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READ THIS...

This book is for the entertainment
and edification of experimenters

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

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

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

book.

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

TTL/LS CMOS/MOS LINEAR

DEVICE PAGE DEVICE PAGE DEVIICE PAGE
7400/74LS00 40-42 4001 16 555 96-99
7402/74LS02 45 4011 14-15 556 100-101
7404/74LS04 46 4013 28 558 102-103
7408/74LS08 43 4017 32-33 565 105
74LS32 44 4027 29 566 14 2
7447 48 4042 30 567 106~-108
7448 49 4049 20 740 77-80
7473 54 4050 21 1458 81
7474/741.S74 53 4066 22-23 3909 88-89
7475/74LS75 56 40790 18-19 7555 104
7476 55 4081 157 7805 70
7490/74LS90 58 4511 36 71D 70
7492 59 4528 31 7815 70
74LS123 52 4553 34-35 7905 72
7415138 50 2102L 24-25 9400 TWLeERE Ll
74154 51 2114L 26-27 DACS01 114-115
74LS1l61 61 CEX-1200 109 LF353N 82
74LS164 63 MC14553 34-35 LM317T %)
7415175 57 MM5369 87 LM324N 84
74192 60 MM5837 38 LM334 116
74193/74LS193 62 PCIM-161 95 LM337T .3
7415240 64 LM339 86-87
7415244 65 LM350T 76
74L.S245 68 LM377 119
74L5367 47 NOTE: The CEX-1200 LM383 118
7415373 66 12-Key Tone Module LM386 187
74LS374 67 and the PCIM-~161 LM723 74
LCD Clock Module ILM1877 119

are located in the LM3900N 85

Linear section al- LM3914N 90-92

NOTE: TTL and LS though both incor- MOC 3010 127
chips are generally porate CMOS/MOS MOC 5010 128
interchangeable. circuitry. NSM 3916 94
LS chips consume SAD 1024 124-125
less power than TTL SCSs11c3 127
equivalents. Use SN76477 20180
LS chips, when possi- SN76488 122-123
ble, for battery TDA2002 183
powered circuits. TIL 111 126
TIL 119 126

TLO84C 83

TL431 7A5:

TL507C 14153

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



INTRODUCTION

Since the original Engineer's
Notebook was published in 1979,

Radio Shack has made many changes

in its line of integrated cir-
cuits. Engineer's Notebook II
reflects these changes with the
addition of 22 new chips and

modules and some 84 new circuits.

Chips no longer sold by Radio
Shack have been deleted.

Dave Wolf, Radio Shack's parts
buyer, and Dave Gunzel, Radio
Shack's publications director,

have invested many hours review-

ing draft versions of the new
circuits. I'm appreciative of
their many helpful suggestions

and the freedom they have allowed
me in the selection of circuits.

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

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

2. My engineering notebooks.

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

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

Fovuat M. Minw,1r

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. ™ i

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

consider them as building blocks
you can connect to other circuits

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

5



REVIEWING THE BASICS

INTRODUCTION

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

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

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

RESISTORS
Resistors limit the flow of
electrical current. A resis-

tor has a resistance (R) of 1
ohm if a current (I) of 1 am-
pere flows through it when a

potential difference (E) of 1
volt is placed across it. 1In
other words:

E =
= T =l IR
R I (or) R (Or) E

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

Resistors are identified by a
color code:

T

COLOR L 2 3 (Multiplier)
BLACK 0 0 il
BROWN il il 10
RED B 2 100
ORANGE 3 3 1000
YELLOW 4 4 10,000
GREEN 5 5 100,000
BLUE 6 6 1,000,000
VIOLET 7 7 10,000,000
GRAY 8 8 100,000,000
WHITE 9 9 (none)

6

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 + 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:

+10Vv The voltage at ? is
0 353-Ri2 I means the
current through R1 and
Ri R2. So I = 10/(R1 + R2)
1K or 0.005 amperes.
? Therefore, 2?2 = (0.005)
X (1000) or 5 volts.
R2
1K Note that the total
resistance of Rl and
= R2 is simply R1 + R2.
This rule provides a
handy trick for making
custom resistances.



Voltage dividers are used to
bias transistors:
>+

C

VOLTAGE

DIVIDER
ouT

IN

L

They're also a convenient
source of variable voltage:

+i\oV

POTENTIOMETER O-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 9 farad
1 picofarad (pF)= 10”12 farad
or
1 uF = 1,000,000 pF

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

marked .001-1000 are rated n 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 ~ )

THRESE LEADS MUST GO
N____TO THE MOST POSITIVE
COMNNECTION POINT.

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

Caution: A capacitor can store a
charge for a considerable time
after power is removed. This
charge can be dangerous! A large
electrolytic capacitor charged to
only 5 or 10 volts can melt the
tip of a screwdriver placed across
its leads! High voltage capaci-
tors can store a lethal charge!
Discharge a capacitor by careful-
ly placing a resistor (1K or more;
use Ohm's law) across its leads.
Use only one hand to prevent
touching both leads of the capac-—
i3 onel.

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.)

= WA
Avac AQQT
b L L a-GIND
7
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:

7. Or to differentiate a
fluctuating signal:

mj:%:’\y’\v

8. Perform a timing function:

A PRE;S R
— MA_
b =amama:

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
Oof 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.

3

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}, letcl.

R e kg k| 7SR

ZENER DIODES

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

ground:
1K
+ e
%g ouT 3
IN D1 ouT (V) o
o~ 5= GND 3 L9 12
IN(V)

D! = 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:

Ve R, = vec| | VLED
LED,

Example: Vygpp of red
LEDLAd s 7 val st JFor
LED a forward current
Ky (LED1) of 20 mA at
Vee = 5 volts, R =
o 165 ohms. Don't ex-
ceed LEDy !!



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

TRANSISTORS

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

INTEGRATED CIRCUITS

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

A notch or circle is near pin 1l:

When the IC is right side up,
RiE . Lis bt lowerd llefis

MANUFACTURER PART NUMBER
(MOTOROLA) (4021)

\ [ [ @l ] FT,FW [e]

@ MCIHO2IB = |

o /‘rCP782L‘
1] qu B3] 14 18] lef 1@

DATE CODE:

78 = 1978
24= 24% weex

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

"5 7835 DATE CoDE | &Y 7810

CDY4066 BCN
ZH4L MM 5006 BN

21140 4066

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

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

cery store). CAUTION: Never
store MOS/CMOS ICs in ordinary
non-conductive plastic. See p. 1l2.

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 1n the socket.

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

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

=N
102
WRAPPING SOCKET
a7 ‘\UN\VERSAL Pc BOARD
SOLDER ‘\u——wRAPmNG WIRE



= (B

I 3l

M Lll

= H 4“4:‘
| to {
mg 4l
| i
[
|
L
|
l ! i
: ] ]
I +
:
I
r% = N |




DIGITAL INTEGRATED CIRCUITS
INTRODUCTION ;j>qouT

DIGITAL ICs ARE 2-STATE DEVICES.
ONE STATE S NEAR O VOLTS ©R OR
GROUND (LOw OR L) AND THE OTHER
15 NMNEAR TAE IC's SupPPLY VOLTAGE
(H16H OR H). SUBSTITUTE O FOR L

O
cC
=

TXrr|p
Irrxrr|w
T T r

AND | FOR H AND DIGITAL ICs A%QUT A BlouT
CAN PROCESS  INDIVIDUAL BINARY B BN T
DiciTS (BITS) OR MULTIPLE B8IT woRDS, L it
A H4-B)T WORD 1S A NIBBLE AND AN NOR H & L
8-8)T WORD Is A BYTE, H H L
THE BINARY SYSTEM ng—>om~ A BlouT

L L L

IT'e VERY AELPFUL TO KNOW THE ] 14 H
FIRST b BINARY NUMBERS. IF O=L EXCLUSWE"OR Hi el 1l
AND | = R, THEY ARE: H HI L

O-LLLL 8~ HLLL
I — L L LH 9 - H LLH Aw}our A BjOULT
b L i o = ML [Ble ;- R IET
3-LLHKHHA N -—HLHH (R . 1
L ik 12 = A ML L EXCLUSIVE-NOR w | ¢
5- L HLH 12 - 4 HL H H HiI H
Lb— LHHL M— HHRL
7-LHAHH IS- HH RH

A_D__,OUT AlOuT
NOTE THAT LLLL(O) 15 AS MUCH A L] L
NUMBER AS ANY OTHER MUMBER. HI H

YES (BUFFER)
LOGIC GATES A

AlOUT
LOGIC CIRcuITS ARE MADE BY INTER- Ll H
CONNECTING TWO OR MORE OF THESE NOT (’NVERTER) HI L

BASIC LoeGic GATES:

ouT

i

3-STATE LOGIC

AD_’OUT A BlouT
B /15 L I CONTROL CONTROL
L H =
AND H L 5 A ouT A ouT
H HI H : l :]>
controL JAl ouT  comntrOL |AloUuT
A:D}_, ouT A _BlouT L R&w L LK
B S T L H| H L Hi L
L H H H XIRI-Z H XIRi-2
NAND o I 1 I
H HI L HI-Z: OUTPUT IN RIGHR |IMPEDANCE STATE.




MOS/CMOS

INTRODUCTION

MDOS ICs CAN CONTAIN MORE FUNC-
TioNs PER (HIP THAN TTL/LS AND
ARE VERY EASY TO USE. MOST CHIPS
IN THIS SECTION ARE CMOS (com-~
PLEMEN TARY MOS). THEY CONSUME VERY
LITTLE POWER AND OPERATE OVER A
+3-15 vour RANGE. CMOS CAN BE Pow-
ERED BY THIS:

_L_"/°—"’—T
+

Qvours

(BATTERY) =

-~
L ma /}\-l/AF
> GND

OR YOL CAN USE A LINE POWERED
SUPPLY MADE FROM A 7305/7911/7915.
SEE THE LINEAR SECTION.

+ (Vo)

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

OPERATING REQUIREMENTS

I TRE INPUT VOLTAGE SHOULD NOT
EXCEED Voo ! (TWO EXCEPTIONS:
THE 4049 AND 40S50.)

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

3. ALL UNUSED INPUTS MYST BE
CONNECTED TO Voo (#) OR Vgy (GND).
OTHERWISE ERRATIC CHIP BEHAVIOR
AND EXCESSIVE CURRENT CONSUMPTION
WILL OCCOLR.

CONNECT AN INPUT
CIRCUIT WHEN

4. NEVER
SIGNAL TO A CMOS
THE PoweR IS OFF,

5. OBSERVE HANDLING PRECAULTIONS.

12

INTEGRATED CIRCUITS

HANDLING PRECAUTIONS

A CMO0S CHIP 1S MADE FRoMm PMOS
AND NMOS TRANSISTORS. MOS MEANS
METAL - QXIDE = SILICON (0R SEMICONDUCTOR).
P AND N REFER TO POSITIVE AND
NEGATIVE CHANNEL MOS TRANSISTORS.
AN NMOS TRANSISTOR [LOOKS LIKE THIS:

GATE ¥ Yoo
(1N) FJ\M_J

F‘j = = +—> ouT
N|] 3 P N
1. ALUMINUM
- 2. Si 0,
¥ 3. SILICcON

A PMOS TRANSISTOR IS IDENTICAL
EXCEPT THE P AND N REGIONS ARE
EXCHANGED. THE $S102 (SILICON DIOXIDE)
LAYER 1S A GLASSY FILM THAT
SEPARATES AND INSULATES 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 FitM 1S VERY THIN AND IS TRERE-

FORE EASILY PUNCTURED BY STATIC
ELECTRICITY:

\rmm s sms . W :

CAPACITOR

il IR T
k HOLE

PREVENT STATIC DISCHARGE!

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

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

3. LSE 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)

Reo * Reu: 470 —4.7K
PuLLu P FOR TTL|
RESISTOR. IK = 10K

FOR LS.

/Y

TTL OoR LS r cMoS
+5
L AN
cMOS TTL OR LS

2. DIFFERENT SupPPLY VOLTAGES:

HE=lS

+3-15 +5

CMOsS

L \ \TTL
__l__ 4049 OR
oR (£C25

{40S0

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

CMOS IS INTERFACE D WITH TTL.
OTHERWISE THE CMOS INPUT WiLL
EXCEED Vobp.

3. CMO0S LED DRIVERS:
Vop(+3-SV)

[ N f E <

GLOWS/ Vop= +3-1S ¥ ( 18

WHEN Glows
Low. WHEN

Voo (+43-15v)  HIGH.
[: = i {: £ \ M
&

VDD—|'7
Rl Loj (FOR 10 wmA LED CURRENT)

USE 1000 OHMS FOR MOST APPLICATIONS.

CMOS LOGIC CLOCK

MANY  CIRCUITS IN THIS SECTION
REQUIRE A SOURCE OF PULSES.
HERE'sS A  SimPLE cCMOS cLOCK

+3-15

WEEE i
Re
< £9%_2%

c

TYPICAL VALUES: R=100K , C= QOI— 0.1 uF

OK TO ULSE 4049 ... BUT MucH MORE
CURRENT WwilL BE REQUIRED.

CMOS TROUBLE SHOOTING

. OO ALL INPUTS GO SOMEWHERE?

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

3. 1S, _THE L DCA-ROTL - AFleS0,1-SEEL=2
ABove AND MAKE SURE THE OuTPULT
Is NOT OVERLOADED.

4. DoES THE CiRCLIT OBEY ALL CMOS
OPERATING REQUIREMENTS ?

5. HAVE YOU FORGOTTEN A CONMECTION?

13



QUAD NAND GATE Voo (+3-15V)

4011 "it i3] 12y u] 10 9| 8
THE BASIC CMOS BUILDING BLOCK J‘D"‘ lﬂ'l—
CHIP. MORE APPLICATIONS THAN TTL

7400/ 74LSO0 QUAD NAND GATE.

CONTROL GATE AB|ourT ‘ I ‘

Voo 1] 2] 3] 4 s| e 7
] 14 L L H =
i 23 ouT L H H I MPORTANT: CONNECT ALL UNUSED INPUTS
= g H L H TO PIN 7 OR 14
H H L

NOR GATE

INVERTER A ]
ABJlouT
AlourT l_’l Ly H
ouT 8 L H 1
L H ouT H L L
H L H H L
-] NPUT NAND GAT
AND GATE N D GALE
OuUT ABC DjlouT
L LXXX!| H
L XLXX|H
(L XX LX|H
H X XXL | H
HHHH )L
L EXCLUSIVE-OR GATE
:‘/q e ABlouT
5 ‘ Yol ;3‘igll U
H A—oly N\ 3 Vop g Ll e i
H B 1“10“ iy ouT L H H
H ] S‘Z;ll ¥ HL H
H H L
EXCLUSIVE-NOR GATE
A
B
T
R
R
H




QUAD NAND GATE (conTiNuED)

HO 11

GATED OSCILLATOR

Rl (o]

M .OlﬂF
FREQUENCY IS

SQUARE WAVE,

DUTPUT
I KRz

SIMPLE OSCILLATOR

OUT?uT
AS AROVE

NOT AS SYMMETRICAL

CIRCUL\T,

GATED FLASHER

+9

100K ’r 4.7 uF

-2 H=z
'S HIGH.
ON WHEN
LOW.

LED L ELASHES
WHEN ENABLE
LED STAYS
ENABLE IS

TOUCH SWITCH

100K
TOUCH ENABLE CAUTION:
WIRES (WHEN H) BATTERY
POWER
-l_— oNLY !
OUTPUT GOES HIGH  WHEN
TOUCH WIRES ARE BRIDGED
S LA FINGER,

ONE-SHOT TOUCH SWITCH

100K

TouCH ~
WIRES

QuTPUT GOES HIGK

WHEN  TOUCH WIRES -

ARE  BRIDGED BY A I

FINGER. OUTPUT THEN RETURNS LOw
AFTER ABOUT | SECOND.

INCREASED OUTPUT DRIVE

INVERTE

USE THLS

CURRENT THE

o’ SINK.

R NAND GATE

METHOD TO INCREASE
4011 CAN  SOURCE
OK To ADD MORE GATES.

15



QUAD NOR GATE
4001

AN IMPORTANT
BLOCK CHIP,
INPUT  MAKES
APPLICATIONS

FHLSOL QUAD

CMOS BUILDING
ITS  HIGH IMPEDANCE
POSsIBLE MORE
THAN THE TTL 7402/
NOR GATE.

BOUNCELESS SWITCH

Vo

470

. 8. n
SPKR

IS ABOUT /KHa.

TONE. FREQUENCY

RS LATCH
Vop
R _sl@ Q
L L |NO CHANGE
L HI|H It
Ry Lo H
H H INOT ALLOWED

Vop (+3-15V)

yum

2 u] ol 9] @

T 2] 3] 4] s e 7__1__

CONNECT ALL UNUSED
INPUTS TO PIN 7 OR I4.

| MPORTANT:

INCREASED OUTPUT DRIVE

-—-1
INVERTER NOR GATE
USE THIS METHOD TO INCREASE.
CURRENT THE 400! CAN SOURCE

OR SINK. Ok TO ADD MORE GATES.

LED FLASHER

LED FLASHES [-2 T/HES/ SECOND,

OR GATE




QUAD AND GATE
4081

BUILDING BLOCK  CHIP. USE
FOR BUFFERING AND LOGIC.
NOT AS VERSATILE AS 4o0Il.

AND GATE BUFFER

VDD
| (L]

N .& OUT IN=O0UT
7T

NAND GATE
7 Voo

’ P

¢
\ %o 4o4a

NOR GATE

[ 7 \ 1y
4 Yo OUT
you

s | 2%
q
DQ, = A Eib[ 1'aoT
2
X
= l
[

X x>
X xT|W
x r|D
X T|CO
rr|c

Vop (+3-15V)
HT 131 12} u| 1w} 9] 8

|
1] 2] 3] 4] 5] e -;_L

DIGITAL TRANSMISSION GATE

Yoo

ENABLE I H 1

B

X XX H
! AKX [
l (] (5

Algl feip] tout
H H HH,H
x| x| Ix|X L

7



QUAD EXCLUSIVE-OR GATE Voo (+3-15V)
4070 ] 13'L|z| ni{ 10|l 9 8

THE OUTPUT OF EACH GATE GOES
Low WHEN BOTH INPUTS ARE

EQUAL, THE OUTPUT GOES HIGH ! L—d |

IF THE INPUTS ARE UNEQUAL. }

MANY APPLICATIONS [NCLUDING BINARY

ADDITION, COMPARING BINARY WORDS 1] 2] 3] 4] s| el 7

AND PHASE DETECTION, =

IMPORTANT ! CONNECT UNUSED INPUTS

To PIN 7 OR I, CONTROLLED INVERTER
I -B1T COMPARATOR
ouT
THIS CIRCuUIT IS ALSO A HALF—-ADDER
WITHOUT A CARRY OUTPUT.
ALY CONTROL =
S LIRS (’ﬁ;i I
__ﬁ"io

7

H-BIT COMPARATOR

DETERMINES IF TwO 4-BIT WORDS
ARE EQUAL.,

v v HINT: USE
o @ qon (e.14)
IF 4012 15
2, LNAVAILABLE .
\ \ T\ V
2 4010 73 4049 oD
s W
e BT NS &
2)
7] 3 \/‘L
H J ouT
z 4012
¢ 8
Ql_q_] 7 TVop
o 2
e IF DCBA=D'C'8'A’
o OUTPUT Is LoOw,
e OTHERWISE OUTPUT
=% i IS HIGH. USE
SECOND HALF OF LED STOPS GLOWING WHEA THE
49012 AS INVERTER TO REVERSE OPERATION. INPUT FREQUENCIES ARE EQUAL.

|18



QUAD EXCLUSIVE-OR GATE (conTinued)

4070

EXCLUSIVE - NOR

Voo

ouT

ouT

ouT

¢l = Y4 yor0 AB | ouT
IC2 = Y% 4049

Tix|r|r
x|r|=|r
=3 e

Voo
12 4
N ouT

1¢l,2 = 4070

3-INPUT EX-OR

I¢t= 4070 i
IO MHz OSCILLATOR
Vpp
14 100K

3 — W
2

Vop= 3 To IS VOLTS

FREQUENCY VARIES WITH  Vpp
Voo | FREQUENCY | AMPLITUDE
5 2.4 MH2 IS Y
io 9.4 MH: 8.0 V
1S .0 MH: 718 o, It 14

SQUARE WAVE GENERATOR

Voo

Voo = 3 TOo IS VOLTS
RISETIME = §0 NANOSECONDS

FREQUENCY = 2 MHz WHEN
Vpp = 10 VOLTS

19



HEX
4049

IN ADDITION TO STANDARD
LOGIC AND CMOS TO TTL

INVERTING BUFFER

o] 15| 1y

3

0]

A

i3] 12] q

INTERFACING, OFTEN USED 7 ;7

IN OSCILLATORS AND PULSE

GENERATORS. FOR LOwW CURRENT

APPL\QATIONs, USE 4o/l CONNECTED

AS INVERTER. (OK TO USE 40Il FOR 1y 2] 31 4] S| e] 7] &

CIRCUITS ON TRIS PAGE)) Voo (+3-1SV) =
NOTE UNUSUAL LOCATION

CLOCK PULSE GENERATOR OF POWER SuPPLY PInS.

R

1, 2= Y3 4049

BOUNCELESS SWITCH

00K

pe

2=Y3 4o4

SQUARE WAVE GENER

100 K) ¢ )
. tr I(.m—/oﬂp)

PULSE RATE=)L4YRC

PHASE SHIFT OSCILLATOR

|

I

1.23= 124049

Lo OUT CT : C_}::

OuUTPUT FREQUENCY= 3. 3p¢

TRIANGLE WAVE SOURCE

q

FREQUENCY=1.9RIcI  __ /" \_\0
AT OR
LINEAR 10X AMPLIFIER
_‘..>.r|_ __MA lkolM
cl Rl Vop
Z .0l 1M
_5_-] INO__al._./V\/L_J- > OUT

mn

REPETIT/ION RATE = L4 R

1,2=Ys 4049

20

1,23 =
Y2 4049

——

NOTE THAT THE
INVERTERS ARE USED
IN A LINEAR MODE. GAN= R2/R].



HEX NON-INVERTING BUFFER
4050 /6 1s| i) 93] 2] 1| 0] 9

PRIMARILY INTENDED FOR A_‘ A A

INTERFACING CMOS TO TTL. e

SUPPLIES MORE CURRENT

THAN STAMDARD CMOS. v ]

IMPORTANT | ALL UNUSED INPUTS 4 {54

MUST GO TO PIN | OR 8. /¢ 2| 3] 4| 5] o) 7| 8
Voo =

NOTE UNUSUAL LOCATION

OUTPUT EXPANDER OF POWER SUPPLY PINS.

VDD

LOGIC PROBE
Yo 4050 ! A Voo

IN ___‘,_5{>.5__, OUTPUTS 3N 2
INPUT

7 4 1,2,3= /2 4050 LED GLows
£ 3 WHEN INPUT
IS LOM/L

OUTPUT BUFFER INCREASED OUTPUT DRIVE

Voo
cmos| 3 12, ouT
8%
! Yo Hos 0
CMOS TO CMOS CMOS TO TTL/LS
AT LOWER Vpp AT LOWER Vec
Voe | Vop 2 Voo ) (VCC>
I\ A T A
TRl
CMOS CMOs cCMOS OR
IS
T Voo | EXCEEDS Voo 2. = 1= % 4oso

I= Y% 4050

21



QUAD BILATERAL SWITCH
HO0b46

ONE OF THE MOST VERSATILE
CMOS CHIPS. PINS A,B,C AND D
CONTROL FOUR ANALOG SWITCHES.
CLOSE A SwITCH BY CONNECTING
ITS CONTROL PIN TO Vp,. ON
RESISTANCE = 80 —250 OHMS.

OPEN A SWITCH B8BY COMNMVECTING ITS
CONTROL PIN TO GRounD (Pinv 7).
OFF RESISTANCE = |07 0HMS. T/o (inpuT/

OUTPUT) AND O/I PINS ARE REVERSIBLE.

DATA BUS CONTROL

HObb Voo
A i ‘ L1y
DATA B __ Y l/m 2 |
IN l/ A
gl | & O- : K B DATA
? | ouT
D H "« T | ! 9 C
l/ - B S
7 ! ll 1 /10
A OT i b
2] 6] B8] 13
= CONTROL :
L= OFF
H=Loap

Voo (+3-15v)
A p I/o 0/1 /1 1/0
Ml 13p 12y 1y 191 9] 8]

Agilhl

5
T 2] 31 41 51 6] 7

Ifo O/t O/t Io B ¢ =

DATA SELECTOR

4066 Voo
A ! » 1y
DATA R __ 1 . 2
IN L/ f
el B b 43 DATA
4 l &> OUT
Adial ol—lL 3 12
A I |'
| l. 4 ylo
A I

SELECTED
A INPUT W,
KEEP ALL
DATA SELECT OTHERS L.

i_ nL eél sla :31 MAKE

Voo DIGITAL TO ANALOG (D/A) CONVERTER

A
40606 THIS IS NOT A
Z 3 4 ! LINEAR DJ/A CONVERTER.
S T g U [ 5 N L O (S 1 O L ) 6 INSTEAD IT PRODUCES
410 10 1 TS R A N L 1D 0 g P ® A PSEUDD-RANDOM
. (5 1 51 RS LY NG (1 ? OUTPUT THAT RANGES
LT 0 U U 8 FROM 3.06 — 5.62
O O Y vorrS (Vo = 9 V).
. |zl el 5l 131 USE TOo DRIWVE Y046
’1 VCO OR PRODUCE
5 D ¢ B A 2R ; UNUSUAL WAVEFORMS.
DIGITAL IN R=47K AND 2R=/00K.
R
USE 4518 COUNTER FOR /N5 o} VI SN
AUTOMAT (€ OPERATION. 6 gUTOL LA

e




QUAD BILATERAL SWITCH

(conTinuED)

HOobb
PROGRAMMABLE GAIN AMPLIFIER
+9
R/8 LOGL
\ 14 ,
R/HY l/ Re
3 : c?. A
R/2 l/} +9
8 B y
R l A } 2
v \0 ‘%l : 9 3 > VOUT
|
i 7‘1{ ! ! I h I‘ V = R /R
O— Hi_j k ouT ¥ N
i P Frers
0000 TO Ilil AT DCBA G| VES
Rlei B A Rw OF FROM R TO R/IS
PROGRAMMABLE FUNCTION GENERATOR Voo
4
RI R? R3 RY RS R(.JLC;\/J R8 R9 RIO
Voo Voo -\/TV '
: IFJ 3 8 TIRAN W 3 8 e |» | £
p— .‘_13 15 )ib ):uz <l‘: )_‘_5 . o ) 12 )< 13 ‘S
J ! ! ! | 2 2 2 z 3| 3]
= |2 4 9 T z 4 ) T 3 Jq
oUT &
Vv
° {3 2 4 7 i0 I 5 6 g I
e
4017
RN
100k CHRENEEG
I [ Ic1,2,3 = 90066 Voo = 3=ISV
7 ..
Ri2 55s/ I RI-RIO = 10K TRIMMgR POTS
1K (S 3
15ssS PRODUCES REPETITIVE 10~STEP  WAVEFORM.
z PROGRAM  HEIGHT OF EACH STEP V(A RI-RIO.
oo VARY RATE VviA  RIl  AND ClI.
0l~10uF|!

ll'ﬁ

23



1024-BIT STATIC RAM

A7 A8 AY CE ouT IN t5 GND

2102L ] 15| 14| 13| 12| ny o] 9
——

1024 I-RIT STORAGE (OCATIONS ADDRESSED NOTE UNULSUAL LOCATION

BY PiNs AO-A3. TTL/LS COMPATIBLE. OF POWER SUPPLY PINS.

CE (CHIP ENABLE) INPUT CONTROLS R/W

(READ/WR!TE) overzm-norus). 3-STATE OUTPUTS. (A0-A9: ADDRESS INPUTS)

CE_|R/w]| OPERATION

'T 2] 3] 497 5] e 7] 8]

L L WRITE (LOADS BIT AT PIN (1) At AS R/w Al A2 A3 A4 AO
L H READ (OUTPUTS RIT AT PIN 12)
H X Ml Z  (ouTPur EnTERS THIRD STATE)
CLEAR o 14
(WHEN H) I_”_ 74193/ 21 02L ADDRESSING CIRCUIT
lo
7495193 | 2 o3
8 Ul
7 5 H
12 ”
74193/
14 A R
1174(S193
b,
2 -
8 '
5 3 e
7 \D
12 >
74193/
14 © By
L] 74Ls193
o
e o B
8 Ll
S 3 1A 1\
ADDRESS
L] Y 16 | 2 7 [ S 4 8 LINES TO
10 OTHER
2io2Ll’s
9 20021

_J_L. i 4 ul |zl lsl zl
2 cLocK THE ADDRESS INPUTS MUST BE
IN OuT CE R/W  STABLE DURING R/W OPERATIONS.



1024-BIT STATIC RAM (conTinueD)

2102L

ADDING PROGRAMMED
OR MANUAL JUumP

ADD THESE CONNECTIONS TO THE
ADDRESSING CIRCUIT on FACING PAGE.

SA—SI: use

8-PoSsiTIiON DIP
SWITCHES OR
MINIATURE TOGGLES. 9
OPEn=H ; CLOSED =L 74193/

;s r_O/O__L 4LS193 | 1
"

l 74193/

SG ‘ o—0 |
7405193
slel Lo Lbard i)

e b
SO o o1
Sc St ol
s$B r_o/c,_,_'j

SA. - fmemgTod3]

i 16 63 i

74193/

749LS193

PREOOUOMTNOLE HY

> LOAD

NORMALLY THE L(OAD (NPUT IS HIGH.
MAKING LOAD LOw LOADS THE
ADDRESS PROGRAMMED [N SWITCHES
SA-ST INTO THE 741G3’s. THIs
PERMITS A PROGRAMMED IJTUMP
OR A MANUAL JUmP TO ANY
ADDRESS.

SINGLE I/0 PORT

I/0 conTROL

I/o0 PorT

\
1= Yo 7908307

L L)

ADD THIS CIRCLIT TO THE
ADDRESSING CIRCUIT ON FACING
PAGE. WHEN I/o (InpuT/ouTPUT)
ConTROL IS H, PIN3 oOF THE
1445367 ENTERS THIRD STATE (Hi-2)
AND I/0 PORT ACCEPTS INPUT
DATA . WHEN PIN 2 OF THe
79L53e7 Is L, I/o PORT
OUTPUTS DATA . BOTH THESE
OPERATIONS ARE  DEPENDENT
LPON THE STATLS OF THE
2io2L CONTROL |[NPUTS.

CASCADING 2102L'S

ADDRESS &UsS

IZ765178LW/:¢6|2765‘18

YYVY Jr YYVYY ir Jr

2102L-A } 2i02L-8

NEBIE q(noL njizj3li3[9lio] _ 45

> GND
o CE
o R/w

N B 3 OUT B

5 OUT A

25




1024 x 4-BIT RAM

+5 A7 A8 A9 A B ¢ D WE

211 4L /4048 18] 7] 16} 15| 14) 13} 12] 1| 10
10294-49-8/T STORAGE LOCATIONS ADDRESSED INPUT/ 0uTPUT
BY Piws AO-AQ. TTL/LS COMPAT/BLE. PINS
FOR READ/WRITE OPERATIONS, CE (CHIP ENABLE,
ALSO CALLEp CHIP SELECT) MuST BE Low. AO-A9: ADDRESS INPUTS
WE INPUT  MUST BE LtOw TO WRITE WE: WRITE ENABLE
(toAD) DATA INTO CHIP. WHEN  WE
(S HIGH, DATA IN ADDRESSED 1172y 131 18Y IS] led (71 [8). i9i
LOCATION  APPEARS AT  INPUT /ouTPUT Ab A5 A4 A3 AO Al A2 CE GAD
PINS. TIDEAL CHIP FOR DO-IT-YOURSELF (¢9)
MICROCOMPUTERS AND COMTROLLERS.
CLEAR o h
(WHEN H) | I'_'vqm/ 21 14L ADDRESSING CIRCUIT
1o
74051932 > J
8
s 3 -1
12 W 5 H
I 74123/
b > G
| 74Ls193
1o
2 > F
8
—
5 3 dg
12 7 R,
M1 74193/
b =
] 7415193
[ o
2 — B8
8
ADORESS
B el duf 120 130 14l 17 el s LINES TO
18 OTHER
214L X e S
q

:Ljé CLgCK nl 2] 13 4] 8T IOJ>
THE ADDRESS INPUTS

Dap= B A CE WE MUST REMAIN STABLE
INPUT /OUTPUT s) DURING R/W OPERATIONS.

26



1024 %x 4-BIT RAM (conTiNnuED)

211 4L /4045 1024-NIBRLE

MANUAL TUMP: |. SET SWITCHES A-J DATA LOADING CIRCUIT

TO DESIRED ADDRESS 2. PRESS S6.
(NIBBLE= 4-BIT woRD oR Y2 8-BIT woRD)

SI— CLEAR
F'_O/c 14

81 74193/ USE THIS CIRCUIT TO MANUALLY

b STORE UP To 1024 4-BIT WORDS

9] 74915193 I A 2149 L. AFTER THE DATA

10 s LOADED, IT CAN THEN BE READ

L3 WECS ! 2 BACK AT THE CLOCK SPEED. THE
1400 IS DATA  OUTPUTS ARE PINS |I-14 WHEN

I DATA INPUT SWITCHES ARE AT NEUTRAL.
t 5 3
SPST WRITE: . SWITCH S2 TO THE
TOGGLES BOUNCELESS PUSHBUTTON.

i 2 7 2. SWITCH S4 AND S5 TO L.

14 3. CLOSE S3.

8174193/ 4., INPUT DATA.

{73 b 5 PRESS BOUNCELESS PUSHBUTTON,

He o 9|79cs93 b. REPEAT STEPS |-5.

G ,0 10

£ o ! 7 READ: 1. OPEN S3.
Ed o 0— IS 2. SWITCH S5 To H.

I 3. CLOSE, THEN OPEN, SI.
| - F 3 3 4. SELECT CLOCKED ©OR
27 | MANUAL  oUTPUT (S2).
USE AT
ALL IcC 1z 2 NOTE:

PWR sAY 4 BEST TO OUTPUT DATA
PINS. 8 7‘1/93/ THROUGH 74015367 HEX
o b BUFFER.
=) WPV 9745193
Ch o 10
B oo ! 3 SY — CHIP
Apoo '”5 ENOGLE
S6—LOAD 5 3 cad ]
L5
(NoRmALY ISl e} W) |t 2k 120 laft 17y 168 5 a
CLOSE I8 CE
7o 2114L (cs)
9
Gt CLOCK o 3 ’ o WE
2 ] 12 13 19 10
SPDT — O—> BOUNCELESS“}
TCGGLW
D?sT—\'_____‘ - HT 5 HT LjI e HT L H
LTOGGLE : @: U s ? J
i J\:a/oﬁL ! t b~ il
Y A SN EY DATA INPUT SWITCHES S5— WRITE
= +5 S3—~ WRITE (SPOT wiTH NEUTRAL CENTER) ENABLE



DUAL D FLIP-FLOP Vpo (+3-15V) CLOCK 2

2Q 206 RZ DZ g2
4013 ] o nl u| o] o] e
VERY VERSATILE PAIR OF D-TYPE — I L—l
FLIP-FLOPS. GROUND UNUSED I[NPUTS. | 2
il o e 17
|- OF-4 SEQUENCER L
v 2] 31 4] s 6] 7]
Voo R 1Q RL!BlL!ls1! ¥
| 14 CLOCK |
1] Q (13 2! : D
CLOCK |
Y2 4013 % DI Vi DE“BY"Z
90 Q2 = 4 ¢
\ Voo
(—em—{ll 8 ""1 i
94901) 8 IN o3fcroek Qs IN
\/1. 2
12 4013
OUTPUTS GO H i olls A 5{p 5z
IN SEQUENCE. I.2‘3|‘~l'.<IOOI g R S
ALL OTHERS = lel 7
STAY L. ?L
MODULO-8 COUNTER
Voo A B Vo o D
il
COUNTS V2 4013 Y2 4013 Yz 4013
RUNKT AR S Lio s |l 51, % T A o I3
AND R |4 10| R M 19| R
RECYCLES. 5| D s |6 8]ls < le 8] 3 Lz
7 I I ] 3 O

CLOCK O—

SERVAL IN/OUT, PARALLEL OUT SHIFT REGISTER

VDD A B C VDD D

/"‘T IqT
Y2 4013 Yz 4013 Yz40:3 V24013

SERIAL o-S]p Q 4 I1p el d Slp e LA D o 13

DATA R |4 ol R R o] e

IN s e 8ls s |e 81s SERIAL
=¥ DATA

3 'Il 4 M 3 J:_ n ZL— oht

CLOCK op— 1

28



DUAL JK FLIP FLOP Voo (#3-15Vv) _ cLOCK |

4027 o} g 4] ) ) u) o) o]

USE FOR DWIDERS, C(COUNTERS AND i
REGISTERS. S (SeT) AND R (RESET) | 2
INPUTS MUST BE Low FOR CLOCKING
TO OCCuR. MAKING S OR R HIGH
SETS OR RESETS FLIP-FLOP |NDEPENDENT
OF CLOCK. |MPORTANT: ALL INPUTS MUST

GO SOMEWHERE! a7 2] 37 4] 51 el 7] 8
. 2Q 2Q RL K2 J2 S2 =
CLOCK 2
DIVIDE-BY-2
DIVIDE-BY-5 COUNTER
COUNTER
Voo Voo Voo
’r‘ g \2 4| =
J___'B;# ® I_>|_N blT ‘h 1o 8 Ya to 8 V2 Q | N
e d I = 8 H027 4027 4027 5
:5:1 ]| 1% 4 3 =
4027 d Q | A QS . el3
IN ol)CLOCK a3 QI ik qQ M 5[k Q |z
RE 5 CLOCK CLOCK CLOCK
917 8] [ F] ) 3
e L IN

Voo Voo
\ A
o Y ] ! N Y 13 b ! ’
2 QS 6|y L% l__\,l? 4,_).&1 z Q k| Qlly IN
4027 2 4027 Y
I Ik {4 5|k 4027 |4 103 Sk vy, Y
9 7 . o271 |7
1z J (/0 Z\q 8 1" 1z a8
g CLOCK cLock -4 CLock % CLock =
g 150 3] i IN o34 2]
H-BIT SERVIAL SHIFT REGISTER
Vop A B Vg ¢ D
i
l le | | I T'_e
DATAGe 04T QiS5 1 ©f7 Qlld 1ol T oflS | lelx Q|
N g M SLktl g 2 i P 14 slk y
4027 q 7 Y2 /e 9 . E SER!AL
Pl 21 4] 4027 e qoz7 [z § 4] 4027 |8 ouT
USE K e
bal [ 13 XN 3 l 3 (lig 3

OR Y04 ¢ -
CLOCK o
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QUAD LATCH

Voo 6’_3"5\') il !
QY D4 D3I Q3 Q3 QL Q2
4042 ] is| m] 3] 2] w] o] 9
reey P
FOUR BISTABLE LATCHES. 60 5] Q
CAN BE USED AS A (el Llals B
4-BIT DATA REGISTER. oL
ALL FOUR LATCHES ARE e Q D
CLOCKED SIMULTANEOUSLY. T
POLARITY PIN PROVIDES
CLOCKING  FLEXIBILITY. il 2y 3] 4] 5] of 7] 8
Q4 Q! Qi b1 @ pz L
POLARITY
4-BiT DATA LATCH Voo CLOCK PoLARITY | Q
CLOLK @l 0 o D
DATA BUS Voo _ POLARITY i 0 LATCH
! ] D
S Y ﬂl o e io 0l I LATCH
d .Z__>A v
el 10 . 8 DATA DATA ON BUS  APPEARS
4042 ouT AT OUTPUTS. DATA
J . c IS LATCHED (SAVED)
WHEN CLOCK SWITCHES.
14 1 D
EEHE WK W
G SN S R SRR N AT, 4 -
STEPPED WAVE GENERATOR
VDD - A*;JJ—L_\_
A ouT
L RI R2 R3
4 g lo
3 S5/p Ql2 D 1o | 3]0 Qll 19] O
ook 7l_1155S
Yy Y4 Ve Yy
10K b youz qo4z o4z 4042
Q
2| 8 |y 15

30
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TYPICAL VALUES:

Ri=R3 = 22K
RZI=133K



DUAL ONE-SHOT

Vop(+37018V)

TI T2 RST +«IN —-\N ouT ouT
4528 ""t 15) ) 3] 1] n| 0] 9]
UNUSED SECTION: RST AND
TwWO FULLY INDEPENDENT +IN = Vg, AND =IN= Vpp.
MONOSTABLE  MULTIVIBRATORS.
BOTH CAN BE RETRIGGERED.
TRIGGER CAN BE RISING
OR FALLING EDGE OF PULSE.
TI AND T2 ARE TIMING INPUTS.
RST IS RESET AND iy ARE vl 2] 3] 4] s 6] 7] 8
TRIGGER INPUTS. TI T2 RST+IN =IN OUT oUT = Vg
POSITIVE ONE-SHOQOT PULSE DELAYER
Voo e Rl Voo c2 R2 Voo
A rapTIvTE .0l ~100K 4
b |3 ouT ,__)f,_q.__/\/\/\ J:ﬂ--o—/\/\/\
6 TE A 3|5 15 |y 3
R - | | l | ! lo|1
2| 4528 ouT = Y2 RC Vo 4528 G I Yo 4528
i ]5 |
l -
aunwn AWM B B A
HElui S L] LY L L eI a
IN J_B ouT IN 3. ouT

TO CONTROL
WITH LIGHT,
vse CdS
PROTOCELL
FOR R

Ri CONTROLS DELAY TIME,
R2 CONTROLS DELAYED PULSE WIDTH.

STEPPED TONE GENERATOR

=2 Yy 4ol

+9
A
o |3 ADJUST RI TO CREATE
R UNIQUE STEPPED TONE,
100K S R2 COMTROLS FREQUENCY.
V2 Ok TO EXPERIMENT
c2 2| 4528 WITH ClI AND (2.
I i R3 CONTROLS GAIN.
I {
b
4 4 +9
R3
8 oK b 220 uF
S +
2 8 L
A SPKR

3



DECADE COUNTER/DIVIDER
4017

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

RESET ClLock EMNABLE

Voo (#3-1Sy)| CLock| cAreY9 9 8
o 15| 19| 13 12} | 10| 9|
INPUYTS
DE(CODED ouTPUTS
(1 2] 3] 41 51 &) 71 BL
(110! 216|737/ 81F

RANDOM NUMBER GENERATOR

%

I1K

uy 91 6 5] tj 1oy 7] 4] 2| 2

9 8 7 b 5 4 = 2 I (o)
Ho17

FAST HTsi: press anp |16 /5 173 ]8 J

CLOCK 05 RELEASE. +9 A BR

COUNT TO N AND HALT

TO N

SR e

H017
5| reseT gdl%, Voo 8 l"' 3
_RUF?/:J_L—:____ = cLock
COUNT TO N AND RECYCLE

L 145 18312l OI_OTN
SR RBE B BE

GROUND
PIN 15. 4047

o BJ 13[ 4 1S
Voo =l CLOCK

w4

0-99 COUNTER

EIEW
CLOCK gutil
4017 |4.
Voo . >
A 10
A »
I
8 .
S
12
il R
- =) 19
12| carry [
A B ( ouT ke
[
ro ( 4] eLock |2
IN
15 2
S| :
4017
8 .
-
13
10
) b 5
/
—
S): A= RESET
B= RUN 5 :
b
>
Ok TO ADD 9
MORE 40i7's f
4{ T

00

10

20

250

4o

S50

60



DECADE COUNTER /DIVIDER (coNnTINUED)
4017

BCD KEYBOARD ENCODER

+5
1S
| 1o 13 q 10

4017 | Si0 I RESET

594 \

%
o

I b :
-2

8 "
el = 4049 Ic¢2=Yon I S
TOGGLE SIO, THEN PRESS SO-S4. 3 LA

FREQUENCY DIVIDER

4

IC¢t = Y4001

CLOSE SI—-S1o TO DIVIDE
FREQUENCY RY FROM K 525 X kel

93



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

F M E A
MCI NS5 3 lo 15?53140 |3R12 lPlS:oL 91
COMPLETE 3-DIGIT COUNTER. USE FOR
DO-IT-YOURSELF EVENT AND FREQUENCY SEE RADI0 SHACK
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 1T 21 31 41 sl ) 71 8L
(WHEN H). DIS— INHIBITS INPUT WHEN H. paz2ipEl 3 | D (6 [ BIF
CLOCK—INPUT. MR— MASTER RESET (WHEN R). /7 .00IuF
OF —oveRFLOW, A B, C D — BCD OUTPUTS. (FOR DIGIT SELECT OSCILLATOR)

3-DIGIT EVENT COUNTER

A RI0
A R | 1K
R8 | | K Voo
5] ] 2 Voo R 1K
LATCH (LE) o 10 A a |9 a A
14553 |l o] 4543 R2 Tubal
RESET (MR) o '3 I b lOAAALl | —— "\ al
2 R3 Q2
EVENTS ol C I AAAC COMMON
(cLock) ALl 5/A RY 1 ANODE
8|7 3lp d [2AAAd] L) i
DI SABLE (DIS)p ! | clb 2]|c¢ RS i g
(WHEN H) NEED DESL L] D S EV VNS QI-Q3 Q3
OVERFLOW Rb6 RsS2023
C) YiwARNING? [ o 7] RI-R7: f [I5AnF g 2
.ool,uF_E PIN 14 GOES |8 8l Ik F R7 I—l_l
“T_3|u AT overrFLow = Vop=av. 9 /4AAn_3 3L
SEE | lcommon ANODE LED
Ok TO USE LIQUID CRYSTAL DISPLAY C> seLecT RI-R? SO DISPLAYS. USE MULTI=
OR COMMON CATHODE LED DISPLAY. LED CURRENT DOES DIGIT DISPLAY OR WIRE
SEE 14843 FOR DETAILS. NOT EXCEED I10mA. TOGETHER MATCHING

CATHODES OF 3 DISPLAYS.
6-DIGIT FREQUENCY COUNTER

.00\ 5

Voo ’__I LATCH: STORES
TIMEBASE T TOTAL COUNT IN
(O.107| H2) 013 L4 ONE COUNT CYCLE.
c JOK
RESET: CLEARS COUNT
D o} TO 000000 PRIOR
- Va 1 TO NEW COUNT CNCLE.,
Q 4013 ' 3 Y _|COUNT: COUNT INPUT
D&
.~ FREQUENCY SEE NEXT PAGE 6-DIGIT COUNTER

INPOT FOR MORE INFO... (FACING PAGE)
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3-DIGIT BCD COUNTER (conTinuen)
MC14553

6-DIGIT COUNTER

COUNT o

RESET o
LATCH o
'
o] 13 °° 1ol 12 12
I I(oilb s
OVERFLow 4! S
ouT 14553 -C"‘&'Eq‘ 14553 '
yl3 Z
8 8
nin
Voo O I TRTA D ¢ B A Voo
5 A . 9 5l 6 7 %
y 2 5 4 2 3 5
o g lc & | A ® ¢ | &I A lo
| 4sy3 515 4543 )
8 |18
q € e d C l a

INSTEAD oF Vop WHEN COMMON CATHODE
DISPLAY IS ULSED.

Ly <«
__CL f‘a £ e d C a g £ e d C a
flalo | [T I = a2 I )
et—-e [ _ |__| = I_J A, 3
d
TO < RS
ADDITIONAL Qal K
STAGES .
RIG
Q2 'K
THIS CIRCUIT SHOWS HOw TO CASCADE ﬁl AMA—
Two 3-DIGIT COUNTERS. MAXIMUM COUNT 3 0 R17
hed_2949. 993, DISPLAYS ARE COMMON \ K
CATHODE (common ANODE CONFIGURATION §L\ ANAL
SHOw N on  PREVIOUS PAGE) NOTE THAT (F/
PIN b OF 14543 (OR 4543) GOES To GND 2 2 —. Q-Q@3= RS2023

INPUT BUFFER

FREQUENCY COUNTER : +Voo

USE INPUT AND CoNTRoL CIRCUIT ON
PREvVIOULS PAGE . INPUT FREQUENCY SHOULD
NOT EXCEED Vop. NON-SQUARE WAVE
INPUTS MAY REQUIRE INPUT TAILORING.
USE COMPARATOR TO SHARPEN SLow RISING WAVES. Voo
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BCD-TO-7-SEGMENT Vl3-15v)€ g a b ¢ d e

LATCH/ DECODER/DRIVER wh is) W] | iz n] 0] g
ysii | .
CONVERTS BCD DATA INTO j
FORMAT SUITABLE FOR PRODUCING

DECIMAL DOIGITS ON 7-SEGMENT

LED DISPLAY. INCLUDES BUILT—IN il 2] 3] 4 sl el 7] 8]
H-BIT LATCH TO STORE DATA To RE B ¢ D AU
DISPLAYED (WHEN PIN 5 IS HIGH). «

WHEN LATCH 1S NOT used (PINS Low), ' — LATCH ENABLE
THE "7-SEGMENT OUTPUTS FoLLOW THE — BLANKING INPUT
BCD INPUTS. MAKE PIN 4 Low To — LAMP TEST

EXTINGUISH THE DiSPLAY AND HIGH FOR
NORMAL OPERATION. MAKE PIN 3> LoOw
TO TEST THE DISPLAY AND HIGH FoR Vop
NORMAL  OPERATION.

TO PIN 4
OF 45

DI SPLAY FLASHER

DISPLAY FLASHES E | DISPLAY ~
ONCE PER SECOND = T 4.7 uF
WHEN E IS HIGH. H | FLASHES

L OFF

DECIMAL COUNTING UNIT (DCU)

VDD VDD
IMPORTANT = ALL
T A [NPUTS MUST GO
lo ‘ o RI SOME WHERE. |
COUNT IN o tl]d%a 4sn. P33 M a
458 RL
ENABLE o 2 D |e elp 2 _AMA_ b
R3 ol
RESET oL c |5 2 c UL AAN 1l e
RY £ I lb
B |4 \{B 10 AMA_ 5 d N
OPERATION: RS
Al3 7I1A (9 AAA : e ' ‘C
TO COUNT, Ro .
ENABLE IS BLANK o1 ERYV NI ) d
HIGH AND 0—7 R7
RESET IS Low. SAVE -2, AN 9 L
BLANK SHouLD ‘ =
BE HIGH (tow 8 Vop |8 RI-R7=220 4L
TURNS OFF s COMM ON
DISPLAY). SAVE ) {4 T Voo =+5-9v CATHODE
SHoulD BE LOw, _I LED DISPLAY

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

36

To NEXT DCU



60-Hz TIMEBASE
MMS369 (276-1769)

PROVIDES PRECISE 6O Hz SQUARE WAVE

Vas (F3-18V) XT'AL
oo ( ouT
T 7] 61 5

XTAL: CRYSTAL

WHEN USED WITH 3.579545 MH=z NC:NO CON-

COLoR TV CRYSTAL. USE FOR MosT NE CT/ON

DO- IT-YOUR SELF TIMERS, CLOCKS, CONTROLLERS,

FUNCTION GENERATORS, INSTALL IN SMALL

CABINET FOR WORKBENCH PRECISION CLOCK. i 2] (3] N
bOHz = NC NC

Hz TIMEBASE

Voo

b0-

7 o CRYSTAL
FREQUENCY OUT
(3.579545 MHz)

Ri— use Two 1om
IN SERIES.

MOTOROLA SPECIFIES THAT CI=30pF
AND C2=6.36 pF OK TO USE SIX
4.7 pF CAPACITORS IN PARALLEL OR
47 pF CAPACITOR FOR Ci. TRY TUNABLE
CAPACITOR (‘¢.9-5-50pF) FOR CZ. TO

l0-Hz TIMEBASE

Voo
o 5
LOHz O—— 40!17 » 10 Rz ouT
IN 15
8 13
1 THIS IS A
i — b D|VIDER.
I-Hz TI1MEBRASE
Voo

o]

TUNE, CONNECT FREQUENCY METER
TO PIN 7. TUNE C2Z UNTIL FREQUENCY 10 Hz ot
IS 3,579,545 Hz. ACCURACY FAIRLY IN 4o17 12 o, | Hz ouT
GooD EVEN IF YOU DON'T TUuNE C2.
HEJE LN XY
DIGITAL STOPWATCH = T10 DIVIDER.
B_i_E.3 B & R Y [SYco, W6 R I - 0 o8 . 9 I X OPERATION: | TOGGLE S FRom
4t OUTPUTS CLEAR TO READY.
Voo 2. SW(TCH S2 FROM
y CONNECT TO STOP TO START.
b o] 5| 4] 3 LED or Le M4] 13] 12] U 3.SWITCH S2 FROM
Va DECODER/ Ve START TO STOP.
" 4518 DRIVER (e.g. 4sis 8 v
HIGH bl6IT 451l or 4s43).| LOw DIGIT 4‘\’0
_ = Lo
AR ' e o CLOCK IN
START I Hz = 00 -99 SEC
iy sl READY
S2 IOHz=0.0-9.9 SEC
CLEAR
EOP c J ' T____J OK TO ADD MORE
= 1 g STAGES.
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NOISE GENERATOR
S2688 / MM5837N

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

WRITE NOISE SOURCE

+l4-15y

l.'

52688/ 13 5

MM583IN
NOISE OuT
I
CONNECT OUTPUT TO ADLDIO
AMPLIFIER TO HEAR NOISE .
LUSE 78IS VOLTAGE REGULATOR

TO oO8BTAIN tIS vours.

COIN TOSSER

+1y-15v ¥
=1 A
5154
s\

1.5k

Y L] 1] 5

! HEADS
s2.e8/ {3 3] 4o27 %
MMS83IN 2 TAILS

I y A W

—rm

S, BOTH LEDs GLOW. RELEASE
SI AND  ONLY ONE GLOWS. GROUND
INPUTS OF UNUSED HALF OF 4027
(PinS 9,10,11, 12 AND 13) *(OoK TO ULSE
9-voLT BATTERY AS POWER SUPPLY)

38

PRESS

8l 1] e] 5]

Vss =0V

Voo ==I4V T 1y

Veo =-27V £ 2V
(oeTionAL)

3 I I )

Voo Veg OUT Vas

PINK NOISE SOURCE

+ 14-15

4 R
\K— 0K

S2688 %
MMS583N +

c PINK NOISE
a0 OV uF =L

-

R AND ¢ TO
NOISE SPELTRUM.

LOWER  SULUPPLY
TO CHANGE  SPECTRUM.,

CAANGE
ALTER
ALSO ,  TRY
VOLTAGES

SNARE /BRUSH NOISE

Rl

3.9k Ea O <
H( . AAA__OMF
et &
.05, F OluF +t-15 VY
R2
S| ‘I? 1K § 73 N
741 ¢ b
+l4-15y Sy
4 y
4 _J___ - ouT
52688/ |3
MMSBYTN PRESS SI  TO OPERATE,
INCREASE CZ AND

‘.I_ Ll _LTO

— LOWER OUTPUT
1 FREQUENCY.



ThlAES

INTRODUCTION

TTL |S THE BEST ESTABLISHED AND
MOST OIVERSIFIED T ¢ FAMILY. LS
1S FUNCTIONALLY [DENTICAL TO TTL
BUT IS SLIGHTLY FASTER AND USES
80 % LEss PowgR. TTL/LS CHIPS
REQUIRE A REGULATED 9.75—-5.25
VOLT PowER SuPPLY. HERE'S A
SIMPLE BATTERY SuPPLY:

+l o VCQ
IN400!
b-VoLTS _—. wt U B

i 4l t-louF T ’l i.l,qf-'
== : : > GND

THE DIODE DROPS THE BATTERY VOLTAGE
To A SAFE LEVEL. BOTH CARPACITORS
SHOULD BE [(NSTALLED ON THE TTL /LS
CIRCUIT BOARD. CIRCUITS WITH LOTS
OF TTL /LS CHIPS CAN USE LOTS OF
CURRENT. USE A CoMMERCIAL S
VOLT LINE POWERED SUPPLY TO SAVE
BATTERIES. OR MAKE YOUR OWN.
(SEe THE 7805 on PAGE 94.)

OPERATING REQUIREMENTS

I. e¢ MuST NOT EXCEED 5.25 volTs.

2. INPUT SICNALS MUST NEVER EXCEED
Vee AND SHould NOT FALL BELOW GNO.

3. UNCONNELTED TTL/LS INPUT S
USUALLY ASSUME THE H STATE ...
BuT DONT CounT ON 1T/ IF AN
INPUT IS SUPPOSED TO BE FIXED AT
H, CownNECT /T 7O Vec-

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

5. CONNECT UNUSED AND/NAnD [/ OR
INPUTS TO A USED INPUT OF THE
SAME CHIP.

6. FORCE OUTPUTS OF UNUSED GATES H
TOo SAVE CURRENT (NAND— ONE INPUT

H3 NOR— ALL INPUTS L).

INTEGRATED CIRCUITS

7 USE AT LEAST ONE DECOUPLIN G
CAPACITOR (0.0!— 0./ uF) FOR EVERY
5-10 GATE PACKAGES, ONE FOR EVERY
2-5 COUNTERS AND REGISTERS AND
ONE FOR EACH ONE—~SHOT. DECOUPLING
CAPACITORS NEUTRALIZE THE HEFTY
POWER SUPPLY SPIKES THAT OCCUR WHEN
A TTL/eS OUTPUT CHANCES STATES.
THEY MusT HAVE SHORT LEADS ARND BE
CONNECTED FRoM VYee TO GNP  AS WNEAR
THE TTL/tS ICs AS POSS/BLE.

8. Avo/D LONG WIRES WITHIN C/RCUITS
9. IF THE POWER SuUPPLY IS NOT ON THE
CIRCUIT BOARD , CONWNECT A [I—toxuF

CAPACITOR ACROSS THE POWER LERDS
WHERE THEY ARRIVE AT THE B0ARD.

INTERFACING TTL/LS

l. | TTL ouTPur witl DRIVE UP TO
10, Tk _LOR 120 1LS INPUTS.

2. | LS OUTPUT witlt DRIVE UP TO
5§ TTL OR /0 LS INPUTS.

DRIVERS :
K 75'
D Pt l_

GLOWS WHEN H ~

3 TTL/LS LED
Vee

K %

GLowS WHEN L

TTL/LS TROUBLESHOOTING

l. DO ALL INPUTS GO SOMEWMERE ?

2. ARE ALl IC PINS I/NSERTED INTO
THE BOARD OR  SOCKET ?

2. DOES THE CIRCUIT OBEY ALL TTL/LS
OPERATING REQUIREMENTS?

4. HAVE YoU FORGOTTEAN A CONNECTION?

5. HAVE You USED ENOuUGH DECOUPLING
CAPACITORS ? ARE THE/R LEADS SHORT?

6.1S Voo AT EACH CHIP WITHIN RANGE?
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QUAD NAND GATE R
7400 /7HL SO0 b 130 2] ] o] 9] s

THE BASIC BUILDING BLOCK CHIP L$—|

FOR THE ENTIRE TTL FAMILY. VERY
EASY TO USE. HUMDREDS OF APPLICATIONS.

CONTROL GATE IE’

t (L]
A —Tj‘/" 3 . OuT
7400
[‘ 4

8 (CON—TROL)

INVERTER
vclcq Al ou
A_.{:;@g,ow }I: ’i-_l

EXCLUSIVE-NOR GATE

Yy L Vee
]

|ouT B 2 2 |74ee N - A
H Vbt | Ve AW S [

H = e q X 2 } 1900, T
N\ 8 3 L
H y 10 [7400 H
‘/l{ © - H

S |00 =

NOTE:. PIN NUMBERS CAN BE
REARRANGED IF DESIRED.

N



QUAD NAND GATE
7400 /74LS00

HALF ADDER
> SUM
8 (At+B)
CARRY
D FLIP-FLOP
Vee
D U e N i
= o I g b T N MBORA -
]
%] 10 Yok,
1’::00 12 v l v " -
13 7'700 : 7 7:1100 > Q

WHEN ENABLE (E) INPUT IS AHIGH,
Q OvVTPUT FOLLOWS D INPUT. NO
CHANGE WHEN E IS (Low.

LED DUAL FLASHER

FLASH RATE 1S
2 Hz WHEN CI
AND C2 ARE 474F

(conTinueDd)

RS LATCH
| @ @)
NOT ALLOWED
R L
s H

NO CHANGE

FUNCTIONS AsS Rs LATCH
WHEN ENABLE (E) INPUT IS
HIGH. IGNORES RS INPUTS
WHEN EL_JS Low,

SWITCH DEBOUNCER

Vee

}

oLT

TOGGLE S|
TO OPERATE.

4.7k

PROVIDES NoOISE FREE OUTPUT FRoM
STANDARD SPDT TOGGLE SWITCH.

41



QUAD NAND GATE (conTinuEeD)

7400 /74HLS00
8-INPUT NAND GATE BCD DECODER
A B c dDlouT
RLLH L
XX XX| H
UDSE THIS

METHOD TO
DECODE ANY
H-BIT NIRRLE.
JUST ADD OR
REMOVE INPUT
INVERTERS,

Tqii2|=
74900/74Lsoo0

Vee

270

LED GLOowS
WHEN  ALL
INPUT SWITCHES
ARE CLOSED.

IC1,2= 7404
IC 3,9= 7400/
74(500




QUAD AND GATE
7408 /74HLSO8

OMNE o©OF THE
CHIPS.
AS THE
GATE.

BASIC
NOT AsS
7400 /74LS00 QUAD NAND

AND GATE BUFFER

Vee

' s I
N !@ OUT  IN=OUT
2
USE FOR |[NTERFACING WITROUT

CHANGING LOGIC STATES.

NAND GATE

:**—*» Cpeta
7404

NOR GATE

z

S e O =

4-INPUT NAND GATE

Vee
it 1y

BLILDING BLOCK
VERSATILE, HOWEVER,

ch(+5 V)

wh i3

12| u) o] 9| 8]

e

]
o

] 2] 3

9[561

DIGITAL TRANSMISSION GATE

Vee
IN E_|out
ENABLE 1 H Ll tol Vit
&l IR L
R L L
H H ]
E = ENABLE

4-INPUT AND GATE

08 ovT
AR ¢ D lour
HH HH \H
X % XX L
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QUAD OR GATE
74HLS32

FOUR 2-INPUT OR GATES.
NOT AS VERSATILE AS 7402/

74Ls02 QUAD NOR GATE,
BUT VERY USEFUL IN SIMPLE
DATA SELECTORS.

AND-OR CIRCUIT

Vee

OUTPUT GOES HIGH WHEN BOTH
INPUTS  OF EITHER OR B80TH AND
GATES ARE HIGH, OTHERWISE
THE oOuTtPUT IS Low. THIS BASIC
CIRCUIT 1S USED TO MAKE
DATA SELECTORS ... AS SHowN

BELOW —}

DATA IN
A |

ADDRESS (DATA SELECT)

4y

Vee (+5 V)

47 13

I

1z}

o] 9}

8|

1y 2] 3] 4] 5] &f 7]
NOR GATE
Vee Vee
T ”3 ! {2 ouT
IR e
=  Ye1yo4

NAND GATE

SELECTS I-0F-2 INPUTS
ouvuT AND TRANSMITS ITS
LOGIC STATE TO THE
OuUTPUT.
ADDRESS DATA IN OuT
A B A
] X L 18
L b S R H
R Ic X L
H R X H
NOTE: FOR  3-INPUT DATA SELECTOR,
UsSe 74LS27 NOR GATE FOLLOWED
BY INVERTER AND PRECEEDED BY
74Ls10 3-INPUT AND GATES.




QUAD NOR GATE
7402 /74LS 02

JUST AS VERSATILE AS THE
7400 /74LSO00  QUAD NAND GATE...
BUT NOT USED AS OFTEN.

ADD INVERTER (7404 /74LS0Y)

To BoTH INPUTS OF A NOR
GATE AND AN AND GATE 15
FORMED.

EXCLUSIVE -OR GATE

THIS CIiRCUIT IS EQUIVALENT
TO A BINARY RALF— ADDER.

Vcc(+5V)

H* i3] i) 0] o a] 8

g OUT

THIS CIRCUIT 1S A MONOSTABLE
MULTIVIBRATCR OR PuLSE STRETCHER.
AN INPUT PULSE TRIGGERS AN
OUTPUT PULSE WITH A DURATION
DETERMINED BY R AND C. OUuTPUT
PULSE wIDTH 1S APPROXIMATELY O.8RC.

AND GATE

45



HEX INVERTER Vee (+5V)
7404 /74LS O ) N Y BT T O Y

VERY IMPORTANY IN ALMOST
ALL LoaGlC CIRCLITS. CHANGES
AN INPUT TO ITS COMPLEMENT
(i,e. H>L AnD L—>H).

BOUNCEFREE SWITCH I RE D RC R RO N

e AUDIO OSCILLATOR

L OUTPUT FOLLOWS Vee
1 SWITCH POSITION. OUTPUT TONE ? 4
% 15 4 KR=. 1,25 79049 /7491504 g
1,2 = /3 740M J74ts504 270
_L 47K 0]

UNIVERSAL EXPANDER

Vee
n |8 0 ALLOWS ONE
SIGNAL TO
IN OUT(=TR) CONTROL 2 OR 4%
A 8 MORE  INPUTS. 3 8
= SPKR
Vee
Vee \ 4
y ” 3 ouT A
DATA i THIS CIRcUIT STEERS THE
IN 7 Yz 740g INPUT BIT TO THE OUTPUT
1 " # SELECTED BY THE ADDRESS.
- 3 ouT 8
r 7 THIS TECHNIQUE CAN  BE
al USED  TO MAKE  MULTIPLE
1,2,3= 7404 [74Ls04 |, i OUTPUT DEMULTIPLEXERS.
2
= DATA ADDRESS| OUT A ouT B
l.’
il & (& H
R 1= H H
L H H L
3 H H AR H
A
(ADDRESS)

Hé6



HEX 3-STATE BUS DRI VER

T4LS 367

EACR GATE FUNCTIONS As A
NON-INVERTING BUFFER

ITsS ENABLE InpPuT (GI OR G2)
IS LOw. OTHERWISE

OuTPUT ENTERS

THE HIGH
IMPEDANCE (HI-2Z) STATE.

WHEN

HERE'S THE G _liN | ouT

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

EACH GATE'sS

| -OF-2 DATA SELECTOR

Vee (45V)

nj lgz ] 3] 2] nf o] 9}
ResEfeiRle

' 1!‘%;! 4] sl 6ﬁ 8

—

ADDING 3-STATE OuTPUT
TO
v

TTL OR LS
CHIP

Vee
Tu.
THLS 367
B L] 13
15 L—%
ouT
A F 3 J\ 3
Vee S (SELECT):
1B h=a
W
o | S0 S Y 2 e L=B
S &
Vo 7404

|-OF-2 DATA SELECTOR

Vee
INPUT T SELECTS
WORDS e |-OF-2
H4 35 367 2-BIT WORDS.
B 2 r\\\, 3
T
A g IJ\ S
& I f\ 13 Bl
. ouUTPUT
WORD
A 1z I i
Vee l‘/-
W SELECT:
15 8
oAt Eor I If i~
SELECT T Ve 7404 H=8A
= L= A

c¢

TTL

2-STATE OULTPUT

ENABLE INPUT

BICIRECTIONAL DATA BUS

DATA Vee
h A A A
IN e
Frqcs3er |
5] 2 \ 3 TWO - WAY
LA (BIDIRECTIONAL)
DATA BUS
c 4 > 5 /
g el I~ -
Pl
N 9 Ve DATA
lo ouT
FHLS 367
[ 3
S
4 >_$ o
b l’ B
9
10 [::>_dd> A
Yy 4’ ‘4 8 L READ
DaCnB At

47



BCD-TO-7 SEGMENT D
DECODER/DR‘VER o 5] 1) 3] a2} u] w} 9]

THYHT / 74LSH47

CONVERTS BCD DATA INTO

FORMAT SUITABRLE FOR PRODUCING

DECIMAL DIGITS ON COMMON

ANODE.  LED 7-SEGMENT  DISPLAY. (7 2§ 131 191 st o) 17 8_L
WHEN LAMP TEST INPUT IS LOw, ALL . W P ==
ouTPUTS ARE Low (ON). WHEN Bl /REO

(BLANKIN G INPUT) IS~ Low, AL — RB)
OUTPUTS  ARE  HIGH (OFF). WHEN — Bl /RBO

DCBA INPUT IS LLee  (DeciMAL ©O) ~— LAMP TEST

AND  RBI  (RIPPLE BLANKING INPUT) IS )

Low ALL OLTPUTS ARE HIGH OFF).

T SR A A PR S DISPLAY FLASHER
INn A ROW OF DIGITS TO BE

BLANKED. Vee

THIS SIMPLE
CIRCUIT  wWILL
FLASH DISPLAY
Twice PeER SECOMD.

MANUALLY SWITCHED DISPLAY

Vee

A
o) % e To PIN W4,
C e - FHY 2] TO DISPLAY 7447 [74LS47.
B 1| 741547 (see BELOW) 1= 73 2404
L
0-9 SECOND /MINUTE TIMER
Vee Vee
Vee Vee T”‘ R3
13 o
7447/ RY
) ST M5 b
& o1 e|D RS i A, P
! "
7490/ N\ - = P b
\31 74LS90 Rk
c|8 - 2])c 10 AAA__ o d iR
s R7
9 AAA e e ¢
2 B9 Lig R8 R
3 15 AAA £ d
e R9
7 Al T{A 14 9
COMMON
§UIER LS 1% ri-pa=330n ANODE LED
4 3 : DISPLAY
CLOSE SI TO START TIMING CYCLE. CALIBRATE 555 FOR | PULSE (COUNT) PER
SECOND OR | COUNT PER  MINUTE 8Y  AO3JUSTING  RI.
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BCD-TO-7- SEGMENT

DECODER /DRIVER

7448

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

DISPLAY DIMMER

| J 1.,
i 2 3 9
2 1y
4.7 4.9k \/c‘_
) e

To PIN 4
2448

Vec (#5V
4 )F a b ¢ d e
u,T 1s] w| 3f 2| u] o] 9|
-1
|
t1 21 3| 4| 5| & 71 8|
B C D A 'l?
=m T
- BI/RBO*
~— | AMP TEST
¥csee 7447 FOR

EXPLANATION S.

0-99 TWO DIGIT COUNTER

LOWEST ORDER DISPLAY HIGHEST ORDER DISPLAY
Ve a8 1d.1d e (% |8 el b el d et Vee
lr Rl ﬂ\ A 1& A A A A A lr\ A 4\ 4\ {\ h Re A
}—/V\M ,_./\M——A RI-RI4:
RZ R9 33002
{,_MM A |
RT3 Ri0
RY Rl
RS R12
L AN ¢
Re RIZ
LML {
R7 RI4 COMMON
>-J\N\—+ N\/\_._Jr CATHODE
LED
31 1z n} o] 9| 1] 14 30 1zl i} e} 9f is] 14 DISPLAY
| T Ly
7448 7448
8 8 o
A 23 c D A 8 € D
7 1 2 G ] ] % A Fl Ib
= =) |
12 9 8 I 74 9 8 I e ¢
1A 23 (&) D Vee '] A B C D Vee i
d
!III 4] 7490 / 74LS90 5 T 14 7490 / 74LS90 3
IN .

3 2

3

4q



3-LINE TO S8-LINE DECODER

THLSI38

EACH 3-BIT ADDRESS DRIVES
ONE OUuTPUT LOW, ALL
OTHERS STAY HIGH . THIS
CHIP HAS THREE ENABLE
INPUTS. WHEN HIGH,
ALL OUTPUTS ARE HIGH. WHEN
Ell s Low, ALL  OUTPUTS
ARE RIGH. TO ENABLE CH(P,
MAKE El HIGH AND E2 Low,.

(NOTE: E2= E2A + E28.)

DATA

Vc¢(+5\/)
1T JTZTFTTHIS | &
lef 5] 4] 3] sz u] 10l ¢
i ]
ENABLE
V2] 3T 9 5] e 7| 8]
B 8 .G IFRal ReRl £11 W | -

INPUT S

ouT

I-TO-8 DEMULTIPLEXER

RE7E A NETE 10 W et

INPUT DATA (H
b OR L) IS PASSED
DATA IN o © 74Ls138 TO SELECTED
8 OUTPUT,
C B A
|3 lz ln 14 |s _
ADDRESS IN =
2-TO-8 STEP SEQUENCER
OUTPUTS
TO DESIRED
——
Il Pl DI Y I ST I TP SEQUENCE
Ve (e-q. Cowneer
fr 7 [9 Jwo fn Jiz Ji3 14 |is UR 1T R Y
L AND  CIRCUIT
74L(S138 WILL CYCLE
e FRom O TO 3).
— Vee
3 2 | Y 5 t
ANAT
-
1o b 2 3 = Q\VQ 7404
Slup 74 LS193 RESET | M
USE TO FLASH
J LEDs, CONTROL
8 RELAYS, ETC.
.OlTomo,..F - RI CONTROLS CYCLE RATE.

50



H-LINE TO 16-LINE Vec(rSV),

C D E71 EI s 197 13 2 il
DECODER 24] 23] 22| u| 20| @] i8] 7] 1] is] 14| 3]
74154
I\NPUTS
EACH 4-8IT ADDRESS
DRIVES ONE OUTPUT LOWwW.
ALL OTHERS STAY HIGH.
ENABLE INPUTS (El AND E2)
MUST BE LOw. IF ONE OR v 23t sy 5] Te] i7) 18] (9] ko) [u] |12
BOTR ARE HIGH, ALL 'AFEFEENE BEIANIAEDE IE ANIE
OVUTPUTS GO Low.
BACK AND FORTH
| -TO-16 DEMULTIPLEXER FLASHER
DATA ouT
9q
Rttt D
1l21314fs(éel2[8)j9pofl]i3 l‘iVISVIb 7 7 ]
DATA F_‘J £
IN o8 74154 12 b
O'_T 19 l—[/{qﬂr
D c B A IS
zo\ 2 21] 23 74154 &;|<]
SELECTED  OUTPUT hd {14 K]' Vee
IS LOw  WHEN ADDRESS IN '
DATA IN IS LOW. (SELECTS 1-OF-1b 13 K] 470
IF DATA N IS OUTPUTS) 45
HIGH, SELECTED - |<]
OUTPUT IS RHIGH. %
%, THESE
3 g l LEDS
Vee '_—M'ﬁ FLASH
i h Vlf‘ 4 BACK AND
RI 5] 8 IQ + FORTH.
IooK ' e L % VISUALLY
8 4 .. 3 4 JbowN D2 0| D 7 APPEALING.
7| 2 |7400, ——ZK}—"
R cle 2| ¢ 16
1K 555 3 7405193 ‘9' :]
g2 22| g 5]
2 4 ’Z«I ]
Yy 5 3
= , 5 |raco P2 - AR A j—;‘K}‘—‘
7 CLR 12 B
4] 8 »;,K]
+ I8 2
-l K] '
T ,33/.4F _.T.__ % : ’;’l
i A
INCREASE Rl TO SLOW FLASK RATE.

Sl




DUAL ONE-SHOT

THLSI23S

TWO FuLLY
MONOSTABLE
B0TH ARE
PINS
ARE FOR

RESISTOR AND

DES\GNATED

INDEPENDENT
MULTIVIBRATORS.
RETRIGGERABLE.
R AND R]/cC
EXTERNAL TIMING

CAPACITOR.
SEE RADIO SHACK DATA BOOK FOR
INFORMATION ABouT R AND C.

BASIC ONE-SHOT

VC( (‘l’ S V)

R/ic C

o] 1s]

14]

TIN 21N
1Q 10 28R A B
13 2] u] 109 49|

CLR

CtR

2]
IIN
A B

3

4] S L[7T3-L

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

MISSING PULSE DETECTOR

Vee TWO WAYS TO Vee Q OUTPUT STAYS
TRIGGER: A HIGH SO LONG AS
o o INCOMING PULSES
. KEEP  INPUTS 2 ARRIVE BEFORE ONE-
R % QU3 . A AnD B LOw; Q35 SHoT TIMING PERIOD
THEN MAKE B 3 RUNS OUT.
IS HIGH.
(e ;_\4_- TH4Ls123 2. KEEP INPUTS R é THLSI23 ADJuST R AND C
A AND B HIGH; TO GIVE TIMING
14 THEN MAKE A 15 PERIOD ABOUT Y3
Low. C;F LONGER THAN THE
IN AO_'J INTERVAL BETWEEN
IN B 2| TO CLEAR: hl g INCOMING PULSES.
gl Q (4
3 r—) t il |
CLR o— MAKE PIN 3 LOW, IN QPERATION:
THIS ALSO IN- ,
J—Q HIBITS TRIGGERING. :Le IN .
3 3 Q T1
TONE STEPPER
VC( VC(.
RI EL 1\ Y
100K < o THIS CIRCUIT STEPS
z R3 ACROSS A RANGE
3 100K RY OF TONES WHEN R|
4 8 ézzo AND /OR R3 ARE
7 3 [ 1S ADJILSTED. VERY
+ UNULSUAL SOUND
R2 555 74LS123 ’ c2 EFFECTS.
\K Lk .OluF
) CHANGE Ci AND C2
2 6|l 13 FOR DOTHER TONE
8 5L RANGES. ALSO, TRY
ST K 8 SPKR PHOTORESISTORS FOR
Rl AND R3Z.



DUAL D FLIP-FLOP
THTH /THLSTH

Two DO (DATA) FLIP=FLOPS IN A

SINGLE PACKAGE. DATA AT D

INPUT IS STORED AND MADE

AVAILABLE AT Q@ OUTPUT  WHEN

ccock  PuLse (¥) GOEs HIGH.

HERES THE TRUTH TABLE:

PRESET CLEAR ctock D | Q Q

L H X X H b
XY L x X L H
2 H L) H H fle
R H e L L H

2-BIT STORAGE REGISTER

7414/ 724¢574

ale

12

74 74/74Ls 74

Yz

j DATA OUT
Q|3 Q

]

Qe

I3

Jma

10

l

D <— DATA

WAVE SHAPER

Vee
7
_/JJU\'L Q.__i D Q
IN Ve
74749 [74Ls 74
¢ o219 Q
B 4

WEAE N

IN —> D CLR ¢ PRESET

Vee (#5V) 8
cerl B | @ 15ET| @1 @
4] ! 12y o} 9

L_—|
iy 2] 3] wl 5] e 7_]_
CLR D @ PRE-Q@ Q —~
SeT

P IS CLOCK INPUT.

4 1S RISING EDGE OF CLOCK
PULSE.

PHASE DETECTOR

Vee Vee

4
__.:’—L_J'_LQ_EJD 3 Q 5

i V% 270

7H74/7«Ls7«

L L L sl 4 ale

) (4
THE LED GLOWS WHEN  |NPUT
FREQUENCIES FI AND FZ2Z ARE
UNEQUAL  OR QU+ I0E PHASE.
Fi AND F2 SHROUVLD BE
SQUARE WAVES.

DIVIDE-BY-TWO COUNTER

Vct
B
2l als 2
¢ o— Vo r—? *?/
7474 [74LSIH
21D Qle
dpe

53



DUAL J-K FLIP-FLOP

7473

TwOo JK  FLIP-FLOPS IN A
SINGLE PACKAGE. NOTE THE
CLEAR INPUTS. THESE FLIP-
FLOPS WILL TOGGLE (SWITCH
OUTPUT STATES) IN RESPONSE
TO INCOMING CLOCK PULSES
WHEN BOTR J ANK T INPUTS
ARE  HIGH. HERE'S THE TRUTH
TABLE:
CLEAR [ Ctdock | T iK1 @ &l
L X X X L H
H JL H L H L
H JL L H L H
H JL H H TOGGLE
DIVIDE-BY-TWO
Vee A
N
y
zixl Bl 1 kK9
10l K 7473
Qe
@
s BT M O
DIVIDE-BY-THREE
Vee A
A
Li
shed el | mped 1747 Dol | lgl€
vV
2473 e 9473
ey Qs ﬁz K Q8
d P
IF; B - Wl B

S

J @ a@ 68 K Q@ &
] 13} 2] u] o] 9] 8}

= C

Hl?} 6| 7
D car T
Vee (#5v)

1] 2 3
P CLR K

@ 1S CLOCK INPUT.

BINARY COUNTERS

THE THREE CIRCULUITS ON THIS PAGE

ARE BINARY COUNTERS THAT COUNT
up TO THE MAXIMUM COUNT
AND AUTOMATICALLY RECYCLE.
CONNECT A DECODER TO OUTPUT

OF DIVIDE —BY—~ THREE AND DiviDE~

BY~FOUR COUNTERS TO OBTAIN
ONE — OF —~ THREE AND ONE —OF-FOUR
OPERATION. THIS TRUTH TABLE
SUMMARIZES  OPERATION OF THESE
COUNTERS:
DIVIDE-BY: TWO | THREE FOUR
ouTPUTS: _A B A B A
L & i3 155 e,
H L H L H
H L | WS VS
H H
DIVIDE-RY-FOUR
Vee A B

A

H
4471 1Y Q|12 217 Va Ql?

31k

7473 10l Kk 2473
Q{3 Q

P
5] I

]
lo

oI SRR




DUAL T-K FLIP-FLOP
K @ & 6MD K @ & 7T
7476 ] 1s] 4] i3] azf nl 0] 9
Two JK FLIP-FLOPS IN A L| ' E]I
SINGLE PACKAGE. SIMILAR ] 2
TO 7473 /74LS7?73  BUT HAS
BoTH PRESET AND CLEAR ] L
INPUTS. ELIP~-FLOPS wiLl
To66LE (SwWITCH OUTPUT
STATES) IN RESPONSE TO t] 2} 3] 4] 5] el 7] 8
INCOMING CLOCK PULSES WHEN ¢ PRE CLR T @ PRe CLR
BotTH I AND K INPUTS ARE Vee (+5V)
HIGH. HERE'S THE TRUTH TABLE:
PRE = PRESET
34 CLR = CLEAR
PRE CLR CLK J K Q Q ¢ = cLtock (orR cLk)
L R X X XK R L
H L X X X i K TOGGLE = FLIP-FLOP SWITCHES
H H L H L H L OUTPUT STATES IN
H R Ny L H &R RESPONSE TO CLOCK
H H Ju H H ITOGGLE PULSES.
H-BIT SERIAL SHIFT REGISTER
PARALLEL OUT {(ABCD)
VC( A VC( 8 VCC C VC& D
3
2[5 [3] ,I [ 8] T 2 stil I\ 7 8
DATA¢ J 1T apsl & A1 il ) s mls | 9l U
Vee Ve e 72 \/Z
Yerqow | 749% 7476 2476 7476 SERIAL
L’_ll i 5 2|« AMM
2 o] K ek 12] K {0 1G] K Q14 12 | Qo
= D @ b @
REEN [A 11 ¥31 b
r'] o = - =4
¢
; H4-BIT BINARY UP COUNTER
A
2 5|3 7 8 2.1 .5 8% 2 =3
4ly Qlls N a L 4 al/s 9|3 all
o Y2 Ve \n
lelK 7470 Kk 797 ol Kk 7470 )k 7476
ol de afs L ela | ghe | Lo ale | ele  @ho
1
IN _Ll_} - B -
b | Y y 5 X ¥ y
DCBA BINARY OUT > A (2°) €2 c (%) b (2%)



QUAD LATCH

= I -
1@ 2@ 2Q -2 GND 3Q 3Q 4@

7"75/7""..575 e} 5] v 3] 1) n| 0] 9
A 4-BIT BISTABLE LATCH. EQ 1 e & [_Qs QJ
PRYMARILY USED TO STORE £ £ £ e 4
THE COUNT IN DECIMAL & D p 2 a &
COUNTING DLNITS., NOTE THAT ) D
BOTH Q@ AND & OULUTPUTS ]E =
ARE PROVIDED, ALSO NOTE
THE E (ENABLE) INPUTS. WHEN 1] 2] 3] 4 5* o] 7] 8]
E IS HIGH, Q Folows D. 1Q 1D 2D E V¢ 3D 4D 40
34 (4sv)
4-RIT DATA LATCH DATA BUS Ve _o LATCH
INPUT
h A A A STH 13 (ENF\BLE)
DATA ON BUS APPEARS AT 2 LN
QUTPUTS WHEN LATCR INPUT 74718
s RIGH . DATA ON BRUS 3] 941575 lIs 5 DATA
WHEN LATCH INPUT GOES LOWwW ouT
Is STORED UNTIL LATCH INPUT b _lg_)
GOES HIGH. (LATCH INPUT CONTROLS
BOTH ENABLE wpurs.) TWO QUAD 7 __9_>
LATCHES CAN BE  USED As AN
8-8|T DATA LATCH. ¥ Y v g £
DECIMAL COUNTING UNIT
TO LATCHA
Vee  exr Vee Vee
T STAGE T‘ ’t Vee
5 S 16 R1
7490/ 9] 7415/ 74947/ |3 A5 a
741590 13| 241s7s 74Ls47 R2
(U)o o ARAL Ll 1
L AAA . L
RY £ b
2 c|8 3 1S Z]c 10 AAA d 8
Rs
3 9 AAA e e 'C
B |9 b 10 I g RG
[ [!S _AAA £ d
R?
4 Alz . 7 q 7 A L SVCVY, SN
COMMON
101__1 _L'Z _J_S RI-R7=270 ANODE LED
obent i E DISPLAY
EXPANDABLE DECADE COUNTER. FOR TwWO DIGIT COUNT, CONNECT PIN |
OF 7490 [14LS90 OF FIRST oLNIT  TO INPUT OF SECOND UNIT. A Llow

AT TRHRE LATCRK INPUT FREEBZES THE DATA REING DISPLAYED.
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QUAD D FLIP-FLOP

Vee (+5V)
4Q 4G 4D 3D 38 3@ ¢

74LS178 ] us] m] i3] 12| nf o] 9
Y | 3
HANDY PACKAGE OF FourR D-TYPE J
FLIP-FLOPS . DATA AT D-INPUTS
IS LOADED WHEN CLOcK GOES :
RIGH. MAKING CLEAR INPUT ) “ _‘
Low MAKES ALL Q O0OUuTPUTS Low _}
AND Q& OUTPUTS RIGH.
'] 2f 3] 4] s| e] 7| 8
CLR 1Q 1G ID 2D 2@ 2@ —=
DATA BuUS i
cC
N oy \ Hof m,__OCLEAR (CLRr)
slo ohs, H-BIT DATA REGISTER
'zlc clo . DATA
ouT DATA ON  BUS 1S LOADED INTO
5 Bl7 o 74LS11S WHEN LOAD INPUT
GOES RIGH. DATA 1S THEN
Hia AlZ o STORED A ND MADE AVAILABLE
‘ AT OUTPLTS UNTIL  NEW  LOAD
RS Y #r i\ﬁ__ou.om) PULSE  ARRIVES.
g ip !yl L = 7u4isis
MODULO-8 COUNTER
Vee
):t A B c D
I |
JUL o4¢ Q?—LSD o"’Illb Q'°I'3o Qi.f
IN
Yy Vi \Z g
74LS 175 74LS5(715 74LsS17S 74LS 1715
Hlp ol
8
SERIAL IN/7OUT, PARALLEL OUT SHIFT REGISTER
Vee A B c D
/
@
SERIAL el 3}
DATA H)p Qz_J Slip Q{7 __{ 1Zjp Qlio | 13/p Q ['s
IN
Yy Ve Yy Yy SERIAL
74LS115 74LS175 74LS175 74LSI7S DATA
cLock ondlgp ouT
18

L7



BCD (DECADE) COUNTER
7490 /74LS90

MOST POPULAR
EASILY USED
COUNTERS,

ONE OF THE
DECADE COUNTERS.
FOR DwiDe - 8Y- N
LESS EXPENSIVE THAN MORE
SOPHISTI CATED COUNTERS. RST
INDICATES RESET PINS. THIS
CHIP 1S USVALLY USED Y

DECIMAL COUNTING ONITS | BUT
CIRCUITS oN THIS PAGE SHow
MANY OTHER POSSIBILITIES.

DIVIDE-BY-5 COUNTER

Vee

5

wfz

M LO ! {7990 /74Ls90 N

2 E3 0 ) W

DIVIDE-BY-& COUNTER

Vee
9 t 12 5
3
HH o114 7490 /74Ls90 %J
IN 9
ol 7 o]

DIVIDE-BY-7 COUNTER

VCC
b| Q[ 5?7[ e]
J—Lﬂ_o__"i. 7490 [74L590 _“__>_-’$]—
IN
1] 1z] 2] 3l
-

—

S8

INA QA QD GND QB Q¢

4] 13} 2] n] 0] 9] 8
- -

) 7 13§ 41 Sy el 7

INB RST RST  Vec(#SV)RST RST

DIVIDE-BY-8 COUNTER

c
;& 3 n sT

.n_ﬂ_o_'_"_ 7490 / 74LS90

IN
I| nzl L,I 7 (o
.

IN
_8_9—8_'

DIWVIDE-BY-9 COUNTER
Vee

1 7 12 5T

HH o4] 7490 /74LsS90

| % 10|

-

0|z

DIVIDE-BY-10 COUNTER

I [_Tl ST

Ol ) 79907 241S90

1z IN
10O

S

23 3 S W WD

—~_




DIVIDE-BY-12 BINARY COUNTER

f o b 17 A

OFTEN USED TO DIviIpDe CONDITIONED

O H2 PULSES FRomMm At POwWER
LINE INTO 10 HZ PULSES. OTHER

DIVIDER  APPLICATIONS ALSo. RST
INDICATES RESET PINS.

DIVIDE-BY~7 COUNTER
Vee

7! ul ST
IHI ! | 7492

IN 12

8l /cj—

DIVIDE-BY-9 COUNTER

VC(

aaans

_ﬂ..n_o_'_ 7492 }&

IN 9

\:'2

INA QA QB GND QC QO
i 3l 2] n] 0] 9] 8

h

V2] 3] 4] 54 ef 7

IN B Vee (#5V) RST

DIVIDE-BY-12 COUNTER

ll ﬂl S |

S

[O-HZ PULSE SOURCE

Vee

5

[
Jlﬂﬂﬁ 7492 8 10 Ha
LO H2 ouT

IN

DIVIDE-BY-120 COUNTER

Vee Yee
THIS METHOD OF
18 K ST [ ie] S CASCADING COUNTERS
N CAN BE USED TO
JUL | 2492 il Py Ly 2492 8. 1IN  creaTte ANY
IN 20 pwvipe -BY- N
| COUNTER.
2[3] o] 7] 0] 6| 7 10|

|



BCD UP-DOWN COUNTER

74192

FuLLy PROGRAMMABLE BCD COUNTER.
OPERATION IS IDENTICAL To 79193
749LS193 EXCEPT counT IS JO-STEP
BCp (LeLl-—HLLH) INSTEAD OF

lo= STEP BINARY. MANY A PPLICATIONS
FOR 7‘1491/7‘11.5!92 AND 7q:93/7«u.s:93
ARE INTERCHANGEABLE.

CASCADED COUNTERS

v
SRS % X 7Y i
H
o] 79192
9 ]lo[l I:s
7t te 15t
2
(o] 24192

IL sZ{9 1] 1 )]

upP (0-99)

13

¥ bbbl
5
5 @ 24192
9 |/o'l Iisr
2fetets}
1 S
8,14 e 724192
ﬂoﬂq]lo]: ]lsT

bown (99-0)

IN CLEAR  CARRY IN IN
Vee(+sv) A BoRROW | L@AD C D
1o is| el 13| 12| uf 10 9}
CounT
Ty

||13‘15A78.L

IN B A Down uP C D =
B8 ouT our ouY 0OuT

SINGLE UP-DOWN INPUT

Yy 3
z (7400 ug
(=8 (to v S)
cLock S
12
O
Low = up
HIGH = DoOwnN

PROGRAMMARBLE COUNT DOWN TIMER

R3 V‘cc
R4-RID= 3300
RI Io e RY
1M up 13 Qa
D|Z 6D RS
7 DOWN 12 AAAL b
C (b 2]c RG
R BORROW I AAA e
1K B |2 {8 R7
> 10 AN d
A3 1A R8
COUNTS DOwN 53 ¢ o 10fC 13_Aqal,l o
tL_Cl FROM N TO 24192 [N g5 | 7447 RQ
T~
A=100uF | LLLL AND ST ¢ o018 )\ IS A, f
RALTS. }' RA\O
St § o o—2A j 1AM, 9
CALIBRATE Ri  AND CI
TO PROVIDE  DESIRED 8] ™| 8] 10 2
NUMBER OF CLoCcKk  PULSES 1 COMMoON
PER  MINUTE. SET DESIRED N INTO SI-S49 (CLOSED =  ANDDE
SWITCH = LOW AND OPEN SWITCH HIGH). PREss S5 TO LED
LOAD N AND  START (OR RESET) CounT. LED GLOWS AT HALT. DISPLAY.
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H4-BIT UP COUNTER

74LS1 61

GENERAL
WITH
CoOunTER
WHEN LOAD
A Low AT

PURPOSE
PROGRAMMABLE
ACCEPTS

Vec (#5V) OuT A
lo

CARRY

1S

4

B
13

12

TN

BINARY COUNTER
INPLTS.
PATA AT
INPUT GOES
THE CLEAR

INPUTS
Low.
INPUT

DATA ouTPUT

COUNTER

TO

LeeLe

RESETS TRE
UPON THE NEXT
P AvD T  ARE
INPUTS. BOTH

HIGH TD COUNT.
INPUTS. ARE NOT
TRE OTHERwWISE

CLoCck PULSE.
CounT ENABLE
P AND T MUST BE
THESE ENABLE

8-BI1T COUNTER

AVAILABLE WITH
MORE ADVANCED 74LS5193.

vl 2] 3] 41 B 4] 7
CLR ¥ A BB ¢ D P =

DATA INPULT

RAMP SYNTHESIZER

CLOCK O \f\cc l :l i‘
2. 16 A OuT
v 14 '
e = A =
el 7905161
13 8 7] 74LS16)
10
12 c q c Cy
b= —r
9 T ImF
1 10
U WY Lo
5
8 &
RUN d ' 15 G o CLock 0___—’L_
CLEAR A
 Sugine
8
= 4. E
lo| 741516l
IS =
10 ._L-_
12 G " R=[K
9
n H T
=
-
8 l
| 3 voLTS
lsl i
TO ADDITIONA L
COUNTER (S) [
ouTPUT A IS LOWEST ORDER REMOVE CI TO OBTAIN THIS STAIRCASE.
s FREQUENCY OF RAMP AND STAIRCASE
1S Yt Clock FREQUENCY.

6\



4-BIT UP-DOWN COUNTER
74193 /74HLS 193

4-8IT COUNTER
WITH UP-DowN CAPABILITY. ANY
H-BIT NUMBER AT THE DCBA
INPUT S Is LOADED INTO THE
COUPTER WHEN THE LOAD INPUT
(PIN 1) 1S MADE  cow. THE
CouNnTER 1S CLEARED TO LLtLt
WHEN THE CLEAR INPUT (PIN 14)
1S MADE HIGH. THE BORROW AND
CARRY OUTPUTS INDICATE UNDERFLOW
OR  OVERFLOW GoING Low.

VERY VERSATILE

BY

SSE SEEE AU AL AR,

IN CLEAR  CARRY IN N

Ve (45V) A BORROW| toaD C D

ot 15 4] 13 12| nl o] 9|
CounT

W
N
B

cou

13‘45678_[

B A DOowN WP ¢ L=
OuUT ovT ouT ovuT

NT DOWN FROM N
AND RECYCLE

B! ¢ | Bl A 14 SET DESIRED N  |NTO
Clock oA fbown 74193 [ 74Ls5193 Si-s4 (CLOSED SwITH =LOwW
AND OPEN  SWITCH = H\GH).
I . WHEN  COUNT REACHES
nlp o3 9{ 1o ll lSl LLLL AND THEN UNDERFLOWS,
THRE RORROW PULSE LOADS N
% AND THE CounT RECYCLES.
5S4 S3 s2 S| " e
COUNT UP TO N AND HALT COUNT uUP TO N
= AND RECYCLE
PRESS SI  (NORMALLY 24 N 24 N
CLOSED) TO RESET. o8 LR
74154 e 14 74154 [l oy
ijc 1S o 13 VA\“ 15 513
14 12 L2
b 13 1 I 13 T
y b7 20| p 0 1o 4 D17 20 LI So)
10 9 10 o3
o 2l]e _9__0 8 In clb 21 LI
&S {8 o7
Bl2 2l 7 4 12 22 2 5 @
uP = cLocko—3lup L1
A3 23/A 15 o4 A3 3 NP
ol 0 N Vee 74193/ AT A
74193/ 8 3 o2 I 74L5193 18 3 o2
749051973 | 1 : 2 _JCLEAR 2L b 8
330 .'_io__L_rL 4 ._'—-o (o] 7 14 19 ,*.o (o]
| W f 3 g
P GLows s e . To N
AT RALT 1 ,[‘ Y 7404 o _T

b2




8-BIT SHIFT REGISTER
THLS 164

DATA AT TwO
INPUTS 1S

EACH CLOCK
EXTRACTED

OUTPUTS OR
ANY SINGLE OUVTPUT.
AT EITHER INPUT. THE UNUSED
INPUT MUST BE HRELD RIGH OR
CLOCKING witt BE INHIBITED.
PinN 9 Low CLEARS THEe REGISTER

TO Lt

ONE OF THE
ADVANCED ONE
PULSE. DATA
FRom THE 8 PARALLEL
N SERIAL FORM AT

8-BIT SERIAL-TO-PARALLEL DATA CONVERTER

SERIAL
BIT FOR
CAN BE

ENTER DATA

MAKING

Vee (+5 V)
H

of s

G F

1] 10

E CLR

@

OuUTPULT S:

A'BIC‘D'E‘F.G.H

CLR=CLEAR
@ = CLoCK

USE FoOR PARALLEL DATA oUT
RECEIVING Vee H G EJEL D€ B LA
BINARY DATA A
SENT OVER | T T T T T T
ONE CHANNEL. 2 %) 11 I 'lql b 15 12 q 6 5 2
5 20 !
CLOCK oo M| 7490 /74LS90 J 74LS374
8 1 10
) 12 6] 7| o0 el 7)) t4| 13] e 7| 4 3
& 13 12 1] 10 3 5 4 3
=3 14
THE 7490 DWIDES THE CLOCK 2 24LS164 7
PULSES BY 8 AND LOADS 9
DATA IN 74LSibYd INTO THE
74153749 AT 8-BIT INTERVALS. 8] 'L, seriAL baTA In

(AT CLOCK RATE).

PSEUDO-RANDOM

VOLTAGE GENERATOR

L

ouT
2R R R R R R R R
AN, A
TYPICAL 2R 2R 2R 2R % 2R ézn EZR
R=1K—I10K
3 5 6 10 ] 12 13
CLOCK 58 74LS 164 2
OUTPUT IS PSEUDO—RANDOM STEPPED VOLTAGE. CHRANGE 14
7| PATTERN B8Y MOVING PIN 2 OF 7400 TO PINS 3,4, 5 6, |3
I 78,9 10 OR 11 __OF 74LSI164.

1,2,3,4 = 7400/74LS00 '!




OCTAL BUFFER Vcc('fSV)
74LS240 20} ] ie] 17| ie] 18] 4] 3] 2] ]

IDEAL FOR |[INTERFACING
EXTERNAL CIRCUITS ToO
HOME COMPUTERS.
INVERTS ODATA.

CONTROL (EI,E2) | ouT

L N t{ 21 3] 4] 5] ] 7 8|9I'j_
H HI-2 El L
H-BIT BUS TRANSFER
TO BUS FROM Bus
Y \Y% ) Y
Vee % q (6 8 Tq T" TS T3 *
t o WRITE
20 *
;”; %; ; 19 5 READ
| 10
+ 8 TR 4 12 " 3 s 12 *wHEN L
e i 1 R 5F

8-BIT BUS BUFFER

2 Ll lghd g
ke 8 16 4 12 9 7 5 3 /
I 20
é ENABLE
| 10
2 g © 8 " 3 IS ) H = ISOLATED
I ; A = INVERTED
; = Bus A
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OCTAL BUFFER Vee (#5 V)

TH9LS24Y 20‘ lqeilel ] te] 1s) 4| 3] 2] u}
NON= | NVERTING VERSION ?/ (j% & ﬁ?
P ETEENE REE A A
CconTROL (Ei,E2)] ouT g&/ /Zﬁ—] /
: ,H'ﬂz 17 2] 37 4l 57 6] 7] elqllo_L
E\

H-BIT BUS TRANSFER

To Bus FROM BUS

Y Y Y le fq T.’ TS TS

Yy VY AL LAARS

8 14 12 I 13 1S 7 * WHEN L
;Y B BUS
8-BIT BUS BUFFER
15y INBECTED
Vee I8 o 14 12 g 7 S 3 .
20
SAAAANAAA A
10
= 19 L= A—>8
2 4 b 8 T 13 15 " H = /SOLATED
- 8usS A
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OCTAL D-TYPE LATCH

Vee (+5V) ENABLE
8Q 8D 1D 7@ LQ LD 5D 50 6
F4LS373 2ot 9] i8] 17] 1e] 1s] e 3] az] u]
EIGHT “TRANSPARENT  D-TYPE 8 7 & ¥ 3
LATCRHES. OUTPUT FOLLOWS
INPUT  WHEN ENABLE IS
HIGH. THE DATA AT THE l 2 3 y
INPUTS 1S LOADED WHEN
THE ENARBRLE INPUT IS LOw.
TRIS CHIP  HAS 3-STATE 1 2] 3] 4y s] &7 77 8] 9 ;o_“L
OUTPUTS WHICH ARE CON- [ 1a i 20 20 3@ 3D 4p 4a =
TROLLED BY PIN |. SEE OUTPULT
TRUTH TABLE BELOW. CONTROL
g g T arlog hgricg g TR 3-STATE REGISTER
¥ nlad b ol of Sf 4
] tof 5] 12] 9] L S| 2 OuTPUT THIS 1S A GENERAL PURPOSE
20/80 1@ bQ 50 408 3@ 2@ 1Q)' o CONTROL S-BIT STORAGE REGISTER.
= 79L5373 7 HERE'S THE TRUTH TABLE:
r.___.oEN B
1D D 5D '~1D 3p 2D b a OUTPUT
le nrw 131 7 ‘1] 3] CONTROL ENABLE D | Q
- L R H H
(7 5 B LA L H 12 &
15 L. X Q
H X X W-z
DATA BUS REGISTERS h e FETg I ST EIRLR
VC(
Dol ol o] of of o
H: PLACES OUTPUTS IN HI-2 MODE} 19 te '51 2] 9] L] S| 2
L: MAKES DATA AVAILABLE 152 | 20
REG. 2 (74L5323)
H: OUTPUTS FOLLOW DATA onBuS\ o N 10
L: LoAD DATA FRoM BUS
81 17 4] p3f e 7 Yy 3 \
Bl I
i g .
g3 ! >
) - —
-8 1 >
E Ll >
G - 3 a4
H <
Vee 1
'[ af lo I5) 12 3] e] S| 2 {H: DISCONNECTS REG.| FROM BULS,
20 ] L: CONVECTS REG.I TO BUS.
REG. | (74LS373)
10} L_O{H: OUTPUTS Fowow INPUTS.
L: ]NPUT DATA (ON BLS) LOADED.
l lsl 17( wl I3 e’ 7! H] Bl
I AT ANY INSTANT ONLY ONE 7405373
H G E E LD L& B | A CAN WRITE DATA ON THE BRUS. ANY
NUMBER CAN READ DOATA FROM BUS.



OCTAL D FLIP-FLOP Ve (+5V) EwnBLE
8Q 8D 10 7Q Q &D 5p 5@ G
7'-“_537'-{ 201\ 19] 18] 7] re] us] ] i3] a2l n}
EIGHT D-TYPE EDGE TRIGGERED 8 L4 & 1.5
FLIP-FLOPS. UNLIKE 74LS5373,
OQUTPUTS DO NOT FoLLow
INPUTS. INSTEAD, A RISING . Y 3 4
CLOCK PuLse AT PIN Il LoADS
DATA APPEARING AT [INPUTS. |
THIS [CHIP . HAS 32-STATE 1 2] 3] 4] 5] ¢] 7] 8] 9] 10
QuUTPUTS WHICH ARE CONTROLLED IQ ID 2D 2Q 3@ 3D 4D 4@ =
BY PIN . ‘
OuUTPLT
CONTROL
CLOCKED
L1518 X L3 D 3-STATE REGISTER
bibpE bl
9] tf isf 12f 9] | 5| 2 ouT PUT GENERAL PuURPOSE
201 8@ 7@ L& 5@ 4@ 3@ 20 IR [l _gconTROL CLOCKED REGISTER.
7405374 HERE'S THE TRUTH TABLE:
10 I CLock
8b . & Spb 4> 3D 2D | D OuUT PUT
{ Ie] ] ] i3] a] 7] 4 3‘ CONTROL cLock D Q
2% i 41 H H
o g e 8o lg AA - =1 by L
(= H X Q
H X X Hi~2
COMMON INPUT/0OUTPUT BUS REGISTER
-«— BIDIRECTIONAL DATA BUS —>
A - —>
B ~<— —
- M A ] B!
> - =
E —>
F - —
G s =1
H ~— -
19 b} I1S| 12 9 (A s 2 8y 17| 14 13 8 i 4 3 Vee
8Q 7@ Q@ 5@ 4@ 3@ 2@ IQ 8D D 6D SD 4D 3p 2D IDL_T
il
10
Il =
THIS CIRCUIT GIVES 74L5374 COMMON INPUT AND
cLock ouTPLT OLTPUT LINES. WHEN OUTPUT CONTROL Is HiGH,
CONTROL DATA ON BUS IS LOADED INTO THE 74LS 374
ON THE RISING EDGE () OF THE CLOCK PULSE.
WHEN  OLTPUT  COnMTROL IS Low, DATA IN THE
74Ls 374 IS WRITTEN ONTOD THE BUS.
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OCTAL BUS TRANSCEIVER . 6sv
E

7HL S245

ALLows DATA TO BE
TRANSFERRED IN EITHER
DIRECTION BETWEEN TwO
BUSES. [INCLUDES HIGH
imPepAanceE  (HI=Z) OUTPUTS.

BUS TRANSCEIWER

9

i

(2]

Ve
A —> B WHEN H I o ENABLE WHEN L
B —> A WHEN L Hi-2 WHEN H
I j20 |19
. S S SR S SR S
2 1[:
LA 18
3 J\\
b
&8
L' >
L P A
5 \\
= IS
b >\J
14
7 \\I
// <
8 >\
< 12
9 >___
_/L n
T
Y Y Y Y ¥ ¥ V¥ .
BUS A ___L
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LINEAR

INTRODUCTION

THE CuUTPUT OF A LINEAR IC 1S
PROPORTIONAL, TO THE SIGNAL AT
ITS INPUT. THE CLASSIC LINEAR

IC 1S THE OPERATIONAL AMPLIFIER,

THIS GRAPH SHows THE LINEAR
INPUT — OUTPUT RELATIONSHIP OF A
TYPICAL OP- AMP CIRCUIT -

QuTPUT
(voLts)

R TN S =
.0t .04 .06 .08

INPUT ( VOLTS)

o- NV

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 TICs GENERALLY REQUIRE
MORE EXTERNAL COMPONENTS THAN
DIGITAL ICs. THIS [INCREASES
THEIR SUSCEPTARILITY TO EXTERNAL
NOISE AnD MAKES THEM A LITTLE
TRICKIER TO USE. OnN THE CTHER
HAND, SOME LINEAR TICs CAN DO
ESSENTIALLY THE SAME TRING 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 SupP-
PLY VOLTAGE AS LONG AS THE SuP-
PLY VOLTAGE IS ABOVE THE DESIRED
OUTPUT VOLTAGE.

OPERATIONAL AMPLIFIERS

THE IDEAL AMPLIFIER .. . ALMOST.
RIGH INPUT  IMPEDANCE AND GAIN,
Low OUuUTPUT [MPEDANCE. GAIN 1S

INTEGRATED CIRCUITS

EASILY  CONTROLLED WITH A SINGLE
FEEDBACK RESISTOR. FET INPULT

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

COMPARATOR

SAME AS AN OP-AMP WITROUT A
FEEDBACK RESISTOR. ULTRA — RIGH
GAIN GIVES A SNAP—-LIKE RESPONSE
TO0 AN INPLT VOLTAGE AT ONE
INPLT THAT EXCEEDS A REFERENCE
VOLTAGE AT THE SECOND INPUT.

TIMERS

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

LED CHIPS

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

OSCILLATORS

A VOLTAGE CONTROLLED OSCILLATOR
AND A COMBINED VOLTAGE - TO- FRE-
QUENCY AND FREQUENCY—-TO- VOLTAGE
CONVERTER. ALSD JMCLUDED IS A
TONE OECODER THAT CAN BE SET TO
INMDICATE A SPECIFIC FREQUENCY.

AUDIO AMPLIFIERS

THis SECTION INCLUDES SEVERAL EASY TO
USE POWER AMPLIFIERS THAT ARE
IDEAL  FOR DO-IT-YOURSELF STEREOQ,
PuBLIC ADDPRESS SYSTEMS, INTERCOMS
AND OTHER  ALDIO APPLICATIONS.
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VOLTAGE REGULATORS
7805 (5-VOLTS)

ATTACH HEAT

78 | 2 ( | Z“ VOLT S) SINK |IF REQUIRED
7815 (15-VOLTS)

t — INPUT
FIXED VOLTAGE REGULATORS. 2 -~ ouTPUT
IDEAL FOR STAND- ALONE 3 — GRouND
POWER  SUPPLIES, ON -CARD
REGULATORS , AUTOMORILE
EATTERY POWERED  PROJECTS,
ETiC. UP To I.5 AMPERES
OvTPUT IF PROPERLY HEAT
SUNK  AND SUFFIC/ENT [NPUT

CURRENT AVAILABRLE. THERMAL
SHUTDowN CIRCUIT TURNS OFFE
REGULATOR IF HEATSINK TOO SMALL.

5-VOLT LINE POWERED TTL/LS POWER SUPPLY

S PRIMARY

e ey Ji

SECONDARY J

A | 2 +5vy

o 4] 4] 7805 | +

CAUTION: You

MUST INSULATE
THESE CONNECTIONS!

AC LINE

el cz c;ﬂ\ Yy
J 3 O.lluF

ci~C3 —(ooouf, 35V

S

TI

Tl =) =2t oM, L1z Al or
Bl— |A —4A FuLlL WAVE BRIDGE

VOLTAGE REGULATOR

+5 .12

VOLTAGE | {78xx L%
N L 5 +| OR 15 VOLTS
R
4. GROUND

S

0.33 uF orR So IF
FROM POWER SUPALY,
MORE TO

Civ = OPTIONAL; USE
REGULATOR FAR

Cour — OPTIONAL, USE OJuF oOR

TRAP SPIKES THAT BOTHER LoOsGIC ICs.

70

By

3A TRANSFORMER (273-1S0S or 273-(SM).
RECTIFIER
(RADIO SHACK CATALOG NUMBERS

(276-11el, 276=11SI OR 276~/171).
IN PARENTHESES.)

CURRENT REGULATOR

| USES [INCLUDE
2 STABLE.
BYASING FOR

IN TRKX
+] 3 LEDs , LAMPS,
cl EYC.
33 uF
OuUTPUT LLOAD

EGULATOR VoOLT
OUTPUT CURRENT = sl WL s
R\




-5 VOLT REGULATOR
7905

FIXED -5 wvoLT
REGULATOR . CAN BE

USED To  GIVE
ADJUSTABLE VOLTAGE
OUTPUT. U lmel S
AMPERES  OUTPUT [F
PROPERLY HEAT SUNK
AND SUFFICIENT (NPUT
CURRENT AVAILABLE.
THERMAL SHUTDOWN  CIRCUIT
TURNS REGULATOR OFF
IF RHEATSINK ToOo SMALL.

ATTACH HEAT -

SINK |F REQUIRED
| — GRoOuUND

2 - cuTPuT

3 - INPUT

FIXED -5 VOLT REGULATOR
1T 1 =i51 voLTS
~5570-35 vouts 12 =3 =
IN 0S8 N
{ 3
+ 3 1 (eAck) O 4
N ool Lo N
2.2 /MF
o —
— *
1 WORKING VOLTAGE MUST EXCEED V.
ADJUSTARBLE NEGATIVE POWER SUPPLY
]__[ =5l TO
| 270 |-
-5.5 10O -35 VOLTS -_—C__“T__ 2 3oouvTOLTs
IN 7905
i ‘ = (BACK) O |uF | EXAMPLE:
- IN=-20V
:j’ S
NS | | A
DA
b b 22 AL Ravr |
T+
o—

||‘



1.2-37 VOLT REGULATOR
LM317

oz Vlu

CAN SuPrPLY VP TO 1.5 AMPERES
OVER A {.2-37 VvoLTr ouTPUT

ol ADIUST

!

RANGE. NOTE MINIMUM NUMBER

OF EXTERNAL COMPONENTS IN BOTTOM CASE = Vour
BASIC  REGULATOR CIRCUIT BELOW. VIEW

USE HEAT SINK FOR APPLICATIONS (ro-3 cAsE)

REQUIRING FouLL POWER OuTPUT.
SEE APPROPRIATE DATA 800k FOR
ADDITIONAL INFORMATION:

1.25-25 VOLT REGULATOR &-VOLT NICAD CHARGER

DI ¥
___L:4;. ______ 1
e ‘ R\
: : 2z
: cAsE| Y A YY) .EA_SE/\N\_T g
Vin Z) LM31? ' D2 j_
(= 28v) ¥, % 1.25 — (+12- 20V) EENE L B
= ved 25 v 3 il
+ i J
) T R) f+ I
l ‘ é Skil2e Ly ¢z S
: c3 ImF
4-
i Bl 15 BATTERY OF 4 NICKEL
52 CADMIUM  STORAGE CELLS N
SERIES. THIS CIRCUIT CHARGES
Vin. SHOULD BE FILTERED. OK TO OMIT Bl AT A CURRENT OF 51.2 wA.
Cl IF Viy VERY (CLOSE TO (M3 INCREASE Rl TO REDUCE CURRENT,
Rl CONTROLS OUTPUT VOLTAGE. FOR EXAMPLE, CURRENT S 43 mA
ADD IF OLUTPUT >25 V AND CZ >2SuFk WHEN Rl IS 24 oHMms,

PROGRAMMABLE POWER SUPPLY

& = _o—3» YO ADDITIONAL STAGES

\
Vin o2] LM3y
220 i R R R DCBA INPUTS: CONNECT
(228v) L TO PIN 2 TO SELECT.
CASE L4 Q2 Q3 Qy
' - R_| Vour
Ql-@4 =
RS2009 Y 1CO |.8
Vour F r T 330 | 2.0
XY™ 33k 33K 470 JLi®
LIMITS MAXIMUM Vour 1K 7.3
TO~ 27V  WHEN INPUT B A 42k § (8.5
s 28 V. 3.3K |18.0
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-1.2 TO -37 VOLT REGULATOR
3377

ATTACH HEAT ~
SINK |F REQUIRED
CAN SUPPLY uP TO -1.5
AMPERES OVER A -1.2
TO -37 VOLT OUTPUT
RANGE. FEW EXTERNAL
COMPONENTS  REQUIRED. | — ADJusST
COMPLEMENTS LM3I7 2 - ouTPuUT
ADJUSTABLE POSITIVE 2 = INPUT
REGULATOR.

ADJUSTABLE NEGATIVE REGULATOR

s B ] 1 R2
SK
y —— >
VIN > Vour 3
+ s 2
*«:_‘—j s i %
10 uF ¥ ! 1OumF
387 Ri
e ; ——— |3 120
=1.5 TO =38 VYOLTS 2 (Top)
IN
R2 J_l__ N2 TOESTI
~Vour = ~1-25V(!* m) ouT
¥ WORKING VOLTAGE MuST EXCEED V.
PRECISION LED REGULATOR
SUPPLIES JR’L
CONSTANT ’ﬁ 1K y
CURRENT (T) *
TO LLED. L] = miv
!
337
———— |3 Q |.8K
LED , (ToP)
¥y 4L
_MA_
=5 Ire NI RI
penl Tl = Lisivi/ il
R2Z GIVES * |5% ADITUSTMENT. i
_i__ LED T = 15 mA WREN R= 00N, h %

13



2-37 VOLT REGULATOR

723 NC ] 14 ne
CURRENT LIMIT 2] '3 FREQ.

VERY VERSATILE SERIES Comp.

REGULATOR. LP TOo 40 VOLTS CURRENT SENSE 3| 12 v +

INPUT AND 2-37 VOLT OUTPUT.

MAXIMUM OUTPUT CURRENT OF ~ INPULT Y Ve

ISO mA CAN BE EXTENDED To

IOA BY ADDING EXTERNAL + InvPUT % LT 7N oY

POWER TRANSISTORS. SHOwWN

BELOW ARE Two BAS|C VReF % 1] Va

ClRcuITS. TRY THESE, THEN

SEE  APPROPRIATE DATA BOOK Ve ed 8 N

FOR ADDITIONAL CIRCUITS.

2-7 VOLT REGULATOR

Vin O- i 10 _/\/\/\_1 Vour
Rsc iy
(+10v) 12 2 22 fL
b 32
723
RI ? R3
= Y
b M
.0l 100pF
T | = T P
7
TYPICAL VALUES
Vour Ri R2 R3S
3.0 4.2 K 3.01 k L781E
47N 3.57K 3.L5k 1.80K
5.0 2.15 K 4.99 k 1.50K
6.0 § IS K 6.04K 96
FOR ANY VOLTAGE BETWEEN 2-7
VOLTS .
e R2
Vour = (VREF )*( R+R2
Veer = £.8-75 Vv (MEASURE AT PING)

R3 = ’Q_EQ::RZ'Z_
74

7-37 VOLT REGULATOR

Vour = (VRE?) o

==

Vin O— g i Vour
(Vw=Vo.,T+S) Rsc
12 2 22 5L
b 2
722
R3 RI
> 4
R2
13 i 100 PF
7
TYPICAL VALVES
VouT‘ R\ RZ R?)
9 1.87 K TS K 48K
12 4.87 K 7.15 K 2.90k
1S 7.87 Kk ZLIS K 3.75 K
28 20801 "k 7.18 K 5.33k
FOR ANY VOLTAGE BETWEEN 7-37
Vo LTS :

RIXRZ  (R3, WHICA IS OPTIONAL, GIVES

S RIFRR

TEMPERATURE STABILITY)



ADJUSTABLE SHUNT (ZENER) REGULATOR

TLH3)

EASY TO USE THREE

TERMINAL ADJUST ABLE
PRECISION SHUNT
REGULATOR. OUTPUT

CAN BE SET TO FROM
2.5 To 3b VOLTS.

ADJUSTABLE REGULATOR

R\
+
RZ !
Vin 10K | Vour
N
Ri= 4710
R3 Viw
470 H3)
b
o— -
N 52

Vour = (1+ RV/RZ) Vger = 3-30V

SIMPLE TIMER
+9

+ 390

14 R
é RI s
|
VRrer
) RI= M
: 8 S el = 10uMF
o3 ksn
434
Q T RESET e
am

LED GLOWS
AFTER DELAY
PERIOD

TYPICAL
VALUES:

| o N I

s

pecAY = (Rict) (In qivm)

CATHODE (k). 8 REFERENCE
NC % il NC(R)
Ne 3 o ANODE (A)
Ne 9 S NC

VOLTAGE DETECTOR

e
T_/\/\/\ . OUT
'K
|
IN ouT
1K
AL S L v
B ligv
IN
43)
C
—JL——

USE | ol DETEAT
TILl Uoclcl AEVIELES,

1.5 TO S5V POWER SUPPLY

+6
!
IN 7805
ouT : - .5 TOSV
ouT
GND
| 5K
Z§ 8
100
43
A
D i
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1.2 TO 33 VOLT REGULATOR

76

350T |
ATTACH HEAT
SINK IF REQUIRED
CAN SuPPLY UP To
3 AMPERES OVER 1.2
TO 33 VvVolT OuTPuUT
RANGE. FEwW EXTERNAL
COMPONENTS REQUIRED. I — ADJUST
HEAT SINK REQUIRED 2 = INPUT
FoR  Futl POWER OUTPUT. 3~ OvTPUT
1.2 TO 20 VOLT REGULATOR
Rl CONTROLS
OuUTPUT 1.2K
AN
Rl ,[:
-meK ] . I
‘ /
—]-‘ . 350 T
r‘—:G3
(ToP)
t+ o— ﬁ_’—i.ﬁ
| l 1.2 TO 33 voLts
Z TO 35 VvoLTS ouT
IN —> +
POWER PULSE GENERATOR
Vee
T Vee = 8§ TO 1S vDC
H 8 5 2 ,
__R.OIﬂF
] I IN ouT _i_ .
RI 3507 out (3 t-2v
100Kk 7 | = + 1
ADT RY
R2 58S ! 220 RS SETS AMPLITUDE.
10k L 2N2222 RI CONTROLS RATE.
J: 3 MMAL fl7 RS USE TO FLASH
+ R3 10k IN CANDE S CENT
Cl T~ {K LAMP ,  VARY
.0l ~ IO uF F ! D.C. MOTOR SPEED,
i BT,



OPERATIONAL AMPLIFIER
74\C

OFFSET 1| 8 NC
NOoLL
INVERTING 2 o 7. V+
THE MOST POPULAR OP-AMP. INPUT
LUSE FOR ALL GENERAL PURPOSE NON-INVERTING 3 + 6 OuTPUT
APPLICATIONS. (FOR  SINGLE INPUT
SUPPLY OPERATION AND  VERY v- 4] 5 OFFSET
HIGH INPUT  IMPEDANCE , USE NULL

OTHER OP-AMPS IN THIS NOTEBOOK.)

INVERTING AMPLIFIER

Rl
V|~ O-MA

UNITY GAIN FOLLOWER

USE To V=*5-18v
COUPLE HIGH
IMPEDANCE
To Low
IMPEDANCE. L 2
b Vou‘r
VIN o.__'}__
Vout = Vin

SINGLE POLARITY SUPPLY

RZ
+V= 5-18V
Vin MuUST
BE NEGATIVE,
R\
Vin o— AW
;_? Vou‘l’

TYPICAL USES!
AMPLIFICATION OF DC

VOLTAGE AND PULSES.

NON-INVERTING AMPLIFIER

COMPARATOR

+V

V= T5-18v

Vin o__z_l u
our
VRE F 04
TYPICAL
APPLICATION

=M SHow N SELOWZ

LEVEL DETECTOR

+q 1K
P A
LED
Vin
i [_
R
50k THIS CIRCUIT

SHOWS SINGLE
POLARITY OPERATION
OF A COMPARATDR.

Rl SETS THE VOLTAGE
THRESHOLD (UP To +9), WHEN Vin
EXCEEDS THE THRESHOLD (ALSO CALLED
THE REFERENCE), THE LED GLOWS.

A4

DETECTION



OPERATIONAL AMPLIFIER

(CoNTlNUED)

7H1C
BASIC INTEGRATOR BASIC DIFFERENTIATOR
C\ R2 10 KH2 [IN:
" . 10 KH2 IN !
V=t5-1gy y=t5-igy Cl = .00022uF
L AamA 1 cl= .00 +V RI = \00K
R2 Rl= 10K /\/ B4 Gl R2,R3=10K
+V Rz = 100K N/ o AAAL
RI R3= JOK IN 3 »‘ﬂj‘_‘
-F}_‘F__o./\/v\ gl Vi 4 ouT
IN 741 2 ANF
_EAN\__L ouT ¥ v  WHEN V=*qy
R3 1 AND 1N = X.25V,
¥ -v  wHen v=%qy oliti. = £ bey
AND N = %.25 v,
ouT = * \v,
BRIDGE AMPLIFIER
CLIPPING AMPLIFIER LY e L9
AAA
DI
V=25-(8V D! AND D2 = Lo +4
>t R2 N ZENER OIODES. 8 + 0-1 wmA
+ /MA 4 IF Vg = (av’ Rl 2
THEN OuTPUT
+V CANNOT EXCEED 3
R} 4. 1M -
Vin oM 2 § R2 RY RY: BALANCE L
100K M Rb: zERO

-V

b5 Vour
R2

Vour =—V|N (“QT

UP To Vo + 0.7 V.

SUMMING AMPLIFIER

RI
100K

I oM

RY
J0OK

*

Vin  R2
¥ 1OOK

2 oMA 2

D

= .33k

Vour = =(Vinl + Vin2)

78

N

*
Rl 1S UNKNOWN RESISTOR.
FOR R\ TO MAKE A VERY

GELL

SENSITIVE

use Cd4S

LIGHT METER.

DIFFERENCE AMPLIFIER

V=%5-18v
Ri
ook
Vour |
Vin
2
RZ
100K
\ et

NOTE: Veur CANNOT
EXCEED ¥V,

R4
ook

Vour= VinZ — Vinl



OPERATIONAL AMPLIFIER (conTinuED)
741C

LIGHT WAVE RECEIVER 60-Hz NOTCH FILTER

il G
R 0Pk agoph | Y= ES-le g
+9 V.V N o
R2 +9 .3DC
\K C2 bOH2
4.9 uF
+Cl 4 FREQ.
b——?
W Q\ AmF 3 L-{ ouT
RADIO SHACK
276-130 oM 1OM bOHz INPUT
42 Lo FREQUENCY N % 3 Down -3d8B
Ll lan
USE TO RECE\WE VOICE L SPKR
MODULATED LIGHT WAVES. OK
10 USE  SINGLE POLARITY POWER 4Y-RIT D/A CONVERTER

SUPPLY FOR NON=VOICE RECEPTION.

HIGH PASS ACTIVE FILTER BINARY

= \NPUTS Rq
27K y=*5-18 8 R 1K
R=RI =R2Z __AAA » Z
C=C1=¢C2 -3 ouT
Y [1 3 4
FREQ ADO CIRCUIT
¢l iz 217 BELOW FOR
FREQ.-Ol -Of 741 e |, FREQ. -9  IMPROVED
IN G (. | sS4 ouT RIO OPERATION.
H\ ) 1 VALUES sHown: 470 +1.4v
CUTOFF =% RZ -V
| 27k OdB = 750 Hz RI-RS:
2T RC -3dB = 350 Hz OK TO USE
K % -35dB = 6O Hz L8k, (2K :
BEST) V= Nk o bxky oy 26 e,
LOW PASS ACTIVE FILTER ouTPUT
el VOLTAGE
.ol V=t s5-i18 48 -k4yv
R=Ri=R2 _ _Jf ks 1y
c=Cl=C2 _—]‘ -3( E
+V JoK
FREQ
FREQ RI RZ z 10K
IN 100K | VOOK L 5. FREQ.
O_va\___w_f ouT
VALUES SHOWN: ouT
v, BASELINE
CUTOFF = I ce O0dB = S50 Hz2 ADIUST
| .0luF -3 dB =250 Ha =
2T RC 2 ~50 dB8 = 10KH2

Lo



OPERATIONAL AMPLIFIER
741C

OPTICAL POWER METER

1 M CAUTION:
I: 0-10.0 uA L_/\/\/\__ﬁ THIS §S
2: 0- L.O MA 2uF A VERY
3: = (o3 + \
o= 0.1 mMA x ____,‘ SENSITIVE
100K CIRCUIT |
S\ 0_4-_/\/\/;_? TOO MUCH
* 2 ZuF LIGHT witL
FuLl SCALE] | : + SLAM THE
METER 10K METER
READINGS A NEEDLE.
5K

SILICON SOLAR
CELL -

W 2

THIS CiRCUIT CAN BE
GOOD QUALITY

USED AS A FAJRLY
RADIOMETER.

ELECTRONIC BELL

R2 _L ci R3
™ .005 M

RI
10K FVVM
Si —l To AuvDIO
P AMPLIFIER
PRESS
TO RING

ADJUST R3 To JUuST RELOW OSCILLATION
POINT. ADJUST R2 AND R3I FOR SOUNDS
SUCH As BELL, DRuUM, TINKLING, ETC.

80

(CONTINUED)

BARGRAPH LIGHT METER

RY
100K
R3: OFFSET AL g
ADIysT 49
RI R3
K \ 10K
— M 21 _5Js
7491 ¢
| 3
Q + 14
R2
R =
’f 330
= R®
Ql IS A PHOTOTRANSISTOR 390

(RADIO SHACK 276-130)
CONNECTED AS A

PHOTODIODE . A SiLiCon R4
SOLAR CELL CAN ALSO 470
BE USED. USE GREEeN
LEDs FOR READoOUT.

AUDIBLE LIGHT SENSOR
ARG
I 8

R +9
IK
3
e R3
Cl +
*i¢ FA - o B T
o5 4 4. IMF
RY
R2 = 410
o) Y
100K S L
% 3 PCZ  BSL SPKR
PC1,PC2— CdsS PHOTOCELLS

(RADIO SHACK 276-11)

LIGHKT onN Pcl
LIGHT onNn  Pc2

DECREASES TONE FREQUENCY.
INCREASES TONE FREQUENCY.



DUAL OPERATIONAL AMPLIFIER
1458

V+
8] 7] 6| 5

Two 7THIC OP-AMPS IN A
SINGLE 8-PIN MINI-DIP. TRY
TO USE THIS CHIP FOR $
CIRCUITS THAT REQUIRE TwWO
OR MORE 74l's. You'LL SAvVE
TIME, SPACE AND MONEY. il 3] Ml
V...
PEAK DETECTOR PULSE GENERATOR
R2 RY
1OK 1OM *
AN ¢\ FREQUENCY (_‘
G REL SRS B
Ol mF LbO Hz2
el JOLE S 0%
I 2T LS Vour |.OOuF & M2
5 1458 5
+ RY '+\/Z -
Nad LAr LS
Cl STORES
@y THE PEBAK BN V.Y RIS
100uF  VOLTAGE RGL
AT Vin. RS sdliK:
21 R3 1OK
APPLICATIONS INCLUDE USE AS 10K =
ANALOG "MEMORY" THAT STORES
PEAK AMPLITUDE ©OF A FLUCTUATING PUISES ARE DC. AMPLITUDE
VOLTAGE. WHEN Cl= Ol uF IS 5 VoLTS.
FUNCTION GENERATOR
VAV N i N WA i
RS |ooOK ol LABAS FREQUENCY = | KRz
)——)\—L——-‘L Ra jOoOK
Jh_q)}_____ﬁ. _AA
CEngAAE 3 R1
R +9 .ocor 271K
b 100K R10
7_L/W\__J 1OK
=8 5 | AAALLe
o | 7/
5
Re
10k ‘L’ <2 ir
i SQUARE: T75v TRIANGLE: T2V sine: fazv
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DUAL OPERATIONAL AMPLI
LF353N (JFET INPUT)

| 1 RI=R2=R3=RY=|0K

\]
CONMNECT OUTPUTS OF PREAMPLIFIERS
TO INPUTS -3, OK ToO ADD MORE
CHRANNELS. WORKS WELL WITRH

TLoRgH4 MICROPHONE PREAMPLIFIERS.

82

FIER

V+
8| 7] o} s

HIGH [IMPEDANCE (:o'zoum) JUNCTION  FET !2
INPUTS. OUTPUT SHORT CilRculT
PROTECTION.  HIGH SLEw RATE (13V/uSEC),
Low NOISE OPERATION. AMPLIFIERS ARE
SIMILAR TO TRHOSE IN THE TLOS4YC. NoOTE
TRAT PI0 CONNECTIONS ARE THE SAME AS
4S8 . THIS OP-AMP, HOWEVER, OFFERS | 2] 3] 4}
MucH BETTER PERFORMAMNCE. V-
SAMPLE AND HOLD PEAK DETECTOR
TRACKS Vs
AND STORES +t4-1pvV
PEAK Vin IN
Eil
o]
ING1Y
Viw o Vin o..-b’—j
S/A c;i REDUCE CI Gl 1
. [uF -4-18y FOR FASTER \uF | -4-18V
k4 RESPONSE A i
=g TO CHANGING Vin i 3
* 3 S/H: H = SAMPLE
OPTIONAL L = noLD
PROGRAMMARLE GAIN OP-AMP
S THES
AUDIO MIXER GAIN A o3[ 4oeo
SELECT B o S 14
L ticd 1
D o ’7; g > 2 A =
o——r_/\/VLq
MAKE
SELECTED 3 oJIAAAL B
GAIN INPUT R2
| H, OTHERS L. 158 vl 0—~jj\M—4' G
0l oo " MMAL D
2
R3 2 ~4-/8V R1 +4~[5y
3 o_/vv\_‘l

K
VIN 0._/\/\)&_4&— \/ 8
z Vour

5,353 \
‘EJL/J(H VouT=‘VlN(%’|‘L—>
e -4-i5V




QUAD OPERATIONAL AMPLIFIER

INPUT)

TLO8SHC (JFET

HIGR IMPEDANCE (10 OHMS) JUNCT/ON
FET INPUTS. OUTPUT SHORT CIRCUIT
PROTECTION. HIGH SLEw RATE (12 V/
MSEC) PLUS LOW NOISE OPERATION.
PERFORMANCE SIMILAR TO LF353N.
NOTE THAT PIN CONNECTIONS ARE
SAME AS LM324.

MICROPHONE PREAMPLIFIER

R2 (GAIN

V_
| 3] 2] u| o] a] s8]
4y
11 2l Iat uy is] el iv]
v+

PREAMPLIFIER

R2 100K

LOW-Z

USE LOow Ri __/\X/\MNTROL)
TO MEDIUM 10K R3 ook t4-18v USE Low
IMPEDANCE i IMPEDANCE
DYNAMIC @il c3 (Low-2)
MIKE ~~g 1 _IuF 1—\/‘1 Y | mF MICROPHONE
z ILoeq ‘ ’LI(—> s | Vous
y R OK TO ULSE
GlIE RS RY GAIN = R an SPKR AS R4 -4-18Vv RADIO SHACK
Ik 1K 100K MIC ROPHONE . 1oox 273-1380
1 CONNECT DIRECTLY 4
i To INPUTS (PooR 3 RED
NOTE SINGLE POLARITY POWER SuPPLY TO :NR) OR USE BLACK
(TAANKS To R3 AND R4) AND  Ac TRANSFORMER (6OOD):
COUPLIN G. - IN
8JSL SPKR
WHITE BLUE
INFRARED VOICE COMMUNICATOR
R2 R3
look +v 19y 100K = I M
JMAL
RI
1K R} (e R
(&} 220K JBE 1K
DYNAMIC <buF
M\cszczpnoue L—{é—« RS2009 Ql
RECEIVER
R7 -qy /I// -9qv POWER
lok TRANSMITTER == AMPLIFIER
INFRARED +
___L LED USE RADIO SHACK 27-I30
3 (276-1842) PHOTOTRANSISTOR FOR Q.
PoINT THE LED AT QI AND ADJUST RY UNTIL MAXIMUM RANGE * HUNDREDS
BEST VOICE QUALITY IS OBTAINED. (R4 APPLIES OF FEET AT NIGHT  WITR
PRERIAS TO LED.) RL LIMITS MAXIMUM LED LENSES AT Q! AND LED.

CLURRENT TO A SAFE 40 mA.

PowgR AMP: SEE LM3&06.
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QUAD OPERATIONAL AMPLIFIER

LM324N

OPERATES FROM SINGLE POLARITY
POWER SUPPLY. MORE GAIN (100 d8B)
BuT LESS BANDWIDTH (I MHz WHEN
GAIN IS ) THAN THE LM3900 QUAD
OP- AMP. NOTE UNUSUAL LOCATION
OF POWER SUPPLY PINS. CAUTION:
SHORTING THE OUTPUTS DIRECTLY
TO V+ OR GND OR REVERSING THE
POWER SUPPLY MAY DAMAGE THIS CHIP.

BANDPASS FILTER

BANDPASS
1SO FREQUENCY :
| KH2z
+4-30v
;g DI
D\ - D2: INGIY
oK TO
ELIMINATE, RI RZ
IF SO, 100 M
CONNECT R
R2Z TO PN} R3
AND ELIMINATE LOOK D2
R3. £ o 4 1nagy
) s ' 15
3|, 3 & i
I 386 KH2
RY |
o S SN RS lcoK CHANGE RY
.00|,.FT 10OK ANnD /OR Cl
: __[_ TO VARY PULSE

REPETION RATE.

84

GND
4] 3] az2) n) o] 9] 8]
T+ o
lo2] 3] 4] sT o1 7]
+3-30vV

INFRARED TRANSMITTER

RS
g 100
IN OL\
;4 100
INFRARED )r-
LED (270-142) \\
¥
CAREEULLY ADJUST - USE DYNAMIC
R3 FOR BEST VOICE MICROPHONE AT
QUALITY. FOR MORE INPUT., RECEB\VE
POWER REDUCE RS SIGNAL  WITH
TO 5ofl... BRuTr DO PHOTOTRANSISTOR
NOT ALLOW MORE THAN PLLUS O©OP-AMP.
20 mA THROUGH LED]
+
OBSERVE Ql's q):
POWER RATING) Qt
To [
TGl
ITL DRWER . . ALL 47 LAMP DRIVER
r LM324N X
s 1K
IN
> ouT
¥y

BUFFER (ouT = IN) LED DRIVER



QUAD OPERATIONAL AMPL|FIER

OPERATES FROM SINGLE POLARITY
POwWER SUPPLY. LESS GAIN (70 dB)
BuT WIDER BANDWIDTH (25 MHz AT

GAIN oF 1Y THAN THE LM324 QUAD
OP -AMP. NOTE STANDARD POWER
SUPPLY PInv LOCATIONS. CAUTION:

SHORTING THE QUTPUTS DIRECTLY TO V¢t
OR GROUND OR REVERSED PoweR
CONNECTIONS MAY DAMAGE THIS CH/P.

ASTABLE MULTIVIBRATOR

USE AS CLOCK,
PULSE GENERATOR OR
DUAL FLASHER (SHOWN).

y

L_)g N
Rl
500k
= 1K
FUNCTION GENERATOR

R3
33k

Dl

R4
1K

PULSE
FREQUENCY = LLZKH2

INGIY _ﬂ,_cz___

+4-36V
IHT 13} 2] u] o] a] 8}
' |
3
¥ M D TR I L

NOTE:. DO NOT SUBSTITUTE
LM3900 FOR OTHER OP-AMPS.

TOGGLE FLIP-FLOP

+5-12
- 14
2 e L
RI 3
100K [ €2 ‘ 3 1
oo)
R3
o——’(———o I M
RY
Cct c3 1M
.00| ; ool ]_ J
R2 [{=] S Q
100K |
TO TOGGLE: MAKE

INPUT LOW, THEN HIGH.

X110 AMPLIFIER

RZ
VA
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QUAD COMPARATOR

GND

LM339 (276-1712) 4] 3] 2] n) 0] 9] 8
3+

FOUR INDEPENDENT VOLTAGE COMPARATORS Wy
IN A  SINGLE PACKAGE. NOTE THAT
A SINGLE POLARITY POWER SuPPLY ’ :
IS REQUIRED. (MOST COMPARATORS ARE |
DESIGNED PRIMARILY FOR DUAL SUPPLY L@
OPERATION.) NOTE UMUSUAL LOCATION OF THE
SUPPLY  PINS. COMPARATORS MAY OSCILLATE i (21 (3t 4} Is] &7 17
IF OuTPuT LEAD IS Too CLOSE TO INPUT LEADS. +2-32V

GROUND ALL Pilns OF UNUSED COMPARATORS.

NON-INVERTING COMPARATOR INVERTING COMPARATOR

RI
OPTIONAL Pl ) RI-R2 +2-32
INPLT DETERMINE + InpUT
VOLTAGE REFERENCE VOLTAGE

9 / VOLTAGE
X (4s v As sHown). +REFERENCE

RY VOLTAGE
100K

LED GLOWS WHEN INPUT VOLTAGE (PIN 5) INVERTING COMPAR ATOR
oW N oL E INY ).
FALLS BEL REFERENCE VOLTAGE (PINY) WITH HYSTERESIS

NON-INVERTING COMPARATOR e
WITH HYSTERESIS + INPUT
Lk VOLTAGE

3.3K

+ REFERENCEq + REFERENCE
YOLTAGE b5 OUT VOLTAGE
+INPLT NOTE: HYSTERES|S PROVIDED

VOLTAGE 10K 1O0M S—— BY FEEDBACK RESISTOR STOPS
OSCILLATION.

TTL DRIVER CMOS DRIVER o 0 o

+5
+3-15 o0k o CONTROL
L= ENABLE
4 t A=Hi-e
To
S CMOS ouT
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QUAD COMPARATOR (continuen)

LM339
LED BARGRAPH READOUT

+5-10
RI % A

100K

RG

3 1K

+ \/l_'
329

R2
K

R7
1K

R3
IK

RY
LK

RS
1.9

ADIUST R) To ACHIEVE

& 1 _J__sawsn'\vn\/ VP TO A
INPUT T FEwW MiLLIvVOLTS PER
VOLTAGE LED. SEE POPULAR ELECTROMICS

SEPT. 1928 pp.92-97).
\

SQUAREWAVE OSCILLATOR

WINDOW COMPARATOR

*S=10
A
N e
m R4 RS
RI 10K 1K
-
5103
i I4 A |
R q __339
N
INPUT L2 Py y | Ql
VOLTAGE 9 RS-200
iy ol 339 '
B 12
L3
b AT e
THE LED GLOWS WHEN THE INPUT VOLTAGE
IS WITHiIN  THE  WINDOW  DETERMINED BY
RI-R3. THE winDow IS 4-8 MILLIVOLTS WIDE

WHEN Ri= 5000, RZ=12008 AND R3= | M. IT
EXTENDS FROM 1.6 -4.2 VOLTS WHEN Rl AnD R3=
1IS,000L AND R2=25000fL. USE POTS FOR
RI-R3 FOR A FOUWY ADJUSTABLE WiNDOW.

PROGRAMMARBLE LIGHT METER

|
R1 S
100K UT H
3v Qi
RS-2009
) * [
R2 ¢l {oUT (Ha) RY PCi: j
ook RI 5K Cd S PHOTOCELL -
oool |22 078 IM (RADIO SHACK 27-16)
e 3 — -
.00l 2124
.ol 309 ADJUST Rl AND R3 SO LED GLOWS WHEN
4 20 LIGHT AT PCl IS ABOVE OR BELOW ANY
e q DESIRED LEVEL.

B7



LED FLASHER Z70SCILLATOR

3909

FAST RC VL 8 SLow RC
6K
EASIEST TOo USE TIC |IN THIS out 2 ] 2 |7 NC
NOTEBOOK. FLASHES LEDs OR £
CAN BE USED AS TONE SOURCE. Ne 3 3k | L & Ry
WiLL DRIVE SPEAKER DIRECTLY. ¢ nzng
Wik FLASKR A RED LED WHEN V# GND 4 9 S V&
IS ONLY 1.3 VOLTS.
LED FLASHER POWER FLASHER
X 3V
RED LED WX +1.5v T0 b (AT~ 30mA)
. 1) T PIN & RED LED T
S\ l sl "] S RI-R2: %m ] 5|
<L S 100K
bos = 3909 OPEN =2H2 OPTIONAL t 3909
CA ! CLOSED=5.5 K2  FLAGH R2 ¢l
47 uF RATE 100 100uF
Z ‘\i CONTROL. s lz 4
1 %
INFRARED TRANSMITTERS
TRANSMITS
STEADY IR LED IR LED
| KH=2 (Tre-142)  INGQIY  +1.5Y (27e-142) INQIY4  +|.5Y +l.5v
TONE. _‘<}___'<}__| TRANSMITS
y‘( T DISTINCTIVE /[ 1
e IS WARBLE TONE i l‘o 5 |8 5
8 8
<L 3909 A s 3909 | 3909
RI Ty Rl Cl = ¥4
5K (" LuF 470 LuF
D S TR SR i . R LIENI Ry i
: = T Fl leflyoqel @ 7
LIGHT CONTROLLED TONE LAMP FLASHER
+|.Sv TONE *bv
< A FREQUENCY ¥
X INCREASES Y52
8 WITR  LIGHT. -@b— | & s
RI W pary
el |+ 3909 100 Cl 23909
L IpF ®112 or | 470uF
OTHER 3
Cds 12 4 .5-3 v NE = R ]:l
PHOTOCELL J_ B BULRB.
(27-116) = SPKR +
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LED FLASHER 7OSCILLATOR

3909

WHOOPER

+1.5Vv

l |
8 5

3909

R1
10Kk

(CONTINUED)

CHIRPER
+l.5v
I
8 | 15
Rl el 3909
ISK == -\/«F 3
<‘7 T 1 __Lf‘ &N
og | ¥ SPKR
MAL
+1.5V
8 s §
J 2909
SIEE 1
22-47uF i . 1
TOY ORGAN
1 +1.5V
_ll 11 _{l _il _,T Vuc,LF = .
=
RI %R‘L }RB%RH%RS% te 3909

RI ~ 33K (376 He)
R2- .ok (719 H2)

R6
lr 100 TH

RY =~ 150 (2.88 KHz)

R3 =330 (1173 KHz) RS-~ 47 (6.59 KH2)

TTL CONTROLLED 3909

SiLiconN
R2 1 soLar
100 : ; 8 ~ CELLS
AAA SPKR
+5 R\
i 100
‘/197'10'-1} ) (3
| 1y +
IN 4 39019
1 7 //
l 8|

K = FLASH
L = INHIBIT

LED G

IOOuF

+5v

!

Tk

i

S
SPKRS

{

Ve

IN

i

H= TONE + LED GL
L= INRIBIT

7404 }
| G 2 4q ‘
T W 1

3909

OWS

R
100

cl
Ry
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DOT /BAR DISPLAY DRIVER
'S I B A BEAE IR AP
LM3G 4N 1) 7] 6] us| 4] is| 1z} u] 1

TO oOuTPUT LEDs

ONE OF THE MOST |MPORTANT IF THE LEDs FLICKER, CONNECT
CHIPS IN THIS NOTEROOK. A CAPACITOR (0.05 uF TO
LIGHTS UP To 10 LED s Z.z/uF‘) EROM LED ANODE LINE
(BAR MODE) ©OR |-OF-10 LEDs To PN 2.

(Oor MODE) IN RESPONSE TO

AN INPUT VOLTAGE. CHIP (] z{ 3] 4] 5] o] 7] 'e] 9]
CONTAINS A VOLTAGE DIVIDER I =V +V R IN Ru REF REF MOOE
AND IO COMPARATORS THAT ouT ADT

TURN oOnN  |IN  SEQUENCE AS
THE INPUT VOLTAGE RISES.

HERE'S A  SIMPLIFIED VERSION DOT/BAR D\SPLAY

OF THE CiRCLIT:

RZ +3-18
LED 100K \ LEDs
+V 3
} 10 o)
° 1G4 i LM3QI4 | % .
Ru & ¥ I q
TOo INPUT %
1K T 17 8
PINS IN 03| %
I 7= Rl CONTROLS 3 7
: E LED CURRENT. %
1 CURRENT o L) b
L TRROUGH R} % |
18 L IS 15 LED 2 ['s '{ s
+ ¥y CURRENT.  SINCE % : | ,
CURRENT (I) R e ‘ Y
1K THROUGH A K 5
RESISTOR (R) 2 17 3
5 ' Is VOLTARGE . - % 'I
lQ ACROSS m - z
+ % DWIDED  BY & | % |
R, K G\ves , |<] : 1
Ix , AN LED o % | l
CURRENT OF - 4 BAR &\ & DoT
[ A s 13 +3-18v e A j\,
20K BUFFER S\
IN 5] AMA_l+ 2 GND WHEN *+V = +3-18 vOLTS, TRE READOUT
RANGE IS 043 —[.30 VOLTS. TO
9 mope CHANGE RANGE TO O.[—l.0 VOLT
’__
REE " & REFERENCE (0 voLt PER LED), INSERT A 5K
ouT VOLTAGE POTENTIOMETER BETWEEN PINS 6
Rer 8 SOURCE. AND 2. CONNECT VOLTMETER
ADIUST 0.2v) ACROSS PINS 5 AND & AND ADJIUST
Rz FOR | VOLT AT PIN & THEN
ADJUST Ik POT UNTIL (LED |10 GLOWS.
Rav AND Rio ARE THE ENDS OF REPEAT THIS PROCEDURE FOR O.I
THE DOIVIDER CAAIN. THE REFERENCE voLT AT PIN S AND  LED 1. OK
voLTaGe ovutput (REF ouT) IS L2-1.3 TO REPLACE THE Ik POT WITH A
VOLTS. CONNECT PIN 9 TO PIN Il FOR FIXED RESI1STOR OF THE PROPER
DOoTr mMopbe OR +V FOR RAR MODE. VALUE.
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DOT/RAR DISPLAY DRIVER (conTinued)

LM3914N

THIS
2 oR

+3~1‘|8V
3]
10
B 4 LM3quy| 1%
it
Si (a) - 2’1
i
__{<]H
7 13
R\ ¥
2.2K 14 IQ
5y
+ i/ z IS |:]
i\ | ¥
¢l = 1o I:]
2.2 uF 5
IN 5 {17 l:]
¥
4 '8
AR
- ! +<}4
EREEER
AR ‘
] R3
L 8% [ 22K
b 1o
LM3qy| *
7 It
£
R2 21
§ 1K K
% 13 Iﬂ
¥
4 1
8 15 l:]
o ¥
3 &—Kl"‘
¥
5 17 ‘:]
"
R fz o S
¥
q ]
St () ’/lj READOUT
DIRECTION
THE CIRCUITS ON  THIS PAGE
ARE ADAPTED FROM NATIONAL
SEMICONDUCTOR'S LM39i4 LITERATURE.
BOTH work WELL.

O.14 v 1O 2.7 V.
STANYS
SUBSTITLTIONS

DPDT
BAR
OMIT S
REQUIRED.
CORRECT

20-ELEMENT READOUT

HRow To CASCADE
WHEN + V =

CIRCUIT SHOWS
MORE LM3Qi4's,
VOLTS, THE READOUT RANGE IS
HIGHEST ORDER LED
DURING OVERRANGE. AVOID
FOR Rl)Ez_ AND R3.

oN

USE A
SELECTS
SELECTS DoT.
1< ONLY ONE MODE 1S

SIMPLY WIRE IN THE

CONNECTION S.

IS THE MODE SWITCH.
TOGGLE. Pos|TIiON |\

AND POSITION 2

FLASHING BAR READOUT

J AAA__
al F 3] R3 IK
100 MF L2 P WY VY N
LM3914| ¥ Ry
R e m__/_K]__&
470 4
7 12 +3—-18YV
_‘?}Q— 8
R2 31 o
1K %5
4
5 1 DOT MODE;
IN 5 IS 'ﬂ 4 CONNECT
% PIN 9 TO
L |<] J PIN N1
5 INSTEAD
2 17 'q 4 OF 1V,
%
Y 8
8 ] 1 :]
%
;AL
WHEN ALL 10 LEDs ARE ON
THE  DISPLAY FLASHES. OTHERWISE
THE LEDs DO NOT FLASH.

INCREASE Cl To SLOW FLASH RATE.
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DOT/BAR DISPLAY DRIVER (conTinued)

LM3914N
+9

—

Lm3914 M

SCREEN:

I00 RED LEDs
CONNECTED TO
INTERSECTING

LINES LIKE THIS

R

R1: VERTICAL GAIN
HORIZONTAL
SWEEP (TIMERASE
USE R3 TO
SYNCHRONIZE
SCOPE  WITH

INCOMING WAVE.

v
zBW

ADD oP-AMP TO
INPUT FOR MORE
SENSITIVITY. USE
RY To CALIBRATE,

SOLID -STATE OSCILLOSCOPE

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 I|NFORMATION
SEE POPULAR ELECTRONICS,
ALGUST 1979 (pp.78-79).

Ry
3 100K
2| 4 Al Yol § Sil- do40 19 !
o ! b4 4 s & 7 8 q
RESET Cilo) W) &) A - '
(cLear) Joi i
cl
Ly 8] “"l .I/.4F
k2 Sl: )= TRIGGERED SWEEP 1

2= FREE RUNNING

USING THE LM3914 AS A CONTROLLER:

RELAY

+
RY! (6V,5001)

(9

ANY LED

OuTPUT ")

LM39i4

Cl —47uF (PREVENTS CHATTER)
DI — INQIY
RY|— RADIO SHACK 275-004

i

RY |

>0
zc/___."?

49

R\
47K

Ql
|! 5
Ql. PHoTO-

OPTICAL COUPLING

RELAY: NORMALLY
poInNT Q! AT NORMALLY

CPEN
CLOSED7

1~-0F-10 LEDs +5

TO DETECT 1 %
SPECIFIC

OUTPUT RI

LEVEL. Y7K

A

TRAN SISTOR

I,2= 73 7404
Ql: USE RADIO SHACK
276-130 _ETC.




DOT/BAR DISPLAY DRIVER

LM39|I5N

LOGARITHMIC VERSIDN OF THE
LM39i4 N. THE LM39J4N USES
A STRING OF 1K RESISTORS
AS A VOLTAGE DIVIDER WITH
LINEARILY SCALED DIVISIONS,

THE VOLTAGE DIVIDER RESISTORS
OF TRE LM3915N ARE SCALED
TO GIVE A —-3dB INTERVAL
FOR EACH OQUTPUT. THIS CHIP

IS IDEAL FOR VISUALLY MONI-
TORING THE AMPLITUDE OF
AuDIO SIGNALS.

X3 IT TS el1 1819 ®
18] 17] te| 15} 14| 13} 2| n] 10}

TO OUuUTPUT LEDS

IF THE LEDs FLICKER, CONNECT
A CAPACITOR (0.05 uF —2.2uF)
FROM LED ANODE LINE TO

Pin 2.
121 3] 4] 5] 6] 77 8] 91
I =V +V R IN Rw REF REF MODE
OouT ADT

SEE LM39I4N FOR EXPLANATION
OF PIN FUNCTIONS.

O TO -27 4B DOT/BAR DISPLAY

+3-18V

}

3

LM39;5 ! |

SIGNAL o S|
IN

(AC or DC)

R1 § o <4
1K ¥,

oO—
DoT

ﬂ
BAR

INPUT SIGNAL
TO PIN S
OR AC
FOR M™MORE

THE
DIRECTLY
LIMITING
LM3]ig N

SEE
AND

COUPLING.
IDEAS

O 4B
= 157 ) [
~bdB
191 diB
“1LdR
-5 dB
—-18 4B
-21 d8
—=24 dB

—-27dB

CAN BE CONNECTED
WITHOUT RECTIFICATION,

THE
TIPS.

LED DISPLAY

%
BAR MODE

(FULLSCALE OR FS) @0 @00 B OO0
{ 707 Fs) 00000000
( .s00 FS) X X XXX
( 354 FS) o000 00800
(.ZSO Fs) ®eoee000@0000
(‘)77 Fs) ®e® 0 080000O0
( 125 F9) €0 0000000
( .0oes F3) 00000000
(lokd E<) 00000000
(,O'-H FS) SIOISHOL O ICIORONE
*

Ok TO ULSE
DOT MODE.

[

O

(o}



LED VU METER MODULE
NSM3416

O

INCLUDES LED BARGRAPH DRIVER

AND LEDs ON SAME SUBSTRATE. El @ LED 10
MAKE MODE PIN RHIGH FOR BAR-
GRAPR MODE . LEAVE OPEN FOR E LED 9
DOT MODE. SEE DATA  SUPPLIED :8]
WITR MODULE FOR MORE INFORMA- E MODE
TION. ALSO, SEE LM39)4 AND LM39Is.
E] [5] Rererence ADIUST
VU BAR GRAPH DISPLAY [c] ReFerence out
b
E R g
+12 To 18V t5 RS cl
A 10 V8 AF EJ ] sienaL IN
+
53 = E R
Y 10 ]
ALDIO 3 E V+
IN @ NSM 3916
3 ] Grouno
7 48 3 ] Leo
2
RE | R2 R3 RY ] Vieo
Sk 220 10K 10K
, m O
BACK AND FORTH FLASHER
tQ
Rl CONTROLS IN
CYCLE RATE. R2 TWO GATE OSCILLATOR
R4 CONTROLS 10K SWITCHES Y40bbk ON 7805 GROUND
RANGE. AND OFF, C? 1S
3 |'4 CHARGED VIA R2
, L AND DISCHARGED ouT
3 2 S517Na4 S| M BY R3 TO Glve
H40blb VOLTAGE RAMP RS
% Al /—) y 10 |

gl I | e LRI TPL W T TASAN 3

100K \MF T ° NSM 3916 .
+
- 78 q
1 =Y3 4o49 e? R3 RY
(6RouND UNUSED | |474F |22k 5K RS Re  R7
INPULUTS — PINS __r‘ 220 10K 10K
A PRI H) + AVAVAN AN N__AAN
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LCD CLOCK MODULE
PCIM=-161

NOTE : ﬁl&L UNUSED PINS MUST GO TO

Upp OR VUss ( YourR cHorc£)!
COMPLETE CLOCK MODULE.

REQUIRES ONLY 1.5 voLT (BAck)

CELL AND SWITCHES.

FOR COMPLETE INFORMAT/ON

SEE DATA  SUPPLIED WITH

MODULE. Vop MUST NOT BECEBNCSEESmOEEES)

EXCEED 1.6 vocTsl ALS MoD LMP SET Vgg Vpp AL2Z AL

ALARM CLOCK

pPleZO

J ALERTER TO SET ALARM:
0—-0_1—@_. SET Voo (273-0064)
USE FoRr I. PRESS ALS TwICE ; PRESS
CiRCLITS }—O—Lo——- MOD ALY RED SET UNTIL HOUR APPEARS,
BELOW Q
aLso.. ¥ L &5 | Ials ALZ S & Z. PRESS ALS ; PRESS SET
UNTIL MINUTES APPEAR.
L35 lume Vss
Lavit] 5. PRESs ALs.
T —l BLACK

ALARM CLOCK RADIO

i ] . TOo t9 vocts

WSCR 1 O
A SlI: CLOSE ToO

BYPASS ALARM

K T . :
| 5> TO RADIO T ” Uﬂ
K A G

KEEP RADIO
SWITCH ON.

3.3K

INGI4

TO ALI CONNECTOR
2N17222
TO Vss s TO RADIO — SCR
CONNECTOR (276-1067)

CLOCK CONTROLLED RELAY

CURRENT DRAIN:

RELAY ON = 14.8 mA
+9y RELAY OFF: 1.8 mA

*CP\UTION: USE
CARE  WHEN
SWITCRHING
LINE VOLTAGE!

DO NOT EXCEED Si: NORMALLY  CLOSED
K CONTACT RATING! PUSHRBUTTON,
OPEN (PRESS) TO
33K q—_' I;j IAMP) RESET. MuUST
T0 AUl @ 125v WAIT FOR IS
AN2222 RELAY SECOND ALARM
TO Vss — (275-004) CNYCLE REFORE
et = RESETTING.

95



TIMER

5585

THE FIRST AND STILL THE
MOST PoPLULAR TIC TIMER

CHIP. OPERATES AS A
ONE-SHOT TIMER OR AN ASTABLE
MULTIVIBRATOR. THE 556 IS
Two 58S CIRCUITS ON ONE CHIP

555 EQUIVALENT CIRCUIT

8| 4
INTERNAL
Y4 REFERENCE
S +
5 |
5k % conTgoL | 4
FLIP- FLOP
2 ta
5k
POWER 3
oUTPUT
l f'ﬂ
li,
] AND 2 ARE COMPARATORS. CIRQUIT
CAN BE MADE FROM INDIVIDUAL PARTS
AS SHOWN ... BUT 5SS IS MUCH SIMPLER.

ONE -SHOT TIMER

RI
M

+5-1

SASV

8 4]

2 5 TRIGGER
INPUT U

4 55S eTs{

b 3 outeruT I L
| ez 5L T=LIRICH

¢l

]/uF .OluF
VALUES SHOWN GIVE

96

SECOND OUTPUT
PULSE.

L |

——
o

GROUND _! 8 Vec
TRIGGER Z, 7 DISCHARGE
ouTpPuT 3| TL’_THRESHOLD
RESeTr 4 S CONTROL
VOLTAGE

BOUNCELESS SWITCH

+5-15
\ PRESSING S| GIVES

CLEAN O.1 SEconD

OuUTPUT PULSE.

=iy =

8

7]

23}

100K

3

7 8535 | 1=

2

Si

Cl

\uF €7

4 8
T

-

-

TIMER PLUS RELAY

+9

\ TRIGGER U

4] RELAY :
LV, 500f

12 mA *

R1 555 3

%)

A
INQIY

S

g i I\
IO uF

cz

.OINFT
—.‘_L." *
< f RADIO SHACK 21S-004

VALUES OF Rl AND CI SHOWN
WILL PutL RELAY IN FOR ULP TO
ABOUT Il SECONDS. USE POINTER
KkNoOB AND PAPER SCALE TO
HELP CALIBRATE CIRCUIT. USES I[IN-
CLUDE DARKROOM TIMING. CIRCUIT
CAN RE TRIGGERED RY A
NEGATIVE PULSE OR WITH A
PUSHRUTTON SWITCH  ACROSS
PINs | AND 2.



TIMER (conTinued)
585

LED TRANSMITTER

TOY ORGAN
+9 Too roup?
R\ ADD |00OSL
ook 8 41  RESISTOR.
(comTROLS [
FREQUENCY 2
RANGE) 71 555
8n
R2 fﬂ SPKR L
1K
1 42 e T by
47 uF L_J-
S| il ol
g —~
—0 o K
S cL TYPICAL VALUES:
iPZ—O_L_
2
53 & €2 - 0.05 uF
{-——-é_l_o———f(———< €3 - 0.0t uF
€4 = 0.005 uF
sy L] €S ~ 0.00| F
et e L L1 i
USE  ANY
AVAILABLE VALUES
IF THESE ARE

{:io—l_o—{(—:'.
¥

Y
ADD  ADDITIONAL
STAGES |F DESIRED.

SWITCHES ARE NORMALLY
OPEN PUSHBUTTONS.

NOT AVAILABLE.

tb
|
8 4 R3
Rt 1O SL
10K
7] 5ss USE INFRARED
LED FOR B8EST
R1 b \\ RESULTS.
1K |3
2
CIRCUIT PULSES LED

cl

.OS,.FLL

PULSE

WITH 45 uSEC LONG,
1ZO m A PULSES AT
A RATE OF 4.8 KHa.

GENERATOR

+5-15
\
8 4
RI 1z JTUUL
M 7l ss5
R2 b USE TO SuPPLY
1K CLOCK PULSES
7- 10 TTL AND
J LS lLdale
! CIRCUITS. RI
C | CONTROLS PULSE
.0\ L REPETITION RATE

=

MISSING PULSE DETECTOR

+S-1S

4

MiSsING PutsE R 8

Tl

100K

:

3 ouT

gaDie SHACK 276-2023

THIS
IS

CIRCULIT 1S

CONTINUALLY

A ONE-SHOT THAT
RETRIGGERED B8Y

INCOMING  PULSES. A MISSING OR
DELAYED PULSE THAT PREVENTS
RETR\GGERING BEFORE A TIMING
CYCLE (53 COMPLETE CAUSES PIN 3
JOL GO LOw UNTIL A NEW INPUT
PULSE  ARRI\VES, Rl AnD ¢t
ConTRoL RESPONSE  TIME, LSE N
SECURITY  ALARMS | CONTINUITY

TESTERS, ETC.

s



TIMER (conTinuen)
555

ULTRA-LONG TIME DELAY TOUCH SWITCH
+4 +ST—|S
R| 8] 4|
‘ll Rl CoNnTROLS 100K (2 o TOUCH WIRE
PULSE RATE (Touch AND
FRom 5s8S. —4.1c2 7 555 LED  wiLL
555 THIS RATE 1S > AuF GLOW | SECOND)
DWIDED RY b 3
THE  4HoI17's | WORKS BEST
To GIVE *lO, 47F 1t lic3z |5 INDOORS DUE.
X100 AND OSuF | To STRAY AC
X]000 DELAYS. , T FIELD. ELSE-—
= i R2 WHERE TRY
o 1K TOUCHING
. +Z PINS | AND 2.
4 o | lo] lo]
+9
H017 2, 14 Ho1m 12, 14 4017 12 ADDITIONAL
STAGES
! I
Is| i3 8 3 8 15 s 13 8
X/ 0 X100 ‘ ) x 100
F j_l 11
I = RESET TYPICAL OuTPuT: 5§85 (Pinv 3)
2 = RuN 4o (*10 ouTPuT)
LIGHT DETECTOR DARK DETECTOR
+9 CdS PHOTOCELL (RADIO SHACK +9 R3
A \l\ 276 - 116) ok \}*
8 é ; R3 | é ;
R 4 10K ) CdS PHOTOCELL
YK (RADIO sHACK
555 3 cL 555 3 276~ 116)
———ﬂ;qn,«F —_£L<\
RZ Gl
1K 4.7 uF
8
l: SPKR L 81N
os,. T ' : ' SPKR
PRODUCES WARNING TONE WHEN LIGHT STRIKES SILENT WHEN LIGHT STRIKES PHOTOCELL.
PROTOCELL. MAKES A Goop OPEN DOOR REMOVE LIGKRT AND TONE SOUNDS. FASTER
ALARM FOR REFRI\GERATOR OR FREEZER. RESPONSE TRAN  ADJIACENT CIRCUIT.

a8



TIMER (continuep)
558

NEON LAMP POWER SOURCE FREQUENCY DIVIDER

+q +5-15
A GREEN  INGIY \ INPUT FREQUENCY
_ RED X
e 4] R3 8 l
24| =~ 10K __)% 2
HIK (@7}
7l 558 % +— & 7 585 |3 5 DIVIDED
L 100K FREQUENCY
R2 b 3 BLUE b
1K WRITE f
2 TI: an—IK ¢l ﬂ_ I
+ (RADIO SHACK 273-1380) .IuF | THE 555 FUNCTIONS
¢l | +Cli 0.l uF, 250V AS A ONE-SHOT
.]/.,FI__; Ll: NEON LAMP L THAT s RETRIGGERED
3 BY TRE INPUT WAVE,
= WORKS BEST WITH BETTER WAUVES ARRWING DURING
QUALITY NEON LAMPS. REDUCE THE TIMING CYCLE
R\ SULIGHTLY FOR  MORE ARE \GNORED.
OuTPuUT VOLTAGE..
ONE-SHOT TONE RURST
TRIANGLE WAVE
GENERATOR FUNSEEY
A 4K
____o—Lo._AAA o
+9 8
4‘ RI r 4
i 1K R4
8] 4 7 555 100K
‘ R3
R 1OK R2 b B2l fec=—bil iE
100K 7] 555 3 ) 24k z & 10 - 100uF
R2 b C2 I _z[:\/\/\( €l .- % U
1K ; Ol uF v JuF ’[ ‘ (88O Hz)
. i
Ci ! 3
.I/.4F
PRESS SI AND STEADY OULTPUT
kel FREQUENCY  APPEARS AT PIN 3.
RELEASE St AND OULTPUT FREQUENCY
ADJUST R\ TO PROVIDE LuP ToO CONTINUES UNTIL €2 IS
10 KR=z. OUTPUT FREQUENCY DISCHARGED RBY R4. INCREASE
THIS HIGH PRODUCES CLOSELY CZ (OR R4) TO |INCREASE LENGTR
SPACED- TRIANGLE WAVES. THE OF THE BURST. CHANGE FREQUENCY
WAVES ARE SEPARATED AT SLWOWER OF TONE BURST VIA RZ OR (i,

FrReQUENCIES (V—V—V ).

q9



DUAL TIMER
956

INDEPENDENT

SINGLE CHIP.

ARE IDENTICAL
ALL THE

CONTAINS
TIMERS
BOTH TIMERS
TO THE 558,
APPLICATION CiRcuITS CAN
ALSO BE BLILT WITH TwO 5SS,
THIS PIN CROSS REFERENCE WLl

TWO
ON A

SIMPLIFY SUBSTITUTING TwoO
5558's FOR A 8556 OR HALF
A 556 FoR A 585
FUNCTION 5§55 ssc(M)| 556()
GROULND l 7 &
TRIGGER 2 L 8
ouTPUT 3 s 9
RESET Yy 4 jo
CONTROL V. Y 3 1)
THRESHOLD b 2 1”2
DISCHARGE T | 13
Vee 8 14 14
INTERVAL TIMER
+9
A
g1 u] o]
R3
| 100K
RELAY:
R 'l 556 1 Lv
M 5000
2 13 INGIY 12 mA"
R2 r
1K ‘lo (9
5
8
B e
Cl Tcs I 0 0 i 11
10OuF {__.0S .05 ) 22uF)

TIMER |

OSCILULATOR.
RELAY DRWER. |
CYCLE. 2 PULLS RELAY

100

TIMER 2

#pADIO SHACK 21§-004

IS CONNECTED AS ASTABLE

1S A ONE-SRHOT
FIRES 2 ONCE EACH

IN FOR 3-S SEgcConpSs.

DISCHARGE _\.
THRESHOLD _2|
CONTROL .3J
VOLTAGE

RESET 4]

OuTPuUT

Cali

TRAGGER

GROUND

}TIMER |

TIMER 2

Iz

Vee

G

DISCRARGE

THRESHOLD

s

CONTROL
VOLTAGE
RESET

3

o 15

OuTPUT

TRIGGER

f
oo

3-STATE TONE SOURCE

+9
A
L‘l[-'q Rq
13 5K
R
2.2K
! 556
R2
100K
2
(7
cl *’_J:
33uF 7]
7 RG
270
b
St &
I— Two ToNE S LT L
2- STEADY TONg JUUINNARARUUUUVRNARNTL
3- TONE BRURST JUmRRR MR

S55/536 SCR OUTPUT

Vee «

-

RS 2009

TO S5S/sS6
oLTPUT

2K

REseT (MORMALLY
CLOSED)
SCR

LOAD
(SMALL MOTOR | LAMP,
ETC.)



DUAL TIMER (conTinues)

586
a TWO-STAGE TIMER
SOUND SYNTHESIZER B
+S-15 Ri ‘*j 14 'DT R3
y lr IM ‘ v qugq
91 4] o] a . 556 y M

SPKR
556 . el el 8__}?_)1
21 ! RY §< | T 1-100uF /
500k Sook (&
2 R R2 OVTRUTS S ] .05
R2 5K % 24K \
2 b Y2 2

1K b 3 (VOLUME) . _‘
+
s 12 _[ SPLI L. 10 S 2 Y Co =
cy .os,.rT T OSuE l—noo,..r:’]\

<) i3 R5 |.00S , .

cz IM -
ROEL LG o OLuF TRIGGER £

.oyaFT

BoTH  TIMERS ARE IN ONE-~SHOT
MODE. GROUNDING THE TRIGGER

IH-

THIS CIRCUIT 1S AN OSCILLATOR INPUT  INITIATES THE  FIRST
FOLLOWED BY A FREQUENCY TIMER'S CYCLE TIME. THE SECOMND
DWIDER. ADIUST Rl AND R4y FOR TIMER'S CYCLE  BEGINS AFTER THE
VERY UNUSUAL  SouwnD EFFECTS . FirsT s COMPLETE.

PROGRAMMARLE 4-STATE TONE GENERATOR

+5-15
A
) - A
4 M T RY 5K MODE SELECT
13 J
Ri le BA [ouTPuT
2.2K 556 il A MODE
| 10 15 10 o B  SELECT s Two - TONE
i3 LH |STeAaDY
R2 5 2| 4osi A RS % HL |BursT
100K v/ 5K HH METRONOME
2. 8 1z 8 R3
9 100K L= GND
= i< H=+5=1S (Vop)
-
ci T 3 ] CHANGE Cl
33 uF R A+ iAol -c4—vo
7 2705 8R ey Tl ldrde-t—FHe
s | SPKR .I/4F OUTPUT TONES.

[0l



QUAD TIMER

558 oureur '] : : 16 ouTPUT
niming 2] A YN b IS imineg
CONTAINS FOUR |NDEPENDENT 1!
MONOSTABLE TIMERS.  EACH TRIGGER 3 F 11 /4 TRIGGER
TIMER 1S SIMILAR TO PART }__ | 1 =y )
OF A 555 TIMER.  ASTABLE COoNnTROL ‘] 13 RESET
OPERATION POSSIBLE WITH ONE
TIMER. Vec = Tt 4.5 TO /8 pocTs. Vee 5 L’E GROUND
ConTROL AND RESET PINS e =
ARE COMMON. TRigkar! Jef T I 1 11T I TRIGGER
o0
TiMING 2] B 1 1 ¢ ' Timing
| |
ouTpuT 8| Ll 9 ouTPuT
| 1
BASIC TIMER ONE - SHOT
Vee
5 13 ¢ R Vee
100 k 2 TRIGGER 7 j
,.é 5
Y4 ssg8 l 2] v,
£ / 558
5 L Ll DUTPUT __L__ 13
’[.l-loo/q/:‘ 1z L b 8
= LI aurt THIT]
»t‘-
= (=5 t=1/1RC

PROGRAMMABLE SEQUENCER

Yee
Ro= RT=R8=R9 = .S TO 4.7K

Rq

16

RI Re | R2 R | R3 T
5 13
I b 8 i ‘
V4558 | Yy ssg [y Y4 558 { ‘/‘1 558
2 A 7 B 10 (d S D J RS
=l 10K
I\cz [ 3 Tcz 12 T c3

TRIGGER).J OUTPUTS A,B,(, D Go HIGH , THEN LOW, SEQUENTIALLY. _l_
RI-RY AND cl- CONTROL DELAY  PER STEP, =

—[_J— RS CoNTROLS RATE.

’_I____AMT’

L__)




QUAD TIMER (conrinued)

S58
FULLY ADIJUSTABLE PULSE GENERATOR
Vee
A
T Rl CONTROLS PULSE RATE,
% 5 R3 Ry | R7 CONTROLS PULSE WIDTH.
RI

Y4 558 \ Y4 558 R2 R3I =RY= 1.5 TO 4.7k.
‘ 2T ol! ofTR T
Y VERY USEFUL
TR

el Ate ) CIRCLIT! PULSE
LB 3 ouT e |8 T RATE  AND

PRESS ! WIDTH TOTALLY

To RESETTI'_ J INDEPENDENT.

3 ourt SEE BELOW FOR

MORE INFORMATION,

SIMPLE OSCILLATOR FIXED DUTY CYCLE PULSER

Vee

lr‘ SEE ABOVE CIRCUIT. ADD THIS
VOLTAGE DIVIDER TO KEEP  DuTY

e CYCLE CONSTANT WHEN RATE IS

5 <! .0l CHANGED
Ri
50k 2]t TR {3 THIS witl

I‘Lk DRIVE LED 220 Ve
Yy 558 ¥

¢ PIN Pw
| 12 IN2222

o Slok

!

i\

RiI ConTrROLS

FREQUENCY ‘

LONG DURATION TIMER

Vee

A RS = RL= RY = 4.7k

Rl | RS R? RG R3] R? R4 J RS

S 1K

Yy Yy Yy
T2 558 T 558 T |10 s58 TS
31Tr

! 1~ N

\/‘l ° I ’l-z| 6 TR 0 8 /]\CZ ] TR 0 9 c3 H]ITR olle A,NC" .
_| 558 _L ' ] LED
S e e |

PusH Tto _L_

START = SE(ECT RICl, R2€2, R3¢3 AND R4C4 TO GIVE DESIRED DELAY PER
STAGE. DELAY = RXC. TOTAL PELAY = SuUM OF ALL STAGES. LED TURNS
OFF AFTER TIME DELAY AND TURNS ON  AGAIN. 103




TIMER

7585

CMOS VERSION OF THE
555. VERY LOW POWER
CONSUMPTION. WIDER
SupPLY VOLTAGE RANGE.
LONGER TIMING CYCLES.
CAUTION: APPLY POWER TO
755S BEFORE CONNECTING
EXTERNAL CIRCUIT.

FREQUENCY METER

GROUND
TRIGGER
OQUTPUT

RESET

/

|

2

3
l.'
—T

8 Vee (2-18V)
7 DISCHARGE
& THRESHOLD

S CONTROL
VOLTAGE

LIGHT PROBE FOR BLIND

IN VCC ch
) A
: "V
lon 4 8 R C4s H 8] K (VOLUME)
PHOTO - 3
T 4% 250k CELLT
718585 1585 8 L
o S ok 7 SPKR
[ 2 "2 (ZERO)
3 [
é‘iﬂk | o-lmA 22k 2 |
= B
I E _L_ { T L"7/MF
T' T_n > T .Of
¥ J—_ | =
CALIBRATE ~ INPUT MUST BE ¥
SQUARE WAVE, *RADIO SHACK  276-116
EVENT FAILURE ALARM
Vee
1
IM
4 -8 ICi = 401
?q.vn 1555
b
7 = 10
047 AULDIO
2 AMP
2N2907 '
+
4 2.2-10
.@% 2z
L laked | = ALARM TONE SOUNDS IF SI IS
S NOT CLOSED  WITHIN 5-30 seconps.



PHASE-LOCKED LOOP Veo Veo

568 HN[C |;ic |zr\|,c uNjc |\éj+ qc gR

SOPHISTI CATED ANALOG SYSTEM  THAT veo
AUTOMATICALLY  TRACKS A FLUCTUATING PHASE

INPUT  SIGNAL. VOLTAGE CONTROLLED CoMPARATOR L
OSCILLATOR (VCO) FREQUENCY IS CONTROLLED Wj L\l el
BY OUTPUT VOLTAGE FROM PHASE ,

COMPARATOR. THIS CAUSES VCO FREQUENCY ‘ ]
TO0 MoVvE TOwARD INPUT  SIGNAL.  THE bR J3) mb s el 17
COMPARATOR VOLTAGE ouTPUT 1S V- IN IN VCO Com REF DEMOD
AMPLIFIED AND  AVAILABLE FOR OUT IN ouT ouT
COMMUN(CATIONS APPLICATIONS ... AS SHOWN : Q

BELOw, SEE RADIO SHACK DATA BOOK FOR o,

MORE  [NFORMATION,

PULSE-FRE QUENCY- MODULATED INFRARED COMMUNICATOR
. TRANSMITTER ;

+9 TRANSMITTER ¢ R3
R3 CONTROLS GAIN. RY
1% 100k T CONTROLS CARRIER
b oo A L FREQUENCY.  FOR
\ W : R6 e N £:) | INITIAL TESTS, REMOVE
L {2} MiC 100K r RY * MiIC AND CONNECT
- i 100K ’]F TRANSISTOR RADIO
+9 N g b 555 - cg - PHONE our:u-r To
241 ( \ R3 VIA 4. £ AND
3 2 10K & GND.  USE /tow
RI 8 ct o LED™ | W= VOLUME SETTING. R3
5.6K . 3 | MUST BE 100K.
,_AM_L___l Yo jez ¥276-143 RECE\VER: RS
R2 4 ; T‘nOPF BEST. CONTROLS  GAIN. C2
S-bk i , AND €3 GIVE VCO
MIC: XTAL (270-09S) Ok, QPERATION: POINT LED AT CENTER FREQuENCY
* £lEeTRET (270 -092) BEST.  Ql. APPLY POWER  AND OF ~ 40.6 KHz.
R3:TRY IM FOR MORE GAIN. ADIUST RY IN XMTR UnTIL SHIELD QI WITH TUBE
GOOD QUALITY SOUND HEARD TO BLOCK EXTERNAL
RECEIVER FRoM RCVR (~ 3S-4S KHz).  LIGAT. USE LOW GAIN
+9 LENSES witL GIVE RANGE OF (RS) WHEN ADJIUSTING
A RUNDREDS OF FEET AT NIGHT-  TpANSMITTER!
Rt b
220K

+
4»—-/\/\’\_—-1 1 ce
o Re R3 &4 L cu l cs 2.2 uF
b Vi M 10 s-K T I8 .00 047
AAL 2N = £
7

L
3 ) e | 565 ) Co 7
CENC 3 > 5] 3 1O pMF 100 mF
/q q RS (3 A
Ql ' ‘ I\ 10K
PHOTO- et i teb [
E TRANSISTOR .00\ T .00 ]\
KEEP PWR LEADS ON BOTH UNITS SHORT. USE O.(uF  ACROSS 118 4

PWR CONNECTIONS (AT CHIPS) IF OSCILLATION  OCCURS. HAVE FUN. Y



TONE DECODER
S&67

CONTAINS A PHASE—-LOCKED
PIN 8 GOES Low
FREQUEMNCY MATCHE S
CENTER FReQuencY (f,). THE LATTER
FREQULUENCY IS SET RBY THE TImunG
RESISTOR AND cApACIToR (RAND C)

LOOP.
WHEN THE INPUT
THE CHIP's

AnD s (1) ¥(RC). R SHouD BE

BETWEEN 2k -—-20k. THE S67 cCAN
BE ADIUSTED TO DETECT ANY NPUT
BETWEEN O.0Ol H2 TO SookHz. NOTE:

| SEconD oOR MORE MAY BE REQUIRED
FOR THE 5SL? To Lock oN TO Low
FREQuencY  [nPuTSs!

SPECIFICATIONS FOR  MORE

See THIS CHiP's
INFORMATION.

BASIC TONE DETECTOR CIRCUIT

+9

100K

ADIUSTABLE TONE SOURCE
(opTIONAL)

oUTPUT }_L T_& ouTPUT
CAPACITOR
LOw PASS } 2 7. GROUND
CAPACITOR [—
INPUT % ﬁ_{ TIMING
CAPACITOR
+4.15 —-9%.0v 4] 5{ TIMING
RESISTOR
THE VALVE 1N MICROFARADS OF THE (Low
PASS  CapaciToR sHoud BE h /fo wHERe
n RANGES BETWEEN 3006 (For vpP TO
4% $o DETECTION BANDWIDTH) TO 62,000
(up T0 2% Fo DETECTION BANDWIDTH).
THE oOuTPUT CAPACITOR SHoutD HAVE
ABOUT TWICE THE CAPACITAMNCE OF
THE Low PASS FILTER (CAPACITOR.
+9
THIS  CIRCuIT S
3 d HANDY FOoR  LEARNING
5 R3 TONE  DECODER
RZ 567 1K BASICS., THE 5§67
10K PoRTION CAN  BE
USED IV MANY
6 8 T\ DIFFERENT  APPLICATIONS
(SEE BELOW). THE

PREDICTED fo 1Is
Il KH2. THE TEST
CiRcuiT fo wWAS [3KHz

INFRARED REMOTE CONTROL SYSTEM

TRANSMITTER

RECEIVER

+Z 4/‘1
g] 4] R3 d R3 100K
10
R R1
10K 555 INFRARED 100K
LED
R2
1L.2K
Ci
.33/.4FW;HACK PHROTO- c2 cH
L6 -142 TRANSISTOR , ‘ "/“Fﬁ Z'ZI‘FJ i#F] ok To0
= ADJUST RI UNTIL (rRaDIO suack RANGE © SEVERAL INCHES. USE GV
RECE\WER LED GLOWS.  216-130) USE LENSES TO INCREASE. > RELAY

106



TONE DECODER (CONT INUED)

S67

2-FREQUENCY OSCILLATOR

+9

BOTH CIRCLITS
SRhRow ONLY
THE LATCH
COMPONENTS.
R. IS THE
Loap (LED,
RELAY, ETC.).

¥

INPUT Tong
REMOVED.

Re

567

ING1Y

OUTPUT STAYS
ON  EVEN AFTER
1S

| 21K jl" TO

5 3.98( KH:

o 1.555 KHe

LATCHING THE

+

PUSH

RESET

Ui

MANUAL

RESEIL

2-PHASE OSCILLATOR

+q

ik
91 _ﬂ “—SHIFr
L & | I ; l l
2! 1547
G g : i j [ { ] | ]
10K
3 A 5-yoLT
-~ - 1K SQUARE WAVE
L
A
567 OUTPUT
4l B o
A
8 | H]
iNqiy ! 3
567 «tPo RESET
22K = J/
L V4 4066 L= OFF
' : 7 H<RESET
"
i i
- LOGIC RESET

NARROW RAND FREQUENCY

DETECTOR

ﬂl

RZ

ADJIUST RI AND
R2Z TO RESPOND
TO CLOSELY SPACED
FREQUENCIES. LEDs
| AND 3 WILL Glow
IF  FREQUENCY IS5
RIGH OR LOW.
LED 2 witL GLow
WHEN  THE INPUT
FREQUENCY IS

CENTERED.
zﬂpl .,,ua\ T

107



TONE DECODER (continued)

567
®
TOUCH-TONE DECODER
&) 5 IC1,2,3 = 7402
i ACTIVE OUTPUT=H
Yy
2.2K +5
3 97 H=2 C2=q7ﬂF
567 8 | R
, JL I
5 b —L?_ | 7 3
| ¥l | |+ RE PEAT
’I‘ ’I‘ THIS CIRCUIT 5 y :
T~ 0.l |t 2.2uF BELOW. !
] I | i: / e
RI1 ___L TUNE EACH
_ 25k 1 567 VIA R). 8 lo
! 3
IN: 50-200 mv 9
IN 2
{ 770 H C2 = 4.7 uF
\ 3 E :p}'%*‘l
47 3
T 45
z LN
Bi i 5
»_3:,—)
2 [
1 ¢
Q41 K2 C2=2.2 unF g 10
M -7 5
9
i 13
]2 8
1209 H. C2=2.2 uF 17is
< ¢5
- 1y [
- 3 9
3
1336 Hz €2 2.2 uF s i
» @)—*o
G
8 10
} 3 - ¥
1977 Hz €l =2.2 uF 9
n &
3 #
14 7
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12~-KEY PUSHBUTTON TONE MODULE

CEX-4000
O (FREQUENCIES IN Hz) O
GENERATES THE 12 STANDARD J 2 3
TELEPHONE  TONE DIALING FREQUENCY ©99.) 699./ ©99./
PAIRS. V4 SHOULD NOT EXCEED A 121S5.9] |1331.7] [1421.9
VOLTS. REQUIRES 3.88 MHz CRYSTAL.
Ok TO USE FROM | TOo 2 KEYS 4 5 e
FOR REMOTE CONTROL. 766.2 766.2 76¢.2
121s5.9 1331.7 1471.9
TOUCH—TONE® IS A REGISTERED

7 8 9

847.4 847.9| [842.4
12159 13317 14921.9

PORTABLE TOUCH --TONE® GENERATOR w S #

TRADE MARK OF AT«+T.

948 948 948
V+ 1215.9) 13312} L1919
tb
bl e [ ] prpwE oup 1Y o I
[0 =1 =] mnEEuNy
' SK ] &) b
o ks 52K eSS N
L JuF
(*#] (o] | #] 1Y 220 uF 8
SPKR
GROUND
REMOTE CONTROL
IM
DYnAMIC 1ok
ML
PORTARLE 00 /
ToucH —ToneD “
GENERATOR == |-"*

/(

CR TRANSCEIVERS

e o TOUCH- TONE ®

DECODER

-

8

SR RRERRIRRREE

1234567893 0%¥%#
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VOLTAGE-TO-FREQUENCY

FREQUENCY-TO-VOLTAGE 1axs 14 Voo
CONVERTER ZERO 2] /L'}. NC
ADJU ST NOTE UNUSUAL
9"’00 (276-1790) Iin 3! LocATION ofF 2 AMPLIFIER
POWER SuPPLY our

Vss ] Pins, Il comMPARATOR
IN VOLTAGE~—TO - FREQUENCY (V-F) B e IN
MODE, AN INPUT VOLTAGE WHICH Veer ouT;s_{ 19 FREQ:Z OuT
HAS BEEN CONVERTED INTO A
CURRENT BY A  RESISTOR AT PIN GND ] 9 ouTPuT
3 s TRANSFORMED INTO A cCoOmMMON
PrRoPoRrTiONAL FREQUEMNCY. N Veer 7 18  PULSE FREQ.
FREQUENCY — TO~- VOLTAGE MODE A ouT
FREQuUENCY AT pPird |l IS COoNVERTED
INTO A PROPORTIOMNAL VOLTAGE , CAUTION: THIS CHIP INCORPORATES
THIS CHIP CAN BE OPERATED BoTH BIlPOLAR  AND CMOS CIRCUITRY.
FRoM A SINGLE ©OR DUAL POLARITY THEREFORE CMOS R ANDLING
POWER  SuUPPLY. PREcCAUTIONS MUST BE FOLLOWED

TO AvoiD PERMANENT DAMAGE.

BASIC V/F CONVERTER FSK* DATA TRANSMITTER

+9-15 +9
A R2 |OOK A DUAL
Py — FREQUENCY AS . FREQUENCY
ouT ouT
TRE AT t g M
I M 33K 9 _J/o 3 X 33K M Lo
s CONTROLS 2
FREQUENCY
- b
RS
33K 9400 R3 RS Q400
100K é 33k
= V/F 1 V/F
£ : BINARY IN 2
! 1
12 2
= R}
R2 el 1M -, . =
1M al Iy _E— 2+ o I TR
% A Tlz 0 13
Ci Cz o] &2
RI ooF wpf {4l 7] 9 .00luF 47pF [ 4} 7} 9
ook
RG ouTPuT (Ha) Ro
100K, 1 €2 jL /N | HIN 100K
Is o -
FREQ 1o Ri— optionaL (use T H42pH 3943 | 17,61 *EREQUENCY 3
STt 5. TO SUPALY |NPUT VOLTAGE uF L1000 | 1665 SHIET KEYING. USE
(kHz) DURING TESTS). TO SEND  BINARY
© 2468 voLTAGE IN R2 CoNTROLS OUTPUT. OVER WIRE oR RADIO.

1O



VOLTAGE-TO-FREQUENCY (conTinued)
FREQUENCY-TO-VOLTAGE

CONVERTER +4-12
9400 1

AUDI O FREQUENCY 9400

METER F/V
n\)o_“_T

INPUT FREQUENCY MUST
CROSS O VoLT. WORKS UP
TO 25 KH2. RZ Is 2gro
ADJUST FOR METER. ADJUST
R7?7 TO GiveE MAXIMUM
READPING AT 2S5 KHz IN-
For MORE STARILITY, CHANGE 10O K.
Re TO G-V ZENER DIODE.

ANALOG DATA TRANSMISSION SYSTEM™
TRANSMITTER Y . RECEIVER
r A
:2:-\ %—533»(% 4 S‘;%R 4 Fosx %

2 2
b 3
LED i
RY Q400 l 400 o-1 mA
33K Rl
1 V/F %wx F/V
= 10 +
i 12 .
+___ RY _L R7
Ci 2 JOOK. 5K
000} ¢z = R2 cl
AxprS 33K 3 ﬁ .00\ muF
, T3 S_TCZ 10K
R\ 47pF
N T 4] 7] 9 i q 7]
RS J ]
% —
ANALOG 100K | .loOK ADAPTED FRoM A DESIGAN T
SIGNAL IN , BY MICHAEL PARIVA OF
TELEDYNE.

THE SPKR IS OPTIONAL BUT MAY PROVE  HELPFULL DURING INMITIAL TESTING. USE AW
INFRARED LED (RADID SHACK 276-142). Q) CAN BE THE PHOTOTRANSISTOR SUPPLIED WITH
THE LED OR RADIO SHACK 2%-/30. R7 IN THE RECEIVER (5 ZERO ADJUST.

11



VOLTAGE CONTROLLED
OSCILLATOR (VCO)
566

VERY STABLE, EASY TO USE

TRIANGLE AND SQUARE WAVE
OUTPUTS. R AND I ConTROL

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

Not FAW TO o vocr! AT |2

VOLTS (PIN 8), FOR EXAMPLE, TRIANGLE
OUTPUT CYCLES BETWEEN 14 AnD +6

VoLTS. SQUARE OUuTPUT CYCLES
BETWEEN +6 App tILLS VoOLTs.

FUNCTION GENERATOR

+9-24

!

R
ce 4.7K
OOS'/.AF

10K

__I_.___‘. ci i ML

3 .05 RT CONTROLS
FREQUENCY.

TWO-TONE WARBLER

R2 i VI o e _
- N g M | .05 T L

GROUND _!] 8 +9-24 V(Veo)
Ne 2 2 1C]
JL out 3 6 R|
/\ out 4 S MODULATION
INPUT

2 (Vee— INPUT voLTS)
RI C) Vee

CENTER FREQUENCY =

FSK GENERATOR ¥

+9-15
R\
cz 4K
005 MF
A\l
n o

8
8 ot el
>
566 Ip DA

FSK MEANS FREQUENCY SHIFT KEYING.

OUTPUT  USE TO TRANSMIT BINARY
DATA OVER TELEPRONE

L I:.SKHz LINES OR STORE BINARY

R 3.0KHz | DATA onN MAGNETIC TAPE,

Yece = 9QVours.

Rl CONTROLS
WARBLE RATE.

R3 coNnTROLS
TONE EREQUENCY.

1,2 = 3 4049

Re
3 adalloM
RY
2 4.k i1 R 10 12 1y Is
.00SuF
. g
2. M 3456
%3 4oyq 2 2
(o]
L‘_5J 566 OSuF Fgo
z ’

8 ML

7 |
C3 I— SPKR
.OS/uFﬂ\ __l

[12




ANALOG-TO-DIGITAL

CONVERTER TLSO7 ENABLE ] 8 RESET
cLoek  Z] 7 Vee?

PROVIDES ANALOG = TO-

DIGITAL CONVERSION FOR GROUND 3 &6 Ve

MI{CROPROCESSORS. CAN ‘j

PROVIDE 4-BIT OR 8-BIT ouTpuT A4 'S ANALOG

OUTPUT  WITH EXTERNAL o IN

COUNTER PLUS STEERING

LOGIC. MAKES  GOOD Viee Y= [3:5] ol l6l oLTS

PULSE  WIDTH MODULATOR. Vee2 — 8 TO 18 VOLTS

NOTE: USE Vee! oOR Ve 2.

+-

PULSE WIDTH MCDULATOR

SL
220 8 |4 |6 OUTPUT = .18 Vee ! TO .28 Ve \
49K

i IN oS A

| 5SS TL507 |4 auT, JLEY N ” ” ” 45y
10K

(crock) |3 2 EB
2

3.0V IN: ‘H!l 783 Hz
i ' 3 J8

470 pF L, (ctock = 100kH=)

8-BIT ANALOG-TO- DIGITAL CONVERTER

MSB LS8

8 -BIT DATA BUS —> T T T +5 ¥omiIT sECOND
(N C O e JIs fre |9 ]\ 74LS193  FOR
20

BUS ENABLE o | ' Y-BIT OUTPUT.
(wWHEN Low) 7415374 WORKS RETTER.
It ILOAD 10
TRIS PROTECY 5 & 2 8 13 4 17 I8 =
FOR ADVANCED e +5
EXPERIMENTERS. 71 jel Jeligs 7j-J6l gl 4s A
PR E SRPRATYS] 2 e Kie ForHEA
bl 7405193 795193 ¥
+5 RST |14 o M IRST dp-g St MOYLIN 220
1 |L1
+S 555
)—J 10K
IIO 3 /1;
ICl = 74LS00 IC2 = 74LsS02 470
3__1i8 : pF




8-BIT DIGITAL-TO-ANALOG

COMPENSATION
~Vegr +Vege V+ B8 B7 BL BS

*USE TO-220 HEAT SINK.

CONVERTER DAC 801 of 1s] ] B3] | u] w0 9]
PROVIDES VERY FAST 8-RBRIT
DIGITAL—-TO- ANALOG CONVERSION.
WILL ACCEPT TTL LEVELS
AT INPUTS Bl TO B8. CAN
PROVIDE X oOuTPULT. VSE
TO INTERFACE MICRO COMPUTER
TO ANALOG DEVICES. 11 21 31 4] 5T o] 7] 8
Toww V- I, B B2 83 B84
Bl — MOST SIGNIFICANT B8IT. THRESHOLD
B8 —LEAST SIGNIFICANT BIT C ONTROL
Vi-145 10 18 V.
8-BIT DAC o
B! B2 B3 B4 BS Bb B7 B8
b 10K 10K
T 4.7k 5 b |7 8 (9 1o (N 12
Ll AN L el PROR T, T
DAC 801 > J
IS —
T
/1% il
H4k 3 e |13 ]
. .01 N |
7 S Ny
— n N
b Y )
b V- V+
DAC 801 POWER SUPPLY
Ti: \20VAC /25.2 VAC CT  (273-1512)
(0k To USE 273-1505 FOR NON- "
PRECISION APPLICATIONS.) ouT > tov (ADJUST
IN | 350T VIA RI)
1.2K
i“'ONL\/ 7.5v Is
ADT AVAILABLE |F T/
{ IS 273-S0S.
* SoK
\ 7805
f e > ouT o +5V
| 1 Lipued Wive Is _L x|
CAUTION ! RECTIF(ER 7~ Cl 6ND
o (276—ten) T ’[ | o COMMON ('ﬁ-)
You MUST l
INSULATE €, ¢2=1000uF _[1 €2 GND
CoNNECTIONS! "[,l
IN | 7905 | ouT | = 5 AV

My



8-8I1T DIGITAL-TO-ANALOG

CONVERTER

DAC 80!

(conTINUED)

256-STEP STAIRCASE GENERATOR

Y L1 i AW RI
4 [0 ORI (R & 3= 4 100K
] = 5 = 3
l—j 7415193 |5 12|  74rs193 [M
8 8 +10
i 58 5s8s
Y i lel 4% B 7 Je [2 |3 | I
Si 10K
10K
+10 1 o
4.7k 5 jb (7 8 9 lio |u 12 B
: I A B
33K DAC 801 _l_
R1: CLOCK 3
\S | RATE
2 Cl]: |INCREASE TO
R2 ' 3 o |13 SLow RATE
IOK A el L_.l NGV %
HH”“I’ 2.2k
\ J 2| J21 Js S1: CLOSE FOR
_L \ Y 241 § UN\POLAR
= 3 -5 +5 <3 4 z; ' oUTPUT
R7: FuLL SCALE
ADJUSTMENT ; 4.k | 1A 141
_.5 °
DAC 80! TONE GENERATOR l
45
+5 ouT
} o
Q
Ri 4 8 220 -5
100K
g8 CHANGE OR OMIT
7 SPKR ONE OR MORE
5Ss INPUTS TO DAC 80j
Rl AND CI TO MAKE UNIQUE
10K © CONTROL TONE WAVE FORM S.
3 RANGE.

2 NoTe : +10V REFERENCE
¢l _[ S CAN BE +5 TO +iOoV
Ol -4 N NON— PRE CISION

' RoLes  (&.4. ToNE
GENERATION).

1S



TEMPERATURE SENSOR AND
ADTUSTABLE CURRENT SOURCE
LM334  (276-1734) %

VERSATILE 3 -LEAD COMPONENT THAT LOOKS
MORE LIKE A TRANSISTOR THAN AN IC.

CAN BE USED AS A TEMPERATURE SENSOR, >
CURREMT SOURCE FOR LEDs AND OTHER %
COMPONENTS OR CIRCLITS, VOLTAGE REFERENCE)

ETC.

BASIC THERMOMETERS BASIC CURRENT

+5-20V +S-20v

+2-20V
__tl_j LBOR TZ
I’L

ouT Iser =
CURRENT
22080 |yTO Piv 2. | IM334 |

ouT

b=

DEVICE
BEING

OQUTPUT VOLTAGE 10K

SOURCE

MAXIMUM
CURRENT
OuT =10 mA

Reer

VARIES ~ [0 MILLI—
voLTs [ ° KELVIN.

POWERED

. 06727 =
RSET = "Teer AT 25t.6

VOLTAGE REFERENCE CALIBRATED LED
+3-20V
L LED
r————{q—/\/\/\ = i L T T'L R |current
68k LM33y |2 T (musT BE 1V |
INQIY OR MORE ABOVE LM334 10 N 6.4 mA
‘ OUTPUT.) R IS Q 4.3 wmA
) AM_,. OUT PUT :
_} 10K IK 33K O08— S.ov CONSTANT LED

ADJUST VOLTAGE

INPLT BETWEEN

e
S
T o0iaF X Y OUTPUT FOR ANY
¥

OUTPUT 2-20 voLTs.
RAMP GENERATOR LIGHT METER
+3'20V +I5—20V O_l WA
B L ~
T____z_ LM33Y LA (; ) |2
o8 (—' o
- TOP FLATTENS %299 BuLa cLose | Lm3zd ||
H l l 3 J\L IF INPUT TO Pcl  GlVES
.00luF| PULSE RATE 2.5 m A OuTPUT. pel
3

I KH2 1K | Too stow.
" 232800 @1 PCl~CdS PHoTocELL
(RADIO SHACK 276-1lG) =

16
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POWER AMPLIFIER
LM386

DESIGNED MAINLY FOR  Low
VOLTAGE AMPLIEICATION. WiLL
DRIVE DIRECTLY AN 8-0O0HM

SPEAKER. GAIN FIXED AT 20
BUT CAN BE INCREASED TO
ANY VALUE ULP To 200.

X20 AMPLIFIER

GAIN M 8 GAIN
—|NPUT 2 - |7 BYPASS
+ INPUT 3 + 6 +H-12vV

GND el S ouT

X200 AMPLIFIER

& el £ 120/
RI R1 + Cl
SIGNAL 10K SIGNAL 10K 6 1I0uF €3
N o N i Bt L 4 220 uF

| 2 7 P 1 U\(V

‘ 1 ¢z

| AuF  RZ

il i \/ 2 105L
e -

LT L 4k o5
E R\ ComTROLS INPUT SIGNVAL  LEVEL. o SPKR

BASS ROOSTER

SIGNAL
IN

l__ GAIN

2KH2t =

oo Mz = 25dB
1948

4
AUDIBLE ALARM

TONE R1 t4-nv
FREQ: 1k & c
2.1 <2, 3l |8 22wk
REDUCE 386 2 *
c\ To _HH‘ o ?
INCREASE i CAUTION:
FREQUENCY.| Ci VERY Louvol
QuF L
4 X
+ SPKR

HIGH GAIN POWER AMPLIFIER

CIRCLIT SHOWN +9v

IS VERY SENSITIVE _AAAL USE CARE, +q GAIN=20 (to cHANGE

LIGHT WAVE R3 RV RZ 49 SPKR CAN , SEE ABOVE).

RECEIVER. Ok TO 220K T Be Loubd!

LSE OTHER OP- & 220uF

AMPS  FOR THE \Q\

TLogA. N K—"’ 8
¢l oR R4 SPKR

Q\- PROTOTRANSISTOR AmuF o i 10K

(RADIO SHACK 276-130)




8-WATT POWER AMPLIFIER
LM383 /TDA2002

POWER AMPLIFIER DESIGNED SPECIFICALLY

FOR AUTOMOTIVE  APPLICATIONS — BUT N\'b‘b5
IDEAL FOR ANY AUDIO AMPLIFICATION L
SYSTEM. DESIGNED TO DRIVE A  4-0HM

LOAD (EQUIVALENT TO A SINGLE 4-OHM

SPEAKER OR TwWO 8-OHM SPEAKERS

IN PARALLEL).  THIS CHIP CONTAINS

THERMAL  SHUTDOWN CIRCUITRY TO

PROTECT ITSELF FROM EXCESSIVE LOADING.

TRIS wiLlL CAUSE SEVERE DISTORTION

Durinv 6 OVERLOAD COMNDITIONS. YoU MUsST

3
)
USE AN  APPROPRIATE = HEAT SINk
(c.9. RADIO SHACK 276~ 1363). SPREAD O 1=+ IN
SOME HEAT SINK  COMPOUND (276-1372) 2~ ~ IN

ON THE LM383 TAB BEFORE ATTACHING 3— GND
TRE HEAT SINK, Y- our
$§-+5-20v

8-WATT AMPLIFIER

45
+5-20V
vl OPERATION :
¢s
Auo:oo___) 1000-2000uF . USE HEAT SInK.

IN e 2. REDUCE POWER SUPPLY
(&7 5 _LK VOLTAGE To -9 VoLrs
1OuF -4 01 sPkR (As v cirecuiT BELOW)

*_‘.L Ci OR IF SEVERE DISTORTION
‘J\ 2uF 2-8 9 spkRs OCCURS.
IN PARALLEL. 3.DoON'T APPLY EXCESSIVE
| 40uF 224 | INPUT  SIGNAL.
,;I: ® CU~PLACE CLOSE AS POSSIBLE TO THE zC.

R21-0K To use 4-10JL RESISTORS IN PARALLEL.

|16-WATT BRIDGE AMPLIFIER

+i2-14v
c2 1-4 Q. sSpPkr RG
AUDIO 10uF OR Ry
IN o 9+ -85 SPKRS—>§ ; 100K
q - - -
J_ _[ OFFSET
RI ey I+ Ry (€S +
220 .Zﬂq‘ 220 .Z/uF |
AL ‘
tj Ci (] 4 -y
~ A =
2uF R2 OR USE 4~IO0R| RS Co s c7 |e8
40uF [ 22 RESISTORS IN | 2.2 H470mF| = 1omF . 2uF
PARALLEL T




DUAL 2-WATT AMPLIFIER

+o-zev GND Y
LM‘877/LM377 iy] 13] 2] | 0] 9] 8
HIGH QUALITY, EASY TO UsE POWER
AMPLIFIER. IDEAL FOR DO~-IT-YOURSELF
STEREO , PA. SYSTEMS, INTERCOMS, ETC.
AUTOMATIC THERMAL SHuTDOWN PROTECTS
AGAINST OVERHEATING, 7048 CHANNEL
SEPARATION MEAN S VIRTUALLY NO
CROSSTALK. ONLY 3 MICROVALTS NOISE [NPUT. Il 2] 3] 4] s! 6] 7
HEATSINKING UNNECESSARY IN MANY BIAS OuT QF—J +IN -IN
APPLICATIONS SINCE AVERAGE POwER IS GND
USuALLY WELL Betow BRIEF PEAKS. IN
ANY CASE, PINS 3,4,5,10,11 AND 12 SHoulD NOTE: GND PINS SHOULLD
BE CONMNECTED TOGETHER. IF LOAD EXCEEDS BE HEAT SUNK FOR
DEVICE RATING, THERMAL SHUTDOWN witL MAXIMUM POWER.
OCCUR.... AND WILL CAUSE SEVERE DISTORTION,
USE HEATSINK (UP TO 10 SQUARE INCHES OF
COPPER FoiL oOn PC BOARD OR METAL FIN)
IF THIS OCCURS.

STEREO AMPLIFIER

H-WATT AMPLIFIER

IN o N
d L LE
1L.8K 100K S .
AN I 7 b I
IN wF +10-26V y 100K
(LEFT) > I 1.8K 377 Eg.
JuFE AN +‘170,.F - 100K ' R
/‘,OOK I puF ¢ +3:L17 3:\5‘_‘,6__]_/ TRF 2] e
ook / P
VOLUME [220uF 8L SPKR =
};+; 1N 1
! N1 T
100K, | 10402 +0-20y
< \4. ! g +
100K L B BT 72 '}_K__T\ T
Lk g| 377 +
j t[z\l/\{bLK 470 uF 100K
N 2 T almerl |1 agal ||
(RiGHT) 3 100K
PURLIC ADDRESS SYSTEM
JOK 100K 1.8 K 100k 8JL SPKR
USE Low /
TO MEDIUM 4.7MF +12 THIS CIRCUIT
IMPEDANCE X e WORKS WELL.
(zoo-woon) |- 81 NOTE FEWER
DYNAMIC __I 3 2 PARTS  IN
MICROPHONE JduF q + 355 LMI187Y / LM377?
L‘»é 10,1,12 _l STAGE ... TRANKS
100K -12 = TO SPLIT POWER
(VOLUME) SLPPLY.
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COMPLEX SOUND GENERATOR

SN76"177N NOTE: THE SNT6488 INCLUDES BUILT-
IN SPEAKER AMPLIFIER. THE SN477
DOES NOT.

INCORPORATES S.L.F, ENVELOPE SELECT | | 28 ENVELOPE SELECT 2

(SUPER Low FREQUEANCY

OScILLATOR), VCO GROUND 2] 27 mMIXER SeLEcT C

(VOLTAGE CONTROLLED

OScitLATOR), NOISE EXTERNAL NOISE CLOCK3 2 MIXER SELECT A

GENERATOR AND A

MIXER TRAT ALLOWS NOISE CLoCk _MA__ 4] 25 MIXER SELECT B

THE oOUuTPUTS FRom

ONE OR MORE OF NOISE FILTER _ A 5| ﬁou&suo‘r ANA

THE ABOVE To BE

COMBINED. CAN BE NOISE FILTER _{— & 23 OnE-SHOT -

OPERATED TOGETHER

WITH APPROPRIATE. DECANY _aa__ 7] 22 o SELECT

RESISTORS AND

CAPACITORS TO ATTACK [DECAY | 8 2L bR i .

PRODUCE MANY KINDS |

OF sSounNDS. CAN RE SYSTEM EBNABLE 1 rﬁ’ SILAEL AL

CONTROLLED BY EXTERNAL j

LOGIC. SEE DATA ATTACK _AMA_ 0] '9 PITcH  conTROL

SUPPLIED wITH CHIP FOR r

MORE  INFO. AMPLITUDE _AAA_ J1] 18 veo A
FEEDBACK _AAA_ 2] it vcol Ll
AuDio ouTPUT 13 e EXTERNAL VCO

THIS CHIP Is EASY +4.5 ~12v (9v BesT) 4] 'S Vaeg

TO UVSE IF YOu FolLitow

DATA SHEET INSTRUCTIONS.
PERCUSSION SYNTHESI|ZER

SI— PRESS TO ACTIVATE SOUND.

49K { (1Y 19 9 RS2009
SN7647N
I0oK lo
(vCo ia)
-3 8 ol ul ] 18 2 zil 29\ 12 8-0HM
nd B 18 + SPKR
Va i Van)
22 Stoo
I-1om | 33 [IML K< K .47 100K .\I‘m
K
1 , & Bl i L
/ LN [ X A .
glien CONTROLS ADDS USE 270K FREQUENCY CONTROLS +l
= DECAY EXPONENTIAL TO Stow CoNTROL SOUND £ 00—
DECAY ATTACK (Low= DRUM) DURATION P47 1500
I\ ]\ | o N MW T > (voLume)

120



COMPLEX SOUND GENERATOR (continueb)

SN76477N /
NOISE GENERATOR
+9
A
5 le/NOISE SELEQCT PIN E
R320049
SN76477N 13
J 8-0HhM

iy 2] 3 4] 5 Ql‘? ol 1 I re] 29l liz SPKR
4k

4k 47K 470
pF K K

+

100-5S00

i i PRODUCES STEADY HISS. MAKE SNARE DRUM
10uF (voLume)

BY CONNECTING PUSHBUTTON IN SERIES WITRH
SPEAKER. ADD S.L.F. OSCILLATOR TO MODULATE

THE HISS . (SELEcT S.L.F. + NOISE BY CONNEC- |
TING PINS 25 AND 26 TO GND AND Pin 27 TO
+9v. ADD IM POT FROM PIN 20 TO GND  AND
ufE  cAPACITOR FROM PIN 21 To GND.)  SounDS
LIKE STEAM TRAN OR PROPE((ER AIRCRAFT

DEPENDING ON  ADIJUSTMENT OF 1M POT.

UNIVERSAL UP-DOWN TONE GENERATOR

+9
A SI—PUSH FoOR
__J o TONE SEQUENCE
+9
| 9] 22| 9 25| 26| 27| ze
RS2009
SN76477N

B -0OHM

2 7 8 0] T B} i8] 20 2| J
* NE.
lom < 22 T.oox 100k § LIuF I 4K M Sz z’l\sz,q 1

=8 A X
Vco S L r-‘ CONTROLS T l [
Joo -

o CONTROLS
DECAY FREQUENCY EREQUENCY SOUND
DurRATION /J?)/(.F Soo0
(voLumE)

AND RELEASE TO HEAR UNDULATING TONE

THAT GRADUALLY DECANS AND STOPS. CHANGE VCO
AND S.L.F COMPONENTS FOR MANNY DIFFERENT SounvD EFFECTS
RANGING FROM SIREN TO SCIENCE FICTION MOVIE SOUMDS. FOR COMNTINUOUS

SouND, OMIT COMPONENTS AT PINS 7,8,23,24 AND GRounD PIN 9.

PRESS SI




COMPLEX SOUND GENERATOR

AN

SN76488N
MODIFIED VERSION ONE-SHOT ouTPuT _!] 28 ENVELOPE SELECT |
OF SN I6HIN.
INCLUDES BUILT-IN VCO OUuTPUT 2] 27 ENVELOPE SELECT 2
AMPLIFIER FOR
DIRECT SPEAKER NOISE CLOCK OuUTPUT 3 (26 S.L.F. SELECT
DRWE. NOTE
THAT SN 76488N S.L.F. outpPur 4] 1S MIxER B8 INPUT
AND SN7G477N
HAVE DIFFERENT NOISE —MA_ 5 24 MIXER A InPUT
PINOULTS.
NoiISE —6— e 23 MIXER ¢ INPUT
MANY DIFFERENT 1]
SOUNDS CAN BE DECAY —MWA— 7] |22 ONE - SHOT —MA—
CREATED. FoR
BEST RESULTS, DECAY —{¢— B8] (U oNE -SHOT —1¢—
STUDY CAREFULLY
THE  TECHNICAL INHIBIT ﬂ 20 VCO SELECT
DATA  SUPPLIED
WITR  CHIP, AUDIO INPUT 'O 9 S.L.F —E
VERY EASY To 5-VoLTs ouvT M 18 S.LF. —MW—
DEVISE YOUR OwWN
UNIQUE  SOUNDS | Vee (+9V) n N yeo —A—
NOTE: SounDd ourPuT Aupio ouT 13] I veco —{
MAY CHANGE AS Vee »
GOES FRom +G T0 t9V. GROUND il 1S EXTERNAL VCo
CONTROL
ROMB DROP PLUS EXPLOSION
+6TO 9
T 5% PreEss To START
C6
12 | 25 U 28 20 9 oo uF
SN76488N 13 ‘We_
5 e ¢ 7 J—e K] _l,_b 8 _J-m ey |22 2 19
N 470pF o + 27uF + 8 L
Rt_T R2 R3 RY RS SPKR
680K sook [e2 S yr0Kk €3 (M ook | ¢S5

||[

R2 CONTROLS DURATION OF EXPLOSION.
RS CONTROLS ALTITUDE.
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COMPLEX SOUND GENERATOR ( conTinueo)

SN76488N

IMPROVED STEAM ENGINE AND WHISTLE

.V, V.
R2 CONTROLS ENGINE RC 49 PRESS FoR ¥ygE .0047 FoR
SPEED. W HISTLE RASPY WHISTLE
R4 CONTROLS WHISTLE | ¥ OR .ol FoOR
FREGUENCY. O—L— PURE TONE.
THES
+LTO 9
]
Vl?. 2 10 |00/44F
H
SN7488N 3+
L TN ER
g SPKR
5 s 19 18 17 1o IS 1] 23 ly
+
RI el (4 R2 R3 cs R4
\K 470¢F | | uF Sook & 470K |470pF 100K
THE ULTIMATE SIREN
+6 To @
A R3  (OPTIONAL VOLUME  CONTROL)
1OK
c3
K3 20 10 ('3 100 mF
SN7488N 13 +|(—~1
8 n
I8 19 17 lo 14 SPKR
+
RI cl R2 e,
S00K H?AF 160K . O\
—
RI CoONTROLS CYCLE RATE,.
R2 CONTROLS FREQUENCY.
ADJUST Rl FOR HIGH RESISTANCE TO GIVE
ULTRA  SLOW SIREN.
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DUAL ANALOG DELAY LINE
SAD-1 024A

CONTAINS TWO INDEPENDENT 512 STAGE
SERIAL AMALOG  DELAY (SAD) LIMES
(ALsO CALLED ANALOG SHIFT REGISTERS).
OK TO USE EACH 512 STAGE SAD
SEPARATELY OR IN SERIES. ANALOG
DELAYS ofF UP TO VY2 SEcomD CAn BE
ACRIEVED. A 2-PHASE ctock IS REQUIRED
TO DRWE INPUTS | AND 2. |[NPUT
DATA RIDES THROUGH THE SAD ON
ALTERNAT (NG Ctock PULSES AwD
APPE AR AT THE TWO OUTPUTS AFTER
PASSING THROUGH ALL 512 STAGES.
ComnecT Voo To Voo (PINT) OR, FOR
OPTIMUM RESULTS, TO | VOoLT BeLow
Vbp. THIS CHIP CAN BE TRICKY To
USE SINCE  SEVERAL EXTERNAL
ADIJUSTMENTS ARE REQUIRED. CIRCUITS
ON THis PAGE EXPLAIN OPERATING
REQUIREMENTS WHILE A COMPLETE
CIRCUIT S SHOwWN oN  FACING PAGE.

SAD IN/0OUT CONTROLS

+10 ~I§ PIA  PZA R3
R2 2K gg
47K
2| SAD-1024 A ouT
R) (SEcTioN A)
ok | i
ol 3 ioufF OLTPUT
s + (__.o IN BALANCE
INPUT BIAS _—{

ADTUST Rt (INPUT BIAS) FOR OPTIMUM
AULDIO OUT PUT. OUTPUTS APPEAR LIKE
THIS ON A SCOPE:

A

A/ =
S CLOCK GLITCHES

e ——
SummeD ouTPuTS (A+A'): T T |

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

li2H

NC

P28

out e @PIB

\ IN B l NC ouT® | Vel
o] 15| 14f 3] 12| n) 0] 9

SECTION &

SECTION A

Tz
GND

INA

]3] ql 5] b] 7] 8(

P2LA

ouT A |(tlo-1Tv

NC  ouTA' olA

CAUTION: THIS NMOS CHIP IS
VULNERABLE TO DAMAGE FROM

STATIC DISCHARGE! FoLLow
cMmos HANDLIN G PROCEDURES.
SERVAL OPERATION
e\
l,qF
A 5 3 IS B
R1 R2
5K 41K

Rl CoNTROLS

BIAS To SECTION B.

NOTE THAT ONLY ONE OLTPUT OF A
IS CONNECTED TO INPUT OF R.

OuTPUT SUMMER

2K = 100K
\_/V\/\_J,

>

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

BEST.



DUAL ANALOG DELAY L‘NE (CONTnNuEO)
SAD-1024HA

ADJUSTABLE FLANGER OR PHASER

AUDIO o) 4

IN
_I_cz R3
-IOﬂF IS

100pF —. 00l F  HTV FREQUENCY

Rz ‘L 2-PHASE CLOCK HELPS TO
1M dl *‘1';’ CONNECT

COUNTER RERE
TO MONITOR
Ry ; CLoCcK FREQUENCY.
BRIDGE HERE TO EULIMINATE Ju |
Y HIGH-PASS CUTOFF +i2V 1=
J ‘ |g_MF-:.
10K OIuF v ZiaBy 13 c3 0] 4] 9 & HELPS TO CONNECT
| uF F_L SCOPE HERE.
)2|sap-1029a |5ty 15| sap-1024A |[Ra ld :
& / SECTION A R SECTION B 509
Low-  Fu q] 13 o "
PASS 10K l__{é__‘ ' RS %Rlo RN
FILTER cio 47K LOW-PASS 21K |OK
whad l .OIMF FILTER
SASIER TO | p =13 8
SET 31AS I3 \l 11 dci™ RIZ
(R13, R7) BY 10K _ T .00F== oK
CONNECTING | C8 \L/.
Scope To PIN RIS b .oolﬂﬂ
5 OF SAD THEN 4,7k T+ 1o
R3S CENTER Ce KIB
TAP. START I0MF 10K R19q
WITH LDow RIX ISK
LEVEL AVLDIO IN. “H.TK *C7—ce:
USE .OlmF FOR
Low ¢ RATES.
ADJIULST CIRCUIT FOR DESIRED EFFECT
BY COMNECTING TRANSISTOR RADIO TO
AUDIO INPUT. TUNE RADIO TO A TALK REVERBERATOR
SHow FoR BEST RESULTS. RJ3 AND R7?
CONTROL BIAS To SECTIONS A AND B OF +if
THE SAD. R9 BALANCES TRE SAD OUT- % N\
PUTS. RZ CONTROLS THE (LOCK RATE. TO Pin 2 \oufF
R17 15 THE  MAIN  BALANCE CONTROL. OR PIn 3 1M
IT CONTROLS THE RELATIVE AMPLITUDES OF TLO8Y (TRY BOTH).
OF THE ORIGINAL AND DELAYED SiGNAL
APPLIED TO TRE MIXER. CONNECT THE ADD THIS FEEDBACK CIRCUIT FOR
OUTPLUT TO A POWER AMPLIFIER. YOU MuST UNUSUAL REVERBERATION EFFECTS,
ADIULST BIAS conTROLS PROPERLY FOR BEST Stow CLock FREQUENCIES GIVE
RESULTS. SET R2 FoR LOwW FREQUENCIES MOST  STRIKING REVERBERATIONS.
(3-8KH2) FOR SINGLE ECHO. ULSE HIGHER TRY 5-20 KW2. FASTER CLock (20-
CLOCK FREQUENCIES (20-100KH2) FOR HoLow, 100 KH2) AND CAREFUL ADIUSTMENT
SWASHY SOUNDS. NOTE: TAIS CIRCUIT IS NOT GI\WWVES ROBOT-LIKE SOUND USED IN
FOR BEGINNERS. SOME SCIENCE FICTION MOVIES.
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OPTOCOUPLERS

Bl ¢ | E g e E
TIL 11l - PHOTOTRANSISTOR o] sl 4 e 5| u)
TIL 119 - PHOTODARLINGTON T ;

Cal >h
INFRARED LED TURNS ON A BIET L] |
PHOTOTRANSISTOR WHEN LED A K NC A K NC
IS FORWARD RJIASED. USE
TO REDUCE ELECTRICAL NOISE e il TiL 119
AND SHOCK RAZARD. IDEAL
For [SOLATING AND INTERFAQING USE TIL 119 WHEN INPUT
M| CROCOMPUTER BUS LINES. SIGNAL S SMALL.

TILIW /TILII9 TEST CIRCUIT

Veel

100K

TIL 19 IS SLOoweER
BUT MORE SENSITIVE.

Vigol

: Vecl = Vee2= 5v

5 1,2=Y3 7404
40 N
: | i 5 g out < IN
10K - TiL b
11 4 U
05 B §
T THIS CIRCUIT SHOwS TiL it GIWVES |.S5Kkv
M 3 TTL INTERFACING. & ISOLATION.
CALCULATOR /COMPUTER INTERFACING
KEYBOARD INPUT CALCULATOR TIMER
kLR NC NC
H = CLOSE ! b I J6
L= OPEN
=22 A =
1T K is o U 3 5
R=EnABLE | TO KEY CONTACTS TO BLACK *TO RED St
L= DISABLE ~  (REVERSE IF NECESSARY) BATTERY BATTERY }'
CLIP LEAD CLIP LEAD $
IMPORTANT: THESE CIRCUITS
MAY VOID YOUR CALCULATOR'S TO OPERATE vo ] xey
WARRANTY. I HAVE USED BOTH CONTALTS
WITH A Low €oST CALCULATOR l. SET RI TO GIVE 10 H=z
WITH LED READOUT. SEE FREQUENCY. NOTE:
POPULAR ELECTRONICS , DEC 1979 THIS SHowsS
(Pp. 85-87) FOR DETAILS. 2. anrdgr! 101 T3] CMOS
ALWAYS  FoLLow MOS HANDLING INTERFACE,
PRO CEDURES WHEN WORKING 3. PRESS SI FoR TIMING PER|OD.
WITH  CALCULATORS! IF NOT,
You MAY DAMAGE THE ULNIT's 4. READ TIME TO TENTH SECOND FROM
PROCESSING CHIP. DiSPLAY.
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OPTOCOVUPLERS
MOC3010 -~ SCR
SCS11C3 -TRIACL

INFRARED LED SWITCHES
TRIAC (MOC 3010) OR SCR

(scs ncz). MoOC 3010 WwiLL
SWITCH IO VOLTS AC AT
100 mA. Scsiics witl
SwITCH 200 VOLTS DC AT
300 mA.

MT NC MT
b] 5| 4]

~l>|-|

1y 124 13 \j 2) 3]
A K NC A K.L3NC
MocC 3010 SCS 1IC3
SEE RADIO SHACK'S

'SEMICONDULCTOR REFERENCE GUIDE'

FOR M™MoRE

CALCULATOR OUTPUT PORTS

SCR (DC) PORT

V+
| o
' ¢ b reseT
SEE ? (NORMALLY
Becow 2| FS_‘Y CLOSED)
3] 4 |LoAD

SCSIIC3 T
CONNECT PINS | AND 2 TO DECIMAL
POINT OF LOWEST ORDER READOUT
DIGIT, BE SURE TO ORSERVE
POLARITY. USE ONLY WITH
CALCULATOR  HAVING LED READOUT,
TYPICAL COPERATION: KEY IN
NOMBER WHICH PLACES DECIMAL
ANYWHERE BUT FINAL DIGIT. THEN
press (3 1 0 8. NuUMBER
IN DISPLAY WILL RBE DECREMENTED
EaAcH TiME 3} IS PRESSED. WHEN
COUNT REACHES O, DECIMAL
MOVES TO LAST DIGIT AND
ACTUATES OUTPUT PORT. FOR
MORE INFORMATION SEE POPULAR
ELECTRONICS | DEC. 1979 (pp. 8-87).
SOME CALCULATORS WILL REQUIRE
DIFFERENT KEYSTROKE SEQUENCE.
| MPORTANT: THESE CIRCVITS
MAY VOID  THE  WARRANTY OF
YOuUR CALCULATOR OR  COMPUTER.
FoLLow MOS HANDLING PROCEDURES
TO  Avoid DAMAGING CALCULATOR
OR COMPUTER. COMPUTER  PORTS
DESIGNED To |INTERFACE WITH
TTL OR LS BUS LINES.

INFORMATION.

TRIAC (AC) PORT

-<—‘— L -
SEE
BELOW _(__2}‘- S Ac
VOLTAGE
2] LI YT .
MOC 3010
THE LOAD FOR ALL THESE CIRCUITS
MAY BE LAMP, MOTOR OR OTHER
DEVICE  WHICH DOES NOT EXCEED
RATIN G OF OPTOCOUPLER.

COMPUTER OUTPUT PORTS

Vet et LI 2 T
yr0 RESET
BUS  MALL S ol
3 Yy
LoAD i
SIGSIRES =30 Ct (RO
Vee | 2 ol
470
BUSM _5_ Al
VOLTAGE
3 4 | Load
M@C 3010 — AC PORT
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OPTOCOUPLER
MOCS5010 LINEAR AMPLIFIER

CONVERTS

CURRENT FLOW THROUGH
LED INTO

OuTPUT VOLTAGE.
{DEAL FOR TELEPHONE LINE

COUPLING AND VAR IOUS AuDdiO
APPLICATIONS.

Vee
GND ouT

Gl 5| 4]

ISOLATED ANALOG DATA LINK

+9
}

A 1K M r BIAS

( /A r SNA . ADJUST 1K
ﬁ 2 7 . \ s
Low LEVEL 141 e ,__i 10K
SIGNAL OR 3| H
M| CROPHONE 4

t+9

5.6K 5.6k

VERY SENSITIVE,
t.0025 volt IN
GIVES FULL
OVUTPUT OF 8.
REDUCE Ri OR
R2 TO REDVCE
SENSITIVITY.

OouTY

RZ
ook |G

A 9

+

e

410
¥SV o AAALL

In }
O
Sit
PUSH TO RESET_3
(voRMALY  CLOSED)

+V

5t

r(o__qx

%S
= > OUT

I

MOCSol0 MO¢ S010
AC SIGNAL ISOLATOR
Rs ¥
o> A ! i T 100K = | M
ANALOG t? HEEEENY RN
SIGNAL 6 2 S
IN % \ . 1K
3] 4 [L__AA - 7
Rs = SIGNAL VOLTAGE N 741 y > OUT
025 3
MOC 50/0 ¥ L L LY sy
2 ouT /1 L2
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