] 9] 8
] M)
Vo] 31 41 53 ef 7
In B Vee (#5V) RST

DIVIDE-BY-12 COUNTER

[ ]

Vec

5

74 91/ 74LS92

7

~

I0-HZ PULSE SOURCE

Vee Vee
= :
6
J'LI'LO_' 7492 / 74LS92 IN _ﬂﬂIL ' 7‘192/7%592 & 5 10 Ha
IN 12 9 (O H2 ouT
N
71 8] ™ 'il_ e[ 7 0]
DIVIDE-BY-120 COUNTER
Vee Yee
THIS METHOD OF
n ] ST 2] 5 CASCADING COUNTERS
:—z CAN BE UVSED TO
[HLo—t] 7490/74Ls90 |12 LT 7492 /74L592 |8 N creaTE ANY
120
IN Dwipge - BY~- N
COUNTER.
2[3 ej—v]f»‘o] A 10]

-
=
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H4-BIT (BINARY) COUNTER

INA QA QD GND QB QC
7493 /74LS93 M) 3] 12| u] o] 9] 8]
EASY TO USE 4-BIT BINARY - _J
COUNTER. LESS EXPENSIVE
THAN MORE SOPHISTICATED .,
COUNTERS. RST INDICATES
RESET PINS. NOTE UNUSUAL
LOCATION OF PowEgR SUPPLY
PINS. Flo2f 3] 41 5y e 7]

INB RST RST  Vcc(+Sv)

DIVIDE-BY-10 COUNTER DIVIDE-BY-12 COUNTER
VCf. VCC
B B S O REREE |
_U{Lo_i 7493/ 791593 . _;% wo_& 7493 /7490593 3—»‘%’_
DIVIDE-BY-11 COUNTER DIVIDE-BY-16 COUNTER
Veo Vee
W L
2 2 2 r—_—__:-ll:oa - : % =
130 We 7493 /791593 L JULo 1] 7493 J74Ls93 MM n
IN B TN] IN lo
2 ] 12 li 5 ZL 3 10]
il o

H-BIT BINARY COUNTER

Vee
A
CounTS  FROM TRUTH  TABLE
s| ] RI O-1S IN BINARY
D2 KF— M AND  RECYCLES. DCBA DCB A
1 T 3 P R2 GLOWING LED = L
IN A e A (0); OFF LED=H HETESEY ALLL
) 7 R3 (1). 5SS TimMER LLLH FH L LA
2| X E>.L_|Q~/vv\_‘ IC MAKES GOoD SARTI Wolnl L
- 4% R4 INPUT CLoOCK. (RNE WA HLHEH
3l$ A i%_M/\J irEnn HALL
Xt % LHLH HHLH
0] RI-RY =270 1. LHHL B HHHL
o £ = LHHRA HHHR
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4-BIT UP COUNTER
74HLS1 b1

BINARY COUNTER
INPUT S.
PATA AT

GENERAL PURPOSE
WITH PROGRAMMABLE
COUNTER ACCEPTS
WHEN LOAD INPUT GOES
A Low AT THE CLEAR INPUT
RESETS TRE COUNTER TO LLLL
UPON THE NEXT CLoCck PULSE.
P AND T ARE CoumnT ENABLE
INPUTS. BoTH P AND T MUST BE
HIGH TD COUMNT. THESE ENABLE
INPUTS ARE NOT

INPUTS
Low.

AVAILABLE WITH

CARRY

Vec(#5V )T A B C D T
1o 15| 4] i3] u2) w] 0] 9|

DATA OUTPUT

i

113115(,78_&]_
cir! | Al &]| €1 Bl Pl =

DATA INPUT

THE OTHERWISE MORE ADVANCED 74LSI193.

8-B1T COUNTER

CLOCK O

(2
Vf: Y i A
lel 74,5161
2._). B
10
12 ¢
q
1l D
—
-
‘i_l

RUN | 153
CLEAR

1 el

= 19 E

lo 7quwl'
13 E
10
12 G
q
1 H
———
3
R

lsl T

TO ADDITIONA L

COUNTER (S)

OuUTPUT A IS LOWEST ORDER
BIT.

RAMP SYNTHESIZER

Vee , j ]
A

e 2R A OuT
1 [ Ll AN
7| T4LS16) R
UR
g ¢ iz A ley
; TV
;_._—'—o— R
ZR
g U3
cLock o___E R
ZR
A4
8 1R
" N

rf/

TO OBTAIN THIS STAIRCASE.
STAIRCASE

REMOVE C
FREQUENCY OF RAMP AND
1s Y/Ib Clock FREQUENCY.
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BCD UP-DOWN COUNTER
74192/ 74LS 192

FuLLy PROGRAMMABLE BCD COUNTER.
OPERATION IS IDENTICAL TO 74193 )
74L5193 EXCEPT COUNT IS JO-=STEP
BCD  (LeLl—HLLH) INSTEAD OF

lo- STEP BINARY. MANY A PPLICATIONS
FOR 74192 [ 74¢s 192 AND 74193/ 74LS193
ARE INTERCHANGEABLE..

CASCADED COUNTERS

P

<

Yee

IN CLEAR CARRY IN IN
Vee(+Sv) A soﬁzow Lgab L D
lo Is| I14] I3 12 i 10 q
CounT
r‘H
MBEINENENE D DE E_sL
IN B A Dbown uP C D =
B ouT our ouT OouT

SINGLE UP-DOWN INPUT

) 2 fetatst 2 bttt l?-“l/:oo 8| b
9 ) 5 (To #n S)
le| 74192 /L5192 |2 | 74192/Ls192 ¢
9| ) 4 v
[reft is frof 1 ]1s] CLock © S 7900 Y0 : Dowuq)
TO PIN
7IBTZM 7TGT2J3T
4] 7} 5 13
Uef 74192 /Ls192 (B4 le] 74192/Ls192 |8, 14
R o_’th"ﬁ |is] _J"Loi)q]w]' |1s 1 Low = Up
5 b HIGH = DOWN
upP (0-99) bown (99-0)
PROGRAMMARLE COUNT DOWN TIMER
: R3 V‘\cc
Vee cc 330 R4-RID= 33001
RI A );’ [_{ 1 jlb RY
1M 2|up 3 Q
Y Bl 3 4 41 8 D7 biD RS
q \
7 MBI VI v W 2D 4/DowN 12 AMA, b
ol L) 2]c RG
R2 g 855 o 13 | oRROW Al 1 b
1K ‘] B |2 8 R7
34 1L—-o/0.__q_.J 0] l_O___N\/\_)_ d
COuUNTS DOown 53 ¢_o/5_£1c :L_JVV\_p ¢
-L—.Cl FROM N TO & ] G5 7447 Rq
1= 100uFf LLiLAND 52 { oo 1B S 4Ls4? 15 AaA_, f
HALTS. = }‘ R1O
Si | s LISIA i Y I 19 | Alan g
CALIBRATE Rl AND Ci
TO PROVIDE  DESIRED WA 8] = )
NUMBER OF cLock PULSES :_L COMMoON
PER  MINUTE. SET DESIRED N INTO Si-S4 (CLOSED - ANDDE
SWITCH = LoOw AND  OPEN SWITCH = H:GH). PRESS S& TO LED
LOAD N AND  START (OR RESET) CounT. LED GLOWS AT HRALT. DISPLAY.
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H-BIT UP-DOWN COUNTER IN CLEAR  CARRY IN 1

N
Yec (45V) A BORROW| LoAD ¢ i)

7"'|‘Q3/7"“.S|Q3 It 1s}] 14) 131 12| nl 10/ 9

VERY VERSATILE 4-8BiT COUNTER
WITH UP-DOWN CAPABILITY. ANY

4-BIT  NUMBER AT THE DCBA Count

INPUT S s LOADED INTO THE v
COUNTER WHEN THE LOAD IMPUT i
(P8 1) 1S MADE  Low. THE

CouUNTER IS CLEARED TO LLLL t 21 3§ 4 s| & 7| B_L
WHEN THE CLEAR INPUT (PIN I4) IN B A DOwWNUW ¢ D =
IS MADE RIGH. THE BorRRoOw AND B ouT out ouT ovuT

CARRY OUTPUTS INMDICATE UNDERFLOW
OR OVERFLOW BY GOING Low.

COUNT DOWN FROM N
Vee AND RECYCLE

(o3, (Nl L7 I 4 SET DESIRED N |NTO
Cwck p—Ildown 74193 [ 74L5193 Si-sq (CLOSED SwITH =LOwW
ANID OPEN)  SwiTCH = HlGH).
D44 | & | A WHEN  COUNT REACHES
] 13 9| 1w ll l (3 AND THEN UMDERFLOWS,
THE BORROW  PULSE LOADS N
AND THE  COUMNT RECYCLES.
S4 $3 S§2

S L

COUNT UP TO N AND HALT COUNT UP TO N
Vf; AND RECYCLE

PRESS SI  (NORMALLY N 24 N
CLOSED) TO RESET. oS Bl LS
74154 e, 14 74154 e oy
Vee 1S o 13 Vee 1S__o13
] sl % i " 12
L SR ek 8 1
1o 13 i 1o 13 I
ot 109 9
i o 2| 9 i b 2! 9
i g l2 22| LA B2 A2 -8
Yy 3 s b 5 5 (A
2 7400 LP S CLocK ve L2 IS
Al3 23( A 3 y AlD 23 5 4
- =1 WD Ve 74193/ il 3.3
= Vee 174193/ 8 13 52 I 7415193 8 ERES |
7405193 r g 32 : 2__|cLEAR 2. 5!
bk 1) o 19 ! o 5 L] 9 % ]
Sl
q] ] ( o] ]
o Glows o’ L s 5 To N
4 AT RALT 3 I Yo 2904 1 T
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BCD (DECADE) COUNTER
74LS196

MORE SOPRISTICATED VERSION OF
THE POPULAR 7490 /74LS90 BCD
COUNTER. INCLUDES H-PRESET
INPUTS WHICRH PERMIT ANY BCD
NUMBER TO BE LOADED WHEN
2T NI 1S MADE Low. THE COUNTER
s CLEARED TO LLetL WHEN PIN 13
(S MADE Low. @ INDICATES C(CLOCK
INPUT.
DECADE COUNTER
Vee
TH
AT L=
BCD RS Y e Cl2 5 BCD
DATA COUNT
IN L 1 Bl 5 N
18 bl ALS
COUNT IN o 81 I
13y |
T4LS5196
S\ sz
RIE ' 13 .
T BT T ke L O - -0
PRESS SI TO PRESS St
PRESET TO 7 TO CLEAR
BCD DATA OUTPUT S
AT INPUTS. TO LtiLt.

DIVIDE-BY-5 COUNTER
VC(

14|

74LS196 Dz,

0z

IN

=+  o-4 . CounT. IS
AVAILABLE AT
DCBA OUTPUTS.

90

IN

CLEAR D D

Vee (*Sv) ouT IN
14 13 12 "

14
Wip D It
3.4¢ g el
DATA DATA
IN ol B9 | ouT
Y
__I.A Al o
LOAD o] 7415196
j_
WHEN LOAD INPUT 1S Low,
QUTPLTS FOLLOW INPUTS. NO
CHANGE WHEN LOAD |INnPOT
IS HIGH. NOTE THAT A PAIR
OF 74Ls1]4's CAN RBRE USED
(AN A DECIMAL COUNTING

UNIT (COUNTER

Vee

8] 7] Ht

PLUS REGISTER).

DIVIDE-BY-10 COUNTER

D

_ﬂﬂ_o__‘z A

74LS196

T
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LINEAR

INTRODUCTION

THE OUTPUT OF A LINEAR TIC 15
PROPORTIONAL TO THE SIGNAL AT
ITS INPUT. THE CLASSIC LINEAR
IC 1S THE OPERATIONAL AMPLIFIER,
THIS GRAPH SHOwWS THE LINEAR
(INPUT — OUTPUT RELATIONSHIP OF A
TYPICAL OP-AMP CIRCUIT:

QUTPUT
(voLTts)

oO-pPNWwIL

1 L £ __J L L LJ
0L .04 .06 .08

INPUT ( VOLTS)

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

LINEAR ICs GENERALLY REQUIRE
MORE EXTERNAL COMPONENTS THAN
DIGITAL ICs. THIS |NCREASES
THEIR SUSCEPTARILITY TO EXTERNAL
NOISE AnND MAKES TRHEM A LITTLE
TRICKIER TO USE. OnN THE OTHER

HAND, SOME LINEAR TICs CAN ODo
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 ADIUSTABLE, THAT IS UN-
AFFECTED BY CHANGES IN THE Svp-
PLY VOLTAGE AS LONG AS THE SuP-
PLY VOLTAGE IS ABOVE THE DESIRED
OUTPULUT VOLTAGE.

OPERATIONAL AMPLIFIERS

THRE IDEAL AMPLIFIER ... ALMOST.
RIGH INPUT IMPEDANCE AND GAIN,
Low OUTPUT IMPEDANCE. GAIN 1S

INTEGRATED CIRCUITS

EASILY CONTROLLED WITHR A SINGLE
FEEDBACK RES\STOR. FET INPULT

oP-AMPS (BIFETS) HAVE A VERY HIGH
FREQUENCY RESPONSE. IT'S USUALLY
OK TO SUBSTITUTE OP-AMPS IF BOTH
ARE NORMALLY POWERED BY A DUAL
PoLARITY supPlY (Y2 LF353 FOR 74IC,
ETC.)... BUT PERFORMANCE WILL IMPROVE
OR DECREASE ACCORDING TO THE NEw
OP-AMP'S SPECIFICATIONS,

COMPARATOR

SAME AS AN OP-AMP WITROUT A
FEEDBACK RESISTOR. ULTRA — RIGH
GAIN GIVES A SNAP—~LIKE RESPOMNSE
TO AN INPLT VOLTAGE AT ONE
INPUT TRAT EXCEEDS A REFERENCE
VOLTAGE AT TAE SECOND INPUT.

TIMERS

USE ALONE OR WITH OTHER TI(Cs FOR
NUMEROUS TIMING AND PULSE GENER-
ATIDN APPLICATIONS.

LED CHIPS

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

OSCILLATORS

A VOLTAGE CONTROLLED OSCILLATOR
AND A COMBINED VOLTAGE = TO- FRE-
QUENCY AND FREQUENCY-TO- VOLTAGE
CONVERTER. ALSO IVCLUDED 1S A
TONE DECODER THAT CAN BE SET TO
INDICATE A SPECIFIC FREQUENCY.

AUDIO AMPLIFIERS

THIS SECTION INCLUDES SEVERAL EASY TO
LSE POWER  AMPLIFIERS TRAT ARE
IDEAL  FOR DO-IT-YOURSELF STEREOQ,
PUBLIC ADPRESS SYSTEMS, INTERCOMS
AND OTHER AULDIO APPLICATIONS.
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VOLTAGE REGULATORS

78058 (5-VOLTS) ,
ATTACH HEAT
78\2 (ll" VOLTS) SINK |F REQUIRED
7815 (15-VOLTS)
I — INPUT
FIXED VOLTAGE REGULATORS. 2 ~- ouTtPUT
IDEAL FOR STAND- ALONE 3 — GROUND

POWER  SUPPLIES, ON - CARD
REGULATORS , AuTOMOBILE

BATTERY POWERED  PROJECTS,
ETC. UP To |I.5 AMPERES
ouTPUT IF PROPERLY HEAT
SUNK AND  SUFFJC/ENT [NPUT
CURRENT AVAILABLE. THERMAL
SHUTDownN CIRCUIT TURNS OFF
REGULATOR IF HEATSINK TOO SMALL.

5-VOLT LINE POWERED TTL/LS POWER SuUPPLY

Si PRIMARY

SRETIY Ji

CAUTION: You
MUST INSULATE
THESE CONNECTIONS!

w ! L_JZ =t5V
SECONDARY I *:I *:1_ +_]_ 7805 | *
T~
(e

(Y ciz. 3 3 (]
O.IluF

- _

AC LINE RY ¢l-¢c3 —tooouf, 35V
Tl By

Tl= N7-126 V, LZA OR 3A TRANSFORMER (273-1S0S or 273-(S!l).

Bl— IA—4A FuLL WAVE BRIDGE RECTIFIER (276-llLl, 276~1ISI OR 276~1I11),

(RADIO SHACK CATALOG NUMBERS IN PARENTHESES.)

VOLTAGE REGULATOR CURRENT REGULATOR

USES [NCLUDE

VOLTAGEG oL | 78xx | % +5 12 IN '] 7exx |2 stasle
IN ¥ 3 ¥ OR 1S VOLTS l 3 BIASING FOR
T G} Loor T s R\ LEDs , LAMPS,
» GROUND cl EXC,
= 3%1\
= OuUTPUT LOAD
Cin = OPTIONAL; USe 0O.33 uF orR So IF _E -
REGULATOR FAR FROM POWER SUPPLY, - §
Cour — OPTIONAL, USE OJIuF OR MORE TO OUTPUT. _cuRRENT = | RCCILATOR| VOUTS

TRAP SPIKES THAT BOTHER Logic ICs. R\
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1.2-37 VOLT REGULATOR

LM317

CAN SuPPLY uP TO I.5 AMPERES
OVER A [.2-37 VvolLT OUTPUT
RANGE. NOTE MINIMUM  NUMBER
OF EXTERNAL COMPONENTS IN
BASIC REGULATOR CIRCUIT BELOW.
USE HEAT SINKR FOR APPLICATIONS
REQUIRING FoLL POWER OUTPUT.
SEE  APPROPRIATE DATA RBOOKk FOR
ADDITIONAL [INFORMATION:

.25-25 VOLT REGULATOR

DI ¥
15
L+ 'f\:'- R bl 1
l t
\ |
! CAsE| V.
{ - * —= YouT
Vin 2] LM31? ' DZ
(= 28v) XLkl .25 —~
o 240 25 V
4 ) !
e & R\ +

9]
w
N
b~ — A~~~
"+
n
(V)
k3
T R
n

;|f——4

Vin SHOULD BE FILTERED. OK ToO omIT
Cl IF Vin VERY (CLOSE TO (mMmM3I7.
Rl CONTROLS OUTPUT VOLTAGE.

*ADD IF OuTPUT >25V AnD C2Z >2SuF

oz Vlu

ol ADIULST

|

BOTTOM CASE = Vouy
VIEW

(to-3 cAase)

6-VOLT NICAD CHARGER

R\
2z N

CASE

Vin 00— 2] LM317 ___/W\__T‘_lt

(*12-20V) ) 1 leh

q

Bl 15 BATTERY OF 4 NICKEL
CADMIUM STORAGE CELLS N
SERIES. THIS CIRCUIT CHARGES
Bl AT A CURRENT OF 5.2 mA.
INCREASE Rl TO REDUCE CURRENT,
FOR EXAMPLE, CURRENT IS H3 mA
WHEN Rl {5 24 oHMS,

PROGRAMMABLE POWER SUPPLY

o> TO ADDITIONAL STAGES

Vin ot LM3Y

220
(>28v)
CASE e
' =)
Ql-Q4 =
RS2009 \L
Vour
33k

LIMITS MAXIMUM  Vaur
TO~ 27V WHE INPUT
I1s 28 V.

“lar
Q2 Q3 Q4
R VOUT
1L 100 1.8
3 3 3 330 | 3.0
33Kk 33K 470 4.0
1K .3
B &
o}

R DCBA INPUTS: CONNECT
TO PIN 2Z TO SELECT.

7
2.2k |13
3.3K |18.
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2-37 VOLT REGULATOR
723

VERY VERSATILE SERIES
REGULATOR. LP To 40 VOLTS
INPUT AND 2-37 VOLT OuUTPUT.
MAXIMUM OUTPUT CURRENT OF
ISO mA CAN BE EXTENOED To
10 A BY ADDING EXTERNAL
POWER TRANSISTORS. SHOWN
BELOW ARE Two BAS|C
ClRcuITS. TRY THESE, THEN
SEE APPROPRIATE DATA BOOK
FOR ADDITIONAL CIRCUITS.

2-7 VOLT REGULATOR

Ne L 14
CURRENT LIMIT 2 '3 FREQ.
Comp.
CURRENT SENSE 3, Z v+
— INPUT & W Ve
+ INPUT % 1'% Vour
Veer E{ 3 V.
V- td 8 NC

7-37 VOLT REGULATOR

Vin o I 10 ¥
(V“,:wafs) QSC
12 2 zzﬂ_
2 2
723
R3 RI
5 [4
]\ R2
) 100 pF
7
TNPICAL VALLES
VouT R\ RZ R3
9 1.87 Kk 7.15 K 48K
12 4.87 K 7.15 K 2.90k
15, 7.87 Kk 2405 K 2.75 K
28 21.0 k 7.1 K 5.33k

FOR ANY VOLTAGE

BETWEEN 7-37

A R 100 s AN VouT
Rsc h
(+ |ov) 12 2 2008
b 3
723
RI R3
5 Y
< mam
.0l 100 pF
T\ | 77 T\ i
TYPICAL VALULES
Vour R1 RZ R3
3.0 42 K 3.01 k 174K
3.6 3.57K 3.5k |.80K
5.0 2.15 K 4.99 ¢ l.S0K
6.0 USSR b.04K TA
FOR ANY VOLTAGE BETwWeeN 2-7
VOLTS .
Vour = (VREF )7‘ ( 2 + (27_
*VREF = 6.8-75Vv (MEASURE AT PIN G)

£

R3 =
96

Vo Ts:

R R
Vour = (VREF \) \ + Z

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

R3=



OPERATIONAL AMPLIFIER
74\C

THE MOST POPULLAR OP-AMP.
LUSE FOR ALL GENERAL PURPOsSE
AppLicATIONS. (FOR  SINGLE
SUPPLY OPERATION AND VERY

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

INVERTING AMPLIFIER

R}
Vin 0-AA

UNITY GAIN FOLLOWER

USE To V=%5-igv
COUPLE HIGH
IMPEDANCE.
To Low
IMPEDANCE. L2
b VOUT
Vin o____ﬂ
Vour = Vin

+V= 5-1gv
Vin MOST
BE NEGATIVE.
R\
Vin o—MAL
9 VOUT

TYPICAL USES:
AMPLIFICATION OF

DC

VOLTAGE AND PULSES.

OFFseT ) @_ NC
NULL
INVERTING 2 S 7. V+
INPUT
NON-INVERTING 3 ™ 6. OuTPUT
INPUT
v- A 5 OFFSET
NULL

NON-INVERTING AMPLIFIER

COMPARATOR
+Y
V= 518y
Vin o______Z =
. 3 Vour
i TYPICAL

APPLICATION
SHownN BE Low2

LEVEL DETECTOR

+9 1K
A
LED
Vin o- N 2 ¥ 7
74| & &
R} 314
50k 9 Tws creurr
SHOWS SINGLE
1 POLARITY OPERATION
3 OF A COMPARATOR,
Rt SETS THE VOLTAGE DETECT)ON
THRESHOLD (UP To +9)., wHeN Vi

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

74H1C
BASIC INTEGRATOR BASIC DIFFERENTIATOR
c\ 10 KH2 [N
V=%5-i1gv ) A ¢l = .00022uF
L a1 c=.00 Ri = 100K
R2 Ri= toK R2,R3 =10K
L Y ks oK RE:
N —7‘41 ldin A
EM\___}_RB Moot ouT NV: iquv
£ .25v

. 3 -V wHen v=Tay
AND IN = %225 v,

our = % \v,
BRIDGE AMPLIFIER
CLIPPING AMPLIFIER o ! LA , 3
o]} D2
V=tg5-|8Vv [D} _ _:lq D! AND D2 =
R2 ZENER DOIODES. + 0-1 mA
) SRR, V.V, U ¢ IF Vg = GV,
THEN oOuTPUT
+V CANNOT EXCEED
R) FL.TM =
Vin o—MA 2 RY: BALANCE _L
Ly Vour RL: ZERO i
3 } -9
__[__—.— ¥ Vosrz2Vin (%% *
3 UP To Vo + 0.7V, R\ 1s UMNKNownN RESISTOR. WusSE (dS

FOR R\ TO MAKE A VERY
LIGHT METER.

= . CELL
SENSITIVE

SUMMING AMPLIFIER DIFFERENCE AMPLIFIER

%1 e RY
100 100K y
‘, A V=%5-18v \%ox
Vin R2
) 100K Rt
2 o-MA 3 looK
b VOUT ‘ 2
W V\N
R3 2 3
Fer 3B K RZ
jook R3
looK -V
Vout = “(V'ul + V«nZ) \ /r e
NOTE: Veur CANNOT > Vour = VinZ = Vinl
EXCEED X V.
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OPERATIONAL AMPLIFIER
741C

LIGHT WAVE RECEIVER

R}
+9 M
RZ +9
\K c2
Y1 uF
+ ¢l t
\2‘ Q\ AmF 3 4
RADIO SHACK
276—-130
L exn
USE TO RECEIWE VOICE ex SPKR
MODULATED LIGHT WAVES. OK
TO ULSE SINGLE  POLARITY POWER
SUPPLY FOR NON = VOICE RECEPTION.
HIGH PASS ACTIVE FILTER
,‘}_‘,K V=*5-18 4B
R=RI=R7. (o]
C=C1=C2 ,—J\M -3
+V
FREQ
¢y cz 2
FRE@. Ol -0l | > FREG
IN 14 |2 ouT
H\ YALUES SHOWN:

CUTOFF

N
RZ
| 27K
27T RC di

LOW PASS ACTIVE FILTER

¢l

OdR = 7SC Rz
-3d8 = 350 Hz
-35d8 = 6O Hz

.ol V=t s5-i8 4B
R=RI=R2 L o
C=Cl=C2 ——k -3
+V J S
FREQ®
FREQ R} R2 z
IN 100K | 100K ). FREQ
A 3 out
l VALUES SHOWN:
CUTOFF = I G O0dB = 50 Kz
| OluF -3 4B =250 Ha
2 RC = -50 dB = 10KH2

(CONTINUVED)

60-Hz NOTCH FILTER
ol ;Z_‘OPF V=%s5-18 .
" Bhie
©OH2
e

1oM IOM LOHz INPUT

Lo FREQUENCY

IN pown -3d8

H-BIT D/A CONVERTER

BINARY
INPUTS

|8
D o MV

ADD CiIRCUIT

c BELOW FOR
9  IMPROVED
R10 OPERATION.
470 +l.4v
&
RI~RS:
OK TO USE
L.8K. (ZK J
A TSN e B B Kk
OULTPUT
VOLTAGE
-4y
FhE)
\OK
10K
ouTt

BASELINE
ADJUST

249



OPERATIONAL AMPLIFIER
741C

OPTICAL POWER METER

S\* .OZIAF
1M e_—‘ CAUTION:
I: 0-10.0 uA L TRIS IS
2: 0- 1.0 mA 2uF A  VERY
3: 0-0.l mMA x ____+_| l SENSITIVE
100K CiRCUIT !
Sy o—=_ NANAA 4 TOO MUCH
2 2uF LIGHT witl
FuLL SCALE| ! ( —— (4 SLAM ThE
METER \oK METER
READINGS L_AAA____4 NEEDLE.
5K

SILICON SOLAR
CELL s

+‘___1r

THIS CIRCUIT CAN BE
GOOD QUALITY

USED AS A FAIRLY
RADIOMETER.

ELECTRONIC BELL

Rz-V}F" cl WF\’_RZ’
M .00S 1M
RY
M 1
RI c2 ' c3
10K oo t9 .00} Puoooo.,,..
Si _'l To AvDdiIO
9.4 AMPLIFIER
PRESS
TO RING

ADIUST R3 To JuST BELOW OSCILLATION
POINT. ADIJUST R2 AND R3 FOR SOUNDS
SUCH As BELL, DRuM, TINKLING , ETC.

100

(CONTINUED)

BARGRAPH LIGHT METER

RY
1OOK
R3: OFFSET A
ADJyST 49
A
RI R3
1K . 10K
M - 4, /i 5
741 2 ¢
| 3
Q + 14
R2
e im -9
A
Q! IS A PHOTOTRANSISTOR 390 .iqg
(RADIO SHACK 276-130) ”
CONNECTED AS A ]
PHOTODIODE . A SILICON R9 Y
SOLAR CELL CAN ALSO 470 N
BE USED. USE GREEN
LEDs FOR READOUT. .
AUDI BLE LIGHT SENSOR
AR
Ri +9 l
1K
3 7 R3
i +7~1/ 6 Eow
*i¢ Z]- +1 2
b 4 H.7umF
RY
R2 =9 490
A
100K \m 1
= \_/ pPcz 8n sPKkRr
PCl,PC2— CdS PHOTOCELLS

(RADIO SHACK 276-1iG)

LIGHT onN Pcl
LIGHT onN Pc2

DECREASES TONE FREQUENCY.
INCREASES TONE FREQUENCY.



DUAL OPERATIONAL AMPLIFIER 3

1458 81 7] &l sw
TwWo 781C OP-AMPS IN A
SINGLE 8-PIN MINI-DIP. TRY
TO USE THIS CHIP FOR (—q]-
CIRCUITS THAT REQUIRE TwWO
OR MORE 74I1's. You'LL SAVE ,
TIME, SPACE AND MONEY. b2 3] ]
V_
PEAK DETECTOR PULSE GENERATOR
R2 RY R2
10K 1OM \OK *
A _ NN C\ EREQUENZN
+ -
=
7 * .00\ uF 5872 H=
C 01 /qF O H=z2
. b 10 uF 51 Hz
IOM |.OOM§ & Hz2
Rl RY "H/z 7
10K INQI4 RI ™ by
L
Cl STORES 1oM
Viv Ol THE PEAK Ll kAl L}
s \100uF  VOLTAGE Re
2 AT Vin. et AL AL} E RS K
A R3 0K
APPLICATIONS INCLUDE ULSE AS 10K -
ANALOG "MEMORY" THAT STORES
PEAK AMPLITUDE ©OF A FLUCTUATING PULSES ARE DC. AMPLITUDE
VOLTAGE. WHEN Cl= Ol uF IS 5 VOLTS.

FUNCTION GENERATOR

ANA — MM
R1 RS 100K F__/\N;__ FREQUENCY = | KRz
ook ,_)}___.+ ! R] Iook
+9 7\'L AA
CL .\uF (43 Rt
R7 +9 .oo2z 27K
100K R10
14 10K
LM“
-
]
Ro
1ok Y A Jr
 of SQUARE: t7.5v TRIANGLE: T2V sine: fazv
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DUAL OPERATIONAL AMPLIFIER

102

V+
LF353N (JFET INPUT) 8] 7] o| s
HIGH IMPEDANCE (10 'ORM) JuncTion EET [z
INPUTS. OUTPUT SHORT CIRCUIT
PROTECTION.  HIGH SLEw RATE (13V/mSEC),
Low NOISE OPERATION. AMPLIFIERS ARE
SIMILAR TO THOSE IN THE TLO84YC. NOTE
TRAT PIN CONMNECTIONS ARE THE SAME AS
M58 . THis OP-AMP, HOWEVER, OFFERS 1] 2] 3] 4
MUCH BETTER PERFORMANCE. V-
SAMPLE AND HOLD PEAK DETECTOR
y TRACKS  Vywu
+4-18v AND STORES
PEAK Vin IN
- nd'¥
Vy Ol
UObb N9y b Vour
Viv od o0 Vin
S/n o2 REDUCE Cl cy
IuF —4-18y FOR FASTER  VuF I -4-18V
7 RESPONSE
TO CHANGING Vin »
% 3 S/H: H = SAMPLE
OPTIONAL L = noLD
PROGRAMMARLE GAIN QOP-AMP
+4-15
AUDIO MIXER GAIN A o3[ 4owe
SELECT B o S 14
c 6| 5
A i 4
' w/&_rz_/\/\/L At
MAXE.
SELECTED 3 ol dOAALL &
GAIN INPUT R2
| Hy, oTHERs L. ¢ 8| -4 [IAAA ] C
\0 h D
i JJ/H_/\Nu
R3 3 ~4-/8v RI +4-I5y
> K
! | Ri=R2=R3=R4= 10K Vin °_AN\—‘L7;_‘/ 8
Y \ 2 183 > potVelen
*—
CONMECT OUTPUTS OF  PREAMPLIFIERS ! \/(Vou*r=‘\/w(%>
TO  INPUTS -3, Ok To ADD MORE ~4-ISV
CHANNELS. WORKS WELL WITH < ¥
TLO&4Y MICROPHONE PREAMPLIFIERS.



QUAD OPERATIONAL AMPLIFIER

TLOSHC (JFET INPUT)

WGH IMPEDANCE (10 OHMS) JUNCT/ON
FET INPUTS., OUTPUT SHORT CIRCUIT
PROTECTION. HIGH SLEw RATE (12 V/

SEc) PLUS LOW NOISE OPERATION.
PEREORMANCE SIMILAR TO LF353N.
NOTE THAT PIN CONNECTIONS ARE
SAME AS [m324,

MICROPHONE PREAMPLIFLER

V._
14 13] 2] n] o al 8
1a
V12l 30 4] sl el ]
VES

LOW-Z PREAMPLIFIER

R2 (GAIN R2 100%
USE LOW R| IM__CONTROL) hAA L
TO MEDIUM EIOK R3 ook t4-18v USE Low
IMPEDANCE e IMPEDANCE RI +4-18y
DYNAMIC (3 c3 (tow-2)
lufFl .2~ y F MICROP
T = W I c_r RQE, L LN
+ ILoeq (—-’ ouT
" - OK TO USE
€l Rs RY GAIN= BV 85K SPKR AS R4 -4-18Yy RADIO SHACK
ImF LK 100K MICROPHONE . 100K 273-1380
CONNECT DIRELTLY ¥
- To INPUTS (PooR 1 RED
NOTE SINGLE POLARITY POWER SuPPLY To FAIR) OR USE BLACK
(TRANKS To R3 AND RY4) AND Ac TRANSFORMER (GOOD):
COUPLING. Vs IN
8. spxR
WHITE BLUE
INFRARED VOICE COMMUNICATOR
R2 R3
look i +qy 100K — | M
RI R3
K 1K R ci R2 +9v
(] 220K AuF 1K
DYNAMIC duF e D <l
M\ckcz PHONE ! {( RS2009 Q) c ILoaﬂ'
gecewver | L7 o
// -9y POWER
TRANSMITTER X AMPLIFIER
i INFRARED 3
.._L__ LED USE RADIO SHACK 2W-130
3 (276~142) PHOTOTRANSISTOR FOR Q.
PoINT TRE LED AT Q' AND ADJIUST RY  UNTIL MAXIMUM RANGE - HUNDREDS
BEST VOICE QUALITY 1S OBTAINED. (R4 APPLIES Of FEET AT NIGHT = WITH
PREBIAS TO LED.) R LIMITS MAXIMUM LED LENSES AT Q! AND LED.

CLRRENT TO A SAFE 40 mA.

PowgR AMP: SEE (M3R06.
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QUAD OPERATIONAL AMPLIFIER

LM324N

OPERATES FROM SINGLE POLARITY
POWER SUPPLY. MORE GAIN (100 dB)
BuT LESS BANDWIDTH (I MHz wWHEWN

GAIN IS 1) THAN THE LM3900 QUAD
OP- AMP.  NOTE UNUSUAL LOCATION
OF POWER SUPPLY PINS. CAUTION:

SHORTING THE OUTPUTS DIRECTLY
TOo V+ OR GND OR REVERSING THE
POWER SUPPLY MAY DAMAGE THIS CHIP.

BANDPASS FILTER

Ri
150

Vin 0AAA__{

BANDPASS
FREQUENCY :
| KHz

PULSE GENERATOR

+4-30V
, B DI
Di-D2: INQIY
Ok TO
ELIMINATE, RI R2
IF so, l(\>‘o 1M
CONNECT
RZ TO PIN | R3
AND ELIMINATE LOOK 3 D1
R3. i G INQIY
3 W . » |q L__,.”.
3! 324
" 386 KHz
RY
(] _ RS look CHANGE R4
.00y T 100K AND /OR ClI
TO VARY PULSE

REPETION RATE.

|OH

GND
4] 3] 2] n] o] 9| 8]
(f 12l Bl lWiiist kT %)
+3-30V

INFRARED TRANSMITTER

RS
RZ Rs2009 100
look
\
O:L + RY
100
INFRARED 7

LED (2% ~142) N

CAREEULLY ADIUST ~
R3 FOR BEST VOICE

USE DYNAMIC
MICROPHONE AT

QUALITY. FOR MORE INPUT, RECE\VE
POWER REDUCE RS SIGNAL  WITH
TO 5o0oN... BUT DO PROTOTRANSISTOR

NOT ALLOW MORE THAN PLUS o©P-AMP.
20 mA THROUGH LED)

INTERFACE CIRCU ITS+

OBSERVE al's 3
POWER RP\TING\_\Q\

To
Sl
TTL ORWER £ ™ ALL Vg 7 LAMP DRIVER

LM324N X

21 T

RUFFER (ouT = IN) LED DRIVER ~



QUAD OPERATIONAL AMPLIFIER

LM34900N

OPERATES
PowER
BuT WIDER

FROM SINGLE POLARITY
SUPPLY. LESsS GAIN (70 dB)
BANDWIDTH (25 MHz AT
GAIN oF 1Y THAN THE LM324 QUAD
OP —-AMP. NOTE STANDARD POWER
SuPPLY Piv LOCATIONS. CAUTION:
SHORTING THE OUTPUTS DIRECTLY TO V¢
OR GROUND OR REVERSED PoweR
CONMNECTIONS MAY DAMAGE THIS CHiP.

ASTABLE MULTIVIBRATOR

+9

USE AS CLOCK,

PULSE GENERATOR OR
DUAL FLASHER (SHOWN).

+4-36Vv
HT 13 2] ] 10] 9] 8
JIE E BT R YR

NOTE:. DO NOT SUBSTITUTE
FOR OTHER OP-AMPS

LM39D0

TOGGLE FLIP-FLOP

+r5-

RI
100K

1z

\(
)

(

R3

1M
Ry
I M

7‘6

TO TOGGLE:
INPUT LOW, THEN HIGH.

X10 AMPLIFIER

L_),% IN o__’(,_ﬂ
Rl ct
S00k .00l
RZ
100K |
FUNCTION GENERATOR
33k
D1
ANQI4 gt ﬂ___
R\
M b
RY
1K
?\: PULSE

FREQUENCY = 1.Z KR

RZ
1M

MAKE



QUAD COMPARATOR 2k
LM339 (276-1712) Hﬁ% 3] 12] n) o) 9] 8]

FOUR INDEPENDENT VOLTAGE COMPARATORS L “
IN A SINGLE PACKAGE. NOTE THAT

A SINGLE POLARITY POWER SUPPLY \
IS REQUIRED. (MOST COMPARATORS ARE s Lﬁ;ﬂ

DESIGNED PRIMARILY FOR DUAL SUPPLY
OPERATION.) NOTE UNUSUAL LOCATION OF THE
SUPPLY PINS. COMPARATORS MAY OSCILLATE 17 2] 31 4] 51 of 7
IF ouTpuT LEAD IS Too CLOSE TO INPUT LEADS. +2-32v

GROUND ALL PIns OF ULNUSED COMPARATORS.

NON-INVERTING COMPARATOR INVERTING COMPARATOR

RI
OPTIONAL 5k i f& RiI-R2 +2-32
INpULT DETERMINE. + InPUT
VOLTAGE REFERENCE VOLTAGE
+9 VOLTAGE
J R (45 v AS SHown). +REFERENCE
RY VOLTAGE
100K

LED GLOWS WHEN INPUT VOLTAGE (PIN S) \NVERT\ NG COMPAR ATOR
ow N L. N9 ),
FALLS BEL REFERENCE VOLTAGE (PInY) WlTH HYSTERES\S

NON-INVERTING COMPARATOR rkded L L)
WITH HYSTERESIS * INPUT
I VOLTA GE

3.3k

+ REFERENCEg + REFERENCE
YOLTAGE b5 OUT VOLTAGE
+ INPULT NOTE: HYSTERESIS PROVIDED

VOLTAGE 10K 1I0M —— BY FEEDBACK RESISTOR STOPs
OSCILLATION.

3-STATE OUTPUT

+5

TTL DRIVER CMOS DRIVER

ok +3-15 100k o CONTROL
L= ENABLE
A * AzHi-2
To

S TTL
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QUAD COMPARATOR (conTinued)

LM339
LED BARGRAPH READOUT

+5-10

ADJUST R\ To ACHIEVE

WINDOW COMPARATOR

+ST-ID
& %RH RS
Rl 10K 1.8
5 3
+\/4 73
R'l* q —33"
W
INPUT o L Y y | Ql
4 RS-
VOLTAGE A8 ! 2009
- 12
R': 4
THE LED GLOWS WHEN THE INPUT VOLTAGE

1S WITHIN THE  WINDOW DETERMINED BY

RI-R3. THE wWinDow IS 4-8 MILLWVOLTS WIDE
WHEN Ri= 5000_,Rz=noo.w_ AND R3= 1M, |IT
EXTENDS FROM 1.6 —4.2 VOLTS WHERN Rl AND R3=
1IS5,000N AnD R2=125000 0. USE POTS FOR
RI-R3 FOR A FOLLLY ADJUSTABLE WINDOW.

a4 1 semsimury P To A PROGRAMMARBLE LIGHT METER
INPUT T FEw MiLtivolTs PER
VOLTAGE LED. SEE POPULAR ELECTROMICS +9
(SEPT. 1978, pp.92-97). ) b
> R2 g
15k RS Ro6
Pci 10K IK
SQUAREWAVE OSCILLATOR RN
Y4
+Tq Ry 4| 339
AAA M | N0
B i w
looK ¥
3v al
- RS-2009
R2 ¢l |ouT (Ha) ‘,% E |
100K RI 5K Cd S PHOTOCELWL - 3
| .0001 {22,078 M )t I(EADIOSHACK 27%6-116)
.00} it
.ol 309 ADJIUST R! AND R3 SO LED GLOWS WHEN
ad 30 LIGHT AT PCl IS ABOVE OR BELOW ANY
= l.o 4 DESIRED LEVEL.
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LED FLASHER Z0SCILLATOR

3909

EASIEST

NOTEBOOK.

CAN BE

TO USE IC

USED

IN

FLASHES LEDs
AS TONE SOURCE.

THIS
OR

WILL DRIVE SPEAKER DIRECTLY.

wite FLASH A RED

IS ONLY

1.3 VvouTs.

LED WHeN Vi

LED FLASHER

FAST RCc LI o A 8 SLow RC
] oK
our 2 % 7 NC
Ne 3| 3ax| L & R,
¢ nn;
GND 4 ) 5 V+

POWER FLASHER

+3V
RED LED W +1L5v T0 (AT~ 30mA)
| | 1 PIN b
Si 1 8 6] St RI-R2: e 51
\L Sh
;T‘ 29049 OPEN =2H2 OPTIONAL 39019
ct ] CLOSED=5.5 Ha FLASH
47uF RATE
2 [I' CONTROL. 1
INFRARED TRANSMITTERS
TRANSMITS
STEADY IR LED IR LED
I KH2 (L-142)  INQIH  +I.5YV (26e~142) INI4  +1.5Y +l.SV
TONE. T TRANSMITS
DISTINCTIVE
b IS WARBLE TONE 1 lb JS 8 15
8
3909 3909 ! 3909
RI RI Cl -‘-‘lw-’:
LSK 4720 IuF
4 L 2 M0 L W lep I 02 1R
k3 : ol E L {aClygafll @ =
LIGHT CONTROLLED TONE LAMP FLASHER
+1.5V TONE ‘ +iV
X A FREQUENCY : p
X INCREASES LS
& WITH  LIGHT. -@%— | 8 5
RI < s i
ct |+ 3909 100 Ci 34909
= IpF ®112 orR | 470uF
OTHER + |/
Cds 1z 4 L5-3 v NRL R ye J:*
PHOTOCELL 18 %18 BULR. '
(276-116) = SPKR =

108



LED FLASHER /OSCILLATOR

(CONTINUED)

3909
WHOOPER CHIRPER
+1.5Vv +1.5v
\ — A
s 2 l o i 18
<
R\ ey =< 39019 R et 2349049
1K l,mF_1 A j sk L -\,«FT‘+ Lj
= A 7 8n o g2l | X3 8R
100 3 SPKR {00 [ SPKR
AMA___
;3_;,( +.5v $LSV
8 5 j‘ =} 5 l
3909 2909
cz 3 |4 c2 S v.
loomF \ 22-47uF
2z £ 3 2 )
SUN POWERED OSCILLATOR TOY ORGAN
[ 1) [ +1{.5V
¥ 1 ET LR L YG
cl 8 -{? "l '{ -{ -’ ImF 18 5
RI ApF ¥ 5
ok ¢ == 3909 Rl Fm_ R3 SRY SRS < 3409
5
2 3 _ , L L3 Re
2 SiLicon _1: 100 "=
R2 1 souar’ RI =33k (336 Rx)  ° j f
100 N ; afl - CELS R2-1.ok (719 Hz) RY - 1S0 (2.88 KHz)
AAA | SPKR R3 = 330 (173 KHz) RS- 47 (.54 KH1)
IS¢
TTL CONTROLLED 3909 SPKRS
+5 R1 +Syv ¢
100
A L laAAl L A L
Yo 1404 5 2 Y% 2404 5] >
\ 1y +[__ ¥ 14 e
g 41 3909 = IN o 2 - 23909 %
iEac it [ i
3 <~ ‘
8]_____.‘ 8 ApmF
H= FLASH LED C\ H= TONE + LED GLOWS
L = INRIBIT 100uF L= INHIBIT
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DOT /BAR DISPLAY DRIVER
e T TR 5T 6T P &1 9D
LM3QI4N 18] 7] 6] 1s| ] us) 2| u]

TO OUuTPUT LEDs

ONE OF THE MOST |MPORTANT IF THE LEDs FLICKER, CONNECT
CHIPS IN THIS NOTEBOOK. A CAPACITOR (0.05 uF ToO
LIGHTS ULP To 10 LEDs 2.2 uF) FROM LED ANODE LINE
(BAR MODE) ©OR |-OF-10 (EDs To PN 2.

(Dot MoODOE) IN RESPONSE TO

AN INPUT  VOLTAGE. CHIP IRERE N SE R IE BE B
CONTAINS A VOLTAGE DIVIDER I =V *V Rie IN Ru REF REF MODE
AnD 1O COMPARATORS THAT ouT ADT

TURN oON IN SEQUENCE AS
THE INPUT VOLTAGE RISES.

HERE'S A SIMPLIFIED VERSION DOT/BAR DISPLAY

OF THE ClRCULIT

R2Z +3-18
LED 100K A LEDs
+V 3
‘} 10 |0
L‘L.K}_4 o LM3QIY| % ,
Rum L Xy i q
TO INPUT %
IK 1 1z 8
PINS IN 03] %
2= Rl CONTROLS 3 7
- { LED CURRENT. %
o CURRENT o {4 b
e TAROUGH R\ %
>_18‘q , IS, 15 | LED d ['S S
+ ¥y CURRENT. SINCE %
CURRENT (I) R b 4
1K THROUGH A 1K 5
RESISTOR (R) 2 7 3
t— = IS VOLTAGE %
! 1) ACROSS R 4 '8 2
+ ¥y PWVIDED  BY %
R, K GlVES 8 L !
IK AN LED " % l
CURRENT OF - 9 BAR &\ 0 DOT
Riedl= 43 = s (2 +3-18v (O} _mp Al j,
20K BUFFER Si
IN 5L A, 2 GND WHEN *V = +3-18 vOLTS, THE READOUT
RANGE IS . Q3= S0l _IVOLT.SE TO
9 mooe CHANGE RANGE TO O.I=1.0 VOLT
REF 2 REFERENCE (ov vor PeER LED), INSERT A 5K
ouT VOLTAGE POTENTIOMETER BETWEEN PiINS b
Rer 8 SOURCE. AND 9. CONNECT VOLTMETER
ADIUST (.2v) ACROSS PINS 5 AND & AND ADTUST
R2 FOR | VOLT AT PIN 5. THEN
ADJUST IK POT ULNTIL LED 10 GLOWS.
Rai AND Rwe ARE THE ENDS OF REPEAT THIS PROCEDURE FOR O.l
THE OIVIDER CRAAIN. THE REFERENCE voLT AT PIN S AND LED 1. OK
voutace outpuT (REF out) IS 1.2—13 TO REPLACE THE |k POT WITH A
VOLTS. COMMECT PIN 9 TO PIN L FOR FIXED RESISTOR OF THE PROPER
poTr mMobe OR +V FOR RAR MODE. VALUE.

11O



DOT/RAR DISPLAY DRIVER (conTinuen)
LM3914N

IR C 20-ELEMENT READOUT

, 5 ,
L0 © THIS CiRCUIT SHowsS HOwW TO CASCADe
I f2 LM3y| |# 2 OR MORE LM3QI4's, WHEN + V =
] I S VOLTS, THE  READOUT RANGE IS
Si () % 0.4 v TO 2.7 V. HIGHEST ORDER LED
A [12 |:}1 STANS ON DURING OVERRANGE. AVOID
3 SUBSTITUTIONS FOR RI Rz AND R3.
7 i3 )
R\ ¥y S| 1S THE MODE SWITCH. USE A
2.2K Un) Iq ' DPDT TOGGLE. Pos|ITION | SELECTS
sy BAR AND POSITION 2  SELECTS DoOT.
+ |/ 1 LS K oMIT SIIF  ownLY ONE  MODE IS
EEEED % REQUIRED. SIMPLY WIRE  IN THE
J k- Lo 4t CORRECT CONNECTIONS.
2.2 uF &
p . Ko
/ 4
h 'ﬁ—’q—«
£
(4
8 K H FLASHING BAR READOUT
£
St 4
1 1 R3 e A
3| 22K ¢ +] 3] R3 IK
e o L1 4 10O MF o
LM3quy| * LM2914| ¥ F:o F
n/ I R\ ) L .’.4.____.‘
/A
5 470 %
; R 12 | :] . 7 12 . +3-18v
1K 1'% % J
2 3 I:] R2 13 |q j'
¥y 1K %
Ly ['4 % 14 K]
% % DOT MODE:
8 15 4 IN ,,.éi S_}—¢ ConwmEeT
sha * % PIN Q TO
3 e 11+ P“—-{Q—J PIN 1)
¥ % INSTEAD
> i lq 2 7t} OF tV.
% %
18 H [1-]
b —/sz —7)@"“ _éfQ’j
q 1 8 ]
St () *’/' J READOUT & 3 &I 3
D'RECTION = 9]
THE CIRCUITS oN . THIS PAGE WHEN ALL 10 LEDs ARE onN
ARE  ADAPTED FROM  NATIONAL THE DISPLAY FLASHES. OTHERWISE
SEMICONDUCTOR'S LM394 LITERATURE. THE LEDs DO NOT FLASH.

BOTH woRk WELL. INCREASE Cl To SLOW FLASH RATE.

I



DOT/BAR DISPLAY DRIVER (conTinueD)

LM39I14N

+9

}

SOLID -STATE OSCILLOSCOPE

Hi,
q

Lm39/9 |1

Ri:
R3.

SCREEN:

IO RED LEDs
COMNNECTED TO
INTERSECTING

LINES LIKE THIS

VERTICAL GAIN
HORIZONTAL
SWEEP (Tma&Ass]
USE R3 TO
SYNCHRONIZE
SCOPE  WITH
INCOMING WAVE.

m
"

ADD oP-AMP TO
INPUT FOR MORE
SENSITIVITY. USE
Rl To CAULIBRATE.

3
2 4 7 lo
o) I z 3 4 s A 7 8 9
RESET 4017
(ctear)
i3] 8 uoi
X 3 Si:l= TRIGGERED SWEEP E Wi

THIS 1s AN
EXPERIMENTAL
SOLID = STATE

SCOPE THAT wiLL
FIT IN A POCKET
SIZE  HOUSING.
THE RESoLUTION IS
POOR, BUT VARIOULS
WAVEFORMS CAN
BE VISUALIZED.
EXPAND BOTH THE
VERTICAL AND
HORIZONTAL CIRCUITS
FOR MORE RESOLUTION.
FOR MORE {NFORMATION
SEE POPULAR ELECTRONICS,

AVGUST 1979 (pp.78-79).

2 = FREE RUNNING

USING THE LM39I4 AS A CONTROLLER:

RELAY

5

RY! (GV,500R)

Q)

ANY LED

OUTPUT w
LM3914 |

Cl —Y47uF (PREVENTS CHATTER)

DI — INQI4

RY1—RADIO SHACK 275-004

12

OPTICAL COUPLING

RY|
0

RELAY: NORMALLY

OPEN
CLOSED7

ﬁ POINT Qi AT NORMALLY
49 1-0F-10 LEDs +S
TO DETECT t e
SPECIFIC
Rl ouTPUT Rt
4Ix LEVEL. Y7k
Qi .
i L 1,2=7/3 7404
Ql. PHOTO~ Ql: USE RADIO SHACK
TRAN SISTOR 27 -130 ETC.




DOT/BAR DISPLAY DRIVER 0 0 A 0 I 9 O
LM39I5N 18) 17 te] is) 4] i3] 2] n) 0}

TO ouTPUT LEDS

LOGARITHMIC VERSION OF THE IF THE LEDs FLICKER, CONNECT
LM3914 N. THE LM39I4N USES A CAPACITOR (0.05 uF —2.2uF)
A STRING OF |IK RESISTORS FROM LED ANODE LINE TO

AS A VOLTAGE DIVIDER WITH PIN 2.

LINEARILY SCALED DIVISIONS.

THE VOLTAGE DIVIDER RESISTORS 11 21 3] 4] s] 6] 7] 8] 9]
OF THE LM3Q5N ARE SCALED I -V +V Rie IN Rw REF REF MODE
TO GIVE A —-34dB8 INTERVAL ouT ADJY

FOR EACH OUTPUT. TRIS CHIP

1S IDEAL FOR VISUALLY Mon\- SEE (M3Qi/4N FOR EXPLANATION
TORING THE AMPLITUDE OF OF PIN FUNCTIONS.

AuDio SIGNALS.

O TO -27 4B DOT/BAR DISPLAY

3-sv LED _DISPLAY
lr P
BAR MODE
3
AL N R | 0 dB (FULLSCALE oR FS) ® 0000 BB 0O
Lmsmsm ~3ldla (707 Fs) ©000000000
SIGNAL o3 74
IN E-_.K}__1 -6d48 ( .S00 Fs) 000000000
(AC or DC) ¥
"S—‘K}—“l -94dB (.354 Fs) 000008000
¥
¥
g JL.K].__J -12d8 ( 250 Fs) eee0080000
¥y
14 _'i__.K}__J -5 d8 (177 Fs) eee080000CO
¥
Y
RI § L_'“’_J’<}, )| -8 48 ( 125 Fs) 0000000000
1K K, ( )
& L_|<].__1 -2 d8 .088 FS 0000000000
¥y
b 18 11— -2948 ( .062 Fs) 000000000
¥
& L_K},_J -2748  ( .ou4q9 Fs) ©00000000O0
= ¥y
= 9
*OK TO OSE
-0 O DOT MODE.
BAR  DOT

THE INPUT SIGNAL CAN BE CONNECTED
DIRECTLY TO PINS  WITHOUT RECTIFICATION,
LIMITING OR AC COUPLING. SEE THE
LM3qiy N FOR MORE IDEAS AND TIPS,

13



TIMER

558

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

ONE-SHOT TIMER OR AN ASTABLE
MULTIVIBRATOR. THE 556 IS
Two 5SS CIRCUITS ON ONE CHIP

555 EQUIVALENT CIRCUIT

8| 4
INTERNAL
Sk K REFERENCE
° +
5 |
5k g CONTROL —
FLIP-FLOP
2 +7_
5K ;
POWER 3
OUTPUT
J fﬂ
ﬁ
] AND 2 ARE COMPARATORS. CIRCUIT
CAN RE MADE FRomM [INDIVIDUAL PARTS
AS SHOwWN ... BUT 5SS IS MUCH SIMPLER.

ONE -SHOT TIMER

+5-
SASV
8 4
RI Z 5 TRIGGER
1M r_Ommn 1]
555 T
b 3 OUTPUT _[ L
gl 1+d 1 I0Feh 131 T=LIRICI

.cn,.r-‘T

] VALUES SHOWN GIVE
- o | SECOND oOuTPUT
I PULSE.

GROUND _'] 8 Vec
TRIGGER 2| 7 DISCHARGE
ouTpPuT 3] T_‘z_THRESHOLD
RESET 4 S CONTROL
VOLTAGE
BOUNCELESS SWITCH
+5-15
A PRESSING S! GIVES
8 4]  cLtean O.1 SEcomD
Rl OuTPUT PULSE.
100K
7 235 e L. i
b 2
Si
Cl t.x_ :

T

T 3
Al .CC;LV‘ FT j

—

TIMER PLUS RELAY

+9

A TRIGGER ~—Lr—

4]

RELAY :

R1 Z
M

|

555 3

LV, Soon
12 mA ¥

A
INQIY

1OuF

CZS

.ol,uFT

P

VALUES

WitLlL

ABouT It

KkNoOB
HELP
CLUDE

CAN RBRE TR\GGERED
NEGATIVE
PUSHBUTTON

PINS

M RADIO SHACK 21S-004

oF R\
PuLlL RELAY

AND <Cc! SHOWN
IN FOR ULP TO
SECONDS. USE POINTER
AND PAPER SCALE TO
CALIBRATE CIRCUIT. USES IN-~
DARKROOM TIMING. CIRCUIT
BY A
PULSE OR WITH A

SWITCH ACROSS
| AND 2.



TIMER (conTINUED)

58S

TOY ORGAN

+9 Too coup?
R\ ADD t(00OSL
look 41 RESISTOR,
(CONTROLS [
FREQUENCY 3
RANGE) <o) = .
8N
R2 SPKR |
1K +
7 0 g
47 uF |
S| crfiy? !
=18 2 =
-0 o
I\
S &4 TYPICAL VALUES:
Z " &N Y
s —0 He—_{’
cii—l oo Iup
S3 3 (2 — 0.08 MF
u——~o_L_o———1(——————< €3 - 0.0 umF
4 — 0.00s ,uF
] cY c5 ~ 0.00I =
gl L1y i
USE  ANY
S5 cs AVAILARBLE VALUES
J»__a-Lo_le____‘ IF THESE ARE
' | NOT AVAILABLE.
¥ Y
ADD ADDITIONAL
STAGES |IF DESIRED,

SWITCHES ARE
OPEN PUSHBUTTONS.

MISSING PULSE DETECTOR

NORMALLY

+S-18
M\SsiING Pucse R 8 1
! ook
% IN i 555 l ‘
b 2 ouT
P YA
i
+ ¢
Q\ -l/AF -
/‘f =

RADI©O SHACK 276-2023

LED TRANSMITTER

.

R1
10K

R1
1K

7| 5ss

e

1

R3
1o 5L

INFRARED
BEST

use
LED FOR
\\ RESULTS.

CIRCUIT PULSES LED
WITH 45 mSEC LONG,
1ZO wm A PULSES AT
A RATE OF 4.8 KHa.

PULSE GENERATOR

RI
M

R2
tK

C\
.0\

+5-15
\
8 q
' s, nn
SISNS)
b USE TO SupPLY
I CLOCK PULSES
Z TO TTL AND
J LS LOGIC

L“L

CIRCUITS. RI
CONTROLS PULSE
REPETITION RATE.

THIS CIRCLUIT 15 A ONE-SHOT THAT
IS  CONTINUALLY RETRIGGERED BY
INCOMING PULSES. A MISSING OR
DELAYED PULSE  THAT PREVENTS
RETR\GGERING BEFORE A TIMING
CYCLE (s COMPLETE  CAUSES FPIN 3
TO GO Low UNTIL A NEW INPUT
PULSE  ARRIVES, Rl AnD ci
COnTROL RESPONSE  TIME., USE IN
SECULRITY  ALARMS | CONTINUITY
TESTERS, ETC.
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TIMER (conTinueo)

555

ULTRA-LONG TIME DELAY

TOUCH SWITCH

+9 +5-15
k A
Rl 8] 4]
gl 4] Rl CONTROLS 100K 2o TOUCH WIRE
PULSE RATE (ToucH AND
FROM 558S. < WU S L" 555 LED  WiLL
RI 7| 555 TAIS RATE S T auF GLOW | SECOND)
IM DWIDED &Y b 3
b THE 4o0I17's | WORKS REST
R2 To GIVE *lo, 75 W G Sj_ INDOORS  DUE
TE . X100 AND OSuF ¥ To STRAY AC
L X|000 DELAYS. I_ FIELD. ELSE-—
e [T ITTS <Y R2 WHERE TRY
1O pmF ) i 1K TOUCHING
y +d PINS | AND 2.
12 ™ lo] lo
+9
I 4017 2, 14 4o17 FRL 4017 L ADDITIONAL
STAGES
. | ]
Is5{ 13 8 13 8 s iIs| 13| 8
: ‘{ X0 X100 X 1000
| = RESET TYPICAL OuTPuT: 5Ss (Pinv 3) Jlnnnnnnnnnn,.
2 = RuN oxa Xxloperper) | L L ' L T |4
LIGHT DETECTOR DARK DETECTOR
+9 CdS PHOTOCELL (RADIO SHACK +9 R3
A X 276 - 116) A [o] 4 \}‘m
A AAA.
8 é ; aART [ 8 NV
R} 4 oK. RI 4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>