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Now SWTPC offers cmplete best-buy computer system with $995
dual minifloppy, $500 video terminal/ monitor, $395 4K computer.
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$995 MF-68 Dual Minifloppy

You need dual drives to get full benefits
from a minifloppy. So we waited to offer a
floppy until we could give you a dependa-
ble dual system at the right price.

The MF-68 is a complete top-guality
minifioppy for your SWTPC Computer. The
kit has controller, chassis, cover, power
supply, cables, assembly instructions, two
highly reliable Shugart drives, and a
diskette with the Floppy Disk Operating
System (FDOS) and disk BASIC. (A floppy
is no better than its operating system, and
the MF-68 has one of the best available.)
An optional $850 MF-6X kit expands the
system to four drives.

Enclosed is:
$1,990 for the full system shown above
(MF-68 Minifloppy, CT-64 Terminal with
CT-VM Monitor).

____ $995 for the Dual Minifloppy

__ $325for the CT-64 Terminal
$175 for the CT-VM Monitor

— $395 for the 4K 6800 Computer

$500 Terminal/Monitor

The CT-64 terminal kit offers these
premium features: 64-character lines,
upper/lower case letters, switchable con-
trol character printing, word highlighting,
full cursor control, 110-1200 Baud serial
interface, and many others. Separately
the CT-64 is $325, the 12 MHz CT-VM
monitor $175.

_____ $250 for the PR-40 Line Printer
__ $79.50 for AC-30 Cassette Inferface
_____ Additional 4K memory boards at $100
____ Additional 8K memory boards at $250
_____ OrBAC# Exp. Date_
. OrMC# Exp.Date
Name Address
City  State
CIRCLE NO. 23 ON FREE INFORMATION CARD
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$395 4K 6800 Computer

The SWTPC 6800 comes complete with
4K memory, serial interface, power supply,
chassis, famous Motorola MIKBUG®
mini-operating system in read-only
memory (ROM), and the most complete
documentation with any computer kit. Our
growing software library includes 4K and
8K BASIC (cassettes $4.95 and $9.95;
paper tape $10.00 and $20.00). Extra
memory, $100/4K or $250/8K.

Other SWTPC peripherals include

$250 PR-40 Alphanumeric Line Printer
(40 characters/line, 5 x 7 dot matrix,

75 line/minute speed, compatible with
our 6800 computer and MITS/IMSAI);
$79.50 AC-30 Cassette Interface System
(writes/reads Kansas City standard tapes,
controls two recorders, usable with other
computers); and other peripherals now
and to come.

Emc Southwest Technical
Products Corp.

219 W. Rhapsody, San Antonio, Texas 78216
London: Southwest Technical Products Co., Ltd.
Tokyo: Southwest Technical Products Corp./Japan
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A game of skill
and quick reactions

BY JAMES J. BARBARELLO

HE “Batter Up” electronic game de-
scribed here simulates the game of
baseball. It incorporates sufficient varia-
tions in “pitching” speed and changeups
to play the game without outgrowing it.
The strategy is to outfox your opponent
by determining which pitch is his weak-
ness.
The circuit makes use of the famitiar
555 IC timer, which works properly with

1978 Edition

a power supply of from 5 to 15 V d.c.
Low current drain—due in part to LED
blanking—allows standard-type batter-
ies to provide many hours of play.

Game Ogeration. The game is
playec by wo people who alternate as
Pitcher and Batter. The pitcher's arsenal
consists of & left curve, right curve, and
straight balis. Each can be slow, fast, or
one of two changeups (a total of 12 dif-
ferent pitches). The “ball” is thrown and
travels its pitcher-determined route to
end up over home plate. The batter must
decide from which direction the ball is
coming and “hit” it as it passes over
home plate by depressing a switch gor-

responding to that direction (i.e., left,
center, or right bat). If the batter
“swings” too early or too late, it's a
strike. If the batter hits the ball and
kesps the bat depressed, a hit will be
gisplayed. The type of hit (single, dou-
ble, etc.) is chosen essentially at ran-
dom, but the batter's chances for each
type of hit are the same as an average
.300 major-league hitter.

Ta make the game more realistic (and
intzrasting), the batter can also hitinto a
double play (counts as one out if no men
are on base). If the batter tries to cheat
and depress more than one bat simul-
taneously, more than one home plate
LED will light, indicating that a foul ball is
to be counted. A control on the playing
field allows the players to decide if they
wish: to play in the Little, Minor, or Major
leagues. You can also add an option
that provides an audible signal (a short
beer) each time someone gets a hit.
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It Comes Nafurally With
The Altair™ 8€00b

The Alkair 8800b from MITS: the second gen-
eration design of the microcomputer that
started it 30. The mairfrcme that has the .akal-
ities ewerycne is demanding fom microcom-
puters todav:

Expand-cbility:
The AtaF 83(0b power sudply and on2-
piece, 18-slol motherboarc allow efficient
and easy expendab ity for memory and /0
optiors. all Alicir PC boards'ars designed o
give you maximum cagabiliy/lowest powar
usage possitie per >oard This mears that
for eact siot used you g2t mcre features ard
require ess pawer, ttar with any of the "of-
branc® &tairtus-compxatible boards.
Wheth2at vau buy an entre svstem up frent or
choos2 1o 2xpand g acualy it's easy o g=t
the cerfigaraton yau 1eed with the com-
plete kamily of Altair peripheral equicment,
including

/ability

choice of four differan memory boards and
many others.
Reli-ability:

The unique design teatures of the Altair
8800b, whiclk havs s2t the standard for the
microcomputer irdustsy, ma<e It the most
reliable unit cf its kinc. ~he Altair 100-pin bus,
the now-standard desigr used by many imi-
tators, hes be=n “ssandard” all along at MITS.
The unique Fort Pamel Interrace Board on
the Altair 8800b isolat=: cnd filters front panel
noise be‘ore it can ke fcnsm tted to the bus.
The cli-new TPU boad utilizes the 8080A
microprocessor, Intel £224 ¢ ock generator
and 8216 bus drivers

Flex-ability:
Meeting the diversified demands of an ever-

increasing microprocessor market requires
flexibility- not just hasdware flexibility but

softwars fEex bility as welk MIIS software,
inclucing he innovative Altair BASIC lan-
cuage dllows the full polential of the Altalr
8800t =ompduter to be realzed.

8K AUAIR 2ASIC hos faciliies br variable
lengtr stirggs with LEFTS, RESHTE and MIDS
functions, = concotenation op=raror, and
VAL AND SRS functions to convert between
strings and umbers.

Extendec AHAIR BASIC allows int=2ger, single
and ccubl= precision variables automatic
line numbsr ng and renumbering, user-
defined strng functions, PRINT USING for for-
matted swput and o powerful ECIT com-
mand fos e=it ng program fies during or after
entry. Ext=2rdded statements and commands
incluoe F. .. THEN . . EL3E LIST and DELETE
progranrlin2g, SWAP variabes and Tace On
and Of tor debugging.

Disk ALTAIR EASIC has cll the “eatures of
Extencec EASIC with the additionct capa-
bility ¢ mzintain sequential and random
access diss tiles. Utilities cre rovded for
formating eisks and printing directcries.

In all vesions of AUTAIR BASIC you get the
ease and eficiency of BASIZ for the soiution
o’ rea worlz problems.

Packoce i, an assembly larguage develop-
ment sysem for the Altair 8800D, includes
syster monstor, text editar, assemtlzr and
debug.

floppy disk, line 4 ",‘- 3

printes, aud o =2
cassete necord -
intefcce  AD

conwerter, ' .

ST P?‘;ﬂh!ﬁ,

74

PROMoregram- | ., SRR ... o o3 ,‘mim*. ,i' ey 15
mer, serial ard | & & T T o -l‘."mr‘ﬁ,'-' S T T Tt a
paraliel 1,0 beards, || I - = — e

i F : YL T . O ‘: FT

NOTE: Altair is a trademar« of Ml‘i’S, finc.
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Afford-ability:

Froes for the Altcir 8830k start at
&40.00 for a kit and $1700.20 for an
ass2mbled unit lal docurrentation
incuded).

Fra complete listing of grices on
¢ Altair products and a tree bro-
chure, contact:

MITS, Inc.
24£0 Alomo S.E.

i
l Abuquerque, N.M. 87706

(305} 243-7821




Meet The Digital Group

If you are seriously considering the purchase of a microcomputer
system for personal or business use...or just beginning to feel
the first twinges of interest in a fascinating hobby. .. the Digital
Group is a company you should get acquainted with.

For many months now, we've been feverishly (and rather quietly)
at work on our unique, high-quality product —a microcomputer
system designed from the inside out to be the most comprehen-
sive, easy-to-use and adaptable system you’ll find anywhere. And
our reputation has been getting around fast. In fact, you may have
already heard a little something about us from a friend. We've
found our own best salesmen are our many satisfied customers.

There’s a good reason. Simply, the Digital Group has a lot to offer:
state-of-the-art designs, a totally complete systems philosophy,
unexcelled quality, reasonable software, affordable prices and the
promise that our products will not become rapidly obsolete, even
in this fast-moving, high-technology field.

The Advantages
Here are a few specific advantages of our product line:

* We offer interchangeable CPUs from different manufacturers
(including the new “super chip”” —the Z-80 from Zilog) which
are interchangeable at the CPU card level. That way, your
system won't become instantly obsolete with each new design
breakthrough. The major portion of your investment in mem-
ory and I/O is protected.

* Digital Group systems are complete and fully featured, so
there’s no need to purchase bits and pieces from different manu-
facturers. We have everything you need, but almost any other
equipment can be easily supported, too, thanks to the uni-
versal nature of our systems.

* Our systems are specifically designed to be easy to use.
With our combination of TV, keyboard, and cassette recorder,
you have a system that is quick, quiet, and inexpensive. To get
going merely power on, load cassette and go!

(hecigtelgrowp )

P.O. Box 6528
Denver, Colorado 80206
(303) 777-7133

OK, Id like to get to know you guys better. Send me the whole package!

Name

Address

City/State/Zip

17

Clockwise from top left: Impact Printer, CPU, 9” Video Monitor, Cassette Storage System with Four Drives, Keyboard. Dual Floppy.

* Design shortcuts have been avoided —all CPUs run at full
maximum rated speed.

* All system components are available with our beautiful new
custom cabinets. And every new product will maintain the
same unmistakable Digital Group image.

The Features

Digital Group Systems — CPUs currently being delivered: Z-80 by
Zilog, 808DA/9080A, 6800, 6500 by MOS Technology .

All are completely interchangeable at the CPU card level. Standard
features with all systems:

* Video-based operating system

* Video/Cassette Interface Card
512 character upper & lower case video interface
(1024 optional)
100 character/second digitally synthesized audio
cassette interface

* CPU Card
2K RAM, Direct Memory Access (DMA)
Vectored Interrupts (up to 128)
256 byte 1702A bootstrap loader
All buffering, CPU dependencies, and housekeeping
circuitry

* Input/Output Card
Four 8-bit parallel input ports
Four 8-bit parallel output ports

* Motherboard
Prices for standard systems including the above features start at
$475 for Z-80, $425 for 8080 or 6800, $375 for 6500.

More

Many options, peripherals, expansion capabilities and accessories
are already available. They include rapid computer-controlled cas-
sette drives for mass storage, printers, color graphics interfaces,
memory, [/O, monitors, prom boards, multiple power supplies,
prototyping cards and others. Software packages include BASICs,
Assemblers, Disassemblers, Text Editors, games, ham radio
applications, software training cassettes, system packages and
more (even biorhythm).

Sounds neat—now what?

Now that you know a little about who we are and what we're
doing, we need to know more about you. In order for us to get
more information to you, please take a few seconds and fill in our
mailing list coupon. We think you’ll be pleased with what you
get back.

CIRCLE NO 7 ON FREE INFORMATION CARD
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A game of skill
and quick reactions

BY JAMES J. BARBARELLO

HE “Batter Up" electronic game de-
scribed here simulates the game of
baseball. It incorporates sufficient varia-
tions in “pitching” speed and changeups
to play the game without outgrowing it.
The strategy is to outfox your opponent
by determining which pitch is his weak-
ness.
The circuit makes use of the famitiar
555 IC timer, which works properly with
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a power supply of from 5 to 15 V d.c.
Low current drain—due in part to LED
blanking—allows standard-type bartter-
ies to provide many hours of play.

Game Orgeration. The game is
playec by wo people who alternate as
Pitcher and Batter. The pitcher's arsenal
consists of a left curve, right curve, and
straight balis. Each can be slow, fast, or
one of two changeups (a total of 12 dif-
ferent pitches). The “ball” is thrown and
travels its pitcher-determined route to
end up over home plate. The batter must
decide from which direction the balil is
coming and "hit” it as it passes over
home plate by depressing a switch gor-

responding to that direction (i.e., left,
center, or right bat). If the batter
“swings'” too early or too late, it's a
strike. If the batter hits the ball and
kezps the bat depressed, a hit will be
cisplayed. The type of hit (single, dou-
ble, etc.) is chosen essentially at ran-
dom, but the batter's chances for each
type of hit are the same as an average
.300 major-league hitter.

Ta make the game more realistic (and
intzresting), the batter can also hitinto a
double play (counts as one out if no men
are on base). If the batter tries to cheat
and depress more than one bat simul-
taneously, more than one home plate
LED will light, indicating that a foul ball is
to be counted. A control on the playing
field allows the players to decide if they
wishi to play in the Littlte, Minor, or Major
leagues. You can also add an option
that provides an audible signal (a short
beer) each time someone gets a hit.
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Fig. 2. Audible hit indicator option. When IC1 is on,
the tone is heard from IC2 in the form of a Y4-sec. beep.

PARTS LIST

B1—9-V battery

Ci, C2, C5,C6—0.01 pF, 25-V disc ceramic
capacitor

C3—0.1 pF, 25-V disc capacitor

C4—2.2 uF, 16-V electrolytic capacitor

IC1, IC2—NES55V IC timer (or equiv.)

The following resistors are ¥4-W, 10% toler-
ance. .

R1, R2—100,000 ohms

R3--2.2 megohms

R4—47,000 ohms

R5—4800 ohms

S1—S.p.s.t. switch

Spkr.—2" dynamic speaker (Radio Shack
40-245 or equiv.)

P1—Miniature phone plug

Misc.: Suitable enclosure (Radio Shack
270-230 or equiv.); 9-V battery clip; tape or
epoxy; printed circuit board; hook-up wire;
solder, etc.

About the Circuit. The circuit is com-
posed of a number of timers in the mo-
nostable (one shot) mode. Bas\ically, a
trigger input causes an output puise
whose width is determined by the value
of a timing resistor and capacitor.

PARTS LIST

B1-B4—1V2-volt **C"’ cells

C1-C14, C16-C22, C24-C28—0.1 pF, 25
disc capacitor

C15, C23—0.01 pF, 25 V disc capacitor

IC1-IC9—NES55V IC timer (or equiv.)35\

LEDI-LED15—TIL-32 LED (or equiv.) 7.°0C

Q1, Q2—2N5129 (or equiv.) {.CO

The following resistors are ¥4-W, 10% toler-
ance unless otherwise noted:

R1, R3, R5, R7, R20, R22, R24, R26
R28—100,000 ohm

R2, R4, R6, R8—470,000 ohm ,2.%

R9-R12,R30-R34—2200hm g

R13-R19—10,000 ohm  ,5¢

R21—86,000 ohm .

R23, R25—390,000 ohm . 28

R27—68,000 ohm 1.5

R29—220,000 ohm . 2> “‘b

R35—2 megohm, ¥2-W linear-taper pot |.6C

S1—S.p.s.t. momentary pushbutton switch
(normally open)

$2,S3—S.p., 3-section, 12-pos. rotary switch

S4, S5, S6—Momentary pushbutton switch,
normally open (Poly Paks 92CU1749, spec-
ify ")

S7—S.p.s.t. switch

J1—Miniature phone jack (if Sound Option is
used)

Misc.—4" x 214" x 215" enclosure (Radio
Shack 270-231 or equiv.); 734" x 434" X
238" enclosure (Radio Shack 270-232 or
equiv.); 5 1/16" x 294" x 134" enclosure
(Radio Shack 270-233 or equiv.); four **C*’
cell battery holder (Radio Shack 270-390 or
equiv.); 12-conductor flat cable (3 feet); sol-
der; printed circuit board; etc.

Note—The following are available from
J.A.L. Associates, P.O. Box 107, Eaton-
town, N.J. 07724: Etched and drilled main
pe board (specify B-UP) $8.95; etched and
drilled set of three pc boards (main, Batter’s
Box..and Sound Option, specify B-PKG)

-$10.60. Price includes shipping. Alow 3 to
6-weéeks for delivery. N.J. resdents add 5%
sales tax.
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Etching and drilling guide for
main pc board of Batter Up.

The schematic diagram for Batter Up
is shown in Fig. 1. When S7 is momen-
tarily depressed, it triggers IC1, which
produces a 0.05-second-wide pulse at
pin 3. The pulse is capacitively coupled
to pin 2 of IC2. The negative edge of the
pulse triggers IC2 and the process pro-
ceeds down the line. Switch S3 grounds
the cathodes of one of the three LED
banks and one side of either S4, S5 or
S6. The grounded LED bank will light in
sequence. The switch corresponding to
the lighted LED bank must be de-
pressed in order to ground voltage divid-
er R13-R14 and stop the sequence. As
an example, assume S3 is in position 1.
When S71 is momentarily depressed,
LED1, LED2, LEDS, and LEDS will light
in turn. If S4 is depressed before C6
charges up to two-thirds of the supply
voltage, the sequence will stop at LEDS,
which will remain lighted as long as S4 is
closed. Depressing S4 after LEDS8 is ex-
tinguished has no effect. Depressing S4
after IC4 is triggered and before C8
reaches two-thirds of the supply voltage
(while LEDS8 is on), LED8 will stay on
and the junction of Q2 and R19 will be
grounded. Transistors Q1 and Q2 will
now saturate, causing point C to go to
ground and point D to go to half of the
supply voltage. These two voltages are
routed to the ring counter made up of
IC5 through IC9. The ring counter is ini-
tiated when power is applied, but since
the LED cathodes are at V+, they do not
light. When the voltages at points C and
D are applied to the ring counter simul-
taneously, the voitage at point D halts
the counting. Point C then grounds the
cathodes of the LEDs, causing the LED
corresponding to the one timer in the
high state to light.

The time constants associated with
the ring counter stages produce the fol-
lowing probabilites of occurrence
(expressed as percentages): sin-
gle—66.67%; double—13.34%; tri-
ple—3.34%; home run—10%; and dou-
ble play—6.67%. The probabilities are
independent of each other and of previ-
ous occurrences. The rate of counting
makes the selection process sufficiently
random.

The pitching adjustment for Little, Mi-
nor, or Major League is made with R35.
The charging time for IC4 is adjustable
from 0.05 second (charging resistor =
470 k) to 0.275 second (charging resis-
tor = 2.47 meg.). Thus, the time the
home plate LED is lighted is 52 times
longer in the Little League than it is in
the Majors. Potentiometer R35 is con-
tinuously variable so that adjustment to
times between the indicated positions is
possible. This potentiometer only ad-
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116" DIA.

DO NOT DRILL 4
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6 Fig. 4. Etching and

drilling guide and

REMAINING PADS 54

S6

parts placement for
Batter’s Box. Note
that switches are
mounted on pc board.
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Fig. 5. Shown is switch wiring guide for Batter’s Mound.

justs the “on” time for IC4-generated
fast balls; slow balls still travel at the
same speeds. The league selection al-
lows everyone—from small children to
the super-star—to play the game and be
challenged by it.

A simple, but useful, option.is an audi-
ble hit indicator. In Fig. 2, IC2is an oscil-
lator operating at about 2.5 kHz. Power
is applied to the oscillator only when pin
3 of IC1 goes high. (Timer IC1 is a one-
shot with an “on” time of about ¥4 sec-
ond.) When a hit occurs, point C is
grounded. This negative step is integrat-
ed to a pulse by C1 and C2, triggering
IC1. When IC1 is on, the tone is heard
from IC2 in the form of a l4-second
beep.

Construction. Batter Up has been
configured as three separate enclo-
sures: a pitcher's mound, a batter's box,
and a playing field. Each encliosure is a
standard Bakelite box. Printed-curcuit
construction makes assembly easy, but
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the components could also be mounted
on a perforated board. If you choose
perf-board, you can use the components
placement diagram as a guide.

The'playing field box is 734" x 43&" x
23" (19.7 x 11.1 x 6 cm). The top plate
is drilled in accordance with the photo of
the prototype. All lettering can be trans-
fer type, while linework and figures can
be made with an indelible-ink felt-tip
pen. Once the marking is compieted, a
light coat of spray varnish will protect it
from marring. All LED's can be mounted
directly on the main pc board. Suitable
etching and drilling, and component
placement guides are shown in Fig. 3.
The pc board is mounted in the box on
machine-screw standoffs so that the
LED's protrude about " (3.2 mm)
above the top plate. The battery holder
is mounted under the pc board and the
power switch on the side of the case.
Two holes are drilled—one on each of
the short sides of the case—for the
wires going to the Batter's Box and
Pitcher's Mound.

Pt v+

e-R3—e
—Cl—o —C3—e
*—-R|—e ! e-C2—8
e—R2—e o —————GND

o———SPKR

—(C5—e I +
o-C6—o \04’
*—R5—e =
*—R4—e

Fig. 6. Etching and drilling
and parts placement
guides for Sound Option.

Inter-unit wiring is best done with a 3-
foot length of flat cable (12-conductor is
satisfactory). This cable is extremely
flexible and will not interfere with play. A
7-conductor piece and a 4-conductor
piece are also required (both can be ob-
tained from the 12-conductor piece).

The Batter's Box includes switches
S4, S5, and S6. Calculator switches
have been chosen as they seem to be
best for most people's reactions. A rec-
tangular cutout 5" x 15/16" (1.3 x 2.4
cm) is made in the top plate. The
switches mount on the pc board, as
shown in Fig. 4. This arrangement holds
them in place. The cable enters the case
through a hole drilled on one of the short
sides and the four leads are soldered to
the undrilled pads. Once wired, the pc
board can be secured to the top plate
with tape or a few dabs of epoxy. The
caseis 4" x 214" x 2V4" (10.2x5.7x5.7
cm). Lettering is the same as for the
playing field.

The Pitcher’'s Mound uses a 12-posi-
tion, 3-section, single-pole rotary switch
and is wired as shown in Fig. 5. Again,
the cable enters the 5-1/16" x 2%" X
154" (12.9- x 6.7- x 4.1-cm) case through
a hole drilled in one of the short sides.

Sound Option. If you plan to add the
sound option, mount a miniature (8" or
3.2-mm) phone jack in the playing field
box next to the batteries and under the
main pc board. Connect it to the sound
option pads on the main board. A sepa-
rate 9-volt battery is used to power the
option. Suitable printed circuit etching
and drilling, and parts placement guides
are shown in Fig. 6. A 2" (5.1-cm) speak-
er is used. It can be taped or epoxied to
the 314" x 28" x 114" (8.3- x 5.4- x
2.9-cm) case top plate after it has been
drilled and lettered. A miniature phone
plug can be mounted directly in the bot-
tom side of the case to mate with the
playing field jack.

Use. Although it may appear to be easy
to get a hit, advancing the League set-
ting increases the difficulty. Only the ba-
sic rules for a hit, strike, foul, out, etc.
must be understood before play can be-
gin. You will soon notice how analogous
Batter Up is to actual baseball in terms
of pitcher strategy, batter's hand-eye
coordination, and overall competitive
spirit generated during play.

As with any other battery operated de-
vice, the game should be turned off
when not in use to preserve battery life.
When the LED’s become dim and pitch-
ing cannot be initiated with the pitch
switch, it is time to change the batteries.
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EVERY PROJECT
IS ANOTHER REASON

Design and test circuits as fast as you can think —
with CSC Proto-Board® Solderless Breadboards.

As quick as pushing in or puiling out components, you can design, test, and modify all kinds
of circuits, with CSC Proto-Boards. Sockets are already mounted, on sturdy metal
ground/baseplates with non-marring feet. They're great for a wide variety of audio and
digital projects, and you save money by using components over and over again.

PB-100 Kit— 760 solderless tie points: ten 14-pin DIP capacity. 140
five-point terminais plus 2 bus lines of 30 tie-points each. Comes
with pre-assembled sockets, two 5-way binding posts, base-plate,
all hardware. 4.5"W x 6"L x 1.4"H (114 x 152 x 35mm); 7.5 0z. (.21
Kg). Price: $19.95

EXTRA LARGE CAPACITY
FOR MORE COMPLEX CIRCUITS!

PB-103—2250 solderless tie points: twenty-four 14-pin DIP
capacity. 354 five-point terminals plus 14 bus lines of 50 tie-
points each, plus 2 bus lines of
40 points. 6"Wx 9"L x 1.4"H
(152 x 229 x 35mm); 1.25Ib.
(.67 Kg). Price: $59.95.

PB-101—940 solderless tie points: ten 14-pin DIP

capacity. 140 five-point terminals plus 8 bus lines

of 30tie-points each. 4.5"W x 5.8"L x 1.4"H {114 x
147 x 356mm); 9 0z. (.26 Kqg). Price: $29.95

PB-102— 1240 solderless tie points: twelve 14-pin
DIP capacity. 188 five-point terminals plus 6 bus
lines of 40 tie-points each and 2 bus lines of 30
points. 4.5"W x 7"'L x 1.4"H (114 x 178 x 35mm);
10 0z. (.31 Kg). Price: $39.95

PB-6 Kit—630 solderless tie points: six
14-pin DIP capacity. Economical way to get
Proto-Board speed and convenience. 94
five-point terminals plus 4 bus lines of 40
tie-points. Comes with pre-assembled
sockets, four 5-way binding posts, base-
plate, all hardware. 10 minute assembly
with pliers and screwdriver.

6"L x4"Wx 1.4"H {152 x 102 x 34mm);

7 0z.(.20KQ). Price: $15.95

PB-104—3060 solderless tie
points: thirty-two 14-pin DIP
capacity. 472 five-point termi-
nals plus 14 bus lines of 50 tie-
points. 8"W x 9.8"L x 1.4"H
(203 x 248 x 35mm); 1.75 Ib.
(.79 Kg). Price: $79.95.

Now, breadboard in any direction! With EXPERIMENTOR™ sockets, the
breadboarding system that gives you more flexibility for less dollars!

Top View
2 E EEXPERIMENTO&M
600y m
] == — P
o ==Pmmmmmmmmm

Bottom View

m

Sockets lock together. snap apart.

to handie any circurt

Arrange EXPERIMENTOR
sockets to suit your circuit
instead of rearranging your
circuit to fit the breadboard.

Discover the ease and convenience of
solderless breadboarding. CSC
EXPERIMENTOR* sockets let you
design, assemble and modify circuits
as fast as you can push in or pull out
components.

¢ | arge Capacity—Large sockets have
550 solderless tie points (94 five-point
terminals) plus two 40-point bus strips.
¢ Full Fan-Out—A CSC exclusive. The
only solderless breadboard sockets
with full fan-out capabilities for micro-

processors and other larger (0.6") DIP's.

* Snap-together in a domino pattern—Arrange EXPERIMENTOR
sockets to suit your circuit. Expand or contract at will.

* Simple Mounting—Vinyl insulated backing lets you mount EXPER-
IMENTOR sockets anywhere without shorting. Mount to any flat
surface with 4-40 flat head screws or 6-32F self-tapping screws for

behind-the-panel mounting.

* Accepts All Standard Components—Sockets conform to 0.1" grid
and are DIP compatible. Accepts IC's, diodes, resistors, capacitors,

transistors, etc.

Use #22-30 solid AWG wire interconnections.

*US Pat No D235 554

<— EXPERIMENTOR™ 300

» »

.3" centers, perfect
tor smaller DIiP's.
Ideal mate for
peripheral
microprocessor IC's.
6.0" x 2.1" overall
Just $9.95

EXPERIMENTOR™ 600 —» 5
6" centers, perfect i
for microprocessors,
clock chips, RAM's.
ROM's, and PROM's.
6.0" x 2.4" overalt 53
Just $10.95

TIE POINTS

Center 5 Tie Points Bus
Model Length Width Channel Terminalst Stripst Price

300 6.0" 21" 3" 94 (470} 2 (80) $9.95

600 60" 2.4" 6" 94 (470) 2(80) $10.95

350 35" 21" i3 46 (230) 2(40) $5.50
6"

» ]
P,

SPECIFICATIONS

650 3.5" 2.4" 46 (230) 2(40) $6.25
Quad 6.0" 0.75" — 4(160) 3400

Both units are .375" deep
1 Number in parentheses refers to total number of tie-points

CALL OR WRITE
FOR FULL LINE CATALOG
AND THE NAME
OF YOUR CSC DEALER.

All Prices Shown are Manufacturer's Recommended List. Prices and Specifications Subject to Change Without Notice,
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IN THIS BOOK
TO READ THIS AD.

Proto-Boards
with Built-In
Regulated
Power Supplies!

For extra
convenience
and
breadboarding
speed!

PB-203—Same capacity and layout as PB-103. p/us short-proof.
fused 5VDC. 1A regulated power supply Ripple and noise are a
low 10mV at 0 5A Has on-off toggle switch and pilot ight plus four
5-way binding posts (2 for power) 9 75"L x 6 6"W x 3 25"H (248 x
168 x 83mm). weighs 51b (2 27 Kg) For 117VAC. 50/60Hz
(220VAC available at shightly higher cost). Price $80 00

PB-203A—All PB-203 features plus separate regulated +15VDC
and —15VDC, 0.5A supplies, with internally and independently
adjustable output voltage. Same size as PB-203; 5.5 Ib. (2.5 Kg).
For 117 VAC, 50/60 Hz (220 VAC, 50/60 Hz at slightly higher cost).
Price: $129.95

All Prices Shown are Manufacturer's Recommended List.
Prices and Specifications Subject to Change Without Notice.

LOGIC PROBE LP-1.

Compact, self-powered, multi- family probe with pulse

stretching and latching (memory)

capability for DTL, TTL, HTL, and
CMOS. By means of unique cir-
cuitry that combines the functions
of a pulse detector, stretcher and
memory, the LP-1 makes one-shot,
low-rep-rate, narrow pulses —nearly

impossible to see, even with a fast

scope—easily detectable and visible.

Input events —positive and negative level

transitions. pulses, etc. —are automatically

detected by the LP-1's specially-designed input

circuits. Pulses as narrow as 50 nanoseconds

are stretched to %5 second and by simply setting

the PULSE MEMORY switch to the MEMORY

position, single-shot as well as low-rep-rate events

can be stored indefinitely.

Toinsure long trouble-free service, the LP-1 incorporates

a rugged, high-impact plastic case, built-in strain relief

power-cable, reverse polarity and over-voltage protection.

Price: $44 .95.

HIGHLIGHTS:

«Hland LO LED's blink on and off, "tracking™ "1" and "0~

states at square wave frequencies up to 100Hz.

* PULSE LED blinks on for ¥ second during pulse trains.

» With square waves of up to 100KHz both Hiand LO LED's

will be activated; PULSE LED will blink continuously at 3Hz

rate to indicate level transitions.

« With duty cycles of less than 30%, LO LED will light, in

addition to PULSE LED blinking at 3Hz.

* With duty cycles of more than 70%, HI LED will light, in

addition to PULSE LED blinking at 3Hz.

* Input impedance is 100,000 ohms for minimum circuit

loading.

» Maximum input signal frequency is 10MHz.
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CIRCLE NO. 4 DN FREE INFORMATION CARD

MEET MAX-100

CSC's 100 MHz 8-digit Audio /CB /RF/Digital counter.
At $134.95, nothing else does so much

for so little.

*MAXimum frequency range —20Hz-100MHz

*MAXimum CB performance —ideal for CB applications

* MAXimum visibility —big, bright, 0.6" 8-digit LED display

*MAXimum accuracy —crystal-controlled timebase

*MAXimum operating ease —automatic, no controls to set

*MAXimum range of applications —use for audio through
ultrasonic through RF: AM, FM and digital

*MAXimum portability —completely self-contained

*MAXimum versatility —use with clip-lead cable, in-line tap,
mini-whip antenna, etc.

*MAXimum flexibility —choice of four power sources

MAX-100 is a portable, high-precision frequency counter
that sets new standards in performance and value. In a
compact, portable case, it gives you continuous readings
from 20Hz to a guaranteed 100MHz, with 8-digit accuracy.
Fast readings with 1/6-sec. update and 1-sec. sampling
rate. Precise readings, derived from a crystal-controlied
time base with 3ppm accuracy. High-sensitivity readings
from signals as low as 30 mV, with diode overioad protection
up to 200V peaks.

Input signals over 100MHz automatically flash the most
significant digit. And to indicate low-battery condition and
extend remaining battery life, the entire display flashes at
1 Hz. Price: $134.95

SPECIFICATIONS

Range: 20 Hz to 100 MHz. guaranteed. Gatetime: 1 sec.
Resolution: 1 Hz. Accuracy: = 1 count + time base error.
Input Impedance: 1 M/56pF. Coupling: AC. Sine Wave
Sensitivity: 30 mVRMS @ 50 MHz. Internal Time Base
Frequency: 3.579545 MHz x tal osc. Setability: = 3 ppm @
25°C. Temp-Stability: Better than 0.2 ppm/°C, 0-50°C.
Max. Aging: 10 ppm/year. Display: Eight .6" LED digits.
Lead-zero blanking: decimal point appears between 6th and
7th digit when input exceeds 1 MHz. Overflow: with signals
over 99,999,999 Hz, most significant (left hand) digit flashes,
allowing readings in excess of 100 MHz. Display update:
1/6-second plus 1 sec. gate time. Low Battery Indicator:
When power supply falls below 6.6 VDC, all digits flash @ 1 Hz.
Power: 6 AA cells (internal); External: 110 or 220 VAC
Eliminator/charger: Auto cigarette lighter adapter: 7.2-10VDC
ext. supply: Bat. Charging: 12-14hr. Size (HWD): 1.75" x
563" x 7.75" (4.45 x 1430 x 19.69cm.) Weight: Less than
1.51b. (0.68 Kg) w/batteries.

CONTINENTAL SPECIALTIES CORPORATION

=0

70 Fulton Terrace, Box 1942, New Haven, CT 06509
203-624-3103. TWX 710-465-1227
West Coast: 351 California St., San Francisco, CA 94104
415-421-8872. TWX 910-372-7992
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ERE IS a power supply package

incorporating a number of fea-
tures which make it not only unique
.but extremely useful. First of all, the
package includes three separate
power supplies. Two of these are iden-
tical and are designed to supply inde-
pendent operating voltages for trans-
istor and integrated circuits—one can
be used as the positive supply, the
other negative. Each has an output
capability of up to 15 volts at 0.75 am-
pere, and the adjustable output vol-
tage is regulated to 0.1% or better.
Thesetwo supplies are completely iso-
lated from one another, which makes
it possible to stack them for higher
output volitage or to operate them at
different ground levels. (Parallel oper-
ation of the two supplies is not re-
commended since the very least vol-
tage difference between them causes
undesirable interaction between the
two.) The supplies are generously
over-rated and can be operated at
maximum capacity on a continuous
basis without overheating.

The third supply is similar to the
other two except that it has a higher
output voltage and current capa-
bilities. This supply is also very well
regulated, is adjustable, and will sup-
ply up to 50 volts at one ampere. The
lower limit of voltage outputis approx-
imately 8 V. This characteristic is in-
trinsic in the design. No attempt was
made to incorporate an adjust-to-zero
output capability because of the
added complexity and lack of need to
operate very near zero. (The minimum
output of the other two supplies is
about 1.5 V). This supply is handy for
performing odd jobs in conjunction
with the circuit under test, such as
powering a small motor, heater, etc. or
part of the circuit that requires higher
power. It can also be used as a battery
charger at 24 or 36 volts.

All three supplies have adjustable
current-limiting circuits and output-
voltage limiting capability. The cur-
rent limiting can prevent destructive
conditions in case of accidental short-
ing or overloading of a circuit. This
feature also lends itself to operation of
the supplies as constant-current
sources, with the current level being
adjustable over a wide range. Over-
voltage limiting was added as a result

THREE-WAY
POWER SUPPLY

Two 0-15 volts at 750 mA and one 50 volts at
1 ampere supplies have both voltage
and current limiting.
BY J.R. LAUGHLIN

to switch back and forth. The current
meters are dual-range due to the wide
range of currents available. Each sup-
ply also has an indicator light that
goes on when either current or over-
voltage limiting occurs.

Circuit Operation. The two low-
voltage supplies are identical, using
an integrated circuit as the regulating
device (Fig. 1). The IC drives a power
transistor, 04, to provide the output
current. The IC contains a very stable
voltage-reference source and a sensi-
tive error-detecting amplifier. Regula-
tion is accomplished by comparing
the output to the reference and any
discrepancy is corrected by the error
amplifier. Adjustment of the output
voltage is accomplished by varying
the amount of the output that is fed
back to the error amplifier (pin 4)
through R77. The reference voltage is
on pin 6 of the IC. It is divided by R2
and R3 and applied to the second
input to the error amplifier (pin 5).

Current output level is monitored by
Q17 with feedback through R7. The set-
ting of R75 determines the amount of
feedback. When the feedback is suffi-
cient for Q7 to turn on, a signal is
supplied to pin 2 of the integrated cir-
cuit to adjust the output.

Voltage output is monitored by Q2
with feedback through R9. The setting
of R16 determines the amount of
feedback and when it is sufficient to
turn on Q2, Q1 also turns on, supply-
ing the limiting signal to the IC.
Whenever this signal is supplied to the
IC, it sends a signal to the base of Q3,
which turns on limiting indicator /1.

Instead of an IC, the high-voltage
supply uses transistors throughout
(Fig. 2). The voltage reference is pro-
vided by zener diode D2. Comparison
of the reference to the output level
from R715 is made by Q2 The current
output is monitored by Q4 with feed-
back determined by R77. If Q4 is
turned on, Q5 is turned on to change
the output (through Q3) and also to

€ LIMIT ADJUSTY

‘9% b

@0 & |

of the destruction of IC's due to ad- @ e
justment of previous supplies to too i - Seate
high a voltage level.

Each supply has its own meters for
continuously monitoring its voltage
and current output so there is no need
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HEP715

Q2
HEP709

PARTS LIST*

C1—10-pF, 20-volt electrolytic capacitor

C%—0.01-puF ceramic capacitor

C3—100-pF ceramic capacitor

C4—4-pF, 20-volt electrolytic capacitor

C5—20-yF, 20-volt electrolytic capacitor

[1—28-volt, 40-mA lamp (Dialco 507-
3917-1471-600 or similar)

IC1—IC voltage regulator (723)

J1,J2—5-way connector (red, black)

M1—100-mA meter (Monarch PMC75 or

similar)
5 ON PC M2—0-15-volt meter (Monarch PMC11S
HEP$9100 BoarD. or similar)
RIO t Ql—Transistor (HEP715, 2N5367)
| Q2—Transistor (HEP709, 2N 5249)
| Q3—Transistor (HEPS9100, 2N 5308)
e Q4—Transistor (HEP703, 2N3055)
Resistors—All ‘-watt, 10% tolerance
unless otherwise noted.
R1,R3—1500-ohm
R2—3900-ohm
= R4,R5,R7,R9—1000-ohm
| R6—22,000-ohm
) ! R10—100-ohm
l N | R 11—470-ohm
. TR : R12—1-megohm
] ! R13—0.3-0hm
| : R14—Meter shunt (see text)
: | R 15—10-ohm wirewound potentiometer
I | R16—250,000-ohm carbon potentiometer
FAVAM MM ! : R17—10,000-ohm, 10-turn potentiometer
sgo'} M e ___ ] Si—Spst switch
LIMIT o ¥ - *Two of each required
Rl TRIT s! Fig. 1. Low-voltage supply (of which
4700 10K %*
ouTPUT M2 C’VDI'SIOM Ri4 there are two) uses an IC regulator.
LEVEL ey Automatic voltage and current
* limiting circuits activate the
YL =Sz indicator lamp 11.
NOTE: DO NOT USE CHASSIS AS COMMON l|+
J20com +(LJI
turn on Q6 and energize the indicator  struction, installation, and future tached to the rear panel to increase

light. Voltage output is monitored by
Q7 with feedback from R16. WhenQ7
turns on, Q4 turns on as for current
limiting.

Conventional transformer and
full-wave rectifier circuits are used to
power each supply as shown in Fig. 3.
The individual transformers provide
complete isolation between the
supplies. Note that each supply is in-
dependent and their commons are not
connected to chassis ground.
Construction. Any type of enclosure
can be used for the three-way supply.
In this case a Bud CU-7127 cabinet
was used and the bottom plate was
constructed of %" aluminum, drilled
for the three large capacitors. The
power supply rectifiers were mounted
on their own small board under the
bottom plate. In the prototype a two-
sided PC board was used for the elec-
tronics of all three supplies. The board
was mounted in an 18-pin double
readout card connector. it might be
preferable to assembie each regulator
on a separate board for ease of con-

1978 Edition

maintenance.

The rear-panel heat sink should be
made of aluminum at least %" thick
and perferably ¥4". The output transis-
tor for the high-voltage supply was
mounted on a separate heat sink at-

VOLTMETERS
HIGH Low
e \

the surface area.

The current meters require shunts
for 1-ampere operation (R72 and R74).
These shunts can be wound easily by
hand using #28 enameled copper wire
and a 1-watt carbon resistor (any val-

LIMIT ADJ.
HIGH LOW

/

Arrangement of component in prototype of triple power supply.
Three electronic regulators are mounted on double-sided circuit board.
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PARTS LIST

C1,C2—10-pF, 20-volt electrolytic ca-
pacitor

C3—20-pF, 50-volt electrolytic capacitor

DI1—15-volt zener diode (HEPZ0225)

D2—6-volt zener diode (HEPZ0214)

11—28-volt, 40-mA lamp (Dialco 507-
3917-1471-600 or similar)

J1,J2—5-way connector (red, black)

QI1—Transistor (HEPS9100, 2N 5308)

Q2,Q5-Q7—Transistor  (HEPS0001,
2NS5550)

Q3—Transistor (HEPS3021, MPSU03)

Q4—Transistor (HEP710, 2N 5400)

Q8—Transistor (HEP241, 2N5069)

Resistors—All ¥5-watt, 109% tolerance un-
less otherwise noted.

R1,R2—3300-ohm

R3,R8-R10—1000-0hm

R4-R6—10,000-0hm

R7—470-ohm, 1-watt

R11—0.3-0hm

R12—Meter shunt (see text)

R13—270,000-ohm

R14—470-0hm

R15—10,000-ohm, 10-turn potentiometer

R16—10,000-ohm carbon potentiometer

R17—10-ohm wirewound potentiometer

S1—Spst switch

Fig. 2. The 50-volt supply is all
transistor and also has current
and voltage limiting.

Q6
HEP $000I

ON PC
OR PERF
BOARD

RI6
10K 10K
OUTPUT VOLT
3 VOLTAGE LIMIT
3RI4 LEVE RI33
Za70n 270K3
3 3

I
LimIT

)
gt 3
LLESROI R [ o 3!
Ir Q8 i 2T
] HEP 24| AAMAMA =t
I RII |
| .30
| : S| :
! I mo ¥*gp3
| | | 100ma 2
| | poen
et - \:/ I

NOTE: DO NOT USE CHASSIS AS COMMON

0-509 s
g2
. -O

M SEE TEXT coMm

ue) for the form. Of course, shunts can
be purchased for most high-quality
meters, but it is possible to wind the
shunts for less expensive models.

mounted directly from the ammeter
terminais to the shunt switch termi-
nals. The 0.3-ohm resistors (R77 and
R13) can be mounted on the bases of
the transistor sockets.

The ammeter shunts should be

TI

T2
F2
1728

RECT |
MDAS20A3 +

24v

24V

com

T3 RECT 3
03 MDAS20A3 +
1728 rT
SR X HIGH
2 c3
Sk ~TRC3 (voLT.
l;F
COM
3 I
st
117VAC
CHASSIS

Fig. 3. The three independent
power supplies are conventional
bridge-rectifier circuits.

PARTS LIST
C1,C2—1000-pF, 50-volt
capacitor
C3—3500-pF, 75-volt electrolytic ca-
pacitor
F1-F3—Y2-ampere 3AG fuse and holder
11—117-volt neon lamp assembly
RECTI1-RECT3—MDA920A-3
rectifier
R1,R2—3900 ohm, 2-watt resistor
R3—10,000-ohm, 1-watt resistor

S1—Dpst switch

T1,T2—Transformer, 24-V, 1-A (Triad
F46X or similar)

T3—Transformer, 40-V, 1-A (Triad F92A
or similar)

Misc.—Suitable cabinet (Bud CU7127 or
similar), aluminum panel 3/, thick
(Bud PA3102 or similar), heat sink
3"x4"x 1", mounting hardware, line
cord, power transistor insulators, ter-
minal strips, capacitor mounts, knobs,
etc.

electrolytic

bridge

The C5 capacitors inthe low-voitage
supplies and C3 in the high-voltage
supply should be mounted directiy on
the output binding post behind the
front panel. Use tie-points to hold R77
and R72 in the low-voltage supplies
and R73 and R74 in the high-voltage

supply.

Checkout. Check the rectifier cir-
cuits before connecting all the rest of
the circuits. If the rectifiers are all
right, connect the regulator circuits.

It is strongly suggested that, when
first testing the high-voltage supply, a
Variac (or similar source) be used to
provide alow voitage input at the start.

An oscilioscope shouid be used to
detect any tendency of the supplies to
osciliate. This should be done at sev-
eral current and voltage output levels.
Reguiation can be observed by using
various values of load resistors on the
supplies. The low-voltage supplies
should reguiate to within about 0.2%
or better from zero to full load. The
current-limiting circuit will hold the
output current to the preadjusted level
regardiess of the value of the load.@
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INCOME OR A CAREER

Career opportunities are
opening up fast for the man
trained in communications.

The field of communications is
bursting out all over. In Citi-
zens Band alone, class D
licenses grew from 1 to over
2.6 million in 1975, and the
FCC projects about 15 million
U.S. CB'ers by 1979. That
means a lot of service and
maintenance jobs . . . and NRI
can train you at home to fill
one of the countless career
jobs available in design, instal-
lation and maintenance of
communications equipment.
Start training now, the NRI
way, to get your all important
FCC Radiotelephone License
and qualify for one of these
openings.

Learn on your own 400-
channel, digitally-synthe-
sized VHF transceiver

The NRI Complete Communi-
cations Course teaches you at
home to service and adjust all
types of two-way radio equip-
ment (including CB), using the
one unit that is best equipped
to train you for CB, Commer-
cial and Amateur communica
tions: a digitally-synthesized
400-channel VHF transceiver

1978 Edition

and AC power supply. This 2-
meter transceiver gives you
“Power-On"" training. Then we
help you get your FCC Ama-
teur License with special
instructions so that you can
go on the air.

More know-how for your
dollar

The complete program includes
48 lessons, 9 special reference
texts, and 10 training kits.
Included are: your own elec-
tronics Discovery Lab, a new
Antenna Applications Lab, an
Optical Transmission System,
CMOS Digital Frequency
Counter, and TVOM. The
course covers AM and FM
Transmission Systems; Radar
Principles; Marine, Aircraft,
and Digital Electronics; and
Mobile Communications. You
must earn your first class
radio- telephone FCC license
or you get your money back.

CB Specialist Course also
available
NRI offers a specialized course
in CB Servicing. You get 37
lessons, 8 reference texts
your own CB transceiver, AC
pcwer supply and multimeter
for hands-on training. Also
included are 14 coaching units
to make it easy to get your
commercial
radiotele-
phone FCC
license, enabl-
ing you to test,
install and
service com-
munications
equipment.

Widest choice of courses
with Quadraphonic Audio
and Color TV Servicing
NRI offers five TV-Audio ser-
vicing courses as well as
career courses in Digital Com-
puter Electronics; Marine and
Aircraft Electronics; Mobile
Communications, and more.

Over a Million have
enrolied with NRI

Send for the free NRI catalog
and discover why more than a
million people like yourself
have chosen the NRI way as
the right way to get ahead.
Read how you learn at home
from bite-size lessons, progress-
ing at your own speed to your
FCC license and then into the
communications field of your
choice. There’'s no obligation,
and no salesman will call.

If card is missing, write to

NRI NRI SCHOOLS

] y‘ McGraw-Hill Continuing
G

Education Center
3939 Wisconsin Avenue
Woshington, D.C. 20016
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An experimenter’s guide to programmable ROM’s —
what they are and practical applications for them.

BY ROBERT D. PASCOE

ROGRAMMABLE read-only mem-

ories are unique among the dig-
ital integrated circuits readily avail-
able to experimenters. What makes it
unique is thatitis user programmable.
You decide what you want the PROM
to do and program it to do just that.
The only “tools’ you need are a pair of
regulated power supplies, some
switches, and a resistor. The pro-
gramming procedure itself is outlined
later on in this article.

The PROM is one member of the
standard ROM family of memories.
Once it is programmed, its memory is
nonvolatile. which means that, if
power is removed from and then reap-
plied to the PROM, the stored informa-
tion remains intact. By contrast, a
RAM (random-access memory) has a
volatile memory; if power is inter-
rupted, when it is again applied, what-
ever information was stored in the
memory will be erased.

The ROM (and PROM) can be made
from bipolar transistors, in which case
it is called a bipotar ROM. It can also
be made from metal oxide semicon-
ductor devices, which makes it a
MOS-ROM. Whichever type it is, the
ROM is a digital device that “‘remem-
bers” information on the standard bi-
nary format of 1's and 0's. The logic
levels remembered by the bipolar
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ROM are the same as those used in
TTL circuits, whereas the levels re-
membered by the MOS-ROM are de-
termined by the supply voltage re-
quired by the device itself.

Organization. An important charac-
teristic of the ROM is its organization.
The ROM remembers quantities of bi-
nary ‘“bits” that are organized into
“words.” Each word has a certain
number of bits. For example, one type

wiq

le—-

1

{LOGIC GATES)

ADDRESS LINES
>
I
DECODER

1

A4—1

ONE OF
256 CELLS

Fig. 1. Paitial diagram shows
only tiwo of 256 memory cells
available in u 256-bit ROM.

of ROM can remember 256 bits of in-
formation organized into 32 words of
eight bits apiece (32 words X 8 bits =
256 bits).

Some of the more commonly avail-
able ROM's can remember 256, 1024,
2048, or 4096 bits in a single IC chip.
With the various types of ROM's, the
manufacturer determines how the
total number of bits is organized in the
chip.

The organization of the bits deter-

SRYeY!

B0 8 Bz By B4 Bs Bg B7
e ———
QUTPUT LINES
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SOME APPLICATIONS FOR PROM'’s

THERE are countless applications for the ROM. Some of the
more traditional ones use the ROM as lookup-table (trigonometry,
logarithms, etc.) memories in calculators; as micro-instruction sys-
tems in computers; and character generators for displaying al-
phanumerics ona CRT screen. The following are examples of what
you can do with an 8223 PROM:

Character Generator. A seven-segment display device can be
used to create the numerals 0 through 9, a number of upper- and
lower-case letters of the alphabet, and some mathematical
punctuation—all with a single 8223 PROM chip. Because the dis-
play has only seven segments, it cannot form all 52 upper- and
lower-case or even all 26 upper- or lower-case letters.

In Fig. A is shown the logic diagram for an alphanumeric/
punctuation generator. Beside it is the “truth table’”” we used for
generating the 32 possible characters. Note that the entire memory
storage capability is "used up" in this truth table. (This truth table

COMMON-CATHODE
LED DISPLAY
+5v B
t b/
DECIMAL | ——
000 47K 90INY/. c/
al Y e

L_(T
| (r
SEGMEN

6
. & 1
e Us)——‘
a ANODE _/\3% ﬁE
—

+5V | i e |
’f) ﬁg“b;ro_"—T
T 8223 T |
3 1 =(3) (12)m #
A X | .—T
=0 )
T
e SO o
5 Y ._*
) (e
SEGMENT r L rj l

+5V

q ANODE
+5v0—¢

0oon 4.7k
Q8
DECIMAL
POINT

Fig. A. Once PRO)M is progranimed according to
truth table al right, it can generate numbhers,
letters, etc., on 7-segment display deviee.

assumes a buffering transistor between the outputs of the 8223 and
segments of the display. The display can be either an RCA 2100
incandescent or common-anode LED display. For common-
cathode LED displays, all B, through B; logic levels must be re-
versed.)

All eight output lines from the 8223 PROM are used, with one
output assigned to each segment of the display and a final one for

Figure Address Outputs Segments
Displayed (A-A) (B.-8,) on

0 00000 00111111 abcdef

1 00001 00000110 be

2 00010 01011011 abdeg

3 00011 010011114 abcdg

4 00100 01100110 befg

5 00101 0110v10% acdfg

6 00110 01111101 acdefg

7 00111 00000111 abc

8 01000 01111111 abcdefg

9 01001 01101111 abcdfg
01010 10000000 decimal point
01011 01000000 g
01100 01001000 dg

A 01101 01110111 abcefg

b 01110 01111100 cdefg

C 01111 00111001 adef

c 10000 01011000 deg

d 10001 01011110 bcdeg

E 10010 01111001 adefg

F 10011 01110001 aefg

Gl 10100 00111101 acdef

H 10101 01110110 beefg

h 10110 01110100 cefg

i 10111 00010000 e

J 11000 00011110 bede

L 11001 00111000 def

e 11010 01010100 ceg

o 11011 01011100 cdeg

P 11100 01110011 abefg

[r° 111014 01010000 eg

U 11110 00111110 bedef

u 11111 00011100 cde

‘These letters are only approximations, inciuded only to use up the
PROM's program capability.

mines the number of address (input)
and output lines that will be available
inagiven ROM. Address inputpins are
the means by which a specific word in
the memory is accessed or selected. If
a particular ROM is organized with 32
words of eight bits per word, each
word can be addressed with five input
address lines (2° = 32). The address
00000 would be for word one, 00001
for word two, 00010 for word three,
and so on until 11111 would be for
word 32. The number of output pins
for a small memory is determined by
the number of bits used per word in
the memory's organization. In our ex-
ample, the ROM would have eight
output pins.

The address lines for a ROM are
usually denoted by the legends A, A,
A., etc., while the output lines would
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be denoted by B, B, B.. etc. For a
five-address-line input and eight-line
output ROM, the address pins would
be labelled A,, A,, A., A, and A, and
the output pins would be labeled B,
B, B.. B, B, B,, B,, and B,.

Illustrated in Fig. 1is a basic 256-bit
(32-word by eight-bit) bipolar ROM.
The address lines are fed to logic
gates that decode the 32 possible
combinations of 1's and 0's that ap-
pear on the five address lines. These
32-word lines are denoted by the
legends wl, through wl,.. For the par-
ticular ROM shown, there are eight
output transistors whose collectors
are labelled B, through B.. The mem-
ory “‘cells” are denoted by the legends
T,and T,. There are 256 of these basic
memory cells for a 256-bit ROM

The output lines from the ROM

would be either high (logic 1) or low
(logic 0), depending on whether or not
a conduction path exists between the
memory cell and the output transistor
in each line. Asan example, ifa0is to
be stored at B, in word 32, the T, re-
sistance link (fuse symbol) must be
present. If, on the other hand, a 1is to
be stored at B, of word 32, the fuse
must be electrically removed (blown)
from the circuit.

Most ROM's have a pin labelled CE,
for “‘chip enable,” that permits the
output to be isolated from the rest of
the circuitry inside the IC. So,ifa 1is
placed at CE (while the address ts
being changed), the outputs will be at
the logic-1level. The placement of this
specific binary information into the
ROM is called “programming.” The
means of programming is determined

21



the decimal point. To use up the entire storage capability of the
PROM, the entire 00000 through 11111 series was used on the
address lines (A, through A,). We will discuss later how to perform
the actual “programming’ procedure for the PROM.

An extension of the single-character generator is the word
generator. Here, we have several PROM'’s and an equal number of
displays, each programmed with identical information. Depending
on the number of PROM's and displays desired, this system can be
used to generate words, strings of numbers, identification and
license numbers, etc. You simply set the address tines of each
PROM to generate the character you want.

Model RR Track Patterns. The PROM can also help an HO
model railroader remember track patterns for his train layout. Asan
example, suppose an HO train layout has eight track switches and
10 possible track configurations. A PROM can be used to re-
member the positions of the various switches for the 10 possible
track patterns, as shown in Fig. B. The outputs of the PROM would
be connected to the track switches through electronic switches
(driver transistors). This ensures that the output voltage levels of
the PROM are converted to the proper voltages and currents
needed to move or position the track switches.

The PROM must be programmed with the appropriate binary
codes. The words w, through w,, can then be the various track
patterns that the train can have. The one-shot multivibrator's out- ~
put is coupled to the CE input of the PROM so that the switches do

ELECTRONIC
SWITCH

TRACK
SWITCH _J ELECTRONIC
#8

SWITCH

Fig. B. In model-railroad system, PROM
would be programmed to control all
possible combinations of switches on track.

555 TRIAC
w#a [T *e

TRIAC

o LIGHT
# #1

5p5
TIMER

DAY /NIGHT
TIMER

Fig. C. Clocked by timer civcuit, 7490
counter delivers a 4-bit input to PROM,
which controls triacs to turn lights on and off.

not have voltage across their coils continuously. With the PROM
remembering the various track positions for the eight switches,
you need only select the pattern you wish and push a button to
initiate the selection of that pattern.

Intruder Deterrent. When you go away from home for aday or
longer, you probably use mechanical timers to turn on and off
house lights to make it appear that someone is home. A PROM can
be used for this purpose and is much more effective in deterring
intruders than are mechanical timers.

Shown in Fig. Cis a system, built around a PROM, for turning on
and off house lights in a certain sequence. Suppose that there are
eight lights located throughout the house. The lights can be con-
trolled by individual triacs, with the triacs controlled by the outputs
from the PROM.

Assume that 10light patterns are to be used in the evening hours.
Word one can be a basement and a living room lights-on com-
mand, word two can be a living room and a kitchen lights-on
command, and so on.

The various patterns of lights (words) can be selected by chang-
ing the address inputs, which are connected to a 7490 decade
counter. A 555 timer can be used to change the outputs, of which
there are a possible 10, of the 7490. This, in turn, changes the
lighting sequence for the house. With this arrangement, various
lights in the house can be changed every so often to give the
appearance thatsomeone is home and moving from room to room.

by the type of ROM. The two major
types of ROM’'s are the custom-
programmed and the field-pro-
grammable ROM.

With custom-programmed ROM's,
the manufacturer places the binary in-
formation (links or no links) into the
memory as specified by the user. Cus-
tom programming of ROM’s can be
very expensive when only small quan-
tities are ordered. To reduce the high
cost of small quantities of ROM'’s,
manufacturers offer the field-pro-
grammable ROM or PROM.

The PROM is an ordinary ROM that
has all of its on-chip fuses intact. A
256-bit PROM would have 256 of these
fuses, one for each bit of memory. The
user can program information into the
PROM simply by blowing selected
on-chip fuses. The fuses are blown
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open by passing a specific amount of
current through them for a specified
period of time. (The Signetics 8223 is
an example of a 256-bit PROM. It is
readily available from a number of
surplus-parts suppliers for about
$3.00. This PROM is organized into 32
words of eight bits per word.)

Erasable PROM’s. ROM’s are usu-
ally thought of as having permanent
binary information programmed into
their memories. Once information is
programmed into an ordinary ROM, it
cannot be altered. Recently, however,
a new type of PROM—the erasable
PROM—has become available. This
type of PROM permits information
stored semi-permanently to be erased
and new information to be repro-
grammed in.

One type of erasable PROM, the
2048-bit MM5203, is made by National
Semiconductor Corp. It can be erased
by concentrated shortwave ultraviolet
light. (It is available, surplus, for about
$9.00. The MMS5203 is housed in a
16-pin dual in-line package (DIP) with
a quartz top that is transparent to
shortwave UV light. The 2048 bits are
organized as either 256 words of eight
bits per word or 512 words of four bits
per word.

The advantage of the erasable
PROM, as opposed to the nonerasable
PROM, is that it can be used over and
over again for different programs. The
unwanted information is simply
erased by directing UV light through
the IC’s quartz “‘window’ and repro-
gramming as desired.

Another type of erasable PROM
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PREPARING A
PROGRAMMING AND
ADDRESSING. TRUTH
TABLE FOR PROM’S

s

Because the PROM is a logic eie-
ment, programming and addressing it
must conform to the rules of logic. To
do this, a truth table must be drawn up
for the programming procedure. This
'same truth table is also used for ad-
dressing the ROM after programming
has taken place so thatstored informa-
tion can be retrieved.

There are two approaches you can

‘ use when working up your truth table.
The first is an arbitrary table, used
mainly for demonstration purposes.
Since you would key in the address
codes by manually setting switches,
you can use any address system that
suits your fancy. The truth table ac-
companying the diagramin Fig. Ais an
example of the arbitrary approach.

For more practical applications, ad-
dress code selection would be under
the control of the digital system in
which the PROM is to be used. In this
case. the programming truth table for
both input and output codes must con-
form to those required by the system. A
typical example is a BCD-to-7-segment
decoder.

Let us assume a 7490 decade
counter’s encoded outputis to be used
to drive a seven-segment LED display.
All “"decoding can be accomplished
with a PROM. The PROM will then feed
inverter/buffer transistors, which in
turn will power the display’'s segments.
* The truth table, with the 7490’s DCBA

output lines feeding the 8223's

A.AA A, address lines respectively,

would be:

AL AAA LA, B; Bs B.B,B;B, B\ B,

NO. DCBA gfedcba
"0 X0000XO0111111
1 X0001X0000110
2 X0010X1011011
3 X0011X1001111
‘4 X0100X1100110
5§ X0101X1101101
6 X0110X1111101
7 X0111X0000111
8 X1000X11 11111
9 X1001X1101111

The DCBA in the heading represents
the outputs from the 7490, while the
gfedcba represents the display seg-
ments controlied. The X's are
don't-care states, since there is no
input to the A, input nor output termi-
nation for the B; output lines of the
8223 PROM.
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Sl
PUSH TO BURN
Py

+12.5V +5v

Fig. 2. Ln this programming setup, both power supplies
must be regulated. Onee PROM is progranmed. its
memory can be checked as described in the tewt.

—this one not so readily available to
experimenters—is the Nitron Com-
pany's NC7010 EAROM. This device
can be erased electrically in one
second. It can be erased and repro-
grammed up to a million times. The
NC7010 is organized as 512 words of
two bits per word.

How to Program a PROM. The
8223 PROM used in the applications
described is shipped with all of its
outputs at a logic-0 level. This means
that alt of its on-chip fuses are intact.
If a logic 1 is to be written into the
PROM's memory, the fuses must be
blown. The procedure for blowing se-
lected fuses is called programming.
It can be performed with the circuit
shown in Fig. 2. The +5- and +12.5-
volt power supplies must be regu-
lated. Switch S17 is a two-circuit push-
button switch, with one set of contacts
normally open and the second set nor-
mally closed. Switch S§2 is a dpdt slide
or toggle switch, while switch S3
must be a non-shorting rotary switch
with eight or more positions.

After wiring together the Fig. 2 cir-
cuit, program the PROM as follows:

1.Set S2tothe BURN position. (Note:
Never operate ST when S§2 is set to
BURN.)

2. Feed the proper logic-1 (+5-V)
and logic-0 (0-V or ground) code for
word one onto address lines A,
through A, via S4 through S8.

3. Set S3 to the first PROM output
line position in which a fuse is to be
blown according to your program-
ming truth table.

4. Depress S7 for about a half sec-
ond and release. This action, in blow-
ing the fuse, develops considerable
localized on-chip heat; so, do not
depress S71 for longer than a full
second.

5. Allow several seconds of cooling
down time for the chip.

6. Set S3 to the next output line in
which a fuse is to be blown.

7. Repeat steps 4 and 5 for each out-
put line in which a fuse is to be blown.

8. Set S4 through S8 for the logic
required for word two.

9. Repeat steps 3 through 7.

10. Continue to address the PROM
for each succeeding word, repeating
steps 3through 7 as you proceed from
word to word, until you have com-
pleted programming the PROM.

The schematic diagram shown in
Fig. 2 depicts a program and test cir-
cuit. As you finish steps 3 through 7 for
each word, set S2 to TEST (do not
change the address code yet) and, ob-
serving the meter, check the PROM's
outputs by cycling through S3's posi-
tions. Logic 0 will be indicated by the
pointer swinging to near the scale’'s
zero index, while logic 1 will be indi-
cated by about a +5-volt reading.
Once you have verified that the pro-
gram has “taken” for a given word, set
up the circuit for programming into
the PROM's memory the next word
that you want.

After making sure that the PROM is
properly programmed, affix some
identifying code on its case and truth
table and file away the latter in a safe
place where it wiil not get lost. ®
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LOW-COST

OMPANDE

ENHANCES Hi-Fl RECORDINGS

BY CRAIG ANDERTON

Simple accessory expands or compresses
playback’s dynamic range.

Since the dynamic range of live
music is usually greater than the
range that discs and tapes can handle,
it is standard practice to introduce a
certain amount of level compression
when a recording is made. Unfortu-

nately, this compression limits many
crescendoes and percussive tran-
sients that add to the enjoyment of the
music. Thus, it is desirable, on play-
back, to expand the volume to replace
the missing peaks. On the other hand,
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compander is same as
input to the speaker.

it is sometimes necessary to eliminate
loud level changes when using music
as a background.

To provide either expansion or
compression of the sound, the simple
compander described here can be

~ PARTS LIST

C1—220-yF, 50-volt, electrolytic capac-
itor*

C2—1000-uF. I5-volt, electrolytic capac-
itor

D1 to D5—IN4001 diode (or similar)*

J1 toJ5—Phono jack*

LED!—MV50 light emitting diode (or
similar)*

Ol11—Optical isolator (Clairex CLM6000
or similar)*

R 1—500-ohm linear taper potentiometer*

R2-—27-ohm. 5%, Y4-watt resistor*

R3—220-ohm, 5%, Va-watt resistor*

R4—33-0hm, 5%. Y4-watt resistor*

R5—15,000-ohm. 5%, Y4-watt resistor*

R6—100.,000-ohm linear taper poten-
tiometer*

R7.R8—100.000-ohm,
resistor*

R9—10,000-ohm, 5%. Ya-watt resistor®

R10,R11—5000-ohm linear taper potenti-
ometer

R 12—560-ohm. 5%, Y-watt resistor*

S1—Spdt (center off) switch*

S$2—Spdt switch*

T 1—6.3-volt filament transformer

Misc.—Perforated board, mounting clips.
suitable chassis. lettering, line cord,
knobs, moutning hardware, etc.

*Double quantity for two channels.
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Fig. 2. Graph shows how compander

expands or compresses the
relative output across speaker.

hooked up between your preamp and
power amp or through the tape
monitoring circuit. (A compander is
not to be confused with devices such
as tone controls and equalizers, which
alter the frequency response of a sys-
tem.)

Circuit Operation. The heart of the
compander circuit (Fig. 1) is an opto-
isolator (0/7), which contains a light

emitting diode and a low-distortion -

photocell in a light-tight plastic en-
closure. This unit has much faster re-
sponse time than devices using anin-
candescent lamp (often used in com-
panders). It also introduces less dis-
tortion and has the advantage of pro-
viding a slight "'slow release" action to
enhance the expansion effect.

The audio signal at the speaker ter-
minals of the amplifier is applied to
connector J71. The level is controlled
and reduced by R7, R2, and R3, with
diodes D7 to D3 acting as voltage
limiters to protect the LED’s. The
signal level is monitored by LED7. The
brightness of the LED in O/7 varies
with the signal causing the resistance
of the photocell to vary.

The power supply provides a smali
dc voltage (adjusted by R10) to keep
the two LED’s within their conduction
range. This prevents a sudden snap in
the volume when a signal is applied.

With S7 in the OFF position and §2
onourT, theinputsignal atJ3is applied
to R7 and R8 and the output at J5 is
half of the input. This insertion loss is
required to create the ‘‘headroom”
needed for expansion.

When S7 is in the EXPAND position,
the photocell in O/7 is connected
across R7 to vary the resistance of the
upper half of the voltage divider. This
changes the output on J5. Poten-
tiometer R6 acts as a ‘‘depth’’ control
to determine how much the variations
in the photocell resistance affect the
voltage divider.
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As the sampled signal increases, re-
sistance of the photocell decreases,
increasing the output at J5. This pro-
vides the desired expansion.

When S7 is in the COMPRESS posi-
tion, the photocell is connected
across R8 so that, as the sampled
signal increases, the output at J5 de-
creases.

The curvesin Fig. 2 are typical of the
expansion compression effects.

Construction. The complete circuit,
with the exception of transformer 77,
can be assembled on perforated
board. The transformer should be lo-
cated as faras possible from the signal
leads to avoid pickup.

The circuitshownin Fig. 1is for one
channel, except that the power supply
can handle two channels for stereo.
Mount the various phono jacks and
the two calibrate controls (R70 and
R117) on the rear apron (suitably iden-
tified) and the switches and depth
potentiometers on the frontpanel. The
two monitoring LED’s can also be
mounted in rubber grommets on the
front panel. An on/off switch can be
used in the primary of T7 or the com-
pander power supply can be plugged
into a switched receptacle on the
preamplifier.

System Hookup. The compander
will work with any amplifier that deliv-
ers two watts or more of output. If you
have a separate preamplifier/power-
amplifier setup, use the hookup
shown in Fig. 3A. Use shielded audio
cables to interconnect the three de-
vices. Be sure the ‘hot” side of the
amplifier output is fed back to the
compander.

If you have an integrated unit, use
the hookup shown in Fig. 3B. Connect
a shielded audio cable from the tape-
output jack of the amplifier to J5 of the
compander and another shielded

the tape-monitor jack on the amplifier.
By switching the amplifier's tape
monitor to *'in,” the compander will be
put into the circuit.

Checkout. With the system properly
connected (be sure not to confuse the
channels) and operating, adjust each
channel’s calibrate control (R70 and
R17) until the front-panel monitor is
just illuminated. Proper adjustment
here provides the best linearity and
channel balance.

Working with one channel at a time,
place S7 in the EXPAND position, the
sensitivity control (R7) at minimum,
and the depth control (R6) at max-
imum. Turn up the volume on your sys-
tem to the most comfortable listening
level. Then advance the sensitivity
control until LED1T starts to flicker.
Avoid bright peaks on the LED. The
music should sound more accented,
with a greaterdynamic range. Operate
the depth control to obtain the desired
amount of expansion. To be sure ev-
erything is working, turn off the com-
pander and note how much flatter the
music sounds.

To check compression, place S7 on
COMPRESS and the sensitivity and
depth controis to maximum. Turn up
the volume. You should note that the
audio output does not rise above the
preset level. Adjust both controls to
obtain the best output.

At some low listening levels, there
may not be quite enough signai to
drive the compander properly. This
produces a ‘‘breathing” effect which
can be remedied by turning up the lis-
tening fevel or turning down the depth
control. This effect may also occur if
the calibration controls are not set
high enough.

There is no such thing as the op-
timum amount of expansion. Some
recordings require less than others.
However, most will benefit from the

cable from J2 on the compander to  extended dynamic range. @®
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Circuits happen Faster and Easier
with Super-Strlp;“” f‘

As little as

Now, whenever you'd like to give a circuit = ==
atry, you can build it up nearly as fast as you

can dream it up with Super-Strips™, the faster, easier Part Model Terminal Price
and less expensive solderless breadboards from A P [Number Number Type Each
Products. When you build your circuit on a Super- [g23252 §S-2 nickel-silver $17.00
Strip, everything stays as good as new. Once you're [923748 §S-1 gold-plated $18.90

through, you can use everything again and again. In-

st.antl_y. PL," a Super-St_rlp to work for you. Eight ‘_j's' Order from your A P distributor today. Our distributor
tribution lines handle signal and power, and 128 five- |ist is growing daily. For the name of the distributor
tie-point terminals can handle 9 ICs and then some. nearest you call Toll-Free 800-321-9668.

It's a whole lot easier than printing a circuit Send for our complete A P catalog, the Faster and
and a whole lot handier than haywire. Easier Book.

AP PRODUCTS INCORPORATED
Box 110 Painesville, OH 44077 (216) 354-2101 TWX: 810-425-2250

You ve seen the rest...
now try the best.

L ‘i!

o g

Solderiess
strips, backing . y
board and binding > v
posts. Everything you - Pick an ACE for Faster and
need to build and test your Easier solderless_ circuit Send for our complgte A P catalog,
own circuit. Used to be you'd building and testing. The Faster and Easier Book.
get a Cil’CUit idea' Iay outa pc board' Part ACE Tie DIP No. No. Board Size Price
prlnt lt solder everythlng tOgether No. Model No. Points Capacity Buses. Posts {inches) Each
trouble-shoot, change your layout, [T [ et "1~ [~ goen |2 [ 2 | peesene | e
m. ) &1 B
try a new board and spend abso- | 923334 201-K (kit) 1032 12 (14's) 2 2 4.9/16x7 24.95
lutely too much time breadboarding. 23331 SRl L) 1224 Pt 8 2 pANLL g
A q . 17 1 14 2 - -1 46.
Now A P ACE All Circuit Evaluators | s33325 227 ::::::; 2712 27214':; 2 4 e 59.95
let you breadboard in a fraction of 923324 236 (assem.) 3648 36 (14's) 36 4 10-1/4x9-1/4 79.95
the time. Make your changes im-
mediately. Keep full leads on your o
: . rder from your A P .
compg?entg. é\vmd the heat damage distributor today. Our AP PRODUCTS |
pogsé ‘e |"("j't. repeated soldering distributor list is growing INCORPORATED
and de-soldering. A P made the first daily. For the name of the Box 110 » 72 Corwin Drive |
modern solderless breadboard, and distributor nearest you call Painesville, Ohio 44077
we still make them best. Toll-Free 800-321-9668. 216/354-2101 TWX: 810-425-2250 |
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Great Jumpers are here!

State of the art
flat cable connector assemblies . . .
at affordable prices.

Great Jumpers come to you fully pre-assembled
and fully pre-tested. Cable strain reliefs are integral to
the molded-on connectors. And we've designed in
complete line-by-line probeability with probe access
ports behind each contact.

Our connectors are industry standard; two parallel
rows of contacts, spaced every .1”.

Great Jumpers come in five popular cable widths:
20, 26, 34, 40 and 50 lines wide, and in lengths ranging
from 6” to 36”.

Available now at the distributor near you who car-
ries the A P Products Faster and Easier Line.

Our distributor list is growing daily. For the name
of the distributor nearest you call Toll-Free
800-321- 9668.

Send for our complete AP catalog, the Faster and
i Easier Book.

P

AP PRODUCTS INCORPORATED
Box 110 ¢ 72 Corwin Drive Painesville, OH 44077 (216) 354-2101 TWX: 810-425-2250

a little help from AP.

!

I'ntré"-Switch

Intra-Connector and Intra-Switch do
for flat cable systems what our IC Test
Clips do for DIPs, which can do a lot
for you.

Intra-Connector mates in-line with standard
double row socket connectors. It has one set of fe-
male contacts, but two sets of male, at right angles.
So it provides instant line-by-line probeability,
and, allows for attachment of test probes,
components or an additional connector.

Intra-Switch plugs right in line, too. But
small, dependable slide switches are built

right in to switch each line, independently. So it’s
great for diagnostic and quality testing, terrific for
programming or selective line inhibiting.

Intra-Connector and Intra-Switch are available
in 20, 26, 34, 40 and 50 contact versions at the
dealer or distributor in your area who stocks our
Faster and Easier Line. You can locate him by call-
ing our toll-free number, 800-321-9668.

Faster and easier
is what we’re all about.

AP PRODUCTS INCORPORATED
Box 110+ 72 Corwin Dr., Painesville, OH 44077 « (216) 354-2101 TWX: 810-425-2250

CIRCLE NO. 1 ON FREE INFORMATION CARD
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NNECESSARY muscular tension
iIs known to be one of the con-
tributing factors to psychosomatic ill-
ness. Unfortunately, much of this
muscular tension is subconscious so
many people can't relax because they
aren't aware of the tension. Conse-
guently, many methods have been de-
visedto provide recognition of tension
and encourage relaxation—including
yoga and ‘‘autogenic training
(biofeedback techniques).

To detect muscular tension scienti-
fically it is only necessary to measure
the minute electrical signals gener-
ated by a muscle when it is working.
This is done by an electromyograph
(EMG). The EMG has electrodes which
are placed in intimate contact with the
skin over a given muscle. When the
muscle is under tension, the EMG pro-
vides either a visual (meter) or audible
indication of the muscle tension. The
person to whom the electrodes are at-
tached then becomes part of the feed-
back loop through his eyes or ears and
cantrytoreduce the tension by mental
or physical means. With this elec-
tronic aid, a person can learn to elimi-
nate or greatly reduce the tension,
thereby bringing about changes in
general well-being

Relaxation is not achieved instan-
taneously, and many training sessions
may be required in difficult cases.
Since emotions play a large role in the
production of tension, unexpected
feelings may be experienced when
one becomes familiar with “letting
go.” The simple EMG feedback
monitor described here can be used to
practice muscle relaxation and also to
explore the building up of muscles.

A block diagram of the monitor is
shown in Fig. 1. The minute (mi-
crovolts) muscle signals detected by
the skin electrodes are amplified and
then applied to a rectifier/integrator
stage. The pulses are averaged and
either displayed on a meter or used to
drive a voltage-controlled oscillator
that generates a series of clicks for the
audible signal. The amount of muscu-
lar tension—and the magnitude of the

EDITOR’S NOTE

This muscle monitor is intended for
experimentation and entertainment
only. It is not to be used as a substitute
for professional clinical therapy. Per-
sons with heart disease, high blood
pressure, or any other tension-related
illiness should consult a physician. The
monitor is not to be considered a home
remedy for any illness.
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voltage picked up by the electrodes
—varies the reading on the meter and
the frequency of the clicking sound.

How It Works. In a device of this
type, the differential input preamp-
lifier is the most important stage (Q7,
Q2, and /ICT in Fig. 2). This is because
common-mode signals such as stray
60-Hz fields and associated line
noises, put alimit on the signal resolu-
tion. The circuit's common-mode
input impedance is compared to the
source unbalance to determine the
maximum common-mode rejection
ratio.

In the circuit, op amp /C7 is used as
a bootstrap element. The common-
mode signal on the collector of cur-
rent source Q3 is fed back to the input
through R3, R4, and R5 so that the
common-mode signal actually “sees"
an impedance much higher than the
values of these resistors. With this cir-
cuit, the balance between C7-R7 and
C2-R2 and the impedance of the elec-
trode determines the overall
common-mode rejection. Making C7
and C2 larger in value improves
common-mode rejection but also in-
creasestherecovery timedueto trans-
ients at the electrodes. Input noise in
the circuit is minimized by using low-
noise transistors and designing the
collector currents for low noise. R-f
interference is drained off by
capacitors C3 and C4.

The output of the preamplifier is ap-
plied to /C2, a high-gain, noninverting
amplifier. Associated with the amp-
lifier are a low-pass filter (-3 dB at 1
kHz) made up of C6 and R77 and a
high-pass filter (-3 dB at 200 Hz)
made up of C7 and R72. A second
high-pass filter (Q4) further reduces
low-frequency components. Sensitiv-
ity is set by R25 and the signal is ap-
plied to a gain-of-30 noninverting am-
plifier (/C3), which also acts as a rec-
tifier, integrator, and meter amplifier.
Rectifier D1 is located in the feedback
circuit to reduce the effects of the
diode voltage drop to a few millivolts.
Transistor Q5 acts as a buffer between
the integrator and the meter

Overall muscle activity can be aver-
aged between 5 ms and 0.5 s, depend-
ing on the setting of R26. The sensi-
tivity control, R25, is calibrated when
tntegration is set at maximum.

The output frequency of the voltage-
controlled oscillator (/C4) isafunction
of the voltage level applied to its input
through R22. The timer is biased so
that, at a certain low-voltage thresh-

1978 Edition

MUSCLE BIOFEEDBACK APPLICATIONS

Feedback Technique for Deep Mus-
cle Relaxation. Experiments have
shown that zero-firing of single motor
units with EMG BFT can be achieved in
less than twenty minutes. Most sub-
jects report changes in body image.
Further, work reveals that people can
subjectively turn on and off, selected
single-muscle motor units, even deli-
cately controlling their firing patterns.

Paralyzed Muscles Retrained at
Home. People recovering from car-
diovascular accidents are often faced
with the retraining of paralyzed
limbs—a long and tedious job. Exper-
iments are revealing now that much of
the work load can be taken off the pa-
tient and also speeded up if biofeed-
back techniques are applied. An EMG
monitor can sense minute muscle ac-
tivity and inform the patient of the ac-
tivities instantly.

“Talking" Muscles Help Scientists
Design for Maximum Efficiency. A
group of researchers at Eastman
Kodak Co., known as the Human Fac-
tors Group, is looking into the activity
of muscles in industry. Using the re-
sults of EMG data and performance
tasks, they are able to design steps for
a job to provide the least muscle dis-
comfort, while obtaining maximum
productivity of body movements.

old, the oscillator automatically shuts
off. The threshold isdetermined by the
gainofthecircuitand the value of R24.
The turn-on threshold is approxi-
mately 2.5 microvolts at the skin elec-
trodes with the sensitivity control set
to maximum. Reducing the sensitivity
raises the threshold point. The
threshold was selected to make
changes in muscle tension more ap-

Fig. 1. The EMG teedback loop.
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EMG Signals Give Hams a Third
Hand. Many who are physically hand-
icapped are interested in amateur
radio as a hobby. In a series of unique
experiments, doctors have used the
still-good EMG signals going to an
amputee’s missing limb to control a
Morse code relay. Patients have, after
brief training, learned to send up to 15
words per minute! By using a rectified
EMG signal, 360-degree servo control
for an antenna and tuning coils was
achieved.

Learning to Control Tension
Headaches. Experiments have shown
that, by monitoring the “frontalis" or
forehead muscle and using feedback,
people can learn to reduce the occur-
rence of tension headaches. When
presented this information, in a com-
fortable manner, patients have learned
to abort the headaches without the
biofeedback equipment.

Lowering Anxiety. EMG biofeedback
has perhaps its greatest potential as an
aid to anxiety reduction. By helping
psychologists show their patients how
to initiate self-induced calm and real
relaxation, EMG monitors would be
useful. Though still in its infancy, this
application has vast potential and is
the area of most interest for EMG at this
time.

parent. The frequency range of the vco
1S approximately 5 to 30 pps.

Power for the circuit is provided by
two 9-volt batteries. The power for the
input stage is decoupled by R20 and
C12 for the positive side and R27 and
C13 for the negative.

Construction. Due to the high gain
and complexity of the circuit, a pc¢
board should be used. An actual-size
foil patternand componentplacement
are shown in Fig. 3. When installing
the components, be sure they are
properly oriented with regard to ter-
minals and polarities. Don't forget the
single jumper on the component side.
Note that some pads on the foil pattern
have numbers corresponding to those
on the schematic.

The pc board and the two batteries
(preferably alkaline) are instalied in a
suitable metal enclosure. Metal is
used to keep 60-Hz interference to a
minimum. Mount the components on
the front panel as shown in the photo-
graph. The audio output jack s
mounted on one side of the enclosure.

The SENSITIVITY control is marked
for 103 uVin the full countercliockwise
position, 500 pV at the center and 10
uV at the other end. Mark the
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Fig. 2. Schematic of
monitor cireuit.
PARTS LIST

B1.B2—9-volt battery

C1,02—0.1-pF. 10% Mylar capacitor

C3.C4—0.001-uF, 10% Mylar capacitor

C5,C11—10-puF. 10-V electrolytic
capacitor

CoHo— 100-pF. 107% silver-mica capacitor

C7—1-pyF. 10-V electrolytic capacitor

C8 to C10—0.01-uF, 10% Mylar
capacitor

C12.C13—50-uF, 10-V electrolytic
capacitor

C14.C16—0. 1-uF, 10% Mylar capacitor

C15—.047 yF 10% Mylar capacitor

D1—IN4001 diode

IC1 to IC3—741 op amp

1C4—555 timer

J1—Miniature earphone jack

M I—1-mA meter (Radio Shack 22-037 or
similar)

QI to Q5—2N3565 transistor

Following resistors are Y4-watt, 5%:

R1,R2.R20.R21—1000 ohms

R3 to R5—47.000 ohms

R6.R7,R 14— 100.000 ohms

R&—68,000 ohims

R9.R10,R 13—27,000 ohms
R11—1.5 megohms
R 2820 ohms
R 15—10.000 ohms
R16.R18,R 19—470() ohms
R 17— 130.000 ohms
22—-560.000 ohms
R23,R24-220 ohms
R25.R26—50.000-0hm
tiometer
S1,8S2—Dpdt subminiature switch
Misc.—Miniature crystal or magnetic
earphone and plug: set of electrodes
(14" stainless steel discs and electrode
paste) or disposable Ag/Ag-C | types:
enclosure (LMB-778 or similar): knobs
(2): two-conductor shielded cable (5 ft):
miniature alligator clips (3); rubber
grommet: mounting hardware. Dispos-
able Ag/Ag-C1 electrodes are avatilable
from medical supply houses. Perma-
nent Ag/Ag-C| electrodes are pre-
ferred for ease of use. Small plastic
containers of electrode cream are also
available from medical supply houses.

linear poten-

Note—The following are available from
EDC, P.O. Box 9161, Berkeley, CA
94709; complete kit of parts including
two disposable Ag/Ag-Cl electrodes,
stainless steel reference electrode, drilled
and solder-plated pc board, drilled and
painted enclosure, and 1-0z container of
electrode gel (kit PE-22) at $69.50; sepa-
rate drilled and solder-plated pc board
(PE-23) at $5.95; set of two disposable
Ag/Ag-Cl electrodes (PE-25) at $3.98;
pair of permanent Ag/Ag-Cl electrodes
(PE-26) at $19.95; l-oz container of
electrode gel (PE-9) at $0.75; 4-0z con-
tainer of electrode gel (PE-9X) at $2.50.
Orders for complete kits shipped post-
paid and insured. Orders for components
and accessories shipped postpaid, insur-
ance extra. Add $1.00 for handling on
orders less than $5.00. California resi-
dents, please add 6% sales tax (6%% for
BART counties).
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MOTOR END PLATE

ANATOMIC MUSCLE

TIME ———=

ADDITIVE MCTOR
UNITS FIRING
VOLTAGE

THE SOURCE OF MUSCLE
SIGNALS

The signals picked up by the muscle
monitor originate in large motor
nerves, each of which supplies pulses
to any of 25 to 2000 motor end plates.
(Only three end plates are shown in the
diagram for simplicity.) Each set of end
plates makes up a ‘motor unit."” The
motor units are not clumped together,
but areinterlaced to give the muscle its
smoothness in movement. The electri-
cal signal associated with the tensing
of amuscle is made up of thousands of
randomly additive microvolt pulses.
Each pulse is associated with a motor

TINT
R
e
= 1 1

Fig. 3. Etching and drilling guide (above) and coinponent layout.
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unit, and each motor unit may drive
many hundreds of muscle cells.

For medium tension (with Ag/Ag-Cl
skin electrodes), the EMG energy is ata
frequency between 200 and 2000 Hz
and an amplitude between 500 pV and
1 mV. It is noise-like in appearance.
However, at low tension levels, indi-
vidual motor units may be differen-
tiated with puise rates of 25 to 100 pps.
Amplitudes are between 5 and 25 uV,
depending on the physical distance be-
tween the motor units and the skin
electrode.
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INTEGRATION control 5 ms on full CCW,
250 ms at the center, and 0.5 s for full
CW.

Circuit Checkout and Use. With
fresh batteries installed, connect both
“live” inputs across a resistance of
1000 to 5000 ohms and insert an ear-
phone in J1. With the MODE switch ON
REF, and SENSITIVITY and INTEGRATION
controls maximum clockwise, turn on
the monitor. The meter indication
should be between 1/5 and 1/4 of full
scale, indicating the maximum noise
being generated in the circuit. There
may be a slight delay (about half a
second) before the meter deflects, as
the input stage stabilizes.

Put the MODE switch on ACTIVE and
note that the meter indication rises as
the added noise of the resistor comes
into play. Note also that the vco rate
increases (through the earphone).

When you are sure that the circuit is
operating properly, attach the two ac-
tive leads to an area over a forearm
muscle and attach the shield lead
(with its electrode) to an area (such as
the wrist) where there is little muscle
activity. The two active leads should
be attached to high-quality, low-noise
electrodes such as a disposable or
permanent silver/silver-chloride type.
The shield of the electrode cable is the
reference lead and should be con-
nected to a low-cost electrode (such
as stainless steel). The electrodes are
held in position with tape or some
other type of adhesive.

With the MODE switch on ACTIVE, ad-
just the INTEGRATION control to 0.5 s
and set the SENSITIVITY control to its
minimum, Slowly increase the latter
while flexing the forearm muscles.
Observe the change in indication on
the meter and in the frequency of the
audible signal. Make a note of the
SENSITIVITY setting when thearm is re-
laxed. Try the approach once more,
this time trying for a lower relaxed
reading by changing your thoughts
and mental attitude.

Move the SENSITIVITY control up
slightly and try again to relax the
forearm to reduce the indications to
zero. Repeat this operation with the
SENSITIVITY increased again. A regular
daily routine works best, practicing
between 15 and 30 minutes a day on
muscle areas that give you aparticular
problem-—such as the forehead if you
have tension headaches. Keep a rec-
ord of sensitivity readings, and in a
period of a week you should see some
sign of improvement. @&
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1C DIGITAL LOGIC MEMORY PROBE

Indicates logic state of circuit and detects pulses as short as 50 ns.

NE of the more vexing problems

facing today's experimenter is
finding a way to check the 5-volt logic
devices that dominate the hobby con-
struction scene. Lacking a high-speed
triggered-sweep oscilloscope, the ex-
perimenter is left defenseless in cop-
ing with the frequent 50-ns pulses that
are more than long enough to trigger
IC logic devices. To cope with the
problem without a scope, however,
you can build the digital logic memory
probe described here. It is designed to
indicate the logic state of a circuit,
providing detection capabilities for
pulse durations as short as 50 ns.

The circuitry of the probe is housed
in a penlight tube and derives its
power from the 5-volt line and signal
ground of the circuit under test. The
indicator system consists of three
light-emitting diodes (LED’s) mounted
in-line at the end of the probe tube.
The top LED lights up for a logic 1,
while the bottom LED illuminates for a
logic 0 (2.4 or more volts and less than
0.8 volts, respectively). The center
LED comes on to indicate a positive-
or negative-going transition as short
indurationas 50 nsand remains on for
200 ms without regard to the time du-
ration of the pulse being observed.
This stretching feature provides
ample time to observe a short-
duration pulse that would otherwise
not be seen on the 1 and 0 LED read-
outs.

To expand the stretching feature, a
switch on the\probe can be used to
activate a memory mode that causes
the stretch LED to remain on perma-
nently after a positive or negative
pulse occurs. The memory mode can
aid in establishing the presence of
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unwanted pulses (such as noise). To
reset the memory, the switch is simply
returned to the stretch mode.

The memory mode can also be used
to detect a power failure that might
cause a sequence scrambling in the
system under test. To accomplish this,
the power input leads of the probe are
connected to the 5-volt supply line and
the switch is set to the memory mode.
if the power should fail and self-
restore, it will leave the stretch LED
iluminated, indicating that a power in-
terruption has occurred.

Construction. To keep the project as
compact as possible so that its simple
circuit (see Fig. 1) will fit into the pen-
light body, printed circuit construc-
tion is highly recommended. An
actual-size etching and drilling guide
is shown in Fig. 2. Also shown are two
component placement guides, since
the component$ mount on both sides
of the board.

Before you begin assembly, remove

from /C1 (7404) pins 5, 6, 8, 9, 12, and
13 and from /C2 (9601) pins 5, 8, 9, 10,
and 12. This will permit maximum
utilization of the available board
space. Then mount and solderin place
all components as shown.

Mount the probe tip in the board’s
end slot as follows: First, place the tip
in the slot and secure it with a couple
of turns of bare solid hookup wire,
passing the wire through the four
holes provided. Heat sink the cathode
end of D7. Then liberally apply solder
along both sides of the tip where it
joins the foil pattern.

Prepare the ends of two 5-in.
lengths of stranded hookup wire. Sol-
der these wires to the holes shown.
Then prepare one end of the coaxial
cable and solder the inner conductor
to the "'+ hole on the board and the
shield to the *“~" hole.

Carefully spot on the body of the
penlight flashlight the three holes for
the LED’s, using the board assembly
to guide you. The exit hole for the coa-

HOW IT WORKS

The memory probe (Fig. 1) is powered
by the circuit under test. Diode D2 pro-
tects the probe should the wrong
hookup be made to the power line. The
combination of D7 and R7 provides
over-voltage protection. Diode D7 buf-
fers IC1 from excessively high inputs
and insures a high inputimpedance (bet-
ter than 75,000 ohms with a high input).

Transistor Q7 provides a high input
impedance and serves as a buffer for the
input of A1inIC7. When the probe tip is
not terminated, pin 11 of /IC7 is low and
pin 1 goes high. Inverting through A3
and double inverting through A1 and A2,
LED1 and LED2 extinguish. With a low
input (0.8 volt or less), pin 1 of A1 goes
low. Then by double inversion through
A1 and A2, LED2 turns on. All the while,
Q17 is cut off and LED7 remains extin-

-be closed. When pin 6 of IC2 goes low at

guished. A high input causes LED2 to
turn off and sends Q7 into conduction,
resulting in LED? turning on.

The on time of /C2 (a triggerable one-
shot multivibrator) is determined by the
time constant of C7 and R4, which is 200
ms with the component values specified.
The IC is triggered by a negative-going
transition at pin 1 or pin 2. Any level
change at the probe tip will cause this
condition, triggering /C2 and turning on
LED3 for 200 ms.

To prevent IC2 from timing out after
being triggered, memory switch S7 must

the moment of triggering, the signal is
applied to the junction of C7 and R4. This
prevents C71 from charging, and /C2 re-
mains in the triggered state. Opening S7
permits normal timing to resume.
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Fig. 1. Circuit diagram of digital probe, which uses two 1Cs.

xial cable does not require critical lo-
cationsolongasitis clearofthe board
and does not interfere with switch op-
eration. Label the LED holes LO, P,
and Il from tip end toward the switch
end of the body. Then fit small rubber
grommets into the tip and cable exit
holes.

Slip over the free ends of the mem-
ory switch wires %-in. lengths of
small-diameter, heat-shrinkable tub-
ing. Solder the leads to the switch lugs
and shrink the tubing over the connec-
tions.

Over the free end of the coaxial ca-
ble, slip a 4-in. length of shrinkable
tubing. Push it all the way down to-
ward the board and shrink it. Pass the
free end of the cable through its
grommet-lined hole from the inside of
the body and slip over it another 4-in.
length of shrinkable tubing. Strip
away 5 in. of outer insulation and re-
move and discard 4% in. of the braided
shield. Being careful to avoid heat
damage to the cable's inner insula-
tion, pre-tin the braid on one side with
solder. Strip % in. of insulation from a
5-in. length of stranded hookup wire
and pre-tin the exposed wires. Then
carefully tack-solder the wire to the
shield stub. Slip the tubing down over
the connection, overlapping it by ¥
in., and shrink it.

Strip away % in. of insulation from
the free ends of the inner conductor of
the coax and the stranded wire. Solder
ared-booted miniature alligator clip to
the inner conductor and a black-
booted clip to the stranded wire.

Next, make a Y2-in. slit, lengthwise,
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in one end of a 4-in. length of Y-
in.-diameter shrinkable tubing. Slip
the tubing over the board, slotted end
toward the tip located on the foil side
oftheboard. Locate and mark the pos-
itions of the LED lenses. Remove the
tubing and punchordrill Ye-in. holes in
the marked locations. (Note: This tub-
ing will not be shrunk during final as-
sembly.)

To assemble the probe, slip the tub-
ing into the probe body and line up the
two sets of holes. Slide the board as-
sembly, probe end first, into the body
and push it home, orienting the LED
lenses under their respective holes.
Gently pull on the coaxial cable to take
up the slack. Then screw on the switch
cap.

Testing The Probe. Observing po-
larity, connect the alligator clips to a

PARTS LIST

C1—22-uF, 10-volt tantalum capacitor
DI1.D2—1N914 diode
1C 1—7404 integrated circuit
1C2—9601 integrated circuit
LEDI1-LED3—Light-emitting
(Monsanto MV-5022)
(Q1—2N4401 transistor
R 1—1000-ohm, Y4-watt resistor
R2—390-ohm, Y4-watt resistor
R3—6.8-ohm, Y4-watt resistor
R4—30,000-ohm, Ya-watt resistor
R5-R7—330-ohm, Y4-watt resistor
S1—Part of penlight flashlight
Misc.—Printed circuit board, probe tip,
penligh