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COPPER DESIGN PRODUCTS!

INSTANT PC BOARDS

BB Pressure-Sensitive

NO Artwork!

NO Photography! NO Screening! NO Etching!

And It’s As Easy As 1...2...3...

APPLY COPPER MTG.
* CONFIGURATIONS

- - - - - &

SOLDER COMPONENT
* CONNECTIONS

3 IT’S READY TO USE!

Now, thanks to this revolutionary new
E-Z CIRCUIT concept, you can build
professional quality printed circuit
boards right in your own home or shop

. . without messy chemicais

. . without artwork

. . without photography

. . without screening or etching

Read What RADIO-ELECTRONICS
Hobby Editor, “Doc” Savage Says
About the E-Z CIRCUIT System!

“Those patterns are not for making artwork
— they are copper. When you have press-
ed them down on a board, you are ready to
mount the circuit components, solder them
in place and turn on the power! That is what
| call instant PC boards.”

*Having used this E-Z CIRCUIT system, |
can report that it is quick, easy and reliable.
Itis the best way | have found to make one
or two-of-a-kind PC boards.”

i
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The Secret? E-Z CIRCUIT's
Unique Pressure-Sensitive COPPER
Tapes & Patterns!

Each E-Z CIRCUIT copper mounting con-
figuration is made of super-thin, epoxy

glass with a special two-phase, adhesive
on one side, and a one-ounce copper pat-
tern laminated on the other. When applied
to your PC board, these copper patterns
work like the circuitry on a conventional
etched printed circuit board. You solder the
components directly to them.

Make A Mistake? With E-Z CIRCUIT,
You Won't Waste A Board!

Thanks to E-Z CIRCUIT's special, two-
phase adhesive, you have — within the first
few minutes — the opportunity to reposition
the copper patterns and tapes to make cor-
rections, modifications and improvements

. without harming the appearance and
performance of your board.

Use Them For Repairing And
Modifying Existing Circuitry, Too!

Besides creating an actual, professional
functioning circuit board, you can use E-Z
CIRCUIT Pressure-Sensitive Copper PC
design products to repair or modify existing
circuitry.

CIRCLE 2 ON FREE INFORMATION CARD

Unique E-Z CIRCUIT Technical
Manual .. . A “Gold Mine” of
Usable, “How To” Information!

We even show you how easy it is. The new
E-Z CIRCUIT PC Copper Products Tech-
nical Manual & Catalog EZ-3001 leads you
through every step with fully illustrated in-
structions written in clear, simple language
to make it easy for you to produce a profes-
sional quality, PC board. It's packed with
invaluable technical “How To" information
that tells you:

* How to bulld a PC
board

* How to repair
damaged circuitry

* How to solder
professionally

Send For Your .
FREE Copy Today To:

- =Y 11 1Lk
e SISVl
by @enlshnp Graphics, Inc.

P.O. Box 5007RA Westlake Village, CA 91359
Please send me a free copy of

E-Z CIRCUIT PC Copper Products
Technical Manual & Catalog EZ-3001

Street

City State. Zp.
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EDITORIAL

It's really yours!

My first job as a magazine editor in the electronics field left me
pretty puffed-up with pride. | had a great deal to learn about my new
trade, and hadn't, as yet, learned how little | knew. | worked under
an editorial director whom we’ll call Joe. Joe was a surly type, terse,
not given to wasting words on niceties.

I sat down at my typewriter, and wrote my first real editorial...
“Dear reader,” it began. “This is YOUR magazine. Tell us what you
want to see in it and we'll turn the world over to get those stories for
you..."

| folded up the sheets put them in my inside jacket pocket, and
strode purposefully into Joe's office.

*Joe, what do you think of editorials?” | asked. “Byron,” he an-
swered, “they’re usually a lot of pap. They all begin the same way.
‘Dear reader, this is your magazine, tell us what you want to see...”

Joe either had X-Ray vision, or he had been peeking over my
shoulder while | had been typing.

“The fact is that it isn’t the reader’'s magazine—it's ours. And the
reader doesn’t know what he wants to see. If he did, he'd be editing
the magazine, and you'd be reading it!" | skulked out of Joe's office,
and ripped up my deathless prose.

But, dear reader, this IS your magazine! You see, in the course of
a year, hundreds...thousands of articles from hopeful authors
cross an editor’'s desk. Using only his own instincts, he makes a yea
or nay decision, and it is not until after the articles have been pub-
lished that he learns how accurate his decision was. But this publica-
tion is different. Contained between these covers are the articles
from the monthly Radio Electronics that evoked the most interest...
the most mail... from YOU, the readers, So this is your magazine.
Call it a retrospective, a second glance. And if you think that it's all a
cutl-land-paste operation, we've included some brand-new pieces as
well.

We hope that you'll like your work.

/%//é )

Byron G. WELS
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All About
Cordless Telephones

In-Depth look at how these modern
electronic miracles do their job.

Build This

LED VU Meter

For Your Hi-Fi

An LED display replaces the con-
ventional meter movement.
LIMIK—A Bug-Like
Gadget To Bug
Your Friends

Clap your hands and watch and listen to
LIMIK respond.

Why Radio Moscow
Is Winning The
dB War

Is Radio Moscow putting out more kilo-

walls or more antenna stacks to pene-
trate deeper into North America? We
suggest SOme answers.

Build This
Musical Horn
For Your Car

It doesn’t just go ““beeeep!’”

See page 39

114 Rating Videotape
Performance

Knowing what to look for can help you
find the tape that’s best for your home-
video system.

119 Electronics In
Your Next Car

Electronics self-diagnostics are taking
the guesswork out of auto repairs. and
that should save you the cost of un-
necessary repairs.

123 Build This
Negative lon
Generator

We don’t know if negative ions are
reatly good for you. but here are plans
for building your own generator. Now
you do your own testing.

126 How to Make Custom | See page 123
Printed Circuits

For Your Projects
If you need just one PC board for a see page 91

project. why do it the hard way?

132 Advertising Index

133 Free InformationCard

\_
‘See page 114
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COVER STORY

SHARP’S NEW PC-1500
POCKET COMPUTER

BYRON G. WELS

It can draw a sales chart, a vertical bar
graph, a corporate income “pie”’, an
equational graph, a regression curve all in
four colors—and it has a memory
capacity that will astound you.

COMPUTERS HAVEN'T JUST BEEN GETTING BETTER, THEY'VE
been getting smaller, too. At one time, nobody thought about
carrying a computer when one had to travel out of town—
what one carried was a Modem (Modulator/demodulator)
that fit into an attache case, and one could use it wherever
there was a telephone to couple into one’s own computer
back at the office.

The people at Sharp Electronics Corporation are changing
all that. Now you can carry a computer with you.

Don’t get the idea that this is just a classy calculator with a
fancy print-out. Not by a long shot. This is a computer in
every sense of the word. It has its own CPU, and performs all
of the necessary computer functions that anybody could want
or need. It may be calculator sized, but that is where the
resemblance ends. You’'ve never seen a calculator that could
do some of the things that the PC-/500 handles in a walk.

The PC-1500 offers a large memory capacity. You get
16K bytes of ROM and 3.5K bytes of RAM (2.6K bytes in
the user area). And by adding the optional CE-151 4K byte
memory module or CE-155 8K byte memory module (it slips
into a handy recess under the unit) you increase RAM to 6.6K
or 10.6K user RAM. Memory Safe Guard™ is a nice added
feature that keeps from erasing memory or data even when
the computer is turned off.

The PC-1500 has a mini-graphic display (7 X 156 dots)
that displays an alphanumeric line up to 26 digits wide.

The CMOS 8-bit CPU allows swift data processing and
consumes very little energy.

The first typewriter keyboard in a pocket computer, makes
operation simple. And with the optional CE-150 4-color
graphic printer/cassette interface, the unit can even serve as a
small personal typewriter.

You'll also find six software keys to use as you see fit.
They can serve as reservable keys (to reserve functions) or

commands, or as definable keys (to define programs.) They
can also be used to command displays. Because of their
three-level rotary system, the six keys can do the work of 18
different software keys. And the program-lock function
works when you lock the mope key. The PC-1500 then
retains the program and offers only the RUN mode. This
makes sure there’s no chance of accidental erasure.

BASIC, the simplest of the computer languages, is used.
Added BASIC terms provide variables that can be freely
defined using one or two characters, variables in two-
dimensional arrays for easier matrixing, variable strings,
commands for minigraphic display, and many other adv-
anced features.

And the PC-1500 has a clock function, too. The tone and
number of repetitions of the beep can be controlled. Random
numbers and key input commands can be used. Abbrevia-
tions and ten one-touch commands make programming sim-
ple. An Auto Power-Off®™ makes for a real power saving.
And, as icing on the cake, lower-case lettersare available by
using the sHIFT and smL (small) keys.

The CE-150 color graphic printer/cassette interface offers
automatic program, data, and calculation printing. It also
offers a four-color graphic function, from column graphs to
assorted patterns. It prints almost any drawing in red, black,
green, or blue. Characters can be printed in nine different
sizes and in lines ranging from 4 to 36 digits in length. The
printer can be controlled so the printing is directed up, down,
left or right. Nearly any type graphic is possible. As a
cassette interface, the CE-150 can be connected with up to
two cassette recorders, one for data and program storage, the
other for their recall.

After you’ve familiarized yourself with the new Sharp
PC-1500, you’'re going to wonder how you ever got along
without it! O

o €861 TVNNNY 3-4
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HEATHKIT
CATALOG

Discover the newest in electronics
for your home and business...

® Computer hardware and software ® Earth Station
® Self-study educational courses ® Precision test
instruments ® Computerized weather instruments ®
Complete Solar Hot Water Systems ® Automotive and
home energy savers ® Color TVs and
- AR R video accessories ® Fine stereo high-
fidelity components ® Amateur radio gear

...all in easy-to-build,
money-saving kits.

payg rers
L
P
\

TR

Send for the all-new, free Heathkit Catalog today!

104 pages describe

over 400 exciting l Please send my free Heathkit Catalog. l
kits for your | !am not currently receiving one. r |
electronics hobby. l Mail to: Heath Co., Dept. 022-942 l
Benton Harbor, Ml 49022
It coupon is missing, l l
write Heath Company, l l
Department 022-342, Name
Benton Harbor, l l
MI 49022 l Addrees l
l City State l
I CL-754 2D — e l
--------------———-‘

CIRCLE 8 ON FREE INFORMATION CARD

NEW PRODUCTS

TRAINER, the Micro 68000, is a com-
pletely self-contained trainer/
prototyping system designed for 68000-
hardware training of engineers and
technicians. It comes complete with a
6-amp switching power supply, 20-key
keyboard, 28-digit hexadecimal display,
80-bit binary display, keyboard-monitor
program, and hardwood and see-

FOR MORE INFO CIRCLE 12 ON
FREE INFORMATION CARD

through plastic cabinet. The Micro
68000 is the only training system avail-
able that provides for direct entry of ma-
chine code; it comes with Osborne/
McGraw-Hill's 68000 Assembly Lan-
guage Programming Book and
Prentice-Hall's 16-Bit Microprocessor
User's Manual. The Micro 68000 is
priced at $985.00.—Computer System
Associates, Inc., 7562 Trade Street,
San Diego, CA 92121.

CONVERTER, the Micro-RTTY, con-
verts CW from any keyer or keyboard
into standard AFSK two-tone RTTY or
two-tone CW ID. Micro-RTTY sends and
receives RTTY at 60, 67, 75.and 100
WPM, plus ASCII 110 baud. Special CW
characters allow for entering Morse ID
mode or sending a carriage return/line
feed character without ever touching the
unit. A printer attachment .is also pro-
vided via a black panel connection. The
Micro-RTTY receives any shift of RTTY
and displays the message on a ten-
character %-inch high, vacuum-tube
fluorescent display. The package i 22
X 5 x 5% inches, and the 9-volts DC
power supply is included. The Micro-
RTTY has a suggested price of
$299.95.Kantronics, 1202 E. 23rd
Street, Lawrence, KS 66044.

FOR MORE INFO CIRCLE 14 ON
FREE INFORMATION CARD
More on page 62
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PAY-TV

Pay-TV puts cable-quality programming on the
air. This is the inside story of the methods used
by broadcasters to insure privacy.

D. LANDFEAR

ONE OF THE FASTEST GROWING TV MAR-
kets today is the subscription-TV. or
pay-TV, business. Most pay-TV broad-
casters use one of the standard UHF
or VHF channels but transmit an en-
coded. or scrambled. picture. In order
to watch those scrambled signals. a
subscriber needs to have a decoder
attached to his set. Subscription TV is
much like cable TV...without the
cable.

New pay-TV stations are coming on
the air every month: and with over a
million subscribers already watching.
the prospects for still more stations are
indeed good. All of those stations offer
approximately the same fare: During
prime time they show full-length movies
and special-event features. such as
night-club acts and sporting events.
A special bonus for their monthly sub-
scription fees is that the subscribers
are never subjected to commercials.

Pay TV isn’t based on any new tech-
nology: indeed. the technique of scram-
bling TV pictures is almost as old as
TV itself. In the past there have been
at least a dozen different pay-TV
schemes that have come and gone be-
cause of cost. complexity. or market

NOTE:

The legality of the use of pri-
vately-owned devices to decode
subscription TV broadcasts is
currently the subject of much de-
bate and pending litigation. The
subscription companies have
taken the position that decoding
of broadcasts without payment is
“theft of service'" and the FCC has
issued a notice to the effect that
subscription-TV decoders are sub-
ject to FCC approval.

This article merely explains how
such decoding devices are buiit
and used, and you should obtain
independent advice as to the pro-
priety of its use depending upon
your individual circumstances.

conditions. However. current tech-
nology has played a part in the recent
success of those systems: Decoders in
use today are a complete receiver
which merely attaches to the antenna
terminals of the subscriber’s set. Con-
trast that to earlier designs which re-
quire connections inside the set to the
sync. video. audio. and other signals.

Presently. five different encoding
schemes have been authorized by the
FCC: at least three of them are in use
now. All of those systems use essen-
tially the same approach to encoding
the signal. Either the audio channel is
taken off the main channel and put on
a subcarrier, or another audio channe)
is added somewhere in the composite
signal, usually below the video carrier.
The video is encoded by removing.
suppressing. or masking the sync
pulses: that disables the receiver's
sync-separator circuit. A viewer who
received such a scrambled signal on
a normal receiver would see no co-
herent picture and would probably
hear a “‘barker’” or announcer telling
him how much he was missing by not
being a subscriber!

Copyright ® 1979 by Orion Picture Company
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CONNECTION POINTS FOR PAY TV UNSCRAMBLER are indicated In block diagram. A thorough
schematic wiil be necessary for you ta locate these points In your own TV recsiver.

All three of the encoding systems
now in use throughout the country
make use of one variation or another
on that theme. The unscrambler de-
scribed below works for only one of
those three systems but the principles
involved are applicable to all of them.

To determine whether the system
used in your area is the same as the one
discussed here. there are two things
you can do. The simplest is to check
for the presence of a 5.750-kHz pilot
tone at the audio detector of your TV
set. If it’s there, you're all set. The
other is to use your scope (prefer-
ably dual-trace) to observe the video
waveform. If it matches that shown at
the bottom of Fig. 1, once again, you're
on the right track.
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The significance of the pilot tone and
unusual waveform will be made clear
below.

How scrambling works

First, let's review the characteristics
of a standard TV signal. In order to
produce a picture. the entire face of the
picture tube is scanned line-by-line.
starting at the top left and continuing
to the right and down, in what is called
a raster scan. Each complete scan is
called a frame, and takes 1/30th of a
second to complete. During that 1/30th
of a second. however, 525 lines are
transmitted. Therefore, in one second.
there are 525 x 30, or 15.750 lines
transmitted. In order to produce a co-
herent image on the screen, it is neces-
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FIG. 1—NOTE DIFFERENCES in horizontai-blanking intervals between normal (top) and encoded

(bottom) signais.

CONNECTIONS TO TV SET(S)

Connecting the adapter to a TV
receiver will require some amount of
**digging’’ and TV knowhow on the
part of the builder. There are two pos-
sible ways to use the adapter: The TV
receiver with the adapter installed can
serve as the monitor on which the
program is watched; or the program
can be watched on a second TV re-
ceiver tuned to the channel 3 or 4 out-
put of the adapter’s RF modulator.

To install the adapter it will be
necessary to find the following con-
nection points in the receiver:

e Power (12 volits or greater)

e Audio-detector output

e Emitter(s) of one or more video

IF-gain stages

® Video-detector output

The diagram at the left shows a sim-
plified block diagram of these con-
nections, and each will be discussed
next month.

sary to transmit synchronizing (or
svnc) pulses. Those pulses are used to
insure that the scan begins at precisely
the correct time. Both vertical- and
horizontal-sync pulses are used for this
purpose.

A vertical-sync pulse defines the
beginning of each frame and field (half
a frame) and a horizontal-sync pulse
defines the beginning of each line. In
addition to sync pulses, there is an
additional signal called a blanking
pulse. To understand the purpose of
the blanking pulses, recall how the
raster scan goes line-by-line from left
to right down the screen. In order for it
to get from the end of one line (or one
frame) to the beginning of the next,
it must sweep back or retrace its path.
However, during the brief period when
it is doing that, it is necessary to turn
off the beam, or blank it. That is the
function of the blanking puise. The
sync pulses are superimposed on the
blanking pulses.

What happens is that every time the
beam sweeps to the end of a line, or
frame, it is extinguished or blanked by
the horizontal or vertical blanking
pulse, respectively. before it is reset
to the beginning of the next line, or
frame, by the sync pulse.

Now, suppose we alter the charac-
teristics of the sync pulses, or even
remove them entirely. What happens?
You guessed it—a mess on the screen
instead of a picture. The waveforms of
a scrambled signal havé these charac-
teristics: non-standard sync and blank-
ing pulses. That non-standard signal
is compared to a standard signal in Fig.
1. which represents about 1% lines of
video information as viewed on an
oscilloscope. The upper trace repre-
sents a normal video signal and the
lower trace a scrambled one.

Note that in a standard signal, the
horizontal-blanking pedestal estab-



PARTS LIST

Resistors Y2 watt, 5%

R1, R28—470 ohms

R2—10000 ohms, potentiometer

R3—22000 ohms

R4, R5—3900 ohms

R6, R7—100,000 ohms, potentiometer

R8, R21—1000 ohms, potentiometer

R9, R10, R26— 15000 ohms

R11, R27— 100,000 ohms

R12, R13, R20—10000 ohms

R14-R16—not used

R17—2200 ohms

R18, R19—not used

R22—75 ohms

R23—100 ohms

R24, R25—240 ohms

R29—1000 ohms

Capacitors

C1, C15—10 uF, electrolytic

C2, C8—1.0 uF electrolytic

C3—0.033 uF ceramic disc

C4—0.003 u= ceramic disc

C5—470 pf, mica

C6, C7—0.022 uF ceramic disc

C9—0.0047 uF polystyrene or mylar

C10—0.0047 uF polystyrene or mylar

C11—100 pF ceramic disc

C12-C14, C27—0.1 uF ceramic disc

C16, C17—not used

C18—22 pF ceramic disc

C19, C20—0.001 uF ceramic disc

C21—56 pF mica

C22—82 pF mica

C23, C26, C28-C30—0.01 uF ceramic disc

C24—1000 uF electrolytic

C25—6.8 uF tantalum electrolytic

Semiconductors

D1—1N914

D2—not used

D3-D6— 1N4001

LED1—jumbo red LED

JC1—LM1800 PLL FM stereo demodulator

1C2—74123 dual retriggerable monostable
multivibrator

IC3—LM741 op amp

1IC4—1LM1889 TV video modulator

IC5—7812 12-volt positive reguiator

1IC6—78L0S5 five-volt positive regulator

Q1—not used

Q2—MPSA05

L1—0.068 uH slug-tuned coil (2'2 turns
#18 wire on V2-inch form) (J.W. Miller
48A77MPC or equivalent)

1L2—7-12 uH slug-tuned coil (J.W. Miller
23A105RPC or equivalent)

S1—SPST switch

S$2—SPST or DPST switch

T1—14-18-volt, one-amp transformer
(optional)

Miscellaneous: PC board, phono jack,

vestigial sideband filter FL-1 (Plessey

SW300 or equivalent—optional), solder,

IC sockets, etc.

NOTE: The following are available from
Micro-Mart, 552 Summit Avenue, West-
field, NJ 07090 (Tel. 201-654-6008) or
Sterling Technology, POB 5929, Incline
Village, NV 89450 (Tel. 800-538-9787
except CA. CA residents call 800-662-
9238): Etched & drilled, solder-plated
PC board with instruction manual, $20.00;
PC board only, $15.00; kit of all parts with
manual, $69.00. Visa and Mastercard
accepted, please add tax where appli-
cable. All prices postpaid within con-
tiguous 48 states.
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FIG. 2—ALTHOUGH DESIGNED for other purposes, the LM1800 and LM1889 can be used in decoding

applications.

lishes the black level for the line. The
sync tip is in the *'blacker-than-black ™’
region. In the non-standard signal.
however, there is no clearly recog-
nizable blanking pulse. Thus. there’s
no black reference: the video signal
itself is seen in the ‘‘blacker than
black’™ region by the set. making syn-
chronization impossible. It should
also be noted that during the horizon-
tal-blanking interval, a color-synchro-
nization signal is also transmitted. That
signal, called the color burst, is used
to synchronize the color-detection cir-
cuits in the TV set. With a normal
signal, the set's circuitry expects to
see the color-burst signal during a
specified interval. If it doesn’t recog-

nize the blanking pulse. then it can’t
recognize the color-burst signal either:
thus. the set’s color circuitry is either
unsynchronized or doesn’t work at
all. So just by changing one part of the
signal—the blanking pulse—it is pos-
sible to destroy not only the picture
sync but also the color sync.

All that has been done to the scram-
bled video signal has been to reduce
the horizontal blanking-signal level
below the video-signal level. To recon-
stitute the picture. all that is required
is to restore everything to its original
levels. That can be accomplished very
simply by momentarily increasing the
gain of the TV receiver during the
horizontal-blanking interval. The trick

© €861 TVNNNV 3-H
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FIG. 3—A SIMPLE PAY-TV DECODER uses just four IC's and a transistor.

is to know exactly when to increase the
gain. Since the video signal is such that
the blanking pulse is almost unrecog-
nizable, perhaps we should look else-
where.

An unscrambler

Let’s digress for a bit and talk about
the sound. As you will see, there is a
very important correlation between the
sound and the restoration of the sync-
and blanking-pulses. Program audio
is transmitted via a 31.5-kHz sub-
carrier. The information on that sub-
carrier is a double-sideband, sup-
pressed-carrier signal. In order to
demodulate it, a reference signal, or
pilot carrier, is required. The frequency
of that pilot carrier is one-half the
modulating-carrier frequency (31.5/2 =
15.75 kHz). That number—15.75—
is the horizontal-line frequency we
talked about earlier, and represents

the number of horizontal-sync pulses
generated in one second. Obviously
there is some correlation here.

The pilot-carrier signal can be used as
a timing reference to recreate the sync
and blanking pulses. The pilot carrier
generates a 15.75-kHz square-wave
signal in a decoder IC such as an LM
1800. That signal in turn is used to
trigger two cascaded one-shot multi-
vibrators that produce a gate pulse of
exactly the same width and phase as
the horizontal-blanking pulse. That
gate pulse is used to increase the IF
gain of the TV receiver during the
horizontal-blanking interval, restoring
the sync- and blanking-signal strengths
to normal.

The method is the same as the one
used to transmit the difference infor-
mation that produces an FM-stereo
signal. And, since the same process is
involved, the same hardware can be

used to retrieve the signal. The only
difference between the stereo system
and this system (other than the choice
of frequencies) is in the way the signals
are retrieved on the output. In a stereo
system, the main-channel signal is
added to the sub-carrier signal to pro-
duce two separate channels. In the
unscrambling application, the main-
channel signal is subtracted, and only
the subcarrier signal is used.

Block diagrams of both the LM (800
PLL stereo decoder and L.LM1889 TV
video madulator IC’s are shown in
Fig. 2 to help you understand the work-
ings of the unscrambler.

The circuit

Fig. 3 shows a schematic diagram
of a decoder circuit. Assume that the
circuit is connected to a TV receiver
tuned to a scrambled broadcast. The
outputs from the TV's audio and video
detectors are connected to points A"’
and *‘V’’ respectively.

The signal from the TV audio detec-
tor is applied to pin | of ICI, a PLL
FM-stereo demodulator, through C11,
a 100-pf coupling capacitor. That ca-
pacitor removes most of the main-
channel information while allowing the
high-frequency subcdrrier and pilot
carrier to pass through. The pilot car-
rier is used to phase-lock a 15.75-kHz
oscillator that's part of IC1. The free-
running frequency of the oscillator is
determined by R2. R3, and CS. Phase-
lock is indicated by LED!1, which lights
when lock occurs.

The audio outputs appear at pins 4
and S of IC1: they would normally be
the left- and right-channel outputs if
a stereo signal were being decoded.
However, since the intent is to recover
only the subcarrier audio, those signals
are applied differentially to a 741 op-
amp. IC3. The main-channel compo-
nent is in phase at both the inverting
and non-inverting inputs and is can-
celled out by IC3. Since the subcarrier
signal is 180° out of phase with itself at
those two pins. it is not cancelled and
appears at the output of IC3. O

; e

“Now tell me how smart you are!"’
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PAY-TV
DECODER

D. LANDFEAR

In the first part of this article we dis-
cussed how pay-TV signals are scram-
bled and began talking about a device
to decode them. Refer to Part 1 and
Fig. 3 as we finish the discussion and
describe the construction and connec-
tion of a decoder board.

Returning to IC1 for a moment, the
phase-locked oscillator produces a
square-wave output signal at pin 11
that is used to trigger a 74123 dual one-
shot (IC2-a and -b). That one-shot
produces the gating signal required to
restore the sync and blanking pulses.
The first section, IC2-a, has a period of
approximately 30 microseconds. The
trailing edge of its output pulse is used
to trigger IC2-b, which has a period of
approximately 12 microseconds—the
width of the horizontal-blanking pulse.
Because of the design of IC1, the 15.75-
kHz output signal at pin 11 occurs
somewhere in the middle of a scan line.
An adjustable delay that allows the
gating signal to begin at the proper
time is provided by IC2-a. The actual
gating signal is generated by IC2-b,
and its width is set to match the width
of the horizontal-blanking interval. The
combination of R6-C9 is used to posi-
tion the gating signal and the combi-

NOTE:

The legality of the use of pri-
vately-owned devices to decode
subscription TV broadcasts is
currently the subject of much de-
bate and pending litigation. The
subscription companies have
taken the position that decoding
of broadcasts without payment is
“theft of service” and the FCC has
issued a notice to the effect that
subscription-TV decoders are sub-
ject to FCC approval.

This article merely explains how
such decoding devices are built
and used, and you should obtain
independent advice as to the pro-
priety of its use depending upon
your individual circumstances.

nation of R7-C10 is used to control its
width. The gating signal appears at pin
13 of IC2-b, and its amplitude is con-
trolled by R8. That signal is used to
increase the IF gain of the TV receiver
during the horizontal sync- and blank-
ing-pulse intervals and thus correct
the video waveform.

We have now discussed all of the
circuitry required to reconstruct the
original video and audio signals. Now
it is necessary to re-combine them into
a useable TV signal. We have obtained
a stable picture, but still have no sound.
However, the intended use of our
adapter is to provide a VHF signal
for viewing on another. unmodified.
TV set. Therefore, the video signal is
taken from the video detector and
applied to IC4, which is a complete
video-modulator IC. The tank-circuit
L1-C21 is used to set the video-carrier
frequency. Resistor R21 controls the
voltage at pins 2, 3, 4, and 13 of 1C4
which, in tumn, controls the percentage
of modulation of the video input at pin
12. The sound is generated by FM-ing
a 4.5-MHaz oscillator using a transistor

Copyright © 1979 by Orion Picture Company
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FIG. 5—HOLE MUST BE DRILLED at lower left of board for J1, If used.

(Q2) as a variable-capacitance diode
from IC3 to the 4.5-MHz oscillator
tank-circuit L.2-C22. The output of that
circuit is coupled through C18 and R20
to the video input of the modulator to
produce the required sound-carrier
4.5 MHz above the video carrier at
the output.

The RF output is developed across
R22 and is attenuated by R29. The
output is a 75-ohm unbalanced signal
that can be connected directly to a
75-ohm antenna connector or. via a

balun transformer. to 300-ohm antenna
terminals.

The remaining circuitry on the board
(see Fig. 4) consists of power supply
and regulator circuits. Four diodes
(D3-D6) make up a full-wave bridge
to produce approximately 16 volts DC.
which is filtered. and then regulated
by ICS to produce 12 volts. A second
regulator. 1C6. provides the regulated
S volts required by IC2 (see Fig. 3).

Construction and alignment of the
PC board is relatively straightforward

and only an oscilloscope is required
for final adjustment.

A foil pattern for the PC board is
given in Fig. 5 and parts placement is
shown in Fig. 6. You should note that
while that board is intended to un-
scramble the signal received by one
TV set and generate a signal to be
received by another, it can also be
modified for single-receiver operation
That will be described in the sections
that follow.

Power

The adapter board requires 12-volts
DC at approximately 100 mA to oper-
ate it. That power may be derived in
several ways.

A rectifier, filter, and regulator are
provided on the board. An AC source
of 14 to 18 volts may be connected to
terminals ‘‘x-x"" (see Fig. 6), using a
filament transformer.

Power can also be taken from the
TV-receiver power supply, if the volt-
age available is 12 volts or greater. If
the TV supply-voltage is in the range
of 12 to 14 volts, ICS may be removed
from the board, and power connected
directly to point Y’ (Fig. 6). If the
supply voltage is 14 to 20 volts, C24
should be removed, and power con-
nected directly to point *‘Z"". If the
voltage is greater than 20 volts, a resis-
tor will be required between the set
and point **Z’". The resistance, R, is
calculated as follows:

R = 10 (E-15)
where E is the supply voltage of the
set.

The wattage rating, P, of the resistor
is determined by the formula:

P =0.01 xR

Thus, if the set's supply voltage
were 24 volts, R would be 10 (24 — 15),
or 10 x 9, giving a value of 90 ohms
and a wattage rating of 0.9 watt: A
91-ohm, one-watt resistor would be
the closest standard value.

Audio detector output

The output from the TV receiver's
audio detector is connected to terminal
**A” of the adapter board, using a
short length of shielded cable. The
signal must be connected directly to
the output of the detector ahead of
any de-emphasis network (usually
an R-C circuit) in order that the high-
frequency subcarrier and pilot carrier
not be greatly attenuated. That point
is usually right at the cathode(s) or
output terminal of the detector device.
An oscilloscope should be used to
determine the presence of the pilot
carrier if any doubt exists as to the
correct takeoff point. The pilot-carrier
signal amplitude should be approxi-
mately 100 mV or greater, peak-to-
peak. In some receivers, it may be
necessary to decrease the value of
any decoupling or bypass capacitors
in the detector circuit.
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Video IF gain stage

This connection, from point "G"
on the PC board, is made directly to
the emitter of one of the set's IF-gain
stages—usually the second. In some
instances, though, it may be necessary
to key more than one stage. That may be
accomplished by adding another diode
with its anode connected to the anode
of DI and its cathode to the emitter
of the first IF amplifier. If the adapter
is being connected to a TV receiver on
which it is desired to preserve the capa-
bility of receiving standard TV signals
as well, a SPST switch, S1, should
be inserted into that line to allow selec-
tion of standard or nonstandard video
reception.

(You might, instead, want to use a
DPST switch, with the second set of
contacts hbeing used to turn the adaptor
on or off. That will eliminate possible
interference from the RF modulator
when von are watching “normal’”
TV—Editor.)

If none of the IF gain stages are
accessible (e.g.. everything's on one
LSI IC) an alternate approach to the
gain-gating may be made by construct-
ing a fast-switchable attenuator using
a PIN diode or similar device, and
placing it between the tuner- and
video-IF stages. The design of such
a device, however. must be left to the
builder inasmuch as the requirements
of each TV receiver will be different.
Generally. a gain increase of about
8 db is required.

Video detector output

This connection is necessary only
if the TV receiver to which the adapter
is attached is not the TV receiver on
which the program will be watched.
Shielded cable should be used for the
connection to point V', The video
signal is used to modulate the RF out-

put. The signal should be taken directly
from the video detector, or as close as
possible following it. It is not recom-
mended that it be taken from a video-
amplifier stage because the color burst
and chrominance signals may be trapped
out before that point. The video modu-
lator has a differential-input stage; the
output signal will be the difference be-
tween the video-input signal at point
**V** and the voltage on the reference
input as determined by R21's setting to
offset any DC component of the input
signal.

Audio back to TV receiver

This connection is necessary only
if the TV receiver to which the adapter
is attached is the TV receiver on which
the program will be watched. The
semiconductor capacitor, Q2, is re-
moved from the board and a piece of
shielded cable connected to the out-
put (pin 6} of IC3. The other end of
that cable should be connected via a
.1-uF capacitor to the top of the TV
receiver’'s volume control after the
existing lead is removed. Alternatively
a SPDT switch can be used in the set
to switch between the internal (normal)
or external (adapter) source. See Fig.
7 for details.

Alignment

After it has been attached to a TV
receiver, the adapter can be aligned
using an oscilloscope—preferably
dual-trace—and another TV receiver.
A frequency counter and TV field-
strength meter, although not abso-
lutely required, are also helpful in
aligning the adapter. In order to elimi-
nate any confusion in the following
instructions, the terms TV1 and TV2
will be used. TV1 refers to the TV
receiver on which the adapter is in-
stalled, and TV2 refers to the other

e - "
: i Ll g

FIG. 7—SPDT SWITCH can be used to ssie

“normal’’ or decoded audio signals.

FIG. 8—UPPER TRACE shows scrambied sig-
nal; lower one shows gating puise from decoder.

FIG. 9—A PROPERLY UNSCRAMBLED SIGNAL
should look like this on your scope.

WARNING

Ideally, the TV set that the
decoder will be connected to
should have an isolated chassis.
TV sets of this type use a power
transformer to isolate the chassis
from the 117-voit power line.
Uniess the TV set has an isolated
chassis, a potential shock
hazard can exist.

receiver, on which the program will
be viewed. Refer to Fig. 6 for the lo-
cation of the components involved in
the alignment procedure.

1. Before applying power, set ail
the potentiometers to the ap-
proximate center of their travel.

2. Apply power and tune TV1 to a
channel known to be transmit-
ting a scrambled signal. TVi
should be connected to a good
antenna. Verify that TV1 is in
fact tuned to the channel by
monitoring point V" for a video
signal with the scope.

3. Very slowly adjust potentiome-
ter R2 on the adapter board unti}

€861 TVNNNV 3-H

-
w



=

| \ g
= [T

R8
ADJUSTMENT

R
T’! l" "l l"_— ADJUg{'MENT

ADJUSTMENT
FIG. 10—IDEALIZED VERSION of signal in Fig. 9 shows criticai decoder alignment points.

ANTENNA
P BALUN®
ADAPTER —
™ ANTENNA ivZ
PREFERRED
-« TRAP LOCATION
A SPLITTER/
1 2 |comBINER
BALUN®
. — |
S § . ALTERNATE
s BALUN TRAP LOCATION
ADAPTER { n
™I SPLITTER/ [ 1 2
COMBINER A “
= TV2
ANTENNA
PREFERRED
/_— TRAP LOCATION
. BALUN®
ADAPTER 1 I ALTERNATE
? 2*'/ TRAP LOCATION
A SPLITTER/
ANT. l COMBINER
BALUN® DISTRIBUTION
AMPLIFIER
1 [ TO TV2 AND
L, ADDITIONAL SETS

*BALUNS REQUIRED FOR 75-0HM TO
300-O0HM TRANSITIONS

FIG. 11—SEVERAL METHODS for Interconnecting a multi-set system. See text for details.

TABLE 1
Channel 2 55.25 MHz
Channel 3 61.25 MHz
Channel 4 67.25 MHz
Channel 5 77.25 MHz
Channel 6 83.25 MHz
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the LED lights. Note the approx-
imate position at which that
happens and continue tuning
until the LED goes off. Then
turn the adjustment screw back
approximately halfway between
the points where the LED came
on and where it went off.

. Adjust R6, R7, and R8 to obtain
the waveform shown in Figs. 8,9
and 10. First adjust R6 and R7,
then R8, to obtain the waveform
shown in Fig. 10. Some slight
readjustment of R6 and R7 may
be necessary to eliminate spik-

ing at the leading and trailing
edges of the horizontal-blank-
ing pulses.

. Connect the VHF antenna ter-

minal(s) of TV2 to the RF output
of the adapter board (J1) and set
the channel selector to an un-
used channel between 2 and 6.
Adjust the fine-tuning control
until only snow appears on the
screen. (It may be necessary to
disconnect the input to the
antenna temporarily to do that.)

6. Adjust the slug of coil L1 for the

desired output frequency ac-

cording to Table 1.

7. Adjust the slug of L2 for a fre-
quency of 4,50 * .05 MHz.

8. If a TV-field-strength meter is
available, the output level may
be checked. The level should be
2000 microvolts T 6 db for the
video carrier, and 100 micro-
volts * 6 db for the audio car-
rier. Those levels are affected by
the setting of R21.

That completes the adjustment pro-

cedure of the adapter board. At this
point, you should be receiving a good-
quality signal on TV2. If not, ga back
over the adjustments carefully—espe-
cially the adjustments of R6, R7, and
R8. Those control the stability of the
picture. With the scope probe con-
nected to point “V’’, note the rela-
tionship between the video waveform
and the behavior of the image on TV2.
Finally, the importance of a good
antenna for the modified TV set cannot
be overemphasized. Because of the
scheme used to transmit the horizon-
tal-timing element (the pilot carrier)
the system is very susceptible to multi-
path reflections (i.e., ghosts). With
this adaptor, multipath signals will not
only show 'up as ghosts; they will also
cause tearing of the picture. The time
spent in getting a good, snow-free,
ghostless picture will be worth it—not
only for receiving nonstandard signals,
but for normal broadcasts as well.
Your modified TV may also be used
to feed a central distribution system.
That can be done by using a 2-set
splitter as a combiner, as shown in Figs.
11-b and -c. However, for best results
a vestigial-sideband filter such as a
Plessey SW300 or Crystal Technology
CTI-55B should be installed at the out-
put of TVI. That filter removes the
high-frequency component of the
lower sideband of the output signal
and thus eliminates co-channel inter-
ference. The PC board has been de-
signed to accommodate one of those
filters (FL1). If it is used, remove R29
and select the appropriate jumper for
channel 3 or 4 as shown in Fig. 6. 0O



A few simple circuit chips and their use
provide a basic

Donald Wilcher

HERE IS A SIMPLE PROJECT MOST EXPERIMENTERS CAN
knock together with parts salvaged trom old projects
or found in their spare parts box. The Economy Timer
consists of three basic circuits: a simple RC timer-cir-
cuit which uses a single transistor. Q1. to control re-
lay. RY 1. and a 555 (IC1) counter-circuit whose output
drives an LED-display circuit.

The timer begins to count after key switch Sl is de-
pressed. held for a moment. and released. One section
of the S1 connects pin 14 of IC2 to ground. resetting
the count circuit to zero. The other section of the Sl

charges capacitors C2 and C3 to the voltage level of

B1. When S1 is depressed. Q1 conducts and relay RY'1
is energized: that in turn energizes the counter-circuit,
which provides pulses to the display circuit. When S1
is released. the relay remains energized until the RC
circuit has run its course. discharging through resistors
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FIG. 1—SCHEMATIC DIAGRAM OF THE ELECTRONIC TIMER.
Pressing S1 resets the counter to zero and starts the timer.

primer in timers.

HUNDREDS
CASCADING
DIGITS

FIG. 2—THE ELECTRONIC TIMER'S CAPACITY can be increased
by cascading additional 74192 IC’s.

RS and Ré. shutting down transistor Q1. de-energizing
relay RY 1. and bringing the counter-circuit to a dead
stop.

The display circuit will now readout the time. which
can be used to calibrate the dial plate under the pointer
knob of R6. Note that the count begins when SI 1s
released. removing the zero reset ground tfrom pin 14
of 1C2. The circuit as shown is very basic. The timer-
circuit calibration depends on the regulation of BATTI.
To increase accuracy. use a standard line-operated 9-
volt/regulated power supply to drive QI and ICL
Then. tap off a 5-volt supply using a resistance net-
work across the 9-volt supply. or. better still. hookup a
voltage regulated S-volt supply.

Resistors in this network should not be warm to the
touch. If they do get warm. use the next higher wattage
values. If you have a spare +5-volt regulator IC. this
may be the easiest way to do the job. If you elect to
count to tens or more. add cascading digits as illustrated
in the partial diagram (Fig. 2). The Electronic Timer
circuit has countless potentials tor use as a darkroom
timer. stopwatch. elasped-time indicator. and more
Have fun! O
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COMPUTER

fconomics is the area of social
science vhich deals with:

It

Production

- Oistribution
-~ Consurption

is sonetimes called:

'Political Econony”

Economics

may be ignored, until

disturbances occur vhich affect
r prosperity, or our jJobs.

A SHORT TIME AGO I BUILT A SMALL MI-
crocomputer. As it neared completion,
I realized that, since it had a compos-
ite video output, I would need a video
monitor to use it. Because ‘'of my low
budget, I decided to convert a 12-inch
black-and-white TV set for this pur-
pose. As is well known, you cannot
connect an AC/DC TV set to a trans-
former-based computer without run-
ning the risk of electrical shock or of
blowing up one or the other...or all of
those. Therefore. I decided to build a
circuit that would couple the computer
to the TV set using optoisolators to
separate the two electrically.

The circuit I designed is simple in
concept, inexpensive, and not very
critical with respect to parts-replace-
ment or wiring. It can be built using
wire-wrap or point-to-point wiring
techniques on perforated construction
board.

The one sensitive area, however,
is the speed of the components used.
Because the video rate of a 64-charac-
ter line, using 5 X 7 dot-matrix char-
acters with one space between char-
acters (the output of the video board
I am using) is about 8 MHz, high-speed
components must be used.

Ordinary analog optoisolators won't
even begin to do the job—they're much

too slow. Instead, I used a digital de-
vice, the HP $002=4300: e =10

" INTERFAC

Any black-and-white TV
set can safely serve as a
monitor for your computer
when you build this inex-
pensive optically-isolated
interface.

DAVID E. CARTIER

at speeds up to 20 MHz. Similarly,
the NES29 comparators used in the
circuit are high-speed devices.

Theory of operation

To understand how the analog TV
signal is turned into a digital one for
the optoisolators, refer to Fig. 1. It
shows an idealized video waveform of
the kind generated by the computer’s
video-board circuitry. You can see that
only three voltage-levels are really
involved. The sync level is at or near
ground potential—close to zero volts.
Black (the background)is at about 0.5
volt and white (the color of the char-
acters) is around Pt ;

comparators to check the level of the
video signal against reference voltages
for black, white, and sync, it is pos-
sible to separate those three pieces of
intelligence and then pass them through
the .optoisolator circuitry as logic-
**highs*’ and logic-*‘lows'".

The complete circuit is shown in Fig.
2. The composite video signal from the
computer is input at J1 and supplied to
the inputs (pin 3) of two NES29 high-
speed comparators.

To recover the sync signal, IC1 is
referenced by resistor R4 close to—but
slightly above—ground potential (about
0.1 volt). That is done because a TTL
or CMOS logic ‘0" actually may be
slightly higher than zero volt. Since
the sync pulse is the low-level part of
the composite video signal, IC1 pro-
duces an output pulse for each sync
pulse and ignores the video—the video
level never gets that low.

On the other hand, IC2 has its refer-
ence voltage set higher by R3, to ac-
commodate the video portion of the
signal. That resistor is variable so as
to make it easy to define the threshold
level at which black turns to white.

Two outputs are available from the
NES29's, inverted and non-inverted. I
used the inverted output to comple-
ment the inverted output of the opto-
isolators. (The two inversions restore
*La cignal to its original polarity.)
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FIG. 1—COMPOSITE VIDEO SIGNAL from computer's video board has three main components:
sync, biack, and white.
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COMPONENT LAYOUT is not critical. Tie-strip at upper-right holds bridge rectifier. Use of DIP headers
simplifies mounting and connection of resistors and small capacitors.

PARTS LIST

Resistors Ya watt, 5%

R1, R2—4700 ohms

R3—5000 ohms trimmer potentiometer

R4—100 ochms

RS, R6—560 ohms

R7—3600 ohms

R8, R10—2200 ohms

R9—10000 ohms

Capacitors

C1, C2—1000 uF, 15 volts, electrolytic

C3-C5—.1 uF ceramic disc

Semiconductors

BR1—full-wave bridge rectifier, S0 PIV,
1 amp

IC1, IC2—NES529 high-speed comparator
(Signetics)

IC3, IC4—HP-5082-4360 or 6N137 opto-
isolator (Hewlett-Packard)

IC5, 1IC6—7805 five-volt positive voltage
reguiator

T1—12.6-volt, 100 mA, center-tapped
transformer

J1—female BNC connector

S1—SPDT switch

Miscellaneous: perforated construction
board, IC sockets, 75-ohm coaxial ca-
ble, heat sinks, etc.

NOTE: If unavallable from your usual

supplier, the optolsolators may be or-

dered from: Surplus Electronics, 9600

Baltimore Boulevard, College Park, MD

20740 for $4.95 each, postpald. Visa and

Mastercard accepted. MD residents add

5% tax.

With the sync and video components
of the signal separated and translated
to logic states, the individual signals
are fed to the optoisolators, IC3 and
IC4. Those IC's can sink 13 mA with
just 5 mA of input current, and that is
well within the drive capabilities of the
NES29 comparators.

The video recombining network,

continued on page 122

45V (COMPUTER-SIDE) 5V (TV-SI Mveicatv. — — 7 7 77
4 : (‘ P | CONNECTION
- e IC6 |
* mos [ > +12V (TV-SIDE)
COMPOSITE > R < o I %
VIDEO > 47K 3.6K 0.1 ¥ Y
INPUT S I (I 18 : ! .
v 1c2 gt 2 Ica 6 [ ' -
4 NE529 L 50824360 L ; ' -
“ @ V [ 10 SGRUE;'I 3 5 l d iE ra i
il % . l e J_ YL ! A s B0 comnm’é’
- = L [ wr " conTROL
- 8V b3 R10
e $2x | W %
> ) | =
< R2 A8 ! 2
4K 1 8 [ gg 18 2.2¢ | S i) .
i 121 S 1c3 6 { TV VIDEG AMP. =
Yy 5082436 e
NES29 e 082-4360 » o
> R4 6 10 3 5 $RI
iiwon 1 $ 0K i =2
= _8v = = v | 2 %
i i .

NOTE: _J;
COMPUTER-SIDE GROUND

% TV-SIDE GROUND

FIG. 2—-TWO SEPARATE GROUND SYSTEMS are used by the interface. Make absolutely sure that
each ground is made to the proper system!
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Everything that you've always wanted to know about home
video. The differences between VHS and Beta, noise

reduction for VCR’s, stereo TV, and more.

HOME VIDEO RECORDERS (OR VCR’S) ARE
the ‘‘hot™ electronic product of the
year! While the general economic
downturn in the U.S. and worldwide
has brought about reduced sales of
high-fidelity audio products, sales of
home video equipment are significantly
ahead of last year. (They're anywhere
from 70% to 100% ahead, depending
upon whose figures you believe.) Rela-
tively speaking, however, video re-
corders are so new to the public that
potential users—retailers and tech-
nicians alike—have many questions
relating to the operation and use of
VCR’s. [ will try to answer the ten
most often asked questions here.

What are the actuai differences
between the two basic systems:
Beta and VHS?

Let’s go back to the beginning. Sony
Corporation introduced its Betamax
system in 1976. It uses a plastic, two-
hub cassette that is about the size of
a paperback book. While today there
are many different tape lengths con-
tained in Beta cassettes, the standard
L-500 cassette contains about 500 feet
of Y-inch wide tape. At the original
Beta-I speed, that provided about one
hour of recording capability.

About one year later, Victor Com-
pany of Japan (known in the U.S. as
JVQC) introduced a system that they call
VHS (for Video Home System) which
differs in several details from the Beta
system. The two-hub VHS cassette
is large enough to accommodate 800
feet of tape (also 4-inch in width). That
provides just over two hours at VHS's

slightly slower speed of 1.31 inches-
per-second.

Both systems use a rotating tape
head that spins at the incredibly fast
speed of I80() RPM. Figure | shows the
pattern or ‘‘magnetic foofprint™ laid
down by the combination of rotating
head and slowly moving tape for each
of the two systems. Besides those basic
differences in speed and track patterns,
JVC chose to use a different tape-load-
ing system that they call M-loading.
Illustrated in Fig. 2, that system pulls

LEN FELDMAN
CONTRIBUTING EDITOR

out a small length of tape from the cas-
sette only during recording or play-
back. JVC maintains that that subjects
the heads to slightly less wear than the
Beta loading system that keeps the
tape threaded at all times, once the
cassette is inserted into the recorder.

Which system, Beta or VHS, pro-
vides the better quality of picture?

Most experts agree that there is little
difference in picture quality between
the two popular formats. Bearing in

THE RCA model VDT600 VCR uses the VHS system and has three selectable speeds.
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FIG. 1—A MAGNETIC PATTERN s laid down on a siowly moving tape by two rotating heads in
both the VHS (shown in a) and Beta (shown in b) systems.

mind the rotation of those recording/
playback heads at 1800 RPM, the ef-
fective linear tape-to-head speed works
out to about 270 ips for Beta and 230
ips for VHS (using the Beta-II 2-hour,
and the VHS SP 2-hour speeds). Both
systems can provide slower tape speeds
that give longer record times. Cur-
rently, an L-830 tape cassette used in a
Beta machine at its Beta-III speed will
provide up to five hours of recording
time. while a T-120 cassette, used in
the EP or SLP speed on a VHS ma-
chine will permit up to six hours of
recording or playback time. While
there is some picture degradation at
those slower speeds. it is not nearly as
bad as one might suppose, since head
rotation speed remains the same. Still,
Beta speeds are just a bit faster (at
progressively slower linear tape speeds)
than VHS speeds—which would sug-
gest somewhat better picture quality
in theory. In practice, other variables.
such as the quality. and care taken in
the assembly. of the electronics of each
system may have more to do with ulti-
mate picture and sound quality than
the basic recording format or tape
speed used.

i | buy a video camera, must it
employ the same format (Beta or
VHS as my VCR?

Although it is true that VHS and
Beta VCR's are totally incompatible
with each other (tapes made on one
will not play back on the other) video
cameras bear no relationship to the
VHS/Beta incompatibility problem.
The sole function of a video camera
is to translate the image seen by the

camera lens into a standard NTSC
video signal, much like the one that
we receive over the air or from cable-
TV companies. Since that type of sig-
nal is compatible with either VHS or
Beta type VCR's, the signal produced
by an video camera purchased in the
United States will work with either
VCR format.

There is one qualification. however,
that should be mentioned. Since manu-
facturers of video cameras are gen-
erally the same ones who make VCR's,
they would naturally like you to buy
both products from them. If you do
decide to purchase one brand of VCR
and another brand of camera, you may
well run into interconnection prob-
lems. The end of the cable supplied
with the camera may have a plug or
connector which does not mate with
the receptacle on the VCR you own.
That possibility should be checked out
before you make a final decision re-
garding which of the video cameras

GUIDE PIN

GUIDE
ROLLER

@

you will buy.

If the cable supplied with the camera
does not mate with the VCR you al-
ready own, there are ways around the
problem. The camera supplier may
offer an alternate cable that, instead
of terminating in a single, multiple-pin,
plug, terminates in individual video out.
audio out, camera remote and camera-
power pin plugs that can then be con-
nected singly to appropriate terminals
on the rear panels of most VCR’s and
separate camera power supplies.

Is it possible to copy a tape from
Beta-type VCR’s onto a tape used
in a VHS tape recorder?

Yes, it is. The signal that is stored
on the tape of any home-vided re-
corder, when played back by that
recorder, yields a standard NTSC
video signal that can be re-recorded
and the format used to store that signal
initially is irrelevant.

The best way to make such a tape
copy is to connect short, shielded
cables from the aforementioned audio
and video output jacks found on the
back of the machine in which the ori-
ginal tape is being played, to the audio
and video input jacks of the VCR on
which the new tape is to be recorded.
The originating machine is placed in
the playback mode while the second
machine is placed in the record mode.
If the second machine has a switch
labelled TV/ICAMERA Or TV/VIDEO. that
switch should be set to the CAMERA or
VIDEO position.

Is it iegal to record commercial
TV programs in your home for later
personal viewing?

Yes. according to a Federal Court
decision involving a case in which Uni-
versal Pictures and Walt Disney Pro-
ductions have instituted suit against
Sony Corporation. It is generally
agreed, however, that if you sell the
tape you make, for commercial gain
or benefit. you are in violation of the
law. We should point out that even
the case just mentioned is being ap-
pealed by the plaintiffs in the case;
but most experts agree that. as more
and more VCR's find their way into

FIG. 2—M-LOADING, used In VHS systems, reduces head wear by not threading the tape (shown in
a) except during playback and record operations (shown in b).
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American homes, it becomes increas-
ingly difficult for any court to legis-
late against their use. There are, how-
ever, many unresolved questions re-
garding home-video recording’s legal-
ity, such as whether or not it is legal
to record programs from pay-TV or
cable-TV sources.

Stereo TV (TV with two separate
audio channels) has been available
for more than two years in Japan.
When can we expect to have stereo
TV in the United States?

The stereo-TV system used in Japan
is somewhat akin to the multiplexing
system used in stereo FM in this coun-
try, though there are some technical
differences. Since audio channels on
TV are broadcast via frequency modu-
lation (FM), it would be a relatively
simple matter to add stereo audio to
present U.S. TV broadcast standards.

The system used irf Japan was one
developed by NHK, the Japanese
Television Network:; and it is, in fact,
one of several systems now being
studied by a U.S. industry committee,
under the aegis of the Electronic In-
dustry Association. In that system.
a sub-carrier located at twice-the hori-
zontal repetition rate of the video (or,
at around 31.5 kHz) is modulated in
much the same way that our own FM
38-kHz suppressed subcarrier is modu-
lated for stereo FM.

The problem in this country, how-
ever, is that several proponents have
offered competing systems and all of
that needs to be sorted out by the FCC
in what usually turns out to be a long
and protracted procedure. It is un-
likely that we will have an FCC-
approved system for stereo TV in 1981,
but perhaps 1982 will witness the be-
ginning of such broadcasting in this
country. It should be noted, too, that
whichever system is ultimately ap-
proved, it will probably provide for
bilingual audio channels as an alter-
nate to stereo audio. That, in fact, is
the case in Japan as well.

When using a video camera with
a VCR, what'’s the best way to make
the transition from scene to scene?

Do nor place the VCR in the stop-
mode. Doing so. in the case of a VHS
machine, will make the tape retract
completely into the cassette and in
the case of Beta machines will com-
pletely disengage the tape from the
surface of the tape head. When the
next camera scene is begun, there is
likely to be a length of tape separating
the new scene from the previous one.
with nothing recorded upon it. That
unrecorded portion of tape accounts
for a burst of noise that is visible on
the screen during playback.

A better approach is to use the pause
control located on the VCR or the
pause trigger located on the camera.
When either of those controls is used

FIG. 3—NOISE REDUCTION in a VCR/camera combination is possible but a separate microphone
and preamp must be used.

between videotaped scenes. the tape
simply stops moving in the VCR but
remains in contact with the fast-spin-
ning tape head. Under those condi-
tions, when the new scene begins.
there is only the barest of picture
flicker between one scene and the
next: and, in some cases. there is no
jitter or picture roll at all.

A word of caution, however: the
VCR tape transport should never be
left in the pause mode for more than
a few minutes. If that procedure is
not observed, the spinning tape head
will eventually cause the oxide on the
surface of the tape to separate from
the base material and tape. Further-
more, the tape head is likely to be
damaged. There are now some VCR
machines that automatically shut off
after five minutes or so if the operator
fails to take the transport mechanism
out of the pause mode.

Are there any other formats avail-
able for VCR's, especially ones that
result in lighter-weight portables?

Indeed there are! Recently, Techni-
color Audio Visual (a division of the
company responsible for so many
color movies) announced that, in
cooperation with the Funai Company
of Japan, it had developed a new type
of video cassette recorder that weighs
a mere seven pounds, complete with
battery. It will work with just about
any camera, providing that the correct
interconnecting cables are ordered.
The tape cassette used with that ma-
chine is only slightly larger than a
standard audio cassette. It uses Y-
inch tape (instead of the Ya-inch tape
used in Beta and VHS machines) and,
for the moment at least, is limited to
30 minutes of recording or playback.
Technicolor believes that they can
come up with a one-hour tape of the
same cassette size in the near future.
The primarv application for the new
portable VCR is likely to be for live
videotaping with a camera. rather
than for transcribing TV programs off’
the air.

Why doesn’t someone combine
the tape-transport section of a VCR
right inside the camera?

**Someone’’ already has! And that
someone is Sony Corporation; they
demonstrated just such a device re-
cently. For reasons which are known
only to Sony, however, the company
has indicated that they do not intend
to offer that all-in-one video instru-
ment for about five years. Some ex-
perts believe that the only reason that
Sony exhibited the device to members
of the press was to forestall similar
introductions from possible competi-
tors, such as Kodak. Panasonic, or
JVC; but only time will tell whether
that, indeed, is the case.

It is possible to add Dolby noise
reduction (or other forms of noise
reduction circuitry) to the audio
section of a VCR?

Yes, but making the interconnec-
tions is not going to be easy in the
case of a complete home-type VCR
that contains its own TV tuner/timer.
If you wish to incorporate noise reduc-
tion into a portable VCR/camera com-
bination, that is much easier—as illus-
trated in Fig. 3. It is first necessary to
use an external, separate microphone,
rather than the microphone that is
usually built into the camera’s pistol-
grip handle. A separate microphone
preamplifier will also be necessary,
but that may take the form of the micro-
phone input on an existing audio stereo
cassette deck equipped with Dolby or
a separate Dolby encoder/decoder
equipped with a MIC input. The usual
Dolby (or other noise-reduction en-
coding) then takes place during video-
taping and. in playback, the noise-
reduction decoder serves to reduce
tape hiss by anywhere from 10 dB
upwards, depending upon which sys-

tem is used. |
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“Interference is along network lines and
is not the fault of vour illegal descram-
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TEMPTED TO BUY THAT GRAB BAG
loaded with unidentified 1C’s? Go
ahead—those IC’s have a signature that
will tell you what pins are probably out-
puts. From there on it’s easy—a few volt-
age mecasurements, some current
measurcments, and you should know
what you’ve got. You should even be able
to determine if the device is defective. So
grab your trusty ohmmeter and get ready
to record your first IC signature.

An IC signature is an array of resist-
ance readings derived from the 1C and
displayed in an organized way. The X
100 range of an ohmmeter is used. (Be
sure you know which ohmmeter lead is
positive; some ohmmeters change polar-
ity when switching from volts to ohms
especially in the low ohm ranges.)

The signature is obtained by recording
the resistances between all terminal pairs
of the IC. Use the form shown in Fig. 1.
Connect the ohmmeter’s positive lead to
pin 1, and move the negative lead sequen-
tially through the remaining pins. Record
the measured resistance across the top
row of the signaturc chart. A resistance
measurcment of over several hundred

a ery IC has a ?mlq ‘\ .
Bignature. Here's a look at*

5

W

thousand ohms does not convey very
much useful information. so there is no
need to record it—put a dash through the
box instead.

Move the positive lead to pin 2 and fill
in the second row of the chart by moving
the negative lead to pin 1, 3. 4..., ctc.
Continue in the same manner until every
row of the signature chart is completed. If
this is done properly, you should have as
many rows in your chart as there are pins
on the IC.

The steps that follow show how to usc
the completed signature to identify your
IC.

Step 1: Examine the chart and circle
cach terminal-to-terminal resistor—you
can tell which ones those arc because each
purely resistive connection between two
terminals reads approximately the same
in both directions.

For example: In Fig. 2 there are 12
circled boxes. 6 above the diagnoal and 6
below. The circled number in Row 5
Column 3 has its mirror image on the
opposite side of the diagnal in Row 3,
Column 5. The resistance is 7K ohms in
both directions and it is therefore a

terminal-to-terminal resistance. That is
noted to the right of the chart (Fig. 2).
along with the other resistance value and
identified as step one. The remaining ter-
minal pairs show grossly different resist-
ancc measurcments in opposite direc-
tions, indicating the presence ot one or
possibly several semiconductor junctions
in the path.

It is highly unlikely that a TTL IC, or
for that matter any lincar IC, would con-
tain 6 identically valued terminal-to-
terminal resistances. (Maybe the IC is
RTL or DTL?)

Step 2: Disregard all circled boxes and
scan the signature to locate the row with
the lowest resistance readings—Row 4 in
this case. That uniquely identifies pin 4 as
the substrate connection of the IC or, in
other words, the most negative terminal
of the IC.

Scan across Row 4 for the lowest un-
circled reading—in this case it is the 750-
ohms reading in Colume 11. That tells us
that pin 11 is the V. terminal of the IC.
Record those numbers in the place pro-
vided at the right of the chart—Step 2.
Fig. 2.
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FIG. 1—THIS FORM is used to record all resist-
ances between terminal palrs of the unknown IC
up to 16-pins in size.
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The other uncircled low-resistance
readings in the ground row usually iden-
tify transistor collectors; i.c.. output ter-
minals. That is an important clue to be
used later.

Step 3: Before proceeding to the
identification of other terminals we meas-
ure 1. Apply a low voltage, say 3.6 volts
(RTL supply voltage), to the IC through a
100 mA milliammeter. The positive volt-
age goes to the V. terminal (in this case
pin 11) and the return connects to the IC
substrate (in this case pin 4).

To protect the 1C and the equipment,
place a 120-ohm resistor in series with the
current meter. A dead short in the IC will
only draw 30 milliamps. Remove the re-
sistor and re-connect the current meter
only when it is clearly safe to do so. Most
standard TTL gates draw between 2 to 4
mA. Thus, a quad NAND or NOR would
draw 12 to 15 mA. In the case at hand,

5 3
aps APPLIZD

there was no current flow at all. DTL or
TTL would have shown some current—
so again the evidence suggests RTL.

A third clue: If there is a normal current
flow, raise the voltage to 5 volts, meas-
ure, and record I in the space provided at
the right of the signature chart.

Step 4: Remove the milliammeter and
apply the selected voltage directly be-
tween the V. and ground pins. Measure
volts-to-ground, mA-to-V . (through a
330-ohm resistor) and mA-to-ground for
each pin of the IC. Record the measured
values in the rows at the bottom of the
signature chart.

The *‘volts-to-ground'* row generally
identifies all inputs and outputs. Voltages
from about 2.2 volts up to the applied
voltage indicate outputs in the high state
(for a logic chip). Thus, pins 3, 5, 8, and
14 are likely candidates for output ter-
minals. (You will recall in step 2 that

RTL}5
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FIG. 2—COMPLETED SIGNATURE CHART for the unknown IC. It turned out to be an quad, 2-input NOR gate.
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FIG. 3—SIGNATURE CHART for a TTL 7400 IC. All but a few TTL IC's have this typical two row signature.

those are the same terminals that were
suggested as outputs by their low readings
in Row 4.)

A voltage less than 0.2, but greater
than zero, usually indicates logic outputs
in the low state. None of those appear in
Fig. 2.

Now is the time to remove and reapply
power to the IC. Do that several times,
each time comparing the voltage at each
suspected output to its original recorded
value. Often a flip-flop will reveal itself
by changing the state of one or more of its
outputs. A simple gate will never change
state in response to that little trick. The IC
in Fig. 2 did not change state so | assumed
it was not a flip-flop.

Voltages from about 1.8 down to 0.8
usually indicate TTL or DTL inputs. The
fact that there are no such voltages in the
**volts-to-ground’” row of Fig. 2 was cer-
tainly a surprise to me, but itdid lead to a
pretty solid conclusion: If the IC is not
defective, then it is not TTL or DTL.

Currents in the low state should read 10
to 20 mA when measured between the
output and V.. Currents in the high state
can read anywhere from 2 to 30 mA when
measured between the output and ground
if the IC is TTL. As an example of a
typical TTL signature, Fig. 3 shows the
signature chart for a 7400 TTL IC.

Input currents for RTL, DTL and TTL
fall between 0.8 mA and 2.0 mA. In Fig.
2 all the probable inputs draw 1.4 mA
referenced to V.. and nothing referenced
to ground. That verifies that they are in-
puts and shows they are active (draw cur-
rent) when the input is pulled high. RTL
is active-high. DTL and TTL are active-
low. Since there appear to be twice as
many inputs as outputs, the chart suggests
that our IC is a quad gate of some sort. It is
reasonable to conclude that pins 1, 2, 6,
7,9, 10, 12 and 13 are inputs.

The bottom row of the chart shows the
outputs provide only 1 mA to ground de-
spite the fact that the voltage measured at

those terminals is 3.6. That suggests an
internal pull-up resistor connected to the
output terminal (sec Fig. 4). If that is so,
and the device is a quad gate (which
scems very likely), there should be four
identical resistors to V..—one from each
output. And that implies we should read
twice the pull-up resistor value between
any two outputs. In that case. the circled
7K values in the signature point to 3.5K
pull-ups in each output. Witha V. of 3.6
volts applied, grounding any output
through the current meter should cause a
current flow of just about | mA. And
that's what we got! List the outputs and
inputs on the signature chart.

Step S: The symmetrical pattern of re-
sistances in the signature and the strong
evidence for four independent outputs
with logic-level voltages pretty much
rules out any linear IC. Resistive pull-ups
could be DTL. but DTL inputs are active-
low and our IC is active-high. After
reviewing all the evidence I felt there was
absolutely no doubt that this device was
RTL. That conclusion was recorded in
Fig. 2.

Step 6: We now manipulate the inputs
and observe the output responses to de-
termine what kind of logic device we
have.

With V. applied, we connect a volt-
meter from ground to a terminal thought
to be an-output. Ground the inputsone at a
time. noting the change, if any, in the
metered output. If that output does not
change state for any grounded input, re-
peat the procedure, this time connecting
one input at a time to V.. instcad of
ground. In this example it happned that
pin 3 went low when either pin | or pin 2
was pulled high (1o V.). None of the
other outputs responded to changes in pin
1 or pin 2. This indicates that pins 1 and 2
are inputs to one gatc whose output
appears on pin 3, That procedure is con-
tinued until all inputs and outputs are re-
lated in some way. Truth tables can be
consulted to identify the gates. This de-
vice turned out to be a quad, 2-input NOR
gate.

The relationships between the inputs
and outputs and the conclusion as to the
type of device | was dealing with are
listed in Fig. 2 as step 6.

Had the device not responded at all to
any of the above techniques, | would have
tried exercising two, or even three, inputs
atatime and I would have begun to search
for a possible ‘‘enable’’ or *‘inhibit’" in-
put. The more complicated devices re-
quires a little ingenuity and some in-
telligent guesswork.

Step 7: Use the results of step 6 to draw
the schematic of the IC. At that point the
device could be used inthe average hobby
project without needing to know anymore
about it. But, if you feel compelled to
assign a number to your IC, its time to
consult the IC data books. That's what [
did.

Step 8: It took quite a while to locate a
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determine the logic family of the unknown IC.
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WHAT MAKES THE IC
SIGNATURE POSSIBLE

Practically all IC outputs, linear or digi-
tal, are formed from transistor collectors.
All NPN collectors are imbedded in a P-
type substrate that is designated ground
(—V for linear IC’s). As shown in the
accompanying diagram, the collector and
substrate form a P-N junction that, like
any other diode, conducts well in one di-
rection and poorly in the other.

Connecting an ohmmeter from sub-
strate to collector in the forward direction
(positive lead to substrate) will cause the
ohmmeter to indicate between 500 and
900 ohms. Other diodes in the same IC
will read between 950 and 1300 ohms.
Actual resistance values will vary with the
type of ohmmeter and the degree of dop-
ingin the 1C, but the IC outputs will always
give the lowest readings.

Thusitis possible to locate every output
terminal on an IC. The row containing all
those low-resistance readings will be the
ground (— V) row.

In every IC there are usually several
transistors whose collectors. are con-
nected to V. either directly or through

BASE
COLLECTOR T

[—o EMITTER

IC | N I
GND
OR 4
-V
o N
SUBSTRATE
a
C
jN
g 3
P
!
=
£ =
SUBSTRATE
b

some resistance, When reading forward
resistance from substrate to V. (+V in
linear IC’s), that multiplicity of paths will
give a lower reading than any other ter-
minal on the IC.

Thus it is possible to identify the V..
terminal.

A LOGIC-FAMILY TREE

Mention is made in this article of the
RTL (Resistor-Transistor Logic), DTL
(Diode-Transistor Logic) families. Of the
three, TTL is the only one that is still in
common use, but a look at its pre-
decessors is worthwhile-(Refer to Fig. 4.)

As advances in technology have made
it possible to construct more complicated
devices on a silicon chip, we have been
able to take advantage of their sophistica-
tion to create faster and more elaborate
logic families.

All three of those logic-families IC's
work by causing their output transistors to
go into saturation (a condition where no
amplification takes place—only conduc-
tion) but differ in the way input signals are
processed to bring about that state.

RTL was the first {C logic-family to find
widespread use. Each input line going to
the output transistor contains a resistor.
Its purpose is to reduce the amount of
current consumed by the device and to
isolate the logic-gate inputs. The input
voltage passed through the resistors
drives the output stage into saturation,
making the collector voltage of the output
transistor drop and causing the output to
go "low."”

The resistors, though, slow down the
switching speed of RTL devices because
they increase the time needed to charge
and discharge the input capacitance of
the output transistor.

Typically, RTL has a switching speed
on the order of 50 nanoseconds and op-
erates at a 3.6-volt supply.

The next step in IC evolution was DTL.
That family substitutes diodes for the re-
sistors used in RTL. The diodes provide
better isolation at the inputs and, because
of their low forward resistance, make it
possible for DTL circuits to switch more
rapidly than their RTL equivalents.

DTL has a typical switching speed of 25
nanoseconds and requires a four-vott
supply.

Finalty, TTL uses multi-emitter transis-
tors in the input stage. The base-collector
junction of those transistors is never fully
off, meaning that a state of saturation can
be reached considerably more quickly
than with either RTL or TTL.

Switching speeds for simple TTL IC's
are frequently under 10 nanoseconds.
TTL uses a five-volt supply.

While it is still possible to find RTL and
DTL IC's on the surplus market, the TTL
family is now the dominant one. Its two
most common forms are standard TTL
and "LS"” (Low-power Schottky) TTL, the
latter being faster and having a lower
power consumption, at a small sacrifice in
drive capability.
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FiG. 6—PIN-OUT for the 741 IC is shown in this schematic diagram. There are 1K resistors between each

offset-null terminal and - V.

Motorola IC book containing RTL data
sheets. The electronics department at the
local college was good enough to let me
look through their copy. If you need that
kind of assistance. let me urge that you
make the local college your first stop. |
wish | had—it would have saved a lot of
time.

The Motorola book had 256 pages of
RTL data—whew! Fortunately the
plastic-case style of my IC eliminated two
of the three RTL sections. The index of
the remaining section listed only two IC’s
that were quad 2-input Nor gates. The
collector pull-up resistors of the first IC
type were nominally 640 ohms. The col-
lector resistors in the second IC type were
nominally 3.6K. Bingo! (We guessed
3.5K in step 4—not bad!).

The device is without a doubt an MC
717P/817P and all the information on that
data sheet applies to this IC. | am unable
to differeniate further between the 717P
and its higher-performance counterpart
the 817P. Since the safer move is to as-
sume that the more restricted temperature
range applies, | declared the device
placed under inspection to be a Motorola
RTL IC, type MC717P.

Those techniques work on linear de-
vices as well as digitals.

For example: A signature of an 8-pin
DIP 741 op-amp is shown in Fig. 5. Note
that the low-resistance row still identifies
the substrate, —V, for an op-amp, and
also that the lowest reading in that row
identifies + V. The only other uncircled
reading in row 4 is 950 ohms in column 6,
identifying pin 6 as the output terminal.

Figure 6 shows the 741 schematic with
the 8-pin DIP pin-out. Note the nominal
IK resistors from each offset-null ter-
minal to — V. The circled resistances in
Fig. S illustrate some interesting facts
about [C resistors: They do not always
read the same in both directions—750
ohms one way. 850 ohms the other (pins |
and 4, and 5 and 4), and they may deviate
quite a bit from nominal (1K). Neverthe-
less the offset-null-terminals are clearly
identified.

The op-amp inputs are almost impossi-
ble to identify from a signature, but the
information already obtained is enough to
identify the IC in the data books.

I highly recommend that all those in-
terested in identifying IC’s read Olson
and Zevnik's excellent article in the Jan-
uary 1980 issue of Radio-Electronics,
**How to Identify Unmarked IC’s.”" The
article is filled with useful suggestions for
getting advance information from the PC
board.

The smart electronics experimenter us-
es all the clues he can get using the test
equipment he has on hand. But when
there aren’t any advance clues—when
there is no PC board—when there are no
partial markings to go by—then the only
alternative you have to go on is the IC
signature.
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41 64 64K DYNAMIC $625 TM M201 6 2KX8 STATIC $415

ALL MERCHANDISE 100% GUARANTEED! CALL US FOR VOLUME QUOTES

STATIC RAMS TR Z-80 8000 6800

2101 256 x 4 (450ns) 2.5 Mhz 8035 5.95 68000 99.95
1771 16.95 - -

01 256 x 4 (450n3) (cmos) ; 1791 29.95 Z80-CPU 3.95 r::gaoso 1:‘:: 6800 4.95

5 . 6802

21021 1024 x 1 (450ns) ]
1793 38.95 3
2102L-4 1024 x 1 (450ns) (LP) . e e g A - INS-8073 24.95 5508

2102L-2 1024 x 1 (250ns) (LP) ] 3 8080 3.95
21 256 x 4 (450ns) } bl gt ZIBOSOMA 7o 8085 5.95 g
2112 256 x 4 (450ns) b 8272 39.95 Z80-PIO 5.75 8085A-2 11-95 g2
2114 1024 x 4 (450ns) UPD765 39.95 Z80-S10/0  18.50 8086 29.95 e
2114L-4 1024 x 4 (450ns) (LP) 1691 18.95 280-810/1 18.50 go87 i 6820
2114L-3 1024 x 4 (300ns) (LP) 2143 18.95 Z80-S10/2 18.50 £ 6o 0% 6821
2114L-2 1024 x 4 (200ns) (LP) INTERFACE Z80-S10/9 16.95 5088 4 6628
2147 4096 x 1 (55n3) 5726 ! 2 92 6840
TMS4044-4 4096 x 1 (450ns) aT28 b 4.0 Mhz 8155 7.95 6843
TMS4044-3 4096 x 1 (300ns) ! 8795 g Z80A-CPU &0 8156 8.95 6844
TMS4044-2 4096 x 1 (200ns) 8T96 ; v o 8185 29.95 6845
MK4118 1024 x 8 (250ns) : 8797 o ZEDACCTC 88 8185-2 39.95 6847
TMM2016-200 2048 x 8 (200ns) ; 8798 4 Z60A-DART  18.75 8741 39.95 6850
TMM2016-150 2048 x 8 (150ns) : DM8131 ! ZODATDIA] (27358 8748 29.95 5e
TMM2016-100 2048 x 8 (100ns) : DP8304 . Z80A-PIO 6.00 8755 32.00 £
HM6116-4 2048 x 8 (200ns) (cmos) : Ds8835 - ZB0A-S10/0  22.50 k]
HM6116-3 2048 x 8 (150ns) (cmos) \ Ds8836 E ZBOA-SI0/1  22.50 g862
HM6116-2 2048 x 8 (120ns) (cmos) : MISC. Z80A-S10/2  22.50 SR8
HM6116LP-4 2048 x 8 (200ns) (cmos)(LP) b 3242 7.95 Z80A-SIO/9  19.95 8200 300
HM6116LP-3 2048 x 8 (150ns) (cmos)(LP) . 3341 4.95 8202 29.95 6883
HM6116LP-2 2048 x 8 (120ns) (cmos)(LP) i zgg:zg ;-:g 6.0 Mhz 8203 39.95 68047
Z-6132 4096 x 8 (300ns) (Qstat) . 11c90 185 2808-CPU 17.95 8205 3.50 68488 ;&9
LP : Low Power Qstat = Quasi-Static 95H90 7.95 Z80B-CTC 15.50 8212 1.80 800 ALY
2513-001 YP 9.95 Z808-PIO 15.50 8214 3.85 68B00 10.95
2513-002LOW  9.95 0216 175 68802 2225
DYNAMIC RAMS SOUND CHIPS ZILOG 8224 2.25 68B09E 29.95
TMSM0ZT 409631 (250m) _ Teans FrH ze192 fgos $228 249 58810 “7as
MK4108 8192x1 (200ns) £ AY3-8910 12.95 ZB671 38.93 8237 19.95 68821 12.95
MM5298 8192 x 1 (250ns) g MC3340 1.49 8238 4’49 68B45 35'95
4116-300 16384 x1 (300ns) CRT 8243 045 68850 12.9:
ek JoR KN (250ns) CONTROLLERS 8250 10. 68B00 - 2 MHZ
4116-200 16384 x 1 (200ns) 24 A CRYSTALS )
4116-150 16384 x 1 (150ns) cBBis A 32.768 khz 1.95 £2b1 449
; I 8253 6.95
4116-120 16384 x 1 (120ns) HD46505SP  15.95 1.0 mhz 4.95
2118 16384 x 1 (150ns) (5v) ; 1225 1.8432 4.95 8253-5 7.95
MK4816 2048 x 8 (300ns) (5v) 24.95 2.0 3.95 8255 4.49
4164-200 65536 x 1 (200ns) (5v) ; 29.95 2.097152 3.95 8255.5 5.25
4164-150 65536 x 1 (150ns) (5v) 99.95 2.4576 3.95 8257 7.95
CRT5027 39.95 3.2768 3.95 8257-5 8.95
5V = single 5 vol
g Hiaugply chisey . o3 3579535 3.95 8259 6.90
.95 X 3.95 8259-5 7.50
BIT-RATE X 3.95 8271 39.95
EPRO MS GCE154$RATORS - g-:: 8272 39.95
MC14411 11.95 : : 8275 X
1500 28 (158 : BR1941 11.95 I 3.95 9579 2:::

2708 1024 x 8 (450ns) i
2758 1024 x 8 (450ns) (Sv) ! R s 1235 o g’:: 8279-5 10.00
2716 2048 x 8 (450ns) (5v) p Gomoae has E Sios 8282 6.50
27161 2048 x 8 (350ns) (5v) ; MM5307 rbios : Sop 8283 6.50
TMS2716 2048 x 8 (450ns) ! UARTS A 8284 5.50
TMS2532 4096 x 8 (450ns) (5v) s e an b
2732 4096 x 8 (450ns) (5v) ! AY3-1014 3 ¥ 8287 6.50
2732-250 4096 250ns) (5 AY5-1013 1510 e .
RISTER(ZSRSISY) PT1472 16.0 3.95 8268 25.00
2753-200 $9951x 8({200ns) (5¥) TR1602 18.0 3.95 8289 49.95
2764 8192 x 8 (450ns) (5v) A s b &
2764-250 8192 x 8 (250ns) (5v) sk . D
2764-200 8192 x 8 (200ns) (5v) T RSB0N1 297
TMS2564 8192 x 8 (450ns) (5v) IM6402 igh FUNCTION
MC68764 8192 x 8 (450ns) (5v)(24 pin) IM6403 j : : GENERATORS
INSB250
5v = Single 5 Voit Supply
KEYBOARD o gios
LM566 149

EPROM ERASERS AVS.3800  11es RGO =
Capacity  Intensity 74C922 See 74C00 ADC0804 3.49

Timer m? 74C923 Series Prices
PE-14 " %% “5200 83.00 CLOCK ADCOBYT 995 INTERSIL 9000 SERIES

PE-14T 6 5,200 119.00 o EARCATYE R, - IcL7103 2.50 9334 250

PE.24T 9 6.700 ’ 5 ORGORE ICL7106 9.95 9368 3.95
s 175.00 MM5369 X o 293 1cL7107 12.95 9401 9.95

g MMS375 ! DAC1020 825
PL-265T 6,700 255.00 MM58167 X DAC1022 5.95 ICL8038 3.95 9601 7

PR-125T 15,000 349.00 MMSB174 ] MC1408L6 1.95 ICM7207A 5.59 9602 1.50
PR-320 15’000 595.00 MSM5832 MC1408L8 2.95 ICM7208 15.95 96502 1.95

— NEW HOURS —
JDR MICRODEVICES, INC.  RETAILSTORE 1.n"a% " & 113

1224 S. Bascom Avenue PLEASE USE YOUR CUSTOMER NUMBER wHEN ORDERING
San Jose, CA 95128 TERMS: For shipping include $2 fo. UPS Ground or $3 tor UPS Bive

Label £ir llems over S pounds require addiional shipping charges

800-5385000 ° 800_662-6279 (CA) Foreign trders include sulficient amount for shipping. There s 3 $10

minimLm order Bay Area and Los Angeles Counties add & Sates
(408) 995'5430 ® Telex 171-11 O Tax O'ner Cattornia residents add 6' Sates Tax We reserve the
nght ta substitute manufaciurer Not responsible lor typographicat
errors Prices are subject 10 Change withoul notice We will malch or
beat ary competitor $ price provided it 1s nOt below our cost

NrELLo Lo
Ty X XX XX
LA T R RV R N7 YT )

11982 JOR MICRODEVICES. INC

CIRCLE 10 ON FREE INFORMATION CARD



74LSOO IC SOCKETS

74L500 3 74L586 74LS168 1. 7405323 2.
741501 ! 74L590 ] 74LS170 1. 7408324 1. 8 pin ST
740502 3 74L591 i 7408173 . 7408352 1. 14 pin ST
74L503 ! 740592 1 74L5174 . 7408353 1. 16 pin ST
74L504 ! 740593 ! 74LS175 . 7405363 1. 18 pin ST
74L505 L 741595 ) 7418181 2. 74LS364 1. 20 pin ST
741508 ! 740596 . 74LS189 8. 74LS365 . 22 pin ST
74L509 : 74LS107 . 7405190 . 7405366 . 24 pin ST
74LS10 ] 7405109 . 7408191 . 74LS367 . 28 pin ST
74LS11 2 74L5112 . 7405192 . 7405368 . 40pinST 49 .39
740512 . 7405113 . 7405193 . 74LS373 . ST - SOLDERTAIL
74LS13 ¥ 74LS114 . 74LS194 | 74L5374 . 8 pin WW 59 .
741514 1 7408122 . 74LS195 . 7418377 1. 14 pin WW
74LS15 ] 7408123 . 74LS196 . 74LS378 1. 16 pin WW
74L520 I 74LS8124 2. 74LS197 . 74LS379 1. 18 pin WW
74LS21 ! 74LS8125 . 7408221 . 74LS385 1. 20 pin WW
74LS22 . 74L8126 . 7405240 . 74LS386 . 22 pin WW
74L526 1 7408132 . 7418241 | 74LS390 1. 24 pin WW
74LS27 ! 7408133 . 7418242 . 74LS393 1. 28 pin WW
74L528 ) 7408136 . 7405243 . 7418395 1. 40 pin WW
74LS30 [ 74LS137 . 74LS244 . 7415399
74LS32 ! 74LS5138 . . 74L5245 1. 74L5424 2. WW - WIREWRAP
741533 ! 7405139 . 7418247 . 74LS447 . lepin2IF 675 call
740537 ! 74LS145 1. 7405248 . 7405490 1. 24pin ZIF _ 9.95 call
74L538 [ 74LS147 2. 74L5249 . 74L5624 3. ZIF - TEXTOOL
74LS40 ] 74LS148 1. 74L5251 . 74LS668 1. (Zero Insertion Force)
74LS42 - 74LS151 . 7418253 . 7415669
74LS47 f 74LS153 . 7418257 . 74LS670 1.
74L548 ] 74LS154 1. 74LS258 . 74LS674 9.
74L549 ! 74LS155 . 74LS259 2. 74LS682 3. CONNECTORS
741851 i 74LS156 . 74LS260 . 74LS683 3. RS232 MALE 295
74LS54 74LS157 . 74LS266 . 74LS684 3. RS232 FEMALE  3.50
74LS55 . 74LS158 . 7408273 1. 74LS685 3. RS232 FEMALE
74L563 ] 74LS160 . 74LS275 3. 7405688 2. RIGHT ANGLE 525
74LS73 ! 74LS161 . 74LS279 . 74LS689 3. RS232 HOOD 125
74LS74 ) 74LS162 . 7405280 1. 74LS783 24 5-100 ST 395
74LS75 ! 74LS163 . 7405283 . 81LS95 3 S-100 WW 495
74LS76 ; 74LS164 . 7405290 . 81LS96
74LS78 1 74LS165 . 7408293 | 81LS97
741583 1 74LS166 1. 7405295 . 81LS98 ]
74LS85 . 74LS168 1. 745298 . 25052521 2. DIP 5W|TCHES
25052569 4. 4 POSITION
5 POSITION s
6 POSITION 20
7 POSITION 95

Prices Slashed! 8 POSITION 05
74500

ST ORDER TOLL FREE

74504 E 745174

74505 : 745175 f
74508 ) 745181 j - -
74509 ; 745182 ¥

74510 C 745188

74511 : 745189 6.
74515 | 745198 1. - -
74520 y 745195 1.

74522 . 745196 3 (CALIFORNIA RESIDENTS)
74530 . 745197

74832 4 745201
74537 i 745225 7.
74538 ' 745240 2.
74540 i 745241 : LlNEAR
74551 . 745244 2. P LM381 LM1310
74564 ] 745251 g

; LM382 1o mcisse
74565 ; 745253 .

i LM383 195  MC1349
74574 ' 748257 .

i LM384 195 MC1350
74585 : 745258 .

; LM386 89 MC13s8
74586 : 745260 .

: LM387 140  LM1a14
745112 . 745274 19,

LM389 135  LM1458

745113 . 745275 19,

] LM390 195  LM1488
745114 . 745280 1.

i LM392 69 LM1489
748124 2. 745207 1.

[ LM394H 460  LM149%
745132 1. 745288 1. TNSoar LM1558H
745133 1 745289 ’ i Ly ;

745134 . 745301 : L1880
; j LM1812 j
745135 | 748373 2. Mg
745138 . 748374 2. 1 i ;
745139 E 745381 f . g t:::;g d VOLTAGE REGULATORS
745140 . 745387 1. : : 920 ¢ 78L05 7905K
745151 ] 745812 2. - M85 - ] 78L12 i 7912K
745153 . 745471 ] Al g 78L15 i 7915K
748157 . 745472 4. : ] 7924K
A1 rolky i : LM1877 g 78HOSK
g b f ] LM1889 " ! 78H12K ] 79L05
745161 § 745482
] LMS67 ] LM1896 : g 79012
745162 1. 745570 79057 :
3 NES570 i LM2877 : 1 79L15
745571 79087 :
NES71 : ading 79127 ; LM323K
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Here's a simple circuit that will enable you
to program the popular 74S-series of PROM'’s right on your own workbench.

MORE AND MORE ELECTRONIC DEVICES
are being. ‘‘programmed’’—whether
or not they contain a microprocessor.
In many instances, as is the case with
household appliances or games, those
programs are not entered by hand or
from a magnetic medium such as disk
or tape, but are contained in integrated
circuits called ROM’s (for Read Only
Memory).

The ROM is a type of memory de-
vice that is permanently programmed—
while you can read the information it
contains as many times as you like,
you cannot change it. That's why it’s
called ‘‘read-only.”

In general, there are two ways that
ROM'’s are programmed. The first of
these is called mask programming
and is actually a part of the IC manu-
facturing process. That type of pro-
gramming is useful only when large
quantities of identical ROM’s are to be
produced.

The other type of ROM—and the
one we'll discuss here—is actually
known as a PROM (Programmable
Read Only Memory). That type of
memory IC is supplied with all its bits
at either a high or low logic level. In
programming it, you change those logic
states to meet your requirements.

Typically, that programming is accom-
plished by ‘‘blowing’’ (burning out)
internal titanium-tungsten (Ti-W) fuse
links, each one representing a bit. That
is done by applying a specific excess
voltage to the power input of the PROM
IC after selecting those bits that are
to be a logic-high, and those that are to

I |— ~ T isvoc
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0.5 mS INTERVALS
FIG. 1—TIMING SEQUENCE for programming a word of memory into the PROM.
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FIG. 2—SCHEMATIC DIAGRAM tor the main portion of the PROM Programmer.

be a logic-low.

While in theory it sounds simple,
a good deal of care must be taken when
“burning’’ a PROM. If the voltage is
too low, the fuse links will not be de-
stroyed; if it’s too high, or applied for
too long a time, undesirable side effects
may result. If just one bit is programmed
incorrectly, the entire PROM is ruined.

The circuit presented here for pro-
gramming fusible-link PROM's is a
simple one, involving only three IC’s,
one transistor, and a voltage regulator,
together with the switches necessary
to set up the program. It is intended
for use with Texas Instruments’ 74S-
series of programmable memories.

The programming process

There were several reasons for
selecting that family of PROM’s to
work with. First, they are readily avail-
able (check the advertisers in the back
pages of Radio-Electronics). Second,

they are relatively inexpensive—a few
dollars for a 32-word type. Third, they
require only a single five-volt supply
and are available with either open-
collector or three-state output con-
figurations, and are rather fast (under
30 nanoseconds, generally). Finally,
while several different memory con-
figurations are available in that series,
each type of PROM is programmed in
the same manner, which means that
the circuit can be used for a number
of applications.

The circuit design is intended to
meet the rather tight timing sequence
needed for programming that family
of PROM’s. Basically, programming
involves selectirig the word of memory
to be programmed by setting the ad-
dress lines, grounding the bits that
are to be programmed, and holding the
bits that are not to be programmed at
the supply voltage (five volts). The
actual programming takes place when

the supply voltage is briefly stepped-up
to 10.5 volts and the IC is enabled by
means of the chip-select (CS) line.
Details of that sequence are shown in
Fig. 1. The upper line indicates the
voltage applied to the V¢ pin, while
the lower one shows the voltage at the
CS pin of the IC.

Initially, the supply voltage (five
volts) is applied to both the V- and
CS pins, which disables the IC. The
programming sequence is started by
raising the voltage at the V- pin to
10.5 volts and then, after 500 micro-
seconds (0.5 mS)—TI suggests a range
of from 10 4S to 1 mS—CS is brought
to ground and the memory enabled for
1 mS. After that, CS is returned to
five volts and the 10.5 volts at the V.«
pin is reduced to five volts. At this
point it is possible to ground the CS
pin to verify that the programming took
place as planned.

Texas Instruments makes several
recommendations concerning the pro-
gramming of the 74S— series. First,
since the process involves buming
out the Ti-W fuse links, it is recom-
mended that V- be removed between
programming sequences to avoid over-
heating the chip. Second, it is recom-
mended that the 10.5-volt programming
pulse have a duty cycle of no more
than 30 percent of the entire program-
ming cycle. With an automated pro-
grammer, that could be a problem but
since our circuit is manually operated,
it is nothing to be concerned about.
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Circuit description

The main portion of the PROM pro-
grammer circuit is shown in Fig. 2. It
uses two 4050 CMOS hex buffer/
drivers, a 4049 CMOS hex inverter,
one PNP power transistor and a five-
volt regulator, such as an LM309 or
.M 340.

A power supply that can provide
10.5 volts DC (Fig. 3) is required to
open the fusible links of the PROM.
The regulator reduces that to 5 volts,
which is needed at several points in
the circuit.

Two switches are used in this sec-
tion. The first, S1, supplies power to
the PROM and/or initiates the pro-
gramming sequence while S2 supplies
10.5 volts to the V. pin when it is
required.

Programming is accomplished by
depressing switch S2 and holding it
down while switch S1 is pressed mo-
mentarily. Verification is obtained
through the use of SI alone. Details of
that will be presented later.

In brief: the 4049 hex inverter is
used to debounce switch Sl and to
form several half-monostable circuits

v
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INTERNAL view of the PROM programmer
shows how the perfboard is mounted inside
the case. The front panel is connected via
ribbon cable.

PARTS LIST—-POWER SUPPLY

Resistors, %-watt, 10%

R22—1600 ohms

R23—220 ohms

Capacitors

C5—250 uF, 25 volts, electrolytic

C6-—.1 uF. ceramic disc

C7—1 uF, tantalum

‘Semiconductors

BR1-bridge rectifier, 50 PIV

IC5—1.M317T, adjustable voltage regula-
tor

T1—18 volts, one amp

Miscellaneous: construction board, wire,

solder, etc.

T BR1
- - +10.5V
- M Ic5 0 out
LM317T
~ - p——
p
50 C < R23
PIV + 2 2200
= 05 c
250/25 1
cr?
R22 4
16K $ W
TANTALU GND

S10N

FIG. 3—SCHEMATIC DIAGRAM of the power supply for the PROM Programmer. it provides the
10.5 volts DC required to open the fusible links of the PROM.
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FIG. 4—TIMING DIAGRAM shows waveforms at specific points within the circult. Circled letters
correspond to circled letters in Fig. 2.
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FIG. 5—PROM ADDRESSES are selected by five toggle switches and visual confirmation Is pro-
vided by discrete LED's.
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FIG. 7—PLACEMENT OF THE FRONT PANEL mounted components. Power switch S1 is located in
the lower right corner and switch S2 is just to the left of S1. Connections to the PROM are made via a
front-panel mounted DIP socket.
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FIG. 8—THE PROTOTYPE used perfboard construction for the bulk of the circuitry.

used to time the programming se-
quence. One of the 4050 buffer/drivers
is powered by 10.5 volts and acts as
a waveform shaper for the signals from
the 4049. The other is powered from
the S-volt regulator and is used as a
level-translator to supply 5 volts to the
Ve and CS pins. The circled letters
on the schematic (Fig. 2) correspond
to those in Fig. 4, that shows the wave-
forms.

While the addresses and bit-patterns
may be set using as crude a method as
alligator clips, the switch circuits shown
in Figs. S and 6 make programming
much simpler.

Figure S illustrates an address-
selector circuit using five SPDT
switches. Each switch is tied to one
address bit of the PROM and to an
LED. that acts as a status indicator.
The LED's allow you to make sure
that the address you selected is cor-
rect—remember, programming one
bit incorrectly will ruin the entire
PROM!

To set up the word to be programmed.
the circuit in Fig. 6 works quite well.
Its major component is a double-pole,
nine-position rotary switch. One pole
of that switch is tied to the five-volt
supply with eight of its positions going
to the eight data outputs of the PROM
through 3.9K resistors. The other pole
of the switch is at ground potential,
so that only one of the data outputs
is grounded for programming purposes
at any time.

The ninth switch position is used for
program verification, and removes the
data-output pins of the PROM from the
3.9K resistors and grounds the cathodes
of the LED’s. Any bit at a logic-1 will
cause its associated LED to light.

With the switch wired in that man-
ner. it is easiest to program from the
most-significant bit to the least-signifi-
cant bit and to verify the programming.
in that order. afterwards. That is the
switch is first moved to its most coun-
terclockwise position. bits seven
through zero are programmed as the
switch is turned clockwise. and the
switch is then turned to its final posi-
tion for obtaining vertification of the
programming.

Construction

Assembling the PROM programmer
is extremely simple and it may be built
on perforated construction board with-
out difficulty. Component placement
is not critical. Refer to Figs. 7 and 8
for component placement. A small
chassis box can be used to hold the
circuit board and a power supplyv. and
to mount the LED’s and switches.

With two exceptions—both due to
human error—that setup has performed
faultlessty. It should work at least as
well for you. O
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Home Electronics

WHAT THE
FUTURE
WILL BRING

LEN FELDMAN
CONTRIBUTING EDITOR

We're always interested in knowing
what the future holds. The most
recent Consumer Electronics
Show gave us a look at that
future—as it exists today.

r :‘

THE FOUNDER OF THIS MAGAZINE. HUGO
Gemsback, was one of the true prophets
of the electronics industry of his time.
Many readers of Radio-Electronics will
recall issues of this magazine which
were devoted to predictions, by Hugo
Gernsback, of ‘‘electronics miracles”
still to come. Amazingly, many of his
predictions that might then have seemed
far-fetched have indeed come true and
exist today in the form of readily avail-
able consumer electronic products.

At the most recent Consumer Elec-
tronics Show in Chicago, held in early
summer, 1981, one of the largest elec-
tronics manufacturing and research
companies in Japan—Matsushita Elec-
tric Industrial Co.—exhibited more
than 190 electronics products in a
12,000-square-foot exhibition that was in
much the same tradition as the prophetic
early editions of Radio-Electronics but
with one major difference: All of the
products were in the form of working
models, with many of them already
scheduled for early production and dis-
tribution throughout the world. Of par-
ticular interest to readers of Radio-
Electronics were the latest in video and
audio products, communication equip-
ment, and component technology.
Matsushita’s exhibit also included
products for the business and industrial
fields as well as medical-electronics
products.

We can only highlight a few of the
items we saw, but from our description
of these innovative products, you
should get some idea of the diversity of
the exhibit and of what the electronics-
based home of the future is likely to
contain.

High-definition color TV

It has been said that the U.S. pays
the penalty for ‘‘being first” by ending
up with inferior-technology systems,




Now NRI takes youvinside the
new TRS-80 Model lll microcomputer
fotrainyouathomeas the

new breed of

NRI teams up with Radio Shack
advanced technology to teach
you how to use, program and
service state-of-the-art
microcomputers. ..

It’s no longer enough to be just
a programmer or a technician.
With microcomputers moving into £
the fabric of our lives (over ¥
250,000 of the TRS-80™ alone
have been sold), interdiscipli-
nary skills are demanded. And
NRI can prepare you with the
first course of its kind, cover-
ing the complete world of
the microcomputer.

Learn At Home

in Your Spare Time

With NRI training, the program-
mer gains practical knowledge of
hardware, enabling him to design sim-
pler, more effective programs. And,
with advanced programming skills, the
technician can test and debug systems
quickly and easily.

Training includes the TRS-80 Model III microcom-

puter, professional LCD multimeter, the NRI Discov-

ery Lab, Computer Assisted Instruction programs
and hundreds of demonstrations and experiments.

(TRS-80 is 2 trademark of the Radio Shack division of Tandy Corp.)

Only NRI gives you both kinds of
training with the convenience of home
study. No classroom pressures, no night
school, no gasoline wasted. You learn
at your convenience, at your own pace.
Yet you're always backed by the NRI staff
and your instructor, answering questions
and giving you guidance.

You Get Your Own Computer
to Learn On and Keep

NRI training is hands-on training
with practical experiments and demon-
strations. You don't just program your
computer, you go inside it...watch how
circuits interact....interface with other sys-
tems. .. gain a real insight into its nature.

You also work with an advanced
liquid crystal display hand-held multi-
meter and the NRI Discovery Lab® per-
forming over 60 separate experiments.
Both microcomputer and equipment
come as part of your training for you
to use and keep.

Computer Assisted
Instruction

Your TRS-80 even helps train you.
You receive 8 special lesson tapes in BASIC

mputer specialist!

computer language. Using them in your
microcomputer, you “talk” to it as you
progress. Errors are explained, graphics
and animation drive home key points.
Within a matter of minutes, you’ll be able
to write simple programs yourself.

Send for Free Catalog...
No Salesman Will Call

Get all the details on this exciting
course in NRI's free, 100-page catalog.
It shows all equipment, lesson outlines,
and facts on other electronics courses
such as Electronic Design, Industrial
Electronics, TV/Audio/Video Servicing...
11 different career opportunities in all.
Keep up with the latest technology as you
learn on the latest model of the world’s
most popular computer. If card has been
used, write to:

IR
Hill”

We'll give you tomorrow.

NRI Schools
McGraw-Hill Continuing
Education Center
3939 Wisconsin Avenue
Washington, D.C. 20016
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while countries that are content to
wait benefit from our early mistakes.
Nowhere is that more true than in the
case of TV standards and, in particular,
those for color TV.

Many experts feel that the PAL and
SECAM systems used in other parts of
the world deliver better pictures than
does our NTSC system, (which is also
used in Japan). Bypassing all three of
those systems, Matsushita (whose trade
names Panasonic, Technics, and Quasar
are probably more familiar to American
consumers than is the more-difficult-to-
pronounce name of the parent company)
has developed, and showed, an SHF
(Super High Frequency) DBS (Direct
Broadcasting Satellite) system com-
bined with a high-definition, wide-
screen, TV camera and receiver. The
elements of the entire system are
shown in Fig. 1. The SHF satellite-TV
system is considered by many to be one
of the most promising new concepts in
broadcasting because of its ability to
imprQve poor reception in remote areas
and to eliminate the problem of
‘‘ghosts”” in other problem-reception
areas such as densely populated cities.
The SHF band extends from 3 GHz to
30 GHz and the current lack of crowd-
ing in that band would permit the estab-
lishment of channel bandwidths that
are wide enough to support the high-
definition standards which Matsushita—
along with others, such as CBS in this
country—has proposed.

The high-definition TV system would
produce better images than those ob-
tained with 35 mm film, osing 1125
scanning lines as opposed to the existing
NTSC system which uses only 525
scanning lines. Among the newly de-
veloped elements and components that
make the system practical are a low-
noise SHF/RF converter, an easy-to-
install dish antenna, an 1125-line high-
resolution color picture tube, a high-
resolution color TV camera with a 30-
MHz-bandwidth amplifier and edge-
enhancer, and a high-definition TV-sig-
nal transmission system using fiber
optics technology.

3-D television

One of the most frequently made
predictions about electronic products
of the future has concerned three-
dimensional television. Some have
even imagined a holographic display-
system to create what appear to be live,
moving, three-dimensional images in
your living room. At the Matsushita ex-
hibition, a much more straightforward
approach was used; one which, in fact,
can be used with existing VCR’s and
conventional TV sets or monitors. It is
expected to find wide application in the
field of entertainment, education, and
training and industrial applications, in-
cluding computer displays.

TRANSMITTING
ANTENNA

CAMERA CONTROL-UNIT

e #2602 | Y

ENCODER -
¢_COLORENCO 3

-
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-~ JRANSMITTER,

HIGH-DEFINITION
TV CAMERA (’

SHF-UHF

RECEIVING A
ANTENNA

DEMODULATOR
i

HIGH-DEFINITION
PROJECTION TV

HIGH-DEFINTION
CRT DISPLAY

FIG. 1—THE SHF DBS SYSTEM, combined with high-definition equipment can otfer high-quality
video with more than twice the resolution and clarity of existing systems.

FIG. 2—TWO VIDEO CAMERAS, one for the
right-eye image, and one for the left-eye image,
are required for 3-D television.

The 3-D system consists of a specially
designed camera, signal-processing cir-
cuitry and eye glasses with electronic
lens-shutters. The 3-D TV camera (see
Fig. 2) consists of two video cameras,
positioned slightly apart, but focusing
on the same image—working in much
the same way as a pair of human eyes.
The video signals from the right and left
camera are fed alternately to the TV set
or video recorder, a field at a time. The
alternating fields are viewed through
special glasses equipped with operated
shutters synchronized with the changing
left-eye and right-eye images. The mind
combines the two images and the viewer
sees a three dimensional one.

A videodisc with record capability

Business journals and the general
press have been reporting of late that
the sales of videodisc players are not
meeting the original expectations of
their manufacturers. One reason given
for that is the notion held by uninitiated
shoppers that videodisc machines can
record as well as play back. Once they
learn that this is not the case, prospec-
tive customers frequently opt for a
videotape recorder instead. That may
soon change.

One of the products at the Matsushita
exhibit was a compact disc-type still-

video (single-frame) record/playback
system. Using semiconductor-laser
technology, the unit can record 15,000
individual frames of information on a
200 mm disc with access to any given
frame in 0.5 second. The new system
uses a single semiconductor-laser as
an optical source and a disc with
15,000 concentric grooves coated by a
thin film of highly sensitive recording
material. The disc is made of a plastic
substrate on which a recording layer of
sensitive tellurium suboxide film is
coated. The recording layer is a vapor
deposit of 15,000 concentric grooves of
2.5 micron pitch. Each groove is 0.8
micron wide and contains an address
signal that guides the laser beam for
stable recording and playback. While
the new material is sensitive enough to
permit the use of a semiconductor
laser, it also resists temperature and
humidity variations. Unlike conven-
tional optical-disc recording systems,
the laser does not make any holes on
the disc surface. Rather, the recording
is- made by changing the optical char-
acteristics of the disc.

The video signals are modulated by
varying the intensity of the laser beam.
The optical recording material on the
disc absorbs the laser-beam energy and
its optical characteristics are changed
by the heat. The irradiated regions have
different reflectivity compared with
that of the non-laser-irradiated regions.
The signal for a single still picture is
recorded in a single groove on the
disc. During playback, the laser beam,
this time using less power than during
recording, is reflected from the disc and
reconverted into the original video
signal.

To retrieve a single picture, a linear
motor drives an optical head for a
rough search, and then the head pin-
points the desired single frame using an
electronic tracking-system. Both mech-
anisms are controlled by a microcom-



puter that permits fast image retrieval
within 0.5 seconds. Some 95 patents
are being applied for in Japan for this
new device, with 9 more patents being
applied for elsewhere.

High-speed videotape duplicator

The relatively high cost of pre-
corded videotapes is caused at least in
part by the fact that duplication of tapes
is a real-time process. A two-hour
movie master-tape takes two hours to
copy and, while many ‘‘slave’” copiers
can be fed from a single master-tape
player, the process is still quite time-
consuming and expensive. Now, the
high-speed videotape printer shown in
Fig. 3 can duplicate two or four-hour
VHS video cassettes in less than four
minutes. The printer is fully automatic
and features a built-in 15-cassette feed-
ing system for continuous, unattended
tape duplication.

The tape-duplicating system consists
of a master-tape recorder and a separate
high-speed printer. The master-tape
recorder records mirror-image signal
patterns on a master tape in the usual
real-time. The master tape is then trans-
ferred to the printer, which produces
copies at high speed by transferring the
signal patterns from the master tape
onto the blank ‘‘slave” tape. The
recording unit uses a direct-drive cylin-
der and capstan for highest possible
tape-motion accuracy.

The duplication method is known as
*‘video anhysteretic-transfer contact-
printing by bifilar tape-winding.” In it,
the specially formulated, and very-high-
ly-magnetized, master tape is brought
into contact with the blank ‘‘slave”
tape, both of which are moving at ex-
tremely high speed. The master actually
imprints an image of itself on the
“‘slave’’ by magnetizing it directly with
the video and control signals. The
audio information is transferred by a
recording head when the tape is re-
wound after the video and control sig-
nals have been imprinted. The system
promises to lower the cost of pre-
recorded VCR tapes in the future, and
just what effect that will have on public
acceptance of video disc formats (one
of whose chief arguments has been the
lower cost of software) is difficuit to
predict.

Micro video systems

Nearly a year ago, Sony Corporation
demonstrated a mini-sized color video
camera that incorporated a tape-trans-
port and all the electronics needed for a
single-piece, lightweight home video-
taping system. At that time, officials of
the corporation estimated that the new
videotaping format would not be avail-
able before 1985. In typical one-upman-
ship not uncharacteristic of Japanese
electronic firms, a combination color

FIG. 3—THIS HIGH-SPEED videotape printer
can duplicate a two or four-hour VHS video cas-
sette in less than four minutes.
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FIG. 4—INTEGRATED CAMERA/VCR unit
weighs just 4.2 pounds. The cassette is about
the same size as a standard audio cassette.

video-camera/recorder claimed to be
the smallest, lightest, and lowest in
power consumption of ‘‘any previously
proposed format’* was demonstrated at
the Matsushita exhibit.

The system, shown in Fig. 4, uses a
solid state micro-video system in which
the camera portion uses a newly de-
veloped single-chip CPD (Charge
Priming Device) image sensor which is
said to combine features of both MOS
and CCD image sensors; namely wide
dynamic range and low noise. Maxi-
mum recording time would be two
hours using a new high-density ‘*‘metal
evaporated’’ magnetic tape that is just 7
mm wide and is housed in a cassette
package that is a bit smaller than an
ordinary audio cassette. The unit is ex-
tremely compact, measuring 7.8 by 4.7
by 2.6-inches and weighs only 4.2
pounds. Power consumption is just 4.2
watts.

This system, obviously a step ahead
of the Technicolor videotape format
that has been marketed for more than a
year, brings to at least six the number
of home videotape formats that are like-
ly to coexist in the near future (Beta,
VHS, Philips, Technicolor, Sony’s
future all-in-one, and now, Matsushita’s
single-piece  camera/tape-mechanism
entry). Whether all of them can survive
is highly questionable, though at present
both Beta and VHS seem to be having
no difficulty in the marketplace and we
are told that Sony, for one, is having a

tough time turning out enough Betamax
machines to meet worldwide demand,
even though the Beta format is outsold
by first-place VHS machines by about
seven-to-three!

How would | look as a blonde?

...Or with a moustache, or beard, or
wearing horn-rimmed glasses, or with a
radically different hair style or...yes...
even with a hairpiece? If you have ever
wondered about those or other matters
of style and appearance, imagine being
able to walk into a store, standing in
front of a video camera and watching
yourself being transformed by a new
hairstyle, a pair of glasses, or other
cosmetic changes.

Actually, Matsushita’s new *‘Style-
setter’” TV system, far from being an
item in our future, is already is use in
beauty parlors in Japan. The system
works by taking a video picture of the
customer, freezing the image on a TV
monitor, and then superimposing
various hair styles, glasses, etc. over
the stationary image. The unit consists
of a compact video camera, a magnetic-
sheet-memory recorder, and a video
image-synthesizer—the unit that super-
imposes the changes over the original
image. The image recorded on the
sheet-memory recorder does not have
to match a predetermined posture since
the synthesizer adjusts superimposed
images to the recorded image by means
of a joystick-type control. The size and
shape, and even the color, of the
changes can be adjusted to fit the
contours of the subject’s face.

Another use for the synthesizer has
been to provide police departments with
a more accurate means for creating
identification pictures of crime suspects.
Police artists can modify standard
identification-kit models to fit witnesses’
descriptions and create highly accurate
likenesses of suspects.

Largest projection-TV yet
Projection-TV screens have been
growing steadily larger as better and
brighter high-intensity CRT’s are de-
veloped, but unless you attend the
Summer '81 CES and the Matsushita
**show-within-the-show’* you’ve prob-
ably never seen anything as large as
their new high-brightness picture pro-

jected on an 11% by 8Y4-foot screen. The

system, designed for institutional use,
can be adapted for either front or rear
projection and includes a projector fea-
turing a new 13-inch cathode-ray tube.
The system provides superb resolution
as well as a light output of 300 lumens.
The unit is contained in a floor or
ceiling-mountable box measuring about
42 inches wide by 34 inches deep by 23
inches high and weighing 230 pounds.
Depending upon the image-size desired,
projection distance can be as little as
3.8 yards (2.7 yards behind the screen if
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a mirror is used) or as much as 5.4
yards.

Three 13-inch monochromatic CRT's
(red, green and blue) combine a newly
introduced bipotential-field electron
gun with a large main-focus lens, and
a decelerating-potential-field-type pre-
focusing lens. The system projects its
images through a magnifying lens onto
a flat plastic screen.

In tests, the system has been used at
hotels and in school auditoriums, with a
viewing angle as wide as that for normal
motion-picture viewing. Some uses en-
visioned for the system include projec-
tion of surgical operations for medical
classes, display of real-time data to
business or government executives,
and presentation of special events to
large audiences. The company has in-
dicated that it plans to introduce the
system commercially into the United
States by late 1982.

The ultimte sketch pad

Remember the little slate with the
lift-up plastic sheet that we all played
with and drew on when we were kids? I
was reminded of that toy when I saw
Matsushita’'s Compu-Cassette audiof

\ "
4 L

FIG. 5—COMPUTER-GENERATED GRAPHICS

can be combined with single video frames on

this terminal. An ordinary cassette tape is used

to store the finished color images along with a

sound track.

visual communication system which
uses conventional stereo audio-cassette
tapes for recording sound and digitally
processed graphic information.

Video information is recorded digitally
on the right channel while analog audio
information is recorded on the left
channel. A one-hour cassette tape can
store approximately 200 pictures with
sound. The system includes a video
signal-processor, stereo cassette-deck,

Lead the way for:

*General 2-way
communication

*Microprocessor application
*Police/Aircraft Scanners

For Fast Delivery...

we welcome your

Master Charge or Visa.
Please give exact numbers
and expiration date.
(Minimum $10.00 order
for charge card.)

QUARTZ GRYSTALS

*Marine Radio
*All amateur brands
*CB Standard/special

High Stability ¢ Prompt Service ¢ Cost Savings

JAN CRYSTALS

P.O. Box 06017
Ft. Myers, FL 33906-6017

813/936-2397 CALL TODAY!

light pen and color monitor, with a key-
board, remote control, and printer as
options. The video signal processor,
shown in Fig. 5, includes a controller,
memory, interfaces, and a video-dis-
play generator. Figures and illustra-
tions are shot sequentially by a mono-
chrome camera with three color-filters.
The video-image data is converted to
digital form and stored on a floppy disk
for editing and arranging. The system is
also capable of generating eight-color
graphics displays.

With the development of the ap-
propriate software it should find appli-
cation as an information center; learning
aid, home amusement-center, or even as
an electronic magazine or textbook.

While the products in Matsushita’s
*“Technology Today’’ exhibit that we
have discussed were largely in the
video and TV fields, you should know
that there were equally impressive
products in such categories as audio,
business products, home appliances
(even a microwave oven that talks to its
user), component technology, medicine,
and manufacturing. Many of the prod-
ucts of the future already exist in to-
day’s technology. O

CIRCLE 4 ON FREE INFORMATION CARD



CONRUNERS

How do microprocessors do waat they do? Use an
assembly language computer to find out.

JORMA HYYPIA

THE MOST ENJOYABLE WAY TO L EARN THE ESSENTIALS
of computer programming is to play with a hobby-type
computer that permits communicating with the machine in
“*plein English™ by means of a typewriter-style keyboard.
However. that way ywvu learn little or nothing about the
way computer magic 1s actually created by the complex
patterns of electrical signals whizzing around through those
mysterious ‘‘black-centipede’’ integrated circuits that cling
to the PC boards inside every computer. To truly under-
stand the more esoteric, fascinating fundamentals of micro-
computer operation. you need to work with a training-type
computer or with a hobby computer that uses assembly-
language programming.

Comparing hobby computers that use the BASIC pro-
gramming language with assembly-language training-com-
puters is a little like trying to equate competitive Frisbee
throwing with chess mastery. It can’t be done because each
requires the development of un quely different special
skills. So before plunking down several hundred dollars for
a bona-fide trainer. know what it can and can’t do. For
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example, you should understand that it
is notr suitable for game playing and
other conventional entertainment appli-
cations, or for balancing checking ac-
counts. It is for serious study, either in
an academic environment, or at home.
through some sort of self-education
program.

The five computers discussed in this
article are reliable, thoroughly user-
tested machines. They are anything but
carbon copies of each other, since each
offers unique options you should con-
sider carefully before making a pur-
chase. The E&L MMD-I computer is
an outstanding example of a basic teach-
ing and control computer. The SYM-/
has found widespread use in computer-
control applications. The ELF I, avail-
able in kit form, is the least expensive
way for a soldering-iron hacker to get
into  assembly-language computing
while still having the option of expand-
ing the system by adding an ASCII-
keyboard.

Computer knowledgeable readers may
be puzzled by the inclusion of the
COSMAC VIP, which is marketed as a
home-entertainment computer. Its in-
clusion in this article is justified because
it provides a comfortable middle ground
for those who might be fearful of an all-
out intellectual plunge into computer
fundamentals. The VIP can be used to
explore some of the more esoteric
aspects of computer operation and pro-
gramming: but it can also be used for
highly entertaining game-playing when
there is need of a temporary respite
from study.

Finally, for those who want an easy-
to-understand but thorough, course in
computer fundamentals, there’s the
Heathkit ET-3400 and its associated
learning program.

Any one of those computers is ideal
for an electronics hobbyist who invents
computerizable gadgets, because it can
be used as a control device as well as a
learning aid.

All other factors being equal, you
may wish to choose a training computer
that uses the same microprocessor used
in the high-level language computer you
already own or plan to buy. That way
your training will relate more directly
with your other computer activities.
For example, the 3 YM-! uses the 6502
microprocessor developed by MOS
Technology that is also found in such
popular computers as Apple II, Chal-
lenger 1P, Superboard II, and PET. The
popular 8080A microprocessor, origi-
nally from Intel, used in the MMD-] is
also found in Compucolor II and in the
Heathkit H8 computer. The VIP uses
RCA’s own 1802 microprocessor, which
is also in ELF II. Heathkit's ET-3400
features a 6800 microprocessor designed
by Motorola. The Z-80 microprocessor
developed by Zilog, used in the Exidy
Sorcerer and Radio Shack’s TRS-80, is,

unfortunately, available only on fairly
high-priced single-board computers.

Some general information

All of the computers discussed here
are programmed in what’s known as
machine language. While programs
written in machine language may take a
bit more effort on the part of the pro-
grammer, they are worth it: They run
more quickly and occupy less memory
than programs wntten in BASIC—
which you may already be familiar with
from using hobby-type computers.

Machine language uses numbers,
rather than words, to generate the
binary code—ones and zeroes—that is
used by the microprocessor as instruc-
tions and data.

Machine code (instructions in ma-
chine language) is generally expressed
using one of two counting systems—
octal or hexadecimal.

In' our normal, non-programming,
lives we use a counting system based
on the numberten (0, 1,2, 3,4, 5,6, 7,
8, 9). After *‘9,”” we move over one
position and start again (10, 11, 12 ...
etc.). The octal system uses the base
eight. In octal, you count **0. 1, 2, 3. 4,
5,6,7,10, 11, 12 ... etc.”” The number
eight is represented by *‘10™, nine by
*“11,"" and so on.

The hexadecimal system uses the
base 16. In it, you count *'1, 2, 3, 4, §,
6,7,8,9,A,B,C,D,E.F. 10, 11 ...
etc.”’ The first six letters of the alphabet
are used to represent single-digit num-
bers above nine—in hexadecimal, that
is. Confusing as that may seem, it soon
becomes second nature.

Hexadecimal (or hex, for short) is
particularly convenient for working
with eight-bit microprocessors because
with just two digits you can express any
value that requires eight bits or fewer.

In practice, you'll probably write
your programs in assembly language.
Assembly language uses abbreviations,
called mnemonics, to give the pro-
grammer a kind of shorthand with
which to work. Each mnemonic rep-
resents a computer instruction and has
a corresponding op code—a hex or
octal number that can be fed into the
computer through a simple keypad.

After hand-assembling your programs
using mnemonics, you’'ll translate the
mnemonics to op-codes in hex or octal.
and enter them into the computer.

Before you purchase your training-
type computer, watch the prices care-
folly if you want to obtain full value for
your dollars. In general, a training com-
puter should cost substantially less
than a good high-level language com-
puter of comparable quality. However,
you can pay a great deal more for the
trainer of your choice than for one of
the least expensive hobby jobs. It is im-
practical to specify prices in this article
because market conditions could make

them change by the time you read it.
But, more important, what you pay de-
pends on the extras you want, or need,
to buy to make the computer of your
choice fully operable.

Four of the five computers described
here use simple LED readouts, but the
VIP requires the purchase of an RF
modulator so you can use a regular TV
set as your display device. Although
the ELF II has an LED readout, it too
can be used with a TV set and RF
modulator.

It is very important that you consider
carefully the completeness and intelligi-
bility of the instructional literature that
comes with any computer. If it is in-
adequate, or simply hard to understand,
you'll find yourself spending more
money on books. And right there you
have one of the most persuasive argu-
ments for taking a good look at E&L’s
MMD-1 if you want the best in self-edu-
cation opportunities. The Bugbook
literature that comes with it is without
peer, especially because the text is inti-
mately related to the MMD-1 itself.

Mini-Micro Designer (MMD-1)

This trainer, which is widely used a
an educational aid in computer schools
here and abroad, and also as a control
computer for industrial operations,
makes use of an 8080 A microprocessor
and octal notation. For any serious
student/hobbyist, that computer stands
out as the Rolls-Royce for both self-
education and control applications. It
comes complete with a power supply,
for instant plug-in operation. and com-
mands a premium price.

The basic unit comes with an octal
keyboard, 24 discrete LED’s that serve
as readouts to tell you what is going on
inside the computer, and a handy
solderless breadboard on which to plug
in simple electronic components for ex-
perimentation. Since those components
are not soldered. you can disassemble
an experiment quickly to clear the board
for the next. If you intend to do a great
deal of experimentation, the use of a
second, outboard, solderless bread-
board is strongly recommended since
replacement of the built-in breadboard
is difficult if it should be damaged.

You get 256 bytes—8-bit words—of
RAM (Random Access Memory) for
programming, plus another 256 bytes of
ROM (Read Only Memory) that control
computer operations. The odds are that
you will soon want to expand that basic
setup by adding a memory interface
upper-deck (see Fig. 1) that provides up
to 2048 additional bytes of RAM plus
the circuitry needed to interface the
computer with a cassette tape-recorder
and/or Teletype equipment. Beyond
that, you can expand the memory all
the way to 64K (65,536 bytes) if you
have the need and can afford the cost.

To derive the greatest learning benefits



from the MMD-I and Bugbooks, plan
to invest in at least some of the many
outboard units that can be purchased
factory-assembled or at lower cost, in
kit form. But perhaps the best choice is
a *‘student station’' that incorporates
many of the outboards into a single
peripheral unit, and comes with an
extra solderless-breadboard plus more
than a score of extra IC’s and other
components for use in experiments.

The MMD-! comes with a keyboard
executive (KEX) PROM (Programmable
Read Only Memory) to handle the as-
sembly-language instructions. You
should start with that IC, plus an as-
sociated load/dump (L/D) IC because
they relate best to the Bugbook text.
Later you may wish to trade those
PROM'’s for replacements, a combined
KEX/L/D and a Monitor PROM, so
that you can single-step through any
program in running sequence, not
merely through consecutive memory
locations.

After completing the self-training
course in microcomputer use, you can
continue to use the MMD-/ as an ex-
perimental tool and/or control device.
For example, it could be used to operate
a model railroad system automatically.

SYM-1

The SYM-I, shown in Fig. 2, isan ex-
tremely versatile machine constructed
on a single 8 X 11-inch printed circuit
board. It uses the 6502 microprocessor
and is programmed in hex. The board
includes a 28-key control pad for data
entry, a six-digit 7-segment LED read-
out display, 4K bytes of ROM that con-
tain the operating system and 1K of
static RAM.

The board also contains five program-
mable interval timers, four relay drivers/
input buffers, 15 bi-directional TTL-
level lines, and 51 I/O lines (expandable
to 71). Interfaces include a dual-baud-
rate cassette recorder interface with re-
mote control and RS-232 (serial) and
TTY (parallel current-loop) interfaces.

On-board memory is expandable to
4K bytes (and even more, off-board)
and there is provision for up to 28K
bytes of user-programmable ROM.

Software options include an 8K
Microsoft BASIC and a resident as-
sembler/editor/loader, both in ROM.
There is also a Keyboard Terminal
Module that, together with an inexpen-
sive RF adaptor and your TV set, gives
you a complete computer system with
keyboard entry and video display.

The S YM-! requires only a five-volt
power supply. You can either provide
your own or buy one specifically de-
signed for the SYM.

One feature of the S YM-/ that should
not be ignored is that fact that is closely
related to the recently discontinued
KIM-1, a single-board computer that
enjoyed great popularity among hobby-

FIG. 1—MINI-MICRO DESIGNER, the MMD-1,
from E&L Instruments, is shown with its memory
expansion board.

W

T i
ah
A0 . l
T & -
. 2N

FIG. 2—THE SYM-1 from Synertek Systems
Corporation is compatible with the KIM-1. R
uses a 6502 microprocessor.

ists and for which an enormous amount
of software has been written. The
SYM-I is KIM-I-compatible: Not only
does it use the same microprocessor as
the KIM, but one of the two cassette
formats it uses for program storage is
the same as the KIM’s and it uses the
same hardware interface busses as the
KIM. What this boils down to is that
any software written and/or recorded
for the KIM will also run on the SYM-/!

In addition to the SYM-I's copious
documentation (two thick manuals—
Reference and Programming) the S YM-
I user has at his disposal sources of in-
formation such as The First Book of
KIM by Butterfield, Ockers and Rehnke
(Hayden Book Company).

The SYM-] is not the least complex
computer described here, but it is
worthy of consideration by anyone who
has committed himself to learning how
microcomputers work and to making
the most of the capabilities of his
machine.

ELF Il

This computer, which makes use of
RCA’s 1802 microprocessor, comes
factory-assembled or as an easy-to-
build kit that can be put together in one
evening. Quality components are used
throughout. The PC board, for example,
is of highest grade, double-sided with
plated-through holes. Sockets are pro-
vided for three of the 17 integrated cir-
cuits, and I picked up additional sockets
for the other IC's for less than five dol-

lars. 1 think that the slight extra ex-
penditure for sockets is a good invest-
ment since they totally eliminate the
chance of damaging IC's with soldering-
iron heat, and because troubleshooting
by component-substitution becomes a
cinch. The kit-assembly instructions
are very clear.

The kit costs under $100, and you
can buy a power supply for about five
dollars extra. Another five spent on
Tom Pittman's Short Course on Micro-
processor & Computer Programming
would be no waste. You can also buy
the ELF II fully assembled and tested,
complete with power supply, RCA 1802
User’'s Manual, and the Short Course.

The ELF II features a full hex key-
pad, two-digit hex output display,
stable crystal-clock for timing purposes,
and 256 bytes of RAM that is ex-
pandable to 64K. Included in the kit is
an RCA 1861 video-IC that permits dis-
play of your programs on any video
monitor, or on a regular TV set by use
of an inexpensive RF-modulator.

Most of the left-half of the PC board
(see Fig. 3) is unused, but is ready for
the addition of all kinds of add-on's as
your needs and desires grow along with
your increasing familiarity with the
ELF IlI. Its 5-slot, plug-in, expansion
bus permits you to add such features
as: Giant Board kit with cassette 1/0O, a
Kluge (prototyping) Board that accepts
up to 36 IC’s, 4K RAM boards, an
ASCII keyboard, a light pen, a color
graphics & music system and a video-
display board.

Software available includes: Tiny
BASIC, an assembler, a disassembler,
the Elf-Bug monitor, and a text editor.
There is also a recently introduced full
BASIC that requires 8K of RAM plus
ASCII and video-display boards.

FIG. 3—AVAILABLE either as a kit or as-
sembled, the ELF il from Netronics has 256
bytes of RAM (expandable to 64K).

All that can come later. If you are a
novice, and are interested in gaining
some insights into assembly-language
programming. begin with the kit. which
permits basic experimentation with
such fascinating things as a counter.
alarm system, lock. controller. thermo-
stat, timer. and telephone dialer. to
mention a few possibilities. The as-
sembly manual includes a sample pro-
gram that displays a picture of a space-
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ship on your TV screen, and sugges-
tions about where to obtain additional
literature.

COSMAC vIP

That computer, shown in Fig. 4, uses
RCA’s own 1802 microprocessor and
must be connected to a computer video
monitor or to a conventional TV set by
means of an RF:modulator. The
modulator can.be used with the add-on
color board and a color TV if you want
full-color pictures.

FIG. 4—THE COSMAC VIP from RCA must be
connected to a video monitor or, using an RF
modulator, a conventional TV.

The VIP comes with 20 interesting
game programs that you can key into
the computer with the hex keyboard,
and then store on cassette tape for
more convenient future use. Since the
computer is not intended as a trainer,
RCA provides no self-instruction mate-
rial other than the programming manual.
However, you can learmm much about
assembly-language programs just by
studying the game programs in the
manual in context with mnemonic code
and other technical data also provided.

Several add-on modules are available.
For example, a color board (VP590)
greatly enhances games by displaying
them in full color on your TV set. You
can develop your own color programs
with full control of both foreground and
background colors. Conversion of the
basic VIP board to color is easy. Just
remove three IC’s from the main PC
board and transplant one of them to the
plug-in color board. You must also re-
program the CHIP-8 control program
used with black-and-white image pro-
gramming into a more powerful CHIP-
8X program for color.

For the ultimate in game-playing fun,
also install a plug-in Simple Sound
Board (VP595). If you have an early
VIP model you may have to add several
IC’s and resistors to make the sound
board operative. If your sound board
puts out only a continuous tone that
can’t be shut off except with the main
power switch, look for the missing
components.

For more serious electronic music-
making, try the Super Sound Board
(VP550) that features two independent
sound-generating systems so that you
can obtain stereo music on your hi-fi

audio equipment. There’s independent
control of note frequency, duration,
and amplitude for each channel, and
you can program both melody line and
harmony. It’s even possible to add an
optional drum synthesizer.

The instruction manual provides a
short course in music writing, and
shows how to convert any sheet music
into computer language so that the
music can be played through a home hi-
fi system. You need know nothing
about writing or reading music, and you
don’t even have to know how to play a
kazoo to make electronic music, or to
create all sorts of weird sounds, includ-
ing ‘“‘outer space’’ type music.

My only problem with the Super
Sound Board came with writing the re-
quired PIN-8 machine-language pro-
gram that drives the system. More than
3,500 digits on a reference sheet must
be keyed into the computer memory
correctly or the program ‘‘bombs out'’
and you have to start all over again. For
that reason, be sure to make a copy of
your freshly keyed-in program on cas-
sette tape before you attempt to run it!
That way, if it bombs, you can quickly
put the defective program back into
memory for debugging. It's a lot less
painful than starting all over again from
the beginning. If you still have trouble,
try to borrow a demonstration tape
from your VIP dealer, or make a copy
in his store. But that's the easy way out,

Heath ET-3400

For those interested in working with
the 6800 microprocessor, Heathkit's
ET-3400 (Fig. 5), available either in kit
form or assembiled, fills the bill.

MANUFACTURERS

Write to the following manutfac-
turers if you are unable' to find de-
tailed information about any of
these microcomputers through
local retail computer stores:

MMD-1: E&L Instruments, Inc. 61
First Street, Derby, CT 06418
CIRCLE.95 ON FREE INFORMATION CARD

SYM-1: Synertek Systems Corpora-
tion, P.O. Box 552, Santa Clara,
CA 95052

CIRCLE 96 ON FREE INFORMATION CARD

COSMAC VIP: RCA Cosmac VIP
Marketing, New Holland Pike,
Lancaster, PA 17604

CIRCLE 97 ON FREE INFORMATION CARD

ELF Il: Netronics R&D Ltd., 333 Litch-
field Road, New Milford, CT 06776
CIRCLE 98 ON FREE INFORMATION CARD

ET-3400: Heath Company, Benton
Harbor, Ml 49022
CIRCLE 99 ON FREE INFORMATION CARD

It has its own power supply and
comes with 256 bytes of RAM (ex-
pandable to 512 bytes) and a 1K moni-
tor program in ROM. Programming is
done in hex using a built-in keypad and
data is displayed by six 7-segment
LED’s.

One nice feature of that computer
trainer is a built-in solderless bread-
board for prototyping and interfacing,
and for memory circuits that can be
connected to the microprocessor. As-
sociated with the breadboarding sec-
tion is an 8-position DIP switch for in-
putting binary data to circuits built on
it, and eight discrete LED’s to indicate
logic states within those circuits.

Heath also has an accessory, the
ETA-3400, that connects to the trainer
by means of a 40-wire ribbon cable.
The unit comes with 1K of RAM and
can be expanded to 4K. It has an RS-
232 serial interface for connection to a
teletype or video terminal, and an audio

FIG. 5—A BUILT-IN solderless breadboard is
among the features of the ET-3400 computer
trainer from Heath.

cassette interface that permits pro-
grams to be stored.

Also included with the ETA-3400 is a
Tiny BASIC interpreter in ROM.
Working from a terminal, you can pro-
gram in BASIC and, from within a
BASIC program, call machine-language
routines that were written using the
trainer.

To round things out, Heath offers a
Microprocessor Self-Instruction Pro-
gram (course) that uses the ET-3400 as
a teaching tool.

As was stated at the beginning, work-
ing with a training-computer or other
assembly-language machine is very dif-
ferent from keyboard/video chatting
with a high-level language computer that
tells you when you’ve made a mistake,
and that may even suggest where to
look for the trouble. Not so with train-
ing computers. So you’ll have to apply
yourself a lot harder, but that’s the way
you’ll learn about microprocessors.
Learning the inner secrets may not be
as tough as learning chess, but it will be
no Frisbee-fling either. Still interested?
Then it’s your move! O



AVIVISINT SO
Pirate Broadcast

Although their schedules are
subject to change without notice,
when you can find them these :
stations offer an interesting alterna-

tive to standard broadcast fare.

ROBERT B. GROVE

IN OUR JUNE, 1980 ISSUE WE EXPLORED
the fascination of monitoring ‘‘spy’’
numbers stations. At this writing, the
riddle as to the origin of those myste-
rious transmissions is still unresolved.

But the numbers stations are not the
only unlicensed signals on the airwaves.
Pirate and clandestine broadcasters
populate the radio spectrum from
medium-frequency wavelengths (200-
1600 kHz) through shortwave. Even
listeners to the FM and TV bands_en-
counter those phantom signals occa-
sionally.

Who are the perpetrators, and what
are their motivations? To answer those
questions, we must first separate the
pirates and clandestines into their own
categories.

The pirates

Operating a radio transmitter without
a license is hardly new in the United
States. Many CB’ers have been doing it

for years!' So have hams who would
rather not spend the time and energy
needed to take the amateur radio ex-
amination or learn the required Morse
code.

Pirate broadcasting began early this
century when radio regulations were
very loosely structured and enforce-
ment was virtually non-existent. Per-
haps the best documented pirate station
was that of David Thomas, owner of
unlicensed station WUMS (‘‘Was Un-
licensed Marine Station’’).

Originally built to operate on 1235
kHz, WUMS’ homemade transmitter
was switched to 2004 and 1560 kHz in
1938. Messages were sent to Ohio River
vessels in the ferry service, and the sta-
tion broadcast entertainment as well.

In 1939 WUMS was hauled into
Federal Court on charges of operating
an amateur radio station without a
license. Since WUMS was obviously
not in the amateur service—not op-

Stations

erating in the amateur-frequency
bands—the charges were dropped.

In 1948, following a series of trans-
missions monitored by stations as far
away as China, WUMS was cited again
by the FCC. After the Commission re-
portedly spent some $10,000 for prose-
cution, the case was once again thrown
out of court.

After more than 50 years of virtually
continuous operation, WUMS has
finally gone off the air for good after
establishing a world’s record for per-
petual piracy! Its transmitter has
been accepted by the Smithsonian In-
stitution, joining the company of names
like Edison and Marconi, to be en-
shrined with other artifacts of our
nation's memorabilia.

Needless to say, unlicensed pirate sta-
tions drive the FCC bonkers. Schedules
are erratic, locations are rarely given,
and transmission times are often short.

The United States is not as saturated
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with those stations as is Great Britain,
unofficially the home of pirate broad-
casting. Long wave, medium wave,
shortwave, FM, and even TV pirates
flood the airwaves over the Isles. A
large number of them are in Ireland,
such as Radio Dublin, Weekend Muzick
Radio, Radio Nautilus International,
European Music Radio, Radio Zenith,
Radio Condor International, and many
more. _

Holland is the home of Radio Dolfijn
International, and AIR is in Glasgow,
Scotland. For additional entertaiment
there is the Voice of the Pyramids,
Voice of Venus, Radio Confusion—the
list is endless.

But the United States is certainly not
devoid of illicit broadcast activity. One

of the most famous in recent history is
the Voice of the Voyager, a pirate
broadcaster in Minneapolis who con-
stantly gave a Houston, TX mailing
address over the air. To compound the
obfuscation, return mail was sent to
listeners from Ann Arbor, MI. That
one gave the FCC fits, and took the

" cooperative efforts of all 13 FCC field

stations to locate it finally, and shut
it down!

Even as early as 1933, stations at-
tempted to avoid prosecution by trans-
mitting from international waters.
RXKR operated aboard the motor
vessel City of Panama off the coast
of southern California. Basking in the
balmy breezes of the Pacific, RXKR
canducted its programming right in the

middle of the standard broadcast band.

Fairlawn, NJ, was the home of
pirate station WBBH. Operating on
an arbitrarily-chosen frequency of 4970
kHz, operator **Mr. Fisk’' claimed to
be using a Gates BFE-50 C commercial
broadcast transmitter. When finally
caught by the FCC in 1966, ostensibly
broadcasting from the fictitious ‘‘Court-
land School of Music”’, Fisk was found
to be using a converted 50-watt amateur
transmitter.

Fisk’s programming was unusually
professional, quite possibly better than
any others that Fairlawn residents had
to choose from in the normal course of
their daily legitimate listening!

Another recent casualty of relentless
pursuit by FCC officials was WDAB of
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Daytona Beach, FL. Run by two local
disc jockeys. the Commission threat-
ened them with heavy fines if they
resumed operation. Capitulating against
those odds, they now operate a legal
FM cable service and stay out of
trouble!

Why pirate?

Just what is it that motivates some-
one to start a pirate broadcasting opera-
tion? Frustration with the cumbersome
licensing procedure? Indignation against
authority? A keen sense of the thrill of
the chase? Perhaps all of those and
more. Let's ask Mr. **Guy Wire"’, op-
erator of Radio Liberation in the quaint
Plaquemines parish town of **Putnid,”
LA.

Q. Why did you decide to put a pirate
station on the air?

A. Why not? It seemed like it would
be fun ... it was my way of thumbing
my nose at FCC censorship.

Q. What kind of programming did
you do?

A. We had a staff of about 20; we got
our idea of taping on cassette from
Radio Havana. We were probably heard
in all the states east of the Mississippi.
Programs included *‘The Pol Pot Exile
Show,’” rebroadcasts of The Voice of
Free Grenada, some Spanish-language
programming, and even an entire eve-
ning of barking dogs'

Needless to say, the FCC had fun
with that one. When they finally located
the neighborhood, the FCC engineers
had considerable trouble finding *‘Guy
Wire’” who had spotted the suspicious
vehicle and buried his transmitter!

Eventually, at the urging of his
parents, the culprit exhumed the corpse
of the illegitimate transmitter and put
on one last demonstration for the FCC
officials.

Threatened with a $10,000 fine,
““Guy Wire"’ promised never to repeat
his escapade.

In the United States, a spokesman
for pirate stations is Al Muick. An in-
formative copy of his *‘Free Radio
Campaign” newsletter is available
postpaid for $1 by writing: Free Radio
Campaign, RD#2, Box 542, Wescos-
ville, PA 18106.

Not all is in fun

As amused as we may become with
the antics of some pirates, many trans-
missions have a definite purpose. During
World War I1, a Bnitish pirate attempted
to damage Nazi morale by broadcasting
stories that Field Marshal Rommel was
a homosexual!

And that takes us to the second
group of unlicensed broadcasters.

The clandestines

Some stations prefer to maintain
their anonymity because of the nature
of their broadcasting contents. Often

A CONVERTED CB8 TRANSCEIVER and two
portable phonographs are the mainstays of
WJAM, “The Free Radio Service of Connecticut.”

politically-motivated, their transmis-
sions are intended to persuade listeners
to take drastic action against the ruling
authority.

One of those, Radio Noticias del
Continente (TIRL) is in Costa Rica and
probably Cuban supported. It is sus-
pected that the station was formerly
called Radio Sandino, an anti-Somoza
operation.

Also Communist-inspired, Radio
Magallanes espouses its anti-Chilean
messages, and the Voice of the Com-
munist Party of Turkey lets its will be
known.

The revolutionaries

Few American pirates or clandestines
are Anti-American. Most are merely
critical of certain government policies,
often using the airwaves to voice their
disenchantment.

But there are a few prominent anti-
Castro broadcasters, sending their
counter-revolutionary messages from,
not surprisingly, south Florida.

Judging from the length of time those
stations have been active, coupled with
their blatant admission of location
(mostly Miami or Key West), it would
appear that the Federal Communica-
tions Commission is not particularly
concerned with their presence. That
may be in part due to the recent ap-
pearance of a powerful Radio Moscow
relay station, beamed toward the United
States from Cuba. on 600 kHz.

All of the anti-Castro Miami stations
operate at the low end of the amateur
40-meter band, causing considerable
grief for legitimate users. The Voice of
Alpha 66 can be heard on 7053, usually
between 0115 and 0150 hours daily.
Radio Libertad Cubana (Radio Rebelde)
is nearby on 7090 kHz, featuring the
unique programming of Comandante
David, usually between 0100 and 0330.
Radio Abdala is just a fraction of a dial
turn away at 7082 kHz, operating from
0100-0200.

Recently, nationwide publicity was
given to a ‘‘raid”’ on one of the stations,
the identity of which was not disclosed
by FCC officials. A day or two later,
another group. the Bay of Pigs Veterans
Association’s Radio Giron issued a
news release claiming to be the opera-
tion that was shut down. Since no one
had ever heard of Radio Giron, con-
siderable question was raised as to the
validity of the claim.

Was the Radio Giron statement issued
to satisfy public demand to know which
operation had been shut down? Was
the FCC news release an unfortunate
snafu which should have never been
issued? Was the entire incident con-
trived, ostensibly to satisfy the many
hams who had reported the illegal inter-
ference in their coveted 40-meter band?

At this writing, the south Florida
clandestines are still alive and well,
broadcasting their anti-Castro mes-
sages with apparent impunity.

Operating frequencies and schedules

Here we present an extensive list of
the more frequently reported pirate and
clandestine broadcasters. Because of the
tenuous nature of their operation, fre-
quencies and schedules change fre-
quently. We cannot be held responsible
for the accuracy of this list, but the
basic ranges of times and frequencies
are typical. Most of the broadcasters
are in the British Isles, and many are
reported by American and European
listeners.

It would seem that the best time to
look for the pirates is from 0900-1400
hours, and the best frequency ranges
are 6235-6280 and 7325-7370 kHz. They
are invanably low power. sO some per-
sistence and patience will be necessary.

Is pirate radio a wave of the future?
Yes! says Al Muick of Free Radio Cam-
paign. Especially in England wherg at
least three new stations are expected to
be operational shortly.

Radio Europe (Radio del Mare) will
be afloat in the English Channel serving
the Dutch and Belgian listeners of
Radio Mi Amigo. According to Muick,
the operator of this endeavor is ‘‘Ferry
Eden.”

Another operation will be conducted
in the shortwave bands by ex-ABC
England personnel. All three opera-
tions are expected to utilize medium-
wave and VHF as well.

Pirate/clandestine radio is alive and
well. Next time you casually tune across
your shortwave dial and happen to dis-
cover a weak signal arguing with the
establishment, the chances are good
that you are listening to a fresh breath
of individuality adrift in a sea of drivel.
Let us know what you hear! O

The author would like to thank John Santosuosso
and Al Muick for their contributions in preparing
this article.
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make it possible.

REALISM IS ONE OF THE MAIN ATTRAC-
tions of the microprocessor-based games
(handheld and video) that have become
so popular in recent years. That realism
is enhanced by the ingenious sound ef-
fects that are an important part of most
of those games.

Hobbyists and experimenters also
want realism in their projects, but dupli-
cating those sound effects is not that
easy. A miCroprocessor can create

A9 A8 BDIR BC2 BCI DAI-DAS

REGISTER
ADDRESS
LATCH/
DECODER

1087-1080

H
(-]

sounds with just a speaker, but con-
sidering the processor time required to
sustain even a single note, it would be
incapable of doing much else.

General Instruments has developed
two LSI circuits that have solved that
problem. The AY-3-8910 and AY-3-8912
PSG’s (Programmable Sound Gen-
erator) are designed to work with a
microprocessor/microcomputer to pro-
duce complex sounds under software

RESET CLOCK

BUS v
: BI-DIRECTIONAL
CONTROL
DECODE BUFFERS

REGISTER ARRAY
(16 READ/WRITE
CONTROL
REGISTERS)

10A7-10A0

FIG. 1—THE AY-3-8910 programmable sound generator from General Instruments, The two I/0 ports
connect the host computer with the outside worid.

AMPLITUDE

1-1C PROGRAMMABLE

Need to control music or sound effects from software with-
out overtaxing your computer? Here are two new IC’s that

BONAVENTURA ANTONY PATURZO

control. The AY-3-8910 has two 8-bit
parallel ports and comes in a 40-lead
DIP package. The AY-3-8912 has one
port and 28 leads.

The PSG’s have a wide range of ap-
plications. Those devices can create a
simple noise such as a gunshot or ex-
plosion for use with an electronic game,
or they can create complex musical
notes and chords for use with even
high-end electronic instruments. You
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may even want to use one of the PSG's
to generate sound effects for the
Unicorn-1 robot. (Note: If you come up
with a sound effects circuit for the
Unicorn-1, send it to us at: Editorial
Department, Radio-Electronics, 200
Park Ave. S., New York, NY 10003.
We'll pass the better ones along to our
readers—Editor.)

To generate sounds, the host proces-
sor gives the PSG instructions as to
what sound is to be produced by writing
to specific registers within the PSG.
Once done, the processor is free to do
other chores while the PSG generates
the desired sounds.

The PSG

The AY-3-8910/AY-3-8912 contain
the following sound generating blocks
(Fig. 1):

Tone generators — three square-

wave generators which, depending

on the clock frequency used, can
produce tones from sub-audible to
supra-audible in frequency.

Noise generator — produces a fre-

quency-modulated pseudo-random

pulse-width squarewave output.

Mixers — combine the outputs of

the tone generators and the noise

generator (there's one mixer for
each channel).

Amplitude control — provides the

internal D/A (Digital to Analog) con-

verters with either a fixed or variable
amplitude pattern. The fixed ampli-
tude pattern is under control of the

CPU, while the variable amplitude

pattern comes from use of the en-

velope generator.

Envelope generator — provides am-

plitude modulation of the output

from each mixer. Both shape and
cycle of the envelope can be set by
the user.

D/A converters — the three convert-

ers each produce an output signal

of up to 16 levels as determined by

the amplitude control.

Additionally, the 1/O ports can be
used to interface the host processor and
the outside world. (Refer to Fig. 2 for
a pin-out diagram of the PSG).

Sixteen registers control the sound-
generating blocks and 1/O ports of the
PSG. Those registers are memory-
mapped and appear to the processor as
a 16-word block out of 1024 possible
addresses. The four low-order data/

=

AY-3-8912

FIG. 2—PINOUT for the AY-3-8910 and the AY- 3-8912 programmable sound generators.

TABLE 1
BC2  PSG FUNCTION i o e Gttt
p e | INACTIVE — the PSG DA7-DA® are m.l. nhh,sm-
MR 1 pedance state. A
o 3 1 READ FROM PSG — causes contents of qucm!tly .adv
v e '; ' dressed register to appear on DA7-DAG. sl
il < e <
S ALy T ) -
% S ®  WRITE TO PSG — latch data on DA‘F-DM wwm
__i‘,':'n g 1 ly addressed register.
(ot 1 " 3
e [ 1 1 LATCH ADDRESS — the PSG DJ\?-UM contain a fag—
ﬂ’ gl , ister address (select the register whode address ap--
it ' pears on DA7-DA®). . i i

address bits on the PSG (D9-DA3)
select one of the 16 registers. Data/
address bits DA4-DA7 must be low, pin
A8 must be high, and pin A9 must be
low when selecting a register. After the
desired register has been selected,
DA®-DA7 are used for either a read-
from, or write-to, PSG operation. The
bus direction input (BDIR-pin 18), BCi
(pin 20), and BC2 (pin 19) are used to
select whether to latch an address into
the PSG, perform a write-to or read-
from PSG, or go into the inactive state.

Table 1 summarizes the operations.
Before going into the different opera-
tions of the PSG, it is necessary to un-

- derstand the proper sequence of signals

to and from the devices. During a
register-addressing sequence, the bus
controls (see Table 1) should assume an
‘“inactive’’ state and then a ‘‘latch
address’’ state; the address is then
placed on the bus, followed by an **in-
active’’ state. A write-to-PSG sequence
would involve sending ‘‘inactive”,
placing the data on the bus, sending a

€861 TVNNNY 3-H

o
~



R-E ANNUAL 1983

-»
-]

BIT
B7 B6
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4.81T COARSE TUNE A

R2

8-BIT FINE TUNE B

R3 CHANNEL B TONE PERIOD //////////////////A

4.BIT COARSE TUNE B

Rd | CHANNEL C TONE PERIOD L S 5IT EINE TURET

RS ppppr 277227 4-BIT COARSE TUNE C

R6 | NDISE PERIOD w27 5-BIT PERIDD CONTROL
IN/OUT NDISE TONE

ol i 0B | 1 c 8 A c 8 A

R1B [CHANNEL A AMPLITUOE 777 M s [ u |

R11 |CHANNEL 8 AMPLITUDE

/// 7 //// M &) L2 L Lo

R12 |CHANNEL C AMPLITUOE

oz A w | s ] u]w

R13
ENVELOPE PERIOD

8-BIT FINE TUNE E

R14

8-BIT COARSE TUNE E

R15 [ENVELOPE SHAPEICYCLE [

7] CoNT | ATT | _ALT | HOLD

R16 [1/0 PORT A DATA STORE

8-BIT PARALLEL I/0 ON PORT A

R17 (/O PORT B DATA STORE

8-BIT PARALLELJ/O PORT B

FIG. 3—DETAIL of the read/write control resister array shown in Fig. 1. Note registers R16 and R17
that restore the parallel port taken up by the PSG and, in the case of the AY-3-8910, add another.

“‘write-to PSG'' signal, and finally
sendinig an ‘‘inactive’’ signal. A read-
from-PSG sequence involves sending
‘‘inactive’’. then a ‘‘read-from-PSG"
signal, reading the data on the bus, and
finally sending an ‘‘inactive’” signal.
Note that the read/write data sequences
normally (though not necessarily) fol-
low the register-addressing operation.
That allows for multiple reads and
writes of the same register without re-
addressing.

Operation

Figure 3 shows the various register
arrays contained within the PSG and
their corresponding functions. Bits B7-
B@ correspond to DA7-DA® once the
specific register has been selected.

As seen in Fig. 3. registers R@-RS
conirol the frequencies of the three
tone generators. Note that each chan-
nel (the PSG has 3 independently-pro-
grammable analog output channels) has
an eight-bit fine-tune and foursbit
coarse-tune register. The equations for
the tone frequency output are:

1. fT = fCLOCK
16TP,,

2. TP10 = 2560T10 + FT10

Where: fr = desired tone fre-
quency
feLock = input clock fre-
quency

TP, = decimal equiva-
lent of the tone
period bits TP11—;
TPO.

CT,o = decimal equiva-
lent of the coarse-
tune register bits
B3—B@ (TP11—
TP8)

FT,o = decimal equiva-
lent of the fine-

tune register bits
B7—B0 (TP7—
TPQ)

Note that TP is the 12-bit combination
of the coarse- and fine-tune registers.
Equation 2 breaks TP into its compo-
nent parts. Rearranging the equations:

a. TP, = fcLock

16t
b.CT,o + 110 = TP10
256 256

The following examples should help
clarify the math involved:

Example 1:
fr =1 kHz
fCLOCK =2 MHz

2x106 = 125

TP‘lO g el L
16(1x109)

Substituting this result in equa-
tion (b):

CT]O + __FT“) ad 1_22
256 256
CT,, = 0 = 0000 (B3—B0)
FTy0 = 12540 = 01111101 (B7—B0)
Exampie 2:
fyr =100 Rz
fCLOCK =2 MHz
TPy = 2x10% = 1250
16(1x102)

Substituting this result in equa-

tion (b):

CTyo+ 110 = 1250 _ 4, 226
256 256 256

CTy = 410 = 0100 (B3—B0)
FTyo = 22649 = 11100010 (B7—B0)

Register R6 controls the noise-gen-
erator frequency. The equation for de-
termining the noise frequency is:

fy = fcrock

16 NPq
Where: fi, = desired noise fre-
quency
fcLock = input clock fre-
quency

NP,o = decimal equiva-
lent of the noise
period register
bits B4—B@.

Rearranging the equation:

NP4 = fcLock
16 fy

Using that second equation, you can
solve directly for the required value of
NP for a specific noise frequency.

Register 7 controls the three noise/
tone mixers and the two [/O ports (one
1/O port in the 8912 IC). Bits B§-B2
control whether or not a tone is enabled
and bits B3-BS5 enable/disable the noise
on each analog output channel. Two of
the truth tables shown in Table 2 sum-
marize the enable/disable conditions.
Bits B6 and B7 control the status of the
I/O ports as shown in the third truth
table in Table 2.

Simply disabling the noise and tone
generators does not turn off an analog
output channel. Turning a channel off is
done by writing all zeroes into the
channel’s amplitude-control register.

The outputs of the three mixers are
sent to three D/A converters. Each D/A
converter's output amplitude is either
set to a user-specified level or modulated
by the PSG’s internal envelope gen-



erator. Registers 10, 11, and 12 control
the amplitudes of channels A, B, and C,
respectively. If the amplitude-mode bit,
B4, is set to logic @, then the user can
control the output amplitude by supply-
ing a 4-bit code to B@-B3. Figure 4
shows the output levels for all possible
values of B9-B3. As previously men-
tioned, writing all zeroes on bits B§-B3
turns a channel off.

15 {BINARY 1111) 15

NOTE: THIS IS THE ENVELOPE
ONLY-NOISE AND TONES

ARE DISABLED.

NORMALIZED
VOLTAGE

_ 1
ENVELDPE PERIDD + ENVELOPE PERIDD |
g (ing)
FIG. 4—OUTPUT LEVELS for all possible com-

binations of bits B8-B3. Writing 868¢ on bits B8-
B3 turns a channel off.

When the amplitude-mode bit of a
channel’s amplitude-control register is
set high, then that channel’s output am-
plitude is varied by the PSG's internal
envelope generator. The envelope’s
frequency, shape, and cycle pattern
can be varied, allowing quite complex
envelope patterns.

Registers R13 and R14 control the
period of one envelope cycle; R14 is the
coarse-tune register while R13 is the
fine-tune register. The envelope fre-
quency equations are:

¢ = ferock
256EP,q

EP10 = 2560T10 + FT10

Where: fg = desired envelope
frequency
fcLock = input clock fre-
quency

EP,o = decimal equiva-
lent of the enve-
lope-period bits

CT,9 = decimal equiva-
lent of the coarse-
tune register bits
B7—B0

FTi0 = decimal equiva-
lent of the fine-
tune register bits
B7—B0

Rearranging the equations:

a) EP,o = foLock

256f¢
b.) CTye + FT10 = EP10
256 256

R15 BITS
B3 B2 B1 BP

mcz——Azo0
XOP—A—>
MeapZom-—r >

ENVELOPE GENERATOR OQUTPUT

-
-
>
>

-«
-
>
>

IEREREA!
_,I }‘_ ENVELOPE PERIOD
(DURATION OF ONE CYCLE)

FIG. 5—THE ENVELOPE is determined by the
R15 bits. The X's denote a don’t-care condition.

An example, using the above equations:

fe = 0.5 Hz
focLock = 2 MHz

EP,g = 2x105 =15,625
256(0.5)

Substituting this result in equa-
tion (b).

CTyo+ FT10=15625 -61+ 9
256 256 256

CTyo = 6140 = 0111101 (B7—B0)

FT“) - 910 = 00001001 (87—-8@)
As shown in Fig. 3, register RIS pro-
vides control of the envelope shape and
cycle pattern. Bit ¢ is “*hold"", bit 1 is
‘‘alternate’”, bit 2 is *‘attack’’, and bit 3
is ‘‘continue’’. Figure S provides a
graphical presentation of the patterns
that can be generated, using the above
functions (note: **X"" in Fig. S indicates
a don’t-care condition—the bit can be
either § or 1).

Interfacing

Figure 6 shows an economical circuit
(using a color-burst crystal) that pro-
vides not only the clock for the PSG.
but also the system clock for the micro-
processor that controls the PSG.

FIG. 6—A COLOR-BURST CRYSTAL is used in this circuit that provides a clock for the host micro-

computer as well as for the PSG.

FIG. 7—THIS circit sums the PSG's three analog channels, amplities them, and drives a speaker,
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The circuit shown in Fig. 7 sums the
three analog channel outputs and am-
plifies the sum with a standard low-
voltage IC amplifier. The advantage of
using that IC is obvious—you can tap
the five-volt supply for the IC’s biasing.
Position all components as close to the
IC as possible, especially the decoupling
components.

To access the PSG's registers and to
read-from and write-to those registers,
the microprocessor must interface with
the eight data/address lines (DA®-DA7)
of the PSG plus the bus control lines,
BDIR, BC2, and BCI. Since BC2 can
be left high (see Table 1), the bus-con-
trol lines needed can be reduced to two.
The PSG's eight data/address lines can

PSG
AY-3-8910

FIG. 8—A PIA (Peripheral Interface Adaptar) is needed Iif a 6800 or 6502 microprocessor Is used.

CLOCK  RESET

BCIR

BC2

PSG:AY-3-8910

DA3

A Y AV AV 4 VY LAV AV AV A Y ‘

DA4

VVVIVIVIVVVIYVIVVVVVY WV

v

FiG. 9—TYPICAL INTERFACE for the S-100 bus. This design requires only an 8080 IN or OUT Instruc-

tion to read-from or write-to the PSG.

be tied directly to the microprocessor’s
data lines if decoding is provided to
place the PSG in its “‘inactive’’ mode
(see Table 1) when the PSG is not being
accessed.

The PSG's can be interfaced to the
6800 and 6502 microprocessors very
easily, as shown in Fig. 8. A PIA (Pe-
ripheral Interface Adapter) IC is used
between the microprocessor and the
PSG. (See Radio-Electronics, Nov. 1980
issue.) The setup for the 6800 is shown.
For the 6502, a 6520 would be used as
the PIA. Both of those microprocessors
treat I/O and memory the same so that
immediate control of the PSG would
consist of ‘“‘load accumulator’” and
‘‘store accumulator at’’ instructions.

Figure 9 shows a typical S-100 bus in-
terface. That design provides for read-
ing-from and writing-to the PSG using
only an 8080 IN or OUT instruction to the
proper address. The proper address is
the memory location where the PSG
resides, set by the switches going to the
7485’s. Table 3 provides software
routines written in 8080 assembly
language.




Application examples

Many computer programs, most ob-
viously game programs, could be livened
up by using appropriate sound effects.
The PSG can generate a wide variety of
sounds. The gunshot and explosion
sound effects (Tables 4 and 5) consist of
pure noise, modified by a decaying en-
velope. Table 6 shows a laser sound
that uses a frequency-sweeping effect.
Other sounds that can be created using
that effect include a racing car sound, a
wolf whistle, and a whistling bomb.
The PSG can also produce simple tone
sound effects.

Although not shown in Tables 4, 5,
and 6, care must be taken to observe
the proper sequence of bus-control
signals to the PSG, as explained earlier
in this article.

Sound effects do not have to be
limited to game programs. They can
signal you at the end of a long computa-
tion (if you have better things to do
than watch a' CRT screen for an
answer); they can serve as a debugging
tool, indicating audibly which direction
a program 18 taking; and they can create
a loud sound to wake you in the
morning, just before the coffee pot is
switched on.

There are eight full octaves of notes
that the PSG can provide. Since the
PSG has three channels, three note
chords can also be played. Use of the
various envelope patterns together with
variable noise will allow the simulation
of musical instruments to a certain
degree. Because the tone frequency as
well as output amplitude can be con-
trolled by the microprocessor, effects
such as vibrato and tremolo are pos-
sible.

Musical applications for the PSG
seem endless. They will provide en-
velopes for an external musical instru-
ment (such as a synthesizer). They can
provide backup rhythm; with them you
can easily transpose music to match
your vocal range or ‘'play’’ a composi-
tion you haven't yet mastered yourseif.
They will provide different instrumental
sounds for your own compositions.

And they will even give that automated -

coffee pot a musical tongue.

At first glance the PSG's may seem
complicated to use and understand.
That's because there 1s a wide variety
of musical sounds and effects that can
be generated by those devices and each
of those sounds can be produced and
controlled to a sometimes astonishing
degree. So, although the PSG’s may
seem complex, that is only because of
the versatility of those devices. For
more information on the AY-3-8910/
8912, consult General Instrument’s ex-
cellent data manual. You can write to
General Instrument Corporation, 600
West John St., Hicksville, NY
11802. O
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ROBERT WARD

THE HOME COMPUTER CAN OPEN DOORS
not only to the realm of programming
and electronics, but also to the rest of
the world. You need only equip it with a
serial port, a modem, and a telephone.
Most computer hobbyists have the serial
port and the telephone. Unfortunately
assembled modems can be quite expen-
sive. The few Kkits available are notable
for being difficult to align and quick to
drift, and some don’t even offer any real
savings,

That need not be the case. Here.is an
easy-to-build, inexpensive crystal-con-
trolled modem. Constructed on one side

*60 MODEM

With a telephone, a serial interface, and this inexpensive,
crystal-controlled modem, your computer can access
others almost anywhere in the world.

of a 3x4-inch printed-circuit, the design
requires absolutely no adjustments. All
passive components are readily available,
having 5% and 10% tolerances. The cir-
cuit is so simple that, once assembled,
its operation may be verified with only a
logic probe or VOM. The enclosure and
acoustic coupler (the part the phone
handset fits into) can be built using read-
ily available materials and require only
a few hours work and a minimum of
tools.

The completed project is a Bell 103-
type, acoustically-coupled modem, eas-
ily capable of handling data at 300 baud.

It has switch-selectable answer and
originate modes. Each channel’s input
is equipped with a three-stage active fil-
ter, providing excellent noise immunity.
You may jumper-select RS-232, CMOS,
or TTL logic-levels, which simplifies in-
terfacing to your machine. With answer
and originate modes you can communi-
cate not only with large time-sharing
systems, but also with friends who
may be restricted to onginate-only
equipment.

The project does not include a power
supply. but if you already have a compu-
ter, it is almost certain that you can
power the modem from it. The modem
only requires about 20 mA at *12-volts,
and 20 mA at 5-volts. This design doesn’t
generate a local echo. Again if you have
a computer, you can let it take care of
that (one approach is detailed later in
this article). Finally, certain ‘‘hand-
shaking™ signals often provided by
commercial modems are not generated
(but we show you how to do without
them). For the most part those signals
are not needed in an acoustically-
coupled installation.




You don’t get FCC-approved (or any
other type) auto dial and auto answer
and will have to do without those lux-
uries unless you design the circuits
o~ G O - I
The circuit ' .

The circuit (see the block diagram in
Fig. 1) consists of two distinct signal

paths—the modulator and the demodula- ) > II l

tor. (That, by the way, is where we get

the term modem. It’s an acronym for
MOdulator/DEModulator.) The Motor- -W!mﬁ
ola MC14412is present in each path and,

strictly speaking, provides all of the
moduiation and demodulation func-

tions. That IC generates audio tones to
be transmitted and demodulates the in-

coming signal, translating it to logic

levels. Under ideal conditons it will op-

erate at speeds of 600 baud. In the real COMPENSATION

world, though, reliable operation of the NETWORK
Bell 103 standard is limited to 300 baud.

The rest of the functions are provided
by twelve individual op-amps housed in
three LM348 (a quad package of the
easy-to-use 741) IC’s.

Refer to Fig. 2. The input buffer is a
single op-amp (IC1-a2) operating at max-
imum gain. It increases the crystal
microphone’s —55 dB output level to
essentially 0 dB. (Other transducers, FIG. 1—BLOCK DIAGRAM OF the modem. The scope patterns shown are those that should be
such as eleétret microphones, may be observed at the test points shown on the schematic (Figs. 1 and 2).
used, provided they have at least —55
dB sensitivity.)

A carefully designed three-stage ac-
tive filter (IC1-b, -c, -d and IC2-a, -c, -d)
attenuates out-of-channel noise. The
exact frequency response of the band-
pass filter is not particularly critical, al-
lowing the use of components with 5%
and 10% tolerances. However, the filter
1s not easily modified (e.g. to handle the
frequencies of the deaf communication
network), since the phase delay across
its passband must be consistent.

The limiter in Fig. 3 (IC3-b, DI)
clamps the 20-volt peak-to-peak output
of the filter to levels compatible with the
MC14412’s demodulator section.

The filter output also feeds the level
detector. That block detects the en-
hanced input signal (at D2) and uses a
simple lowpass filter (C2) to create an
output yoltage directly related to the
strength of the incoming signal. An op-
amp configured as comparator with a
Zener-clamped output (IC3-a, DS) trips
when that voltage exceeds a reference
voltage determined by R15 and R8. That
ouput signals the MC14412 that a usable
carrier is present and that it should act as
a demodulator. The demodulator is dis-
abled in the absence of a carrier.

The modulator circuit is even more
simple. The MC14412 modulator syn-
thesizes a sinewave corresponding to
the TX DATA input. A highpass filter (C3)
compensates for the frequency charac-
teristics of the acoustic network. A
single op-amp (IC2-b) drives the 8-ohm
speaker.

Two remaining op-amps, configured
as comparators (IC3-c and 1C3-d) pro- FIG. 2—THREE-STAGE ACTIVE FILTER (IC1-b, -c, -d and IC2-a, <, -d) attentuates out-of-channe! noise.
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FILTER

RESET
RXCAR

ECHO
TYPE

'RATE

SELF
TEST

RXDATA

MOOE

1C4
mClad12v
TXDATA
TXCAR

FIG. 3—HEART OF THE CIRCUIT is the MC14412 that performs all the moduiation/demodulation

functions.

FIG. 4—THIS CIRCUIT derives +5-voits from the
+12-volt line aliowing you to use a DPDT switch
to tumn the unit on and off.

vide logic translation if desired. The buf-
fer on the TX DATA line is designed with
about 3-volts hysteresis (a ‘‘dead zone’
between logic-§ and logic-1), improving
noise immunity on long transmission
lines.

The unit requires three power sup-
plies—+ 12-volts, —12 volts, and +5-
volts. The maximum drain on any of the
three is only about 20 mA, so there
should be little difficulty in obtaining
power from your computer. A 3PDT
switch can be used to switch power to
the modem if you do not want it on all
the time.

If desired, the +5-volts can be de-
rived from the +12-volt line through a
5.1-volt Zener diode and a 68-ohm re-
sistor as shown in Fig. 4. This would
allow you to use a more readily available
DPDT switch to turn the unit on and off.

bridge the gaps. You should also pay
special attention to the power runs near
the three LM348’s.

Once you have a circuit board, assem-
bly is straightforward. A parts-place-
ment diagram is shown in Fig. 6, and an
interior view in Fig. 7. The design’s
most notable quirk is the extensive use
of end-mounted components. All but a
diode and a few resistors are mounted
on end as shown in Fig. 8. You must be
careful to align the exposed lead on
those components so that it cannot short
against another exposed lead. Except as
noted, install the parts so that the ex-
posed lead faces the nedrest edge of the
board.

Begin by installing all the flat-mount-
ed diodes and resistors. Those are R6,
R7, R8, R33, and D2. Be certain that the
polarity of the diode is as indicated in
the parts-placement diagram and sche-
matic. Install the IC sockets, after
checking carefully to make sure that
they are correctly oriented.

The jumpers should be installed now
as they may be hard to reach later.

The rest of the components (with the
exception of the crystal) are either end-
mounted resistors and diodes, or nor-
mally mounted capacitors. We suggest
installing the resistors and diodes first,
and then the capacitors.

Several end-mounted components re-
quire special attention. Resistor R17 is

La ] :
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FIG. 5—THIS FOIL PATTERN can be easily reproduced, aithough the between-the-pin traces near IC4

may require spacial attention.

Assembly

While the circuit board is compact,
the traces are easily reproducable with
one possible exception. (The foil pattern

-is shown in Fig. 5.) There are several

thin, between-the-pins, traces at IC4.
These may not copy well using home-
brew techniques. If you have trouble
with these spots, use a knife to cut out
the bad sections of trace and tack-solder
short sections of wire-wrap wire to

placed next to the crystal. If you wish
the crystal to stand upright on the board
you will need to form the leads of that
resistor so that it can be mounted flat
against the IC4 socket. A little tape
over the resistor is a wise precaution.
If you prefer—and if your enclosure is
large enough—you may mount this re-
sistor like the other end-mounted com-
ponents and simply leave enough lead
on the crystal to allow it to be bent away



+5V T0

S1-b

TOS1-2

TO

TO PIN TO PIN
30N 20N
08-25-S 08-25-S

SPEAKER

FIG. 6—MANY of the components shown in this parts-placement diagram are end-mounted. Board is

shown jumpered for RS-232.

FIG. 7—PC BOARD is mounted, component-
side-down, on short standofts. Switches, hidden
by board, are mounted on enclosure.

BENT

LEAD
19

ON
FLAT END

WRONG!
IF BENT,
LEADS WILL

1 [g Q TOUCH HERE!
RIGHT

FIG. 8—TO PREVENT SHORTING, most of the
end-mounted components should be mounted
80 that the exposed lead faces the nearest edge
of the board.

from the resistor but the enclosure as
detailed later in this article does not
allow enough room for that approach.

Also, unlike the rest of the end-
mounted components, D4 should be
mounted with the exposed lead toward
the center of the board. Resistors RS
and R39 must share a common hole.
You will probably need to enlarge it be-
fore it will accommodate both resistor
leads. Install R5 and R39 as shown in
Fig. 9.

R39
10K

RS
15K

FIG. 9—RESISTORS R5 and R39 share a com-
mon hole. it may be necessary to make this hole
larger than usual to accept both leads.

PARTS LIST

Resistors Va watt, 5% unless otherwise
noted

R1, R2, R9, R33, R39—22,00C otums

R3, R4, R12, R17—10 megohms

R5—15,000 ohms

R7, R8, R33—10,000 ohms

R10—4700 ohms

R11, R18-R21—2200 ohms

R13, R14, R24, R32—160,000 ohms

R15—2 megohms

R16—390 ohms, ¥2 watt

R22, R29, R37—100,000 ohms

R23—270 ohms

R25—18,000 ohms

R26—200,000 ohms

R27—330 ohms

R28, R36—8200 ohms

‘R31—820 ohms

R34—240,000 ohms

R35—1200 ohms

R38—2400 ohms

Capacitors 50-volt or greater working
voltage

C1—.47 yF, ceramic disc

C2—.1 uyF, Mylar, 10% or betier

C3—220 pF, ceramic disc

C4-C15—.01 uyF, Mylar, 10% or better

Semiconductors

D1, D5—1N751, Zener

D2-D4—1N3600

IC1-1IC3—LM348 quad 741 op-amp

1C4—MC 14412 low-speed modem

XTAL1—1.0 MHz crystal

S1—DPDT switch

S2—3PST or DPDT switch

Miscellaneous: PC board, crystal or elec-

tret microphone, 8-ohm speaker, lumber,

tennis ball, radiator hose, hardware, etc.

NOTE: The following are avallable from
Quest Electronics, FO Box 4430E, Santa
Clara, CA 95054: Kit including PC board,
all electrical parts except switches
(speaker and microphone includad), and
15 pages of documentation, $60; PC
board and documentation only, $17.50.
Add 5% for shipping. CA residents add 6%
tax, MC and Visa accepted.

St-b

MATE

\/

FIG. 10—A DPDT SWITCH, S1, is wired as shown for testing the modem. After testing is complete,

rewire the switch to match the schematic.

When installing the capacitors, leave
longish leads on Cl1 (a large .47 yF one)
and bend it over the jumper so it is out of
the way. Ceramic discs may not be sub-
stituted for the .01 yF filter capacitors—
they must be Mylar. We also recom-
gend a low-loss type such as Mylar for

2

Be sure to install jumpers from G to E,
from K to C, and across ECHO. After
testing we will install a jumper across
TEST. That four-jumper pad (RATE,

ECHO, TYPE and TEST) will accept a
4PST DIP-switch if you wish. However,
none of those settings are likely to be
changed once testing is finished.

If yoursserial port requires RS-232 log-
ic levels, follow this procedure: jimper
from D to H, from A to F, and from B to
the cathode (banded) end of D4. Pad E4
is now the TX DATA input and ES5 is the
RX DATA output.

To generate CMOS logic-levels, in-
stall these jumpers: D to | and B to J.
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This option makes E6 the RX DATA output
and E7 the TX DATA input.

The microphone should be connected
using shielded cable. Solder the shield to
the microphone case. Do not install the
microphone or speaker in the enclosure
until testing is finished. When you solder
the center conductor to the positive ter-
minal of the microphone, use extreme
care. The microphones are easily dam-
aged. Do not dent the front shield or twist
the positive-terminal solder pad. On the
board end, the center conductor is con-
nected to E2: the shield to ground. Finish
by jumpering El to ground and install the
crystal.

Connect the speaker—one end to
ground and the other to E3. Referring to
Fig. 10, install a DPDT switch, S1, so
that it switches as shown. That connec-
tion will be changed after testing to match
the schematic. If you use a slide switch,
be certain that it does not momentarily
short both positions during switching.
Attach leads to the power supply pads to
allow testing. None of the IC’s should
have been installed. yet.

Checkout

As always, it is good practice to per-
form what tests you can before you in-
stall the IC’s. Specifically you should
check supply-pin voltages and grounds.
Pin 4 of sockets 1, 2, and 3 should carry
+12-volts; pin 11, —12-vdlts. Pins 5 and
3 on IC3; pins §, 10, and 12 on IC1 and
IC2: and pins 13 and 8 on IC4 should all
be at ground potential. Finally, pin 16 of
the socket for IC4 should read +5-volts.

If the voltages are correct, it is safe to
install the LM348’s (IC1-IC3) so that
voltages at socket 4 may be checked.

Test each pin of socket 4, checking
this time -for any voltage that exceeds
the 0- +5-volt range by more than one
volt. If pin-1 or pin-5 voltages are nega-
tive, one of the Zeners is reversed. If the
pin-11 voltage is far out of range, D3 or
D4 is reversed. Do not install [C4 until
all voltages at socket 4 are within range!

Other likely errors that are detectable
at this point are incorrectly connected
power supplies, incorrectly run jump-
ers, and misaligned sockets.

If the socket-4 voltages are accept-
able, remove power, install IC4, and
supply power again. You should hear a
tone from the speaker. Changing Sl's
position should change the tone.

Now apply a logic-level voltage (high
or low) to the TX DATA input. When you
change that level you should also hear a
change in the tone frequency in both
switch positions. If you have jumpered
the board for RS-232 operation, your
logic levels at that point will be *]2-
volts. Otherwise your logic-levels will be
+5 volts and ground. You should be
able to generate four different tones in
all. That indicates that the TX DATA
buffer, the modulator section of the
MC14412, and the output buffer are
working correctly.

To verify the operation of the demod-
ulator section, connect a VOM or logic
probe to pin-1 of IC3. The logic state of
that pin should change as the speaker i1s
moved closer to the microphone. When
the speaker is far from the microphone,
the logic level should be high. It should
go low as the speaker is moved nearer to
the microphone. That verifies that the
input buffer, filters, and level detector
are working.

Finally place the speaker near enough
to the microphone so that its tone just
causes the pin-1 logic to change state.
Now monitor the state of the RX DATA
line while you apply different logic-level
signals to the TX DATA line. The Rx
DATA line should follow the TX DATA line
in both switch positions. That verifies
that the RX DATA buffer, limiter,
and MC14412 demodulator section are
functioning. .

The above test procedure is possible
because the MC 14412 has been connect-
ed to demodulate its own transmissions.
If it is functioning correctly, set it up to
demodulate external signals by adding a
jumper at the TEST position on the
board. In addition the wiring to switch
S1-b must be reversed so that it switches
as shown in the schematic.

Troubleshooting

If some test has indicated a problem,
check your work carefully. Several like-
ly sources of error have already been
mentioned. If you can’t spot an obvious
cause, replace the microphone. Our ex-
perience has been that a faulty micro-
phone is responsible for about 90% of
the problems encountered. Do not
tinker with the filters. Many of these
modems have been built and to my

knowledge the filters have not once™

been a source of trouble.

Many problems involve a failure in
the demodulator section. Check to see if
a strong signal is reaching the level de-
tector, and whether or not the MC 14412
is generating an output.

If you have a 20-volt peak-to-peak sig-
nal at the input of the level detector,
then pin S of the MC14412 should be at
ground potential. If it is, the MC14412
RX DATA output-level (pin 7) should be
the same as the modulator’'s TX DATA
input-level. (That assumes a close acous-
tic link from the speaker to the micro-
phones.) Trouble here indicates a prob-
lem in the limiter, the switch, the test
settings, or the MC14412. If you suspect
the limiter, try replacing D1 and swap-
ping IC3. Before you declare the
MC14412 to be at fault, you should
check the signals at each pin of the IC.
Compare what you find with what you
would expect, based on the schematic.

It's more likely that the signal is
present at the input of the level detector,
but that the level detector never switch-
es. Check it and if necessary replace D2,
D5, C2, and the LM348 (IC3) (try swap-
ping it with another).

If there isn't a strong enough signal at
the input of the level detector at either
switch-setting, double check the micro-
phone, the switch, and the input buffer.
Again try to clear up the problem by
swapping LM348’s.

For any thorough debugging, you will
need an oscilloscope. Use it to verify the
waveforms shown in Fig. 1.

The enclosure and acoustic coupler

In this construction project, since the
enclosure also forms the acoustic
coupler, it is an integral part of the
modem. Unfortunately most low-cost
kits usually address this area with a
simple **add a crystal microphone and an
8-ohm speaker.”” If you've ever tried to
buy them, you should know that
*muffs’” (what you put the phone hand-
set into) are not exactly a drug-store
item.

Our solution is to make the muffs out
of short lengths of 2V4-inch radiator hose
and a tennis ball. Needless to say. those
materials are inexpensive and readily
available. It may sound crude, but with
a little care the results are acceptable.

Using the template provided in Fig.
11, cut two ovals out of Masonite or
other thin, rigid material to act as
mounting battles for the speaker and
microphone. One of those is drilled to
give a grill pattern, and the speaker is
glued to its back. A hole is drilled in the
other, large enough to mate with the
microphone flange. Contact cement is a
good adhesive to use.

Cut two 2-inch lengths of radiator
hose. Use a hobby tool with a sanding
drum to bevel the inside edge of one end
of each until you are satisfied with the
way the handset from your phone fits
them.

Make the base from soft wood. A
brace and bit or hole-saw may be used to
drill the holes. Both tools will create:
problems if used on a close-grained
hardwood. If your joints mate accurate-
ly enough, the enclosure can be glued

HES
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FIG. 11—USING THIS TEMPLATE, cut two
Masonite ovals to act as mounting plates for the
microphone and speaker.

together and finished like a piece
of cabinetwork. As you will see from
the procedure below, a hollow-ground
planer blade and a table saw (perhaps a
friend has one) will prove very handy.
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FIG. 12—ALL LUMBER NEEDED FOR THE EN-
CLOSURE can be cut from a single two-foot
length of one-by-five-inch stock.

Begin by cutting all five pieces as
shown in Fig. 12. A two-foot length of
one-by-five-inch stock will provide
enough matenrial for everything. Cut the
three pieces with mitered ends slightly
wider than the four-inches indicated.
Glue these three pieces first. 1 have
found that miter joints may be clamped
during gluing with wide masking tape or
furnace tape. First, create a hinge at the
joint by taping around the outside sur-
face. The joint may now be opened and
glue applied, and then taped or tied
closed while it dries. Before committing
yourself, try the hinge to be certain that
the surfaces mate well when the joint is
closed. By gluing the three pieces as a
unit and leaving a little extra material,
you have the option of resawing the
edges (again with a planer blade) to in-
sure that they will mate accurately with
the side pieces. The side panels may be
held in place with any type of weight or
clamp while they are being glued.

You will want to make provision for
whatever type of switches and con-
nectors you intend to use. Most of them
are not designed to be mounted in a
panel J4-inch thick. Thus you may need
to back-rout (or merely drill from the
back with your brace and bit) until the
wood is thin enough to allow the mount-
ing of your components. Alternatively,
you can drill large holes and glue mount-
ing plates on the surface.

Insert the muffs—the radiator hose—
into the enclosure as shown in Fig. 12
and fasten them with carpet tacks,
staples, or more contact cement. Leave
about one inch (the end with the bevel)
showing above the top surface of your
enclosure.

Now cut three or four layers of card-

board into rings about two inches in
diameter. Insert a telephone handset
into the muffs and, working from the
bottom, insert the cardboard spacers.
Press in the masonite baffles and the
pickup elements until the face of each
baffle rides on the spacers. Mount the
baftles by gluing around the back edge
of the baffle with silicone sealant. Cut a
tennis ball so that it will fit into the muff
behind the speaker. drillasmall hole in it
to pass the speaker cable. and glue it in
place. Remember to keep the speaker
lead accessible from the rear so that it
can be resoldered to the board.

Finally, drill mounting holes in each
corner of the circuit board. Do this care-
fully; avoid both components and foil
traces! Using plastic washers or other
non-conductive standoffs, screw the
board to the wood between the muffs. It
should just fit. If not, it may be possible
to turn it so that it overlaps the bottom
of the muff containing the microphone
(you may have to trim the bottom of the
hose before you can do this.)
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DB-25-S (REAR VIEW)

FIG. 13—RS-232 WIRING DIAGRAM for the DB-
25-S connector. Tying pins 4, 5, 6, 8, and 20
together as shown eliminates the need tfor hand-
shaking signals.

Wire the DB-25-S connector as shown
in Fig. 13 for standard RS-232 communi-
cations. Tying pins 4, 5, 6, 8, and 20 to
12-volts through a 1.5K resistor elimi-
nates the need for “*handshaking’" sig-
nals that are not really necessary in
this application. Wire switch S2 and the
power connections and you are finished.

Serial Communications

When parts of a computer ““talk to™’
each other. as do the memory and
microprocessor, it is usually over only a
few inches of transmission line (in this
case printed-circuit traces). Because of
that. it is practical to enhance the pro-
cessor’s speed by making those com-
munications a parallel process.

Several bits of data are transmitted
simultaneously—in parallel—over sepa-
rate transmission lines. That technique
1s not practical when two machines wish
to talk to each other over long distances,
because each bit of the simultaneous
transmission would require a separate
transmission line. If we were transmit-
ting eight bits (a hvze), we would require
at least eight transmission lines. That is
certainly not a practical approach for the
hobbyist in San Francisco who wishes
to send datato his friend in Philadelphia.

The solution is to send the same eight
bits over one transmission line, sequen-
tially. To make certain that the parties at
both ends of the line can identify the
beginning and end of a byte, certain ex-
tra framing bits (called *‘stop’ and
**start’’) are added. To detect transmis-
sion errors a pariry bit is usually added
(see Fig. 14).

The parity bit is used to make the total
number of |I's transmitted for each byte
either odd or even, depending on
whether odd or even parity is used. If,
when using even parity, a byte appears
whose total number of transmitted 1's is
odd. we know that an error has occurred.

Figure 14 shows the use of DC logic-
levels—a “low"" level for a space and a
“*high’’ level for a mark. In other words,
serial communication can be—and often
is—accomplished over a **hard’’ trans-
mission line without a modem. Only
when the datais to be transmitted over a
link where DC signals may not be trans-
mitted—the phone line for instance—is
a modem necessary.

A block diagram of one end of a serial-
communications link is shown in Fig.
15. There are three main components: a
microprocessor, a serial-communica-
tions port, and a modem. The micropro-
cessor controls the flow of data to and
from the serial port.

The baud-rate generator—which may
have functions besides those required
by the senal port—provides a clock sig-
nal that controls the senal-to-parallel-
conversion. The higher the output fre-
quency of the baud-rate generator, the
faster sequential bits will leave the serial
port or be assumed to enter the port.

Most of the rest of the functions are
provided by an IC referred to variously

as a UART. USART, or ACIA. (Uni-
versal Asynchronous Receiver/Trans-
mitter; Universal Synchronous/Asyn-
chronous Receiver/Transmitter; Asyn-
chronous Communications /nterface

DATA BITS
7 = b
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i : i : : : | ATED : (OPTJ:

: : { | Il 1 1 PARITY i I

1 il : : 1 1| l o4y : :

FIG. 14—DATA BITS are transmitted one-after-the-other In serial communications. Note that traming

and parity bits are added.
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Adaptor). That IC actually performs the
serial-parallel conversion and formats
or decodes the transmission according
to conditions specified in a “‘control

sysTem | SERIAL Lo :
PORT BAUD RATE word’’ written by the processor during

L2 35U ) initialization.

DIVIDE-BY-N The rest of the serial port consists of
B buffering that converts the internal logic
levels (normally CMOS or TTL) to logic
levels suitable for transmission by a
hard-wired link to other machines (the
SERIAL *12-volt levels specified in the RS-232

H DATA convention, for example).
1 QuT The last stage of the communications
2 link is the modem. Our modem complies
with the Bell 103 standard for FSK (Fre-
quency Shift Keying) audio data-trans-

CHANNEL B : .
SELECT mission which specifies two channels
and conventions for transmitting binary
data on each channel.

The standard is full-duplex; it allows
simultaneous transmission in both di-
rections over the same transmission
line. (Half-duplex permits data to flow
in only one direction at a time.) That is
accomplished by assigning outgoing
SERIAL-T0- transmissions to one channel and in-
sTRPE Lo PARALLEL coming transmission to the other. The
CHECK CONVERSION lower-frequency channel is usually re-
FRAMING BITS served for transmissions from the sta-
tion initiating the call and is referred to

FIG. 15—BLOCK DIAGRAM of a complete serial-communications system. Some control functions as the originate channel. The upper-fre-
have been deleted from the baud-rate generator for simplicity. quency channel is the answer channel

MICROPROCESSOR
CONTROL & ADDRESS BUS

REGISTER

[\*—BUFFERS ——V/
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and is used for transmissions from the
responding station.

Particular frequencies have been spe-
cified to represent the two binary states.

Table | summarizes the assignment of
frequencies. The modem converts the
incoming logic levels into the proper fre-
quencies and vice-versa.

The modem is also equipped with buf-
fers to translate an incoming trans-
mission’s signal levels to logic levels
compatible with its own circuitry. It also
includes filters that enhance the accu-
racy of the encoding and decoding sec-
tions and buffers that convert the output
signals to levels compatible with the

TABLE 1
State Channel
Originate Answer
@ (mark) 1070 Hz 2025 Hz
1 (space) 1270 Hz 2225Hz
serial port.

Note that the only signal connections
between the computer’s serial port and
the modem are SERIAL DATA IN and
SERIAL DATA OUT.

When coupled with a suitable soft-
ware package, the hardware can provide
a wide range of capabilities, from a sim-
ple but useful terminal emulator (to be
discussed next month) tg a slave or
master-slave station in a complex data
network. The latter includes provisions
for dumping large data blocks in both
directions over the link and for passing
control characters that allow the distant
machine to control or be controlled by
the local machine. Before your com-
puter can communicate using the mod-
em you've constructed, it has to be
programmed to behave like a terminal.
Let's take a close look at the software
that's needed.

A terminal emulator

Here is a very simple terminal emu-
lator. You should be able to fit this small
software package into a comer of PROM
if you wish. It is simple enough for most
novices to be able to adapt it to their
particular situations quickly. While by no
means sophisticated, it is /an excellent
tool for becoming familiar with time-
sharing systems and with the hardware
and software treatment of serial com-
munications. We will present it in ma-
chine language but most users will be
able to program the same routines in
BASIC.

The fundamental concern in the pack-
age is to use existing software whenever
possible. Thus we assume that a com-
mand interpreter and parameter-parser
(the parser evaluates an expression such
as ''n = a + b x ¢, determines what
operations are to be performed in what
sequence, and provides the proper in-
structions to the microprocessor) are
available elsewhere in the system—for
example in the operating system or the
monitor. That not only shortens develop-
ment time and eases the patching to
machine-dependent 1/O devices, it also
allows the finished product to become an
integrated part of the existing software.
The user may simply issue a command
rather than have to load a subsystem,
transfer control to it, and then, finally,
issue that command.

The terminal-emulator software uses
nine two-letter commands. Eight of
those, shown in the flowchart in Fig. 16,
select various options. The ninth (see
Fig. 17), invokes (calls into action) the
emulator itself. A glossary is provided to
clarify terms used in the description that
follows that may not be familiar to you.

The baud rate is set by the command
**SS nnnn’’ where **SS’ instructs the
software to set the baud rate and “*nnnn’’

FIG. 16—EIGHT OF THE NINE two-ietter commands used in the terminal emulator select the options.

is a hex number corresponding to the
divisor that will derive the correct baud
rate from the baud-rate generator. The
commands 'S1’" and *“S2"" select one or
two stop-bit formats, respectively. The
recognition character is set by the com-
mand “'RC »’" where “*RC™" tells the
program that the recognition character is
about to be set, and *‘n’" is the hex value
of that character. Odd or even panty is
set by "'PO’ or “'PE" and, finally, the
echo source (remote or local) is set by
“RE"or*"'LE.”

These few commands may be more
than you need. The baud rate, for in-
stance, is probably already controllable
by your hardware or software. The source
of the echo may also be controllable, if
not locally, then by issuing a command
to the "answer’’ station. Most users will
prefer to run at 300 baud all the time,
which usually implies sending only one
stop bit. Finally, we have never encoun-
tered an installation using odd parity.
Thus you may want to set those options
in the emulator permanently and imple-
ment only TE.

The terminal-emulator program sup-
plied in assembly language in Table 2
should run on most 8080 and Z80 sys-
tems (ours uses an 8080). The program
assumes that certain subroutines, or
their equivalents, are included in your
computer’s monitor. Those subroutines
are described in Table 3.

To eliminate some machine-depen-
dence. and to illustrate a useful pro-
gramming technique, parity is set by the
software, rather than the UART. al-
though most UART's are capable of
performing this function themselves.
We have included a test in the receive
data-path to eliminate the nulls often
sent as line-feed delays. That is a pe-
culiarity necessary for the correct opera-
tion of our own teletype simulator. If
you need that, you may also find that
you need to expand it to test for and
ignore other such characters. notably
the ASCII “*DEL"" (7F hex).

In order to make the emulator as
transparent to the user as possible, it
retains control until the ASCII character
“ESC’" (1B hex) is typed. If you don't
have that character on your keyboard,
you will need to select a replacement.
Choose it carefully. You want to avoid
conflicts with other special-meaning
characters, not only those used by your
system, but also those used by the
*‘answer’’ station.

The package is really just a collection
of short subroutines to be called by your
command interpreter. That means that
the exact command syntax is deter-
mined by the command syntax you now
use. You must avoid conflicts among
the new commands and your existing
command vocabulary.
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Each command routine begins by
pushing the command interpreter’s e @
starting address onto the stack. That al-
lows a RETURN statement to send con-
trol back to the interpreter. Figure 18 GET STORE STORE
shows a simplified flowchart of the NEXT ZERO Ay
typical interpreter to help you in under-
standing and identifying the routine in-
volved. In that illustration, parameters RETURN
are not parsed and assigned values until -
needed by the **action’’ routine.

The emulator shown in Fig. 17 may be
broken down into five units. The main
loop has only four steps. It polls first the
keyboard and then the serial-input port.

If data is available at either source, an

appropriate service path (either RX

DATA LOOP or TX DATA LOOP) is

invoked. Those two paths are the two —

largest units in the routine. Finally there GET ks SZTEQRROE
is a short exit path and an initialization- PAR'LEJJTER 8 BEL BT IN "PFLAG"
entry path. —— = a e

In adapting those routines to your ma-
chine, the first step is to study the hard- RETURN
ware. Get your manuals. find the data
sheets on your UART and baud-rate
generator IC’s. and study the 1/O driv-
ers in your computer’s software.

In investigating the baud-rate gener-
ator you must determine if it has a con-
trol register and, if so, how to select
the appropriate mode of operation. You
must learn the address of the control -
register and determine whether the c';Yn“ﬂngﬁ
baud-rate generator requires any initiali- “FQRAMAT" 10
zation or clearing procedure. UART

You must identify the address of the
baud-rate generator's data register.

Most of those data registers will accept
two bytes of data that may or may not be
written to the same address. You will

also need to know which byte (least-or NYERT
most-significant) should be written first. PARITY
Also, find out if any special control

word must be written to set up for the

data-write. MAKE b Ean
Finally, you must know the frequency AC%S’E’;”Y "FLA?G =0 L TTY

of the clock signal input to the baud-rate
generator. Your baud rate will be deter-

mined by dividing that frequency by the @
number written to the baud-rate gener-

ator’s data register. CALL
Study the UART's control register SEROUT
until you understand how to select the i

transmission format specified in the list-

ing in Table 2. You must know which bit ‘ ]
of the UART's status register reflects
**data ready’’ (and whether it is active I

high or active low—we assume active

high in our routines). Again you will

continued on page 104 AG. 17—A MAIN PCLLING LOOP, a TX data loop, and an RX data locp comprise the terminal emulator.
The command “TE" invokes the emulator.

PARAMETER IN "EFLAG” IN “EFLABG"

F153. 16—EIGHT OF THE NINE two-letter commands. used in the terminal emulator select the options.
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

HOME

Earn Your

DEGREE

No commuting to class. Study at your
own pace, while continuing your present
job. Learn from easy-to-understand les-
sons, with help from your home-study
instructors whenever you need it.

In the Grantham electronics program,
you first earn your A.S.E.T. degree, and
then your B.S.E.T. These degrees are ac-
credited by the Accrediting Commission
of the National Home Study Council.

Our free bulletin gives full details of
the home-study program, the degrees
awarded, and the requirements for each
degree. Write for Bulletin RA-82

Grantham College of Engineering
2500 So. LaCienega Blvd.
Los Angeles, California 90034

% Super Specials

NEMAL ELECTRONICS
COAXIAL CABLE SALE

POLYETHYLENE DIELECTRIC

RG213 noncontaminating 96% shield mil spec
RG214/U double silver shield 50 ohm $1.35/1t
RG142/U double silver shield 50 ohm Tetion 95¢/1
RG11U 96% stueld 75 ohm mil spec 2571t
¥ RG-8/U 96% shield Mil Spec ($27.95/100} or 311t
RG62A/U 96% shield mil spec 93 ohm 121
RG-55B/U double shield (RG-58 size) 50 ohm 50°/1t
% RGSBU mil spec 96% shield ($9.95/100) or 11471

LOW LOSS FOAM DIELECTRIC
RG-8X {Mini 8) 95% shield {$14.95/100) or 17¢/11

364/10

% RGBU 80% shreld ($15.95/100) or 19*/11
RG-8/U 97% shield 11 gauge (equiv. Beiden 8214)
e
RGSBU 80% shield 07/t
RGSBU 95% shield 10°/1t
RG59/U 100% foil shield TV type  ($7.00/100) or 10° /1t
Ro10r cable 2-18 ga 6-22 ga 19711
CONNECTORS MADE IN USA
Amphenot PL 259 79¢
PL-259 push-on adapter shell 10/83.89
PL-259 & 50-239 10/$5.89
Double Male Connector $1.79
PL-258 Double Female Connector 98
1 11. patch cord w/RCA type plugs each end 3/%$1.00
Reducer UG-1750r 176 /$1.99
UG-255 (PL-259 to BNC) $3.50
Elbow (M359) UHF Elbow $1.79
F59A (TV 1ype) 10/81.99
UG 21 D/U Type N Maie tor RG8. Ampheno! $3.00

UG-88C/U BNC Male for RG-58. Amphenol $1.25
UG 273 BNC-PL259 Amphenol $3.00
3716 inch Mike Plug tor Collins etc. (cutotf) $1.25

Call or write for Free Catalog
shipping
Cable — $3.00 15t 100 1., $2.00 each add'l 100 1.
Connectors — add 10%, $2.50 minimum.
COD add $1.50. Florida Residents add 5%.

NEMAL ELECTRONICS

1327 N.E. 119 St., Dept. 42, N. Miami, FL 33161
Telephone: (305) 893-3924

CIRCLE 7 ON FREE INFORMATION CARD

NEW PRODUCTS

PRINTER, the Bytewriter, is a letter-
quality, daisy-wheel printer/typewriter
for owners of small-business and per-
sonal computers. The Bytewriter is a
modified Olivetti Praxis 30 electronic
typewriter with a copyrighted buiit-in,
Centronics-compatible parallel interface
added. The Bytewriter can also be used
as a standard typewriter without dis-
connecting it from the computer.

The Bytewriter's interface circuitry is
completely enclosed (it's all inside the

CIRCLE 15 ON
FREE INFORMATION CARD

typewriter case) and no external boxes
are required—all you have do do is to
connect it to your computer. It's port-
able, weighing just 21 pounds in its
carrying case (included) and measures
16%2 X 13% X 4% inches. The unit is
completely silent while in the standby
mode and uses little power: 14 watts on
standby, 38 watts while typing.

There are 44 alphanumeric keys plus
12 function keys, a 12-character buffer
memory, a switchable second keyboard
with foreign grammar symbols, memory
erase of the past 10 characters, a half-
space key, and automatic repeat on any
key. Character densities of 10, 12, or 15
cpi are switch-selectable. Under compu-
ter control, the Bytewriter types at from 8
to 12 characters per second, and can
undertine using a carriage return without
line feed or by backspacing. A self-test
program is built in.

The Bytewriter is priced at $795.00.—
Bytewriter, 125 Northview road, Ithaca,
NY 14850.

SOLDERING IRON, the Ungar 1270, is
modular and electrically grounded from
tip to plug connection to prevent static-
electricity damage to microcircuits.

The model 1270’s range is 27 watts,
650-750 degrees F. Two other wattages
and temperature ranges are available:
Ungar 1350: 35 watts, 750-850 degrees
F, and Ungar 1450: 45 watts, 900-1000
degrees F.

All three models have new
thermoplastic “soft-touch grips.” Hand-
les are balanced to reduce worker fati-
gue, and are resistant to fluxes and
acids.

Any of the 40 standard Ungar tips can

CIRCLE 16 ON
FREE INFORMATION CARD

be used with these irons. Each
module—tip, heating-element and
body, and handle-cord assembly—is
available individually and can be assem-
bled in less than 60 seconds.

An unbroken eiectrical conductive
path from the copper tip through the
stainless steel heating-element body to
a ground wire in the three-wire power
cord drains static electricity before it can
blow out or degrade microcircuits. Al
three models operate from 120-voits
DC.

The Ungar 1270 is priced at $17.77,
and the other two models have the same
price.—Ungar, 100 W. Manville St.,
Compton, CA 90220.

EQUALIZER model DC2214, is 10-
band, designed specifically to comple-
ment the newest high-dynamic-range
records and tapes. A proprietary circuit,
adapted from the Soundcraftmen pro-
fessional AS1000 Real-Time Analyser
(called “ditferential/comparator”) is
combined with a pair of balancing LED’s
for each channel.

The model DC2214 can match the cri-
tical input-to-output signal voltages
accurately within .1 dB, no matter what
EQ curve is desired. That is important
with direct-disc, CX, dbx, or Dolby-

CIRCLE 17 ON
FREE INFORMATION CARD

encoded material because improperly
balanced equalizer voltages can reduce
dynamic range (“headroom”) drastical-
ly. The model DC2214 is quiet and has
almost unmeasurable distortion.

The model DC2214 is priced at
$299.00, complete and ready to use with
Soundcraftsmen's Frequency Spectrum
Analyzer Test Record, Computone
Charts, and cables. It is supplied with a
19-inch rack-mount front panel; walnut
or oak side panels are available at extra
cost.—Soundcraftsmen, 2200 So.
Ritchey, Santa Ana, CA 92705.

More on page 132
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There are a number of points that have tc be considered
when selecting a computer. This guide supplies
information that can help you to make a few of the more
important decisions

WHEN PERSONAL COMPUTERS WERE FIRST INTRODUCED, SIX
vears 2go, they were a novelty to be enjoyed only by a few
dedicated hobbyists, But today, the personal computer has ad-
vanced far beyond that initial, limited use and is now found in a

\

wide variety of applicaticns ranging from financial tools for
businessmen to sophisticated, interactive video games for the
consumer.

For those of you who have not yet been bitten by the computer
bug, there are probably a lot of unanswered questions that are
bothering you. For examplg, you might want to know just what a
personal computer system is and what it’s composed of. How is
it possible for something © be both an aid for the businessman
and a toy for a youngster? While some of those things may
bewilder you at first, once you understand some of the basics of
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personal computers, it will be easy for you to answer such
questions.

Gettind down to basics

To begin with, let’s take a look at just what acomputer system
is composed of. In its simplest form, a computer system can be
broken down into four basic elements as shown in Fig. 1. The
first is the central processing unit (often abbreviated CPU)
which handles all of the computations and controls everything
connected to the system. That is the *‘brain’" of the system.

In order to send information to the central processing unit, itis
necessary to connect some sort of input device to the system.
When large mainframe computers were in their heyday, one of
the most common input devices was a punch-card reader. With
personal computers, typewriter-like keyboards and CRT ter-
minals are the most common input devices.

Getting information inzo the computer is only half the job. It
must also be possible to get information our of the computer.
Two common ways of outputting information are by using a
printer or a video display.

The last block in our generalized drawing of a computer
system is memory. Memory is a very important component in
any computer system. It allows the computer to perform calcula-
tions and store temporary results for later use. It also makes it
possible to use the computer like an electronic filing cabinet.
The amount of memory that is available has a great effect on the
complexity of the programs you can run on the computer. The
more memory you have, the more complex the programs that
can be handled.

Getting a closer look

Now that we have an ovcrall idea of what a personal computer
is, let’s take a closer look at the individual components. All
personal computers available today use a microprocessor as the
central processing unit. Also known as a computer-on-a-chip, a
microprocessor is an integrated ciruit that contains all the cir-
cuitry necessary for it to act as the *‘brain."” It usually contains
several temporary storage registers and something known as an
arithmetic logic unit (sometimes abbreviated ALU). The ALU is
a logic circuit that manipulates and transforms the data.

There is a wide variety of microprocessors available today,
but the most commonly used ones, are the 6502 and the Z80.
Which one is better? Does it really matter? Should you select the
computer you are going to buy based on the microprocessor
used? Answering the last question first: Unless you have a very
specific reason for using a particular microprocessor, such as
wanting to use CP/M-based software, your choice of computer
should not depend on the type of microprocessor used. That
statement is probably going to upset some people, but they are
mostly dedicated hobbyists who are interested in getting into the
nuts and bolts of things. For the majority of people, who are
interested in eating an omelette and not in how an egg is laid, the
question of which microprocessor is used is irrelevant.

To be sure, there are some significant differences between the
780 and the 6502; but unless you're going to write machine-

CENTRAL
PROCESSING t— QUTPUT
UNIT (CPU)

INPUT =t

MEMORY

FIG. 1—The CPU is the heart of the system and manipulates and routes all
the data handled by the computer.

THE IMAGINATION MACHINE, from APF, with peripherals.

language programs, you'll never notice them. When the PET
and TRS-80 Model I computers were first announced, a lot of
people wanted to buy the TRS-80 because it had a Z80 micropro-
cessor with a speed specification that was twice as fast as that of
the 6502 (in the PET). It also had a more ppwerful machine-
language instruction set. That seemed to mean that anything
containing a Z80 should be faster and more efficient than its
6502 counterpart—but such was not always the case.

One example is Sargon II, a popular chess program for
personal computers. If one compares the TRS-80 Z80 version to
the Apple Il 6502 version, one finds that the Apple Il im-
plementation is significantly faster than the TRS-80 version,
even though the TRS-80 is operating at a clock speed that is
almost twice that of the Apple II. That does not Tean that a//
6502 software is faster than all Z80 software; it only means that
unless you take advantage of all the subtleties associated with
the various microprocessors, you’re not going to reap all of the
potential advantages.

For CP/M use a Z80

The one exception to my previous statement about the un-
importance of the microprocessor used arises if you are con-
sidering using the CP/M (Control Program for Microcomputers)
operating system. That is a popular operating system that is
compatible with a lot of business software. It is compatible with
the 8080 and Z80 microprocessors, as well as some of the newer
microprocessors introduced by Intel. While it is possible to use
CP/M on an Apple Il computer (which is a 6502-based ma-
chine), to do so requires the installation of an accessory card that
contains a Z80 microprocessor.

While the microprocessor is rightly considered the *brain™’ of
the system, it would not be possible for it to do very much
without some memory. There are several different types of
memory used in computer systems. Some contain information
and instructions for the microprocessor that always remain the
same and must be available to the CPU whenever it is powered
up. That type of memory is known as ROM (Read-Only Mem-
ory) and is generally provided by the manufacturer of the com-
puter because it is usually not modified by the user. (To do so
would require changing some of the integrated circuifs within
the computer.)

The main advantage of ROM’s is that they never lose the
information that is stored in them, cven if the power to the
computer is removed. For that reason, computer manufacturess
generally build into the computer a set of ROM s that contain a
special program called the monitor.

For those of you who are not familiar with it, a monitor
program is a short machine-language program that is capable of
handling some of the elementary functions required by the
system. Those include inferfacing to the keyboard. so that data
can be entered, and generally an interface to a video circuit so
that information can be displayed.

Not all of the memory for a computer sysicm is of the ROM
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type. And in fact, much of the memory in a computer must have
the ability to be easily and quickly changed. That type of
memory, known as RAM (Random Access Memory) can be
changed at will and is the type of memory that is normally used
to store a person’s own programs. It is also used as temporary
storage for variables used by the program being run. Unlike
ROM’s, RAM’s have the disadvantage that as soon as power to
the computer is removed, they lose all of the information that
was stored

How much memory is enough?

A question frequently asked by new and prospective compu-
ter users is, ‘‘How much memory do | need?"’ The answer is: It
depends on the user. Just as a gas always expands to fill the
volume of the container that it is housed in, programmers will
tend to use as much memory as is available. A corollary to that
rule is that no matter how much memory you have, somehow it
is never enough.

Computers come with a wide range of memory sizes. They
range from 4K for the TRS-80 Color computer to 128K for the
new Apple 111 computer. For games and home applications, 4K
to 16K of memory is generally sufficient, but for business
applications 32K and 48K is required. And if you want to use
CP/M, 56K of memory is generally needed.

The ins and outs of computers

It is frequently necessary or desirable to connect additional
equipment to a personal computer to perform a certain task.
Once common piece of equipment is a printer for producing
printed reports and program listings. Further peripheral devices
that can be connected to a computer include: plotters, modems,
graphics tablets, music synthesizers; speech sythensizers,
speech processors, EPROM programmers, and a host of other
devices.

; \

THE APPLE Iil, with built-in disk drive

With the possibility of connecting all of these devices to a
personal computer, some thought must be given to how they are
connected. In general, there are two ways in which peripheral
devices can be connected to a computer: via a serial interface (or
port), or via a parallel one. Each has its advantages and dis-
advantages.

If the distance between the computer and the accessory is
going to be a large one, it is best to use a serial interface. The
reason for that is that only a relatively few number of wires is
needed. That reduces the cabling cost, but more imprtantly
reduces the susceptibility to stray noise pick-up. A limitation of
this approach is speed of data transmission, since data are sent
serially, one bit at a time, until all of it has been sent.

Since a lot of devices communicate with computers in a serial
fashion, the industry has developed a standard serial interface
that simplifies the interconnection of peripherals. That standard
is known as RS-232C and it defines the type of connector to be
used and which pins on the connector coptain which function.

Do it faster in parallel

For short distances, and where it is very important to transfer
data quickly (such as to a floppy disk), a parallel interface is
used. With such an interface, 8 or more bits of information are
sent to the peripheral device simultaneously.

Unlike serial interfaces, where there is one dominant method
of interconnection, several exist for parallel interfaces. Two of
the most common are the Centronics-compatible printer-
interface standard and the 1IEEE 488 interface standard. While
the former is used almost exclusively to connect to printers, the
latter is freqently used to connect to scientific instruments and
other computers as well as printers.

Each interface connection is called a port. There are two types
of ports, input and output. A single port can either input data or
output data, but not both. If you want to connect a device that
only receives data, such as a printer, then the device must be
connected to an output port on the computer. A device that both
receives and sends data requires two ports; an input port and
output port. Both input and output ports can be of the serial or
parallel type. In addition to ports, a computer generally has its
own internal connectors, called a bus structure, whereby addi-
tional circuit boards can be added to the computer. Using those
connectors, you can add circuit boards that contain additonal
RAM memory, input and output ports, and various other cir-
cuits. In the Apple Il computer, for example, there are 8 internal
connectors into which external devices can plug. The TRS-80
Model I also has a provision for connecting external devices to
it, but those require an extra piece of hardware known as the
expansion interface.

How many ports you will nced depends on how many
accessories you want to connect to the computer. In general, the
manufacturer’s standard configuration for the computer pro-
vides sufficient room for most accessories that will be available
for it.

Keyboards vary with the computer

The keyboards that are available on today’s personal comput-
ers vary quite a bit, and it is wise to pay attention to that when
you think aobut buying a computer. Most people are familiar
with typewriters and their keyboards, so it is not surprising that
most manufacturers of personal computers and computer ter-
minals have opted for a keyboard that is similar to that on a
typewriter.

Some manufacturers however, felt that they could provide
more functions in a smaller space (or save nmoney), by using the
widely available and inexpensive calculator-type switches for a
keyboard. The public has resisted that. People know how to use
a typewriter and many are even quite proficient with it. But the
calculator-type keyboards have non-standard spacing and do not
permit touch typists to work efficiently. Commodore discovered
this the hard way with their 8K PET 200/ computer and after a
few years gave up and came out with a unit that had a standard
typewriter keyboard on it.

Texas Instruments, which was a latecomer to the personal
computing field, unfortunately did not learn from Commodore’s
mistake and had to find out for itself that the pubiic wants a
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THE ATARI 800. Top opens to accept plug-in modules.

typewriter-quality keyboard on its computers. The result was
that its 99/4 computer was not as successful as it could have
been. But like Commodore. they did learn and have recently
introduced a new version of the computer known as the 99/4A
which has a full-size typewriter keyboard in it. Already TI has
indicated that there has been a substantial increase of interest in
its computer because of that.

Typewriter compatibility is not the only important factor to be
considered with keyboards; configuration is, too. Some key-
boards go a step beyond and include. in addition to the standard
typewriter keyboard, a numeric keypad on the righthand side of
the keyboard to speed the entry of numeric data. Radio Shack
offercd that initially as an option on their early Mode! I comput-
ers, and found it so popular that they made it a standard feature.
And. because the Apple I/ computer does not have this feature,
an independent manufacturer has developed an add-on set of
numeric keypads.

While most typewriters can be used to produce both upper and
lower-case letters, some of the early computers could only
produce upper-case letters. For most applications, that was OK.
But when people started to use those computers as word pro-
cessors, a serious problem arose because the computers didn't
support lower-case letters. Ingenious programmers overcame
the limitation by writing special software to accommodate the
lower-case characters, and even more ingenious hardware de-
signers figured out ways to display those lower case letters on
the screen.
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THE H89 ALL-IN-ONE-computer from Heathkit.

How wide is the display screen?

One thing that should be considered when purchasing a per-
sonal computer is the number of characters it can display on the
video screen. Depending on the computer, you will be limted to
40. 64, or 80 characters per line. Apple, Atari and PET comput-
crs are limited to 40 characters. The primary reason is that they
use standard television technology for the display. and that is
inherently limited to 40 characters per line. The TRS-80 Model I
and Model Il computers use a specially designed monitor so that
they can display 64 characters per line, while the TRS-80 Mode!
1 and the Apple I1! use standard video monitors and can display
80 characters per line.

The desirable line length is 80 characters, because that is
roughly what you get on a piece of paper in a standard typewri-
ter. Shorter line lengths limit the amount of information that can
be displayed on the screen at one time and make the presentation
of columnar data difficult.

In addition to the line length, the user interface to the informa-
tion displayed on the screen is important. Most personal compu-
ter systems have what is known as memory-mapped video
displays. which simply means that the memory dedicated to.
displaying information on the screen looks like any other mem-
ory in the computer and is treated as such. That means that it is
possible to write to the screen by storing data in specific memory
locations directly, rather than through the standard video-output
circuitry.

Most personal computers have a blinking prompt, either an
underline or a little square, that is called a cursor. Frequently the
ability to move that cursor anywhere on the screen in combina-
tion with internal software makes it possible to edit things that
appear in the screen. That is a feature of the Atari, Apple and
PET computers. Radio Shack has opted for the line editor
approach where only numbered lines can be edited. While this
has some definite advantages, it also has some shortcomings and
programmers have come up with screen-editor programs for th

TRS-80 to make it more flexible. L

TABLE 1—DIRECTORY

OF MANUFACTURERS
For more information from the man- Irvine, CA 92714
ufacturers listed below, circle No. 96 on
the Free Information Card inside the back
cover. 2360 Bering Dr.
San Jose, CA 95131
ACTION COMPUTER ENTERPRISES,
INC.
55 West Del Mar Blvd.
Pasadena, CA 91105

1501 Broadway

ALPHA MICRO SYSTEMS
17881 Sky Park North

ALTOS COMPUTER SYSTEMS

APF ELECTRONICS, INC.

New York, NY 10036

APPLE COMPUTER, INC.
10260 Bandley Dr.
Cupertino, CA 95014

ATARI, INC.
1196 Borregas Ave.
Sunnyvale, CA 94086

CALIFORNIA COMPUTER SYSTEMS
250 Caribbean Dr.
Sunnyvale, CA 94066
Concluded on page 70



CIE has a terrific idea for a few
people who know what they want.

If you want a career in electronics, find
out about getting an Associate Degree
from CIE. It’s a terrific idea that can help
you on your way toward success in elec-
tronics.

Here's a way to get the first class electronics educa-
tion that can help you get ahead . . . either in your
resent career, or in a totally new direction for you.
t’s independent study with CIE . . . a leader in elec-
tronics education since 1934.

Chances are, by reading this publication or others
like it, you know that electronics is going to be the
“name of the game” during the eighties and be-
yond. Electronics, . . . particularly digital and
microprocessor technology, is one geld that will
affect virtually all others . . . areas such as com-
munications, automation, bio-medical technology,
aerospace, energy, publishing, and many more.

To prepare yourself for a rewarding career involv-
ing electronics, you’ll need a good sound technical
education. An education that won't go out of date.
One that will give you the ability to “think’ elec-
tronics, so that you can adapt to whatever changes
and discoveries are being made. That's why you
should select CIE as your source for an Associate in
Applied Science in Electronics Engineering
Technology.

For nearly 50 years, CIE has specialized in teaching
electronics. That’s good. It means that all of our
teaching experience has been centered around just
that one subject—and you, the student, get the
benefits.

CIE’s Independent Study is designed so that you

can work at the pace that’s right for you. You can
study as fast as you like . . . perhaps even finish

ahead of the maximum Completion Time Allowed.
You’ll save time and money. And by completing
this challenging program through Independent
Study, you’ glrove that you have the determina-
tion and self-di

tronics.

scipline to really succeed in elec-

One of the most interesting and challenging parts of your
Associate Degree Program will involve CIE’s Microprocessor
Training Laboratory. You'll apply digital technology in many of
the same ways electronics professionals do.

CIE’s Associate Degree program is approved for
educational benefits under the G.I. Bill. If you're
eligible for these benefits, you could qualify for up
to 100% tuition reimbursement under the G.I. Bill.

One of the tools you'll use in your Associate Degree
will be our exclusive Auto-Programmed (R) lessons.
Step by step, you'll put them to work using the
laboratory equipment included in the program . . .
such as a triggered-sweep oscilloscope, digital
security control device, and microprocessor train-
ing laboratory. This combination of ‘“head and
hands’’ training is a great way to learn electronics!

Best of all, you'll be earning an accredited degree
from CIE. CIE’s Associate Degree in Applied
Science in Electronics Engingeering Technology is
accredited by the Accrediting Commission oﬂhe
National Home Study Council. So, you’ll be sure of
the high standards the program must meet . . . and
that will reflect your achievement when you make
the effort to earn the degree.

Get the facts on CIEs Associate in Applied Science
degree program by mailing the card today. No

ostage is required. We’'ll send you an Associate
Begree program catalog and complete details on
earning the degree without attending a single class.
For your convenience, we'll try to have a represen-
tative call to answer any questions you may have. If
the card’s gone, just write to CIE at 1776 E. 17th
Street, Cleveland, Ohio 44114, and mention the
name and date of this magazine.

Cleveland Institute

CI of Electronics, Inc.

1776 East 17th Street, Cleveland, Ohio 44114

RA-01
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(continued from page 66)

COMMODORE INTERNATIONAL, LTD.

950 Rittenhouse Rd.
Norristown, PA 19401

COMPUPRO
Box 2355
Oakland Airport, CA 94614

CROMEMCO, INC.
280 Bernardo Ave.
Mountainview, CA 94043

DELTA PRODUCTS
15392 Assembly La.
Huntington Beach, CA 92649

DYNABYTE BUSINESS COMPUTERS
115 Independence Dr.
Menlo Park, CA 94025

E&L INSTRUMENTS, INC.
61 First St.
Derby, CT 06418

GIMIX, INC.
1337 West 37th Place
Chicago, IL 60609

HEATH CO.
Benton Harbor, Mi 49022

HEWLETT-PACKARD
1000 N.E. Circle Dr.
Corvallis, OR 97330

IMS INTERNATIONAL
2800 Lockheed Way
Carson City, NV 89701

INTELLIGENT SYSTEMS CORP.
225 Technology Park
Norcross, GA 30092

INTERTEC DATA SYSTEMS
2300 Broad River Rd.
Columbia, SC 29210

ITHACA INTERSYSTEMS, INC.
1650 Hanshaw Rd.
Ithaca, NY 14850

MARINCHIP SYSTEMS
16 St. Jude Rd.
Mill valley, CA 94941

MICROACE
1348 East Edinger Ave.
Santa Clara, CA 92705

MICROBYTE, INC.
2499 Cerritos Ave.
Signal Hill, CA 90806

er

MICRODASYS
Box 36051
Los Angeles, CA 90036

MICRO EXPANDER, INC.
6835 West Higgins Ave.
Chicago, IL 60656

MICROMATION
1620 Montgomery St.
San Francisco, CA 94111

MIDWEST SCIENTIFIC INSTRUMENTS,
INC.

220 West Cedar

Otlathe, KS 66061

NEC AMERICA, INC.
1401 Estes Ave.
Elk Grove Vilage, IL 60007

NETRONICS RESEARCH AND
DEVELOPMENT

333 Litchfield Rd.

New Milford, CT 06776

NORTH STAR COMPUTERS, INC.
1440 Fourth St.
Berkeley, CA 94710

NOVELL DATA SYSTEMS, INC.
1170 North Industrial Park Dr.
Orem, UT 84057

OHIO SCIENTIFIC
1333 South Chillicothe Rd.
Aurora, OH 44202

OSBORNE COMPUTER CORP.
26500 Corporate Ave.
Hayward, CA 94545

PRODIGY SYSTEMS, INC.
497 Lincoln Highway
Iselin, NJ 08830

QUASAR DATA PRODUCTS
10330 Brecksville Rd.
Brecksville, OH 44141

RADIO SHACK
1400 One Tandy Center
Fort Worth, TX 76102

RCA MICROCOMPUTER MARKETING
New Holland Ave.
Lancaster, PA 17604

ROCKWELL INTERNATIONAL
Microelectronics Division

Box 3669

Anaheim, CA 92803

SD SYSTEMS
10111 Miller Rd., Suite 105
Dallas, TX 75228

SINCLAIR RESEARCH
50 Staniford St.
Boston, MA 02114

SMOKE SIGNAL BROADCASTING
31336 Via Colinas
West Lake Village, CA 91361

SOUTHWEST TECHNICAL PRODUCTS
CORP.

219 West Rhapsody

San Antonio, TX 78216

SYNERTEK SYSTEMS CORP.
150 South Wolfe Rd.
Sunnyvale, CA 94086

SYSTEMS GROUP
1601 Orangewood Ave.
Orange, CA 92668

TEI, INC.
5075 South Loop East
Houston, TX 77033

TEXAS INSTRUMENTS
Box 225012, MS84
Dallas, TX 75265

VECTOR GRAPHIC, INC.
31364 Via Colinas
Westlake Village, CA 91362

VISTA COMPUTER CO.
1317 East Edinger Ave.
Santa Ana, CA 92705

WESTERN DIGITAL
3128 Red Hill AVe.
Newport Beach, CA

WINTEK CORP.
1801 South St.
Lafayette, IN 47904

ZENITH DATA SYSTEMS
950 Milwaukee Ave.
Glenview, IL 60025



How to Connect your VCR
to More than One TV

A MATV system can be used to distribute program material from a VCR.
Here are some suggestions for getting the most out of a combination of the two.

JAMES E. KLUGE

THERE'S LITTLE DOUBT THAT VCR'S (VIDEO CASSETTE KE-
corders) are here to stay. With their tremendous popularity
(sales of over one million units are expected this year alone),
VCR's are appearing in more and more homes and places of
business.

in most cases a VCR is connected to a single television set,
but what happens when you want to connect more than one
set to a VCR? Since a VCR both accepts and generates
signals that are equivalent to those used by TV receivers, it
can generally be connected to an MATV (master antenna)
system. Here are several recommendations for integrating a
VCR into an MATYV setup.

Connecting a VCR to a single TV set

Most VCR's offer a choice of output on either channel 3 or
channel 4 (some also have channel-5 or channel-6 outputs).
the output channel you choose will depend on the channels
not in use in your area.

The VCR is most likely to be located next to the most-used
TV set in the house. VCR's usually have a built-in VHF/
UHF tuner: the VHF input is 75 ohms. and the UHF input is
300 ohms. The VHF hook-up is made by connecting the 75-
ohm VHF antenna lead to the VCR’s input and the unit’s
switched-output (tape or off-the-air) to the TV-set's VHF
antenna-terminals.

While most VCR's also accept UHF signals, there some-
times isn't any provision included for bypassing the video
cassette recorder so that you are able to view those signals
directly. In that case, you will need to use a signal splitter as
shown in Fig. |.

MATYV hookup

If you wish to connect additional sets to a VCR. the best
way to go about it might be to tie the VCR and the sets
into an MATYV system. That will provide extra benefits. in-
cluding the option of restricting the VCR signals to only cer-
tain outlets or TV sets.

3
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FIG. 1-—-THIS IS HOW a VCR is connected to a single television set. In the
case of some VCR's the UHF signal must be split as shown if you wish to
watch it directly.

A small MATV/VCR system is shown in Fig. 2. First of
all, the output from the VCR should be injected at the head-
end (the point where the signal enters the system—the lead
from the antenna in this case) instead of being connected
directly to the TV receiver as was the case in Fig. 1. If there
's a blank channel in your area that corresponds to the VCR's
RF-converter frequency (and does not have an occupied
channel adjacent to it). then a simple two-way splitter con-
nected in reverse is adequate to combine the VCR- and off-
the air-signals at the headend.
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FIG. 2—IN A SMALL MATV/VCR SYSTEM, the output of the VCR’s RF
converter should be injected at the headend. The setup shown here is
recommended if there is an adjacent-channel interference problem.

Adjacent channels

If you have an adjacent-channel situation, where an off-
the-air signal may interfere with that from the VCR—or vice
versa—a single-channel separator/coupler with a plug-in
filter tuned to the VCR's RF-converter frequency, and
isolated from the adjacent-channel source by a two-way
splitter. will be required. That is the set-up shown in Fig. 2.
In a-typical example. channel 4 might be in use in the area
and the VCR'’s output selected to be on channel 3. The
channel-3 bandpass filterwill confine the sideband energy of
the channel-3 signal so it will not interfere with the channel-2
or channel-4 signals arriving at the TV tuner. The isolation
provided by the splitter will reduce adjacent-channel loading
of the filter. It will also serve to minimize any possible radia-
tion of the VCR signal by the antenna, something the FCC
frowns upon.

In the system shown in Fig. 2. instead of going directly to
the TV receiver. the VCR's output goes back to the headend
through a distribution amplifier. The receiver gets its signal
from a wall outlet or wall tap via a splitter which is used to
feed both the VCR and TV-receiver inputs. To minimize
losses. the splitter is located between the wall outlet and the
TV equipment. If the VCR’s output were split and sent to
both the receiver and the headend. that would mean an ad-
ditional splitter in the circuit. The insertion loss of that split-
ter. coupled with the loss from the VCR's internal splitter,
might weaken the signal enough to produce a snowy picture.
Furthermore. programs could not be viewed off-the-air
while the VCR was in the play mode.

The signal level from the wall tap or outlet must be high
enough to overcome the 3 ¥2-dB insertion loss of each split-
ter. For the system shown in Fig. 2. the signal must survive
the losses caused by the splitter inside the VCR, and by the
splitter between the wall outlet and the VCR—a total of 7
dB—and still be strong enough to provide an adequate signal
level at the VHF tuner of the VCR. A distribution or line
amplifier may be required after the headend, and/or at the
output of the VCR. to overcome the losses introduced by the
splitters.

Another important point to keep in mind is that optimum
adjacent-channel reception is possible only when the signals

FIG. 3—A VHF-TO-UHF CONVERTER can be used in situations where a
co-channel interference problem exists. In areas where UHF channels
are in use, make sure that the output of the convenrter is higher in fre-
quency than any of those channels.

on the adjacent channels are equal in level. In many cases,
in-line or plug-in pads (attenuators) will be required to
balance things out.

Co-channel problems

Suppose you live in an area where both channel 3 and
channel 4 (or § and 6) are in use. What do you do when your
VCR also uses those channels for output to a TV receiver?
That is known as a co-channef problem and can be handled
only by converting the VCR's channel-3 or channel-4 output
to a UHF channel, which requires a VHF-to-UHF converter
as shown in Fig. 3. The converter is a common piece of

FIG. 4—IN SOME CO-CHANNEL INTERFERENCE situations, a VHF-to-
UHF block converter is more economical to use than several single-
channel converters.
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FIG. 5—BLOCK CONVERTERS can also be used to connect two or more
VCR's to an MATV system as shown here.

V.
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SUBCHANMEL
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SUBCHAANEL-
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CONVEFTER

FIG. 6—ONE WAY TO RESTRICT reception of VCR programs is to con-
vert the VCR's output to a subchannel frequency.

FIG. 7—A-DIRECTIONAL COUPLER can also be used to limit who can
watch VCR programs. In the arrangement shown here, only the sets
connected to the coupler's taps can recelve the signal from the vCR.

equipment used by MATV contractors. It can be obtained
through many local electronics distributors, although you
may have to place a special order to have it tuned to the
UHF channel you want. The converter should be located as
close to the headend as possible to minimize the higher
cable-loss experienced at UHF frequencies. The converter's
UHF output may be fed to the UHF-side of a VHF/UHF
splitter (separator)-coupler. while the VHF antenna-lead is
connected to the VHF-side. The combined signals may need
to be amplified before being distributed over the MATV
system.

You may run into a situation where it is necessary to
convert the VCR's output to a UHF channel in an area
where one or more UHF channels are in use. For maximum
coupling-efficiency in such a case. you should make sure
that the frequency of the output-channel of the VHF-to-UHF
converter is higher than that of any of the over-the-air UHF
channels that reach the separator-coupler.

A VHF-to-UHF converter that will convert the entire
block of VHF channels to UHF is also available. Using
that block converter may be a less expensive approach in
some cases than using factory-tuned single-channel con-
verters. A setup using the block converter is shown in Fig.
4.

A block converter can also be used when you want to
connect two or more VCR's to the MATYV system. Such an
arrangement is shown in Fig. 5.

Restricted programs

Now that we have discussed some of the interference
problems that you may encounter. let's consider the case
where you may want only one or more selected TV sets on
the MATYV system to be capable of receiving programs from
your VCR. There could be many reasons for needing that
capability. In an industrial or commercial setting, it may be
for security: at home. there might be movies or programs
unsuitable for younger members of the family. In either case
the basic solution is the same. although there can be varia-
tions depending on the particular situation.

One approach is to put the VCR program-material on a
subchannel frequency. To do that. the audio and video out-
puts of the VCR (nor the RF-output) are fed to a subchannel
modulator to provide a modulated RF signal on one of three
HF—High Frequency—channels (channel A: 18-24 MHz;
channel B: 30-36 MHz. and channel C: 42-48 MHz). Then—
as shown in Fig. 6—at some point ahead of the TV sets that
are intended to receive the VCR program. a subchannel
separator picks off the subchannel program from the MATV
trunk-line and applies it to subchannel-to-VHF converters
that feed only those TV sets intended to receive the VCR
programs.

Another approach is to convert the VHF output from the
VCR to a UHF channel. Then. either place traps tuned to
eliminate that channel in the line that feeds the sets that you
do not wish to receive the VCR signal. or disable the UHF
tuners in those sets. If there are only a few sets involved.
traps tuned to the VCR’s VHF output-channel can be placed
in the lines feeding the TV sets you do not wish the VCR
signal to reach.

A directional coupler can also be used to restrict viewing.
An arrangement using such a coupler is shown in Fig. 7.
Signals from the VCR are applied to the feedline output of
the coupler; signals from the antenna are fed into the input.
Approximately 30 dB of isolation prevents the VCR's
signals from reaching the input jack. but TV sets connected
to the coupler's taps will be able to receive those signals. as
well as those from the antenna. No other sets in the MATV
system will receive signals from the VCR.

How you eventually set up your MATV/VCR system
will, of course. depend on your specific requirements. But
whatever form the system takes. you can be sure that follow-
ing these suggestions will help you get the most out of it. [J
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ETCH YOUR OWN
PC BOARDS

Even the most complicated printed-circuit boards are easy to make
with this simple technique. No exotic maierials are required

NEIL R. DAVIS

ONE OF THE MORE DIFFICULT PROBLEMS YOU MAY RUN INTO
when you build a complicated project is laying out and etching
the circuit boards. There are several techniques that can be used.
but all of them seem to have one drawback or another. For small
boards. the usual methods incude dry transfers, drafting tape, or
cich-resist pens.

The dry transters produce clean. sharp lines. but are difficult
to use when there is a lot of fine work or where there are bends in
the pattern. In addition, they don’t always adhere properly
throughout the etching process; you're likely to find the transfer
floating in the bath while the foil disappears in the etching
solution. The same problem occurs with narrow drafting tape,
although the wider strips work reasonably well. Eich-resist pens
are a good idea, but often don’t protect the copper adequately.

Large boards, or microprocessor boards with complex buses,
are difficult to make without using photographic techniques.
Unfortunately. the photographic equipment and drafting aids
needed make this technique somewhat impractical for the low-
budget hobbyist.

FIG. 1—TINTED SHELLAC, a Raphecreph or similar drafting pen, a high-
speed rotary drill, and drill bits are the only tools you need to make
high-quality PC boards.



The easy way

The method described here uses a different etch-resist—
ordinary shellac—that is laid down using a drafting pen such as
the Koh-1-Noor Rapidograph, or similar pens made by Keuftel
& Esser and Staedler-Mars. The tools that you ‘Il need (including
a PC-board drill) are shown in Fig. 1. The shellac should be
tinted with a paint pigment (blue makes for good contrast) so that
it is visible on the copper. Mix the shellac and the pigment
thoroughly. and use the mixture undiluted.

To lay down a trace, simply draw a line on the copper, and go
over it again if necessary. judging the thickness of the trace by
the density of the pigment. For very fine work. it may help todab
the pen on the copper like a pogo stick to build up an even layer.
Be careful that you don 't leave an "empty”” area in the center of
a line

What if you make a mistake? For smaller errors. scrape off the
dried shellac with a small knife-blade, then clean the area with
an ink eraser before redrawing. Larger mistakes can be removed
easily with a cotton swab dipped in sheltac thinner (methanol).
Use the same solvent to clean the shellac off the board after
etching. and to clean out the pen—it won 't hurt the plastic parts.

FIG. 2—DRAW YOUR PATTERN on a sheet of tracing paper that has been

attached to a sheet of graph paper. The graph paper should have 0.1-inch
spacing. For double-sided boards use a second sheet of tracing paper.

As a matter of fact, the shellac can be left in the pen for several
days or more without drying up or even getting gummy.

The technique is just as useful for small boards as 1t 1s for large
ones. For small boards. simply copy the artwork from an article
or draw your own on the copper. For larger boards. you will
generally want to lay out your artwork on paper before working
in shellac (see Fig. 2). The artwork can be done much more
quickly if you use tracing paper or onionskin type paper stapled
or taped o a sheet of graph paper that has 0. 1-inch spacing (the
same spacing as IC pins).

For double-sided boards. add a second sheet of tracing paper
for the traces on the other side of the board. Asa general rule. put
the most complicated traces (data bus, address bus. etc.) on the
bottom side of the board, and use the top side of the board to
““crossover'” the traces on the bottom. Remember that the holes
will not be plated through so allow for feedthrough jumpers
where necessary. Use No. 28 or 30 wire-wrap wire for the
jumpers and solder them on both sides of the board.

EEFYREXYRRY

FIG. 3—SINCE THE HOLES ARE NOTPLATED THROUGH, wire-wrap soCk-
ets should be ralsed about ¥%s inch off the board so that the pins can be
soldered on both sides.

For complicated boards, it might be a good idea to use a
hybrid wire-wrap/PC construction technique: Use the botiom
side of the board for most of the circuitry: use the top side of the
board for the power and ground, and wire-wrap sockets and
wire-wrapping for the runs that won't fit on the board. The
wire-wrap sockets should be raised approximately %6 inch
above the board to allow thent to be soldered to both the top and
bottom traces, as shown in Fig. 3.

Another approach for very complicated boards is to use both
sides of the board for the circuit traces. and to hard-wire the
ground and power lines later using jumpers. That is what was
done in the board shown in Fig. 4: a microprocessor board with
keyboard and display interface, a serial data interface, a total of
52 ports. and a battery-powered back-up memory

-3
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FIG. 4—THIS MICROPROCESSOR BOARD was built using the hybrid
wirewrap/PC construction discussed in the text. The board has a keyboard
and display interface, a serial data interface, a total of 52 ports, and a
battery-power memory back-up.

Step-by-step

The first step in making a board is drilling the holes. That is
best done with a Dremel or similar high-speed rotary drili. Make
aphotocopy of your completed layout for use as a drilling guide,
tape it to the board, and mark all of the holes with acenter punch
or scratch awl. For smalil boards, a piece of perforated construc-
tion board using 0.1-inch spacing makes an excellent drilling
guide (see Fig. 5).

Use a No. 62 or No. 60 drill bit for resistor and capacitor
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solder pads, and for IC solder pads where traces do not run
between the pads: a No. 65 bit where the traces do run between
the IC solder pads, and a No. 74 bit for feedthrough holes.

After you’ve finished drilling, clean off all the burrs with a
fine file, sand the board thoroughly with No. 400 sandpaper, and
then clean the board thoroughly by scrubbing the board with
cleanser and water.

L

FIG. 5—WHEN DRILLING A SMALL BOARD, a piece of perforated con-
struction board with 0.1-iach spacing makes an excellent drilling guide.

FIG. 6—PLASTIC KITCHEN WRAP is used to protect sections of the board
that you are not working on fram skin oils and smudging.

m—

CLOSE-UP VIEW OF A PC BOARD under construction showing the shellac
resist in place.

When that has been done, you can start drawing the pattern on
the board. Complete one side of the board before starting the
other, and begin by drawing the IC pads with the tinted shellac.
Then, draw the larger traces using a drafting pen with a No. 22
tip: use a No. | tip for traces that go between the IC solder pads
and for labeling the board. Use a straightedge to guide the pen,
and plan your work so that you will not have to lay the straight-

FIG. 7—TO OBTAIN A MIRROR image copy of a foil pattern, tape the artto a
lampshade and trace it.

edge on wet shellac. Cover the portions of the board that you are
not working on with plastic kitchen wrap, as shown in Fig. 6, to
prevent contaminating the copper with skin oils and salts, and to
keep from smudging the board.

To draw the traces on the top side of the board, simply copy
your artwork. For the bottom side of the board, you will have to
turn your artwork over and hold it up to a light (taping the
drawing to a lamp shade as shown in Fig. 7 is one approach that
will make the job easier) before copying the artwork onto the
copper.

After etching, clean the board thoroughly with methanol to
remove the shellac. If you have followed the instructions, and
have been careful, the result will be a clean and sharply-detailed
foil pattern.

Be sure to solder all feedthrough jumpers on the top and
bottom sides of the board before installing the sockets or IC’s.
Try to use sockets for the larger or more expensive IC's, or
where you anticipate circuit changes. Soldering the IC leads is
usually safe, but it is a good idea to use a temperature-controlled
iron with a fine tip to avoid any damage resilting from excessive
heat.

When the board is completed, clean off all solder residue with
lacquer thinner or carburetor-cleaner spray. As a final step, coat
the copper traces on the board with a varnish or lacquer to
prevent corrosion. O
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You’'ll soon be able to receive a lot more on your

TV set than news, movies, and soap operas. Videotex will bring

you information that you want and need, and make a
considerable impact on your .ife-style.
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revolution. We've already become accustomed to receiving news from around
the world—and even trom bevond it—instantancously on our television sets via
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satellite. Fifteen years ago that was almost a miracle.

In many parts of the country we are becoming a wired
society—with news. movies. spo-ting events. etc. available
to us on any number of television chanrels. 24 hours a day.
Only a tew could conceive of such a thing just ten years ago!

Those of us with heme computers zan now avail our-
selves of all sorts of information t tilities—news. data bases.
whole libraries of information. Fermers can get the latest on
soyhean futures: inves:ors. the zurrent state of the stock
market. Five years ago. that was just the beginning of a
dream.
ad this. there is more information. on

1N

more subjects. availuble more rapidly and readily through
clectronic communiciations o anyone with considerabiy less
than o thousand dollars 1o spend on personal compating
equipment than was available to the President of the United
States not oo long ago.

In the next few vears all that information—and more—
will be accessible. i one tform or another. 10 anyvone who
cares to do more with his TV set than just watch mevies.
Fhe name of the game is: videotex.

iy, ~BRASEBALL

1 2 3
cueS 7 2 7 v+

WMYS/s.72 72 2 7 2 1 4 1/

OMN BRSE

4 5 6 7 8 9
I A A A A

RUNS HITS ERRIRS

cuBs # / /
METS 7 / / /

“Videotex™ s a
several of the

nxsvmx! NEWS i

fhe space shuttle Columbia has landed
bafely at Eduards Rir Force base in
[alifornia

fouchdown on the Rogers Dry Lake was
kbout three minutes early., at 12:25pm
Chicago time.

il the critical maneuvers essential
Hor & safte return uvere performed
perfectly.

Fn es:imated 100,000 had gathered at

term applied to any system that uses

“unused’ hines of @ video tiehd (actually the

vertical  blanking-imterval—the  dark
hand vou sec when vour TV picture starts to rolD) to send
information that can ke decodad 1o appear as text or il
lustrations on a TV screen. I you were to watchat. a dine
used for videotex would appear to spakle as the data was
transmitted on at

Perhaps the closest thing to v deotex with which we are
tamiliar is the closed-captioning service tor the deal cur-
rently provided by the ABC. NBC. anc PBS television net

the site to vieuw the histo-ic landing

works. Closed caption ng provices deot viewers with sub-
titles tor selected programs. The information s transmitted
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FIG. 1—BY REQUESTING THE APPROPRIATE page number, you can re-
ceive detailed weather and travel information—including weather maps.

on one of the unused lines in the TV
picture and, through a decoding de-
vice, is superimposed over the image
being viewed.

Videotex uses several lines from the
vertical blanking-interval to carry
both video and textual information in
digitized form for decoding and use by
viewers equipped with devices designed
to extract that information and dis-
play it on the screen. How it is done
will be described in detail in the second
part of this article.

What makes videotex different from
closed captioning is the fact that the
data is transmitted at a much more
rapid rate—typically 5.727272 MH:z
—and is not tied into the ‘“‘real-time”’
image normally seen. Not just one or
two lines of text are available, but
whole pages—up to several hundred
of them—can be selected by a viewer
with a videotex decoder. And that
includes not only text, but pictures, as
well; detailed weather information
(Fig. 1) is as easy to receive as the
words "*"RAIN TOMORROW."'

P130 12 5943 04 . 14 .81
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FIG. 2—THE BLACK LINES between ditferent-colored areas are char-
acteristic of the serial-attribute system used by Prestel.

P150

Through videotex, the viewer can
have over-the-air access to local or
international news; information of
special interest to him, such as weather
or financial reports; or even local
shopping information. The Sears cata-
log, currently being distributed in test
areas on videodisc. could be available
nationwide by means of videotex.

And that last item leads us into the
other application of videotex, for, if the
system is interactive, the user can not
only look at the items in the catalog.
but also purchase them.

As we described videotex originally,
any one of a number of *‘pages’” could
be selected for viewing, for the in-
formation of the user. While, in many
instances, that type of service would
be all that was required, it would
frequently be convenient for the user
to be able to respond to the information
he received.

For example, let's say that you
wanted to know who had flights from
your airport to New York (or from
New York to somewhere else) on a

kew
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FIG. 3—ANTIOPE, THE FRENCH videotex system, uses a parallel-attribute
system that permits higher-quality graphics.

given date, and what the rates were.
With videotex that would be easy.

Suppose that you found a flight that
was ¢onvenient for you and wanted to
make a reservation. With interactive
videotex. you could request a reserva-
tion on that flight, pay for it with a
credit card, and receive a confirma-
tion...all in a minute or so!

Similarly, you could look through a
catalog, or the video flyer from a local
market, and make your purchases—for
delivery, or to be picked up later when it
was more convenient for you.

Interactive videotex

Obviously, you can't talk back to
your TV set—otherwise you'd have
done it long ago! Even with a simple
videotex decoder, the best you can do
is select the page(s) of information you
want. What's needed is something
more.

Fortunately, digital-computer com-
munications created the need for a de-
vice known as the rmodem (for MOdula-
tor/DEModulator). That device allows

ERGT

sunrsla
Irog
& Jondon

Iron Afganiston

Kuwait Feewh»
Polzisto

Pato-
UAE

Dwoin

Mid-eust & N Africa

FIG, 4—TELIDON ALLOWS shapes and special character-sets to be de-
fined and then recalled by a single command.



you to transmit digital information cver
telephone lines as audio tones. So. by
adding a keyboard and moedem to your
videotex setup. you can talk back 10 a
computer connected to a videotex
system.

For example, if you find a flight to
New York that meets your require-
ments. you can dial a telephone num-
ber connecting you with your nearest
videotex center and request a reserva-
tion on that flight...and receive im-
mediate confirmation. And, if that
flight is booked-up, you can make the
next-best choice. All on the spot.

Perhaps that sounds a bit familiar to
you—like the two-way Qube sysiem
currently in use over cable-TV in the
Columbus, OH area. Qube does allow
viewer response, but only to a limited
degree—both as regards the degree of
response and the subjects t0 which you
can respond. Also, it is available only
over cable. Qube is pre-programmed
to look for simple *‘yes’’ or *‘no."” or
numerical, responses. Videotex can
offer a lot more.

Equipment needed

To receive non-interactive videotex
ihe only thing that needs to be added to
your existing TV receiver is a decoder.
The decoder can be considered to have
five main sections: a data-acquisition
unit. RAM (Random Access Memory),
ROM (Read Only Memory), a video
generator, and a means for the user to
control the decoder. A representative
videotex system is shown in Fig. §.

The data-acquisition unit performs
two functions. First, it *‘tunes in™" on
the vertical-blanking lines carrying the
videotex information—aciing like a
very selective TV receiver, as it were.
Second. it takes that information and
translates it from the analog format
used tc send it over the air (or cable)
into a digital format (a series of logic-
I's and 0's) that can be used by the
decoder’s digital circuitry.

In the process it also converts the
incoming data from serial to parallel
format. (That is necessary because.
while the data is originally in parallel
format—with all the bits making up &
single character or picture element
(pixel or pel) arranged side-by-side in
one block—the bits have to be sent
senially, one after the other, if they are
to be transmitted on a video line.)

The RAM is used to store the data,
since it is received at a rate different
from that at which it will be displayed
on the TV screen.

The ROM is pre-programmed with
the information necessary to translate
the digital information costaining the
characteristics of a character or pixel
into a video image. In mare sophisti-
cated units, it may also contain a pro-
gram for overall control of the entire
decoder. In that context, a micro-

processor would be involved.

The video generator takes the data
output by the character/pixel-generator
ROM and tumns it into a composite-
video signal, similar to that from a TV
camera. The signal can ejther be fed
directly to a video monitor, or can be
superimposed on a carrier generated
by a RF-modulater and fed to the
antenna terminals of a TV receiver.

Finally. the controller. usually in the
form of a numeric keypad in receive-
only installations, allows the user to
select which page of videotex informa-
tion he wishes to see.

While it sounds complex. an installa-
tion of that sort would fit easily into a
case the size of a cable-TV translator.

A two-way installation wouid not
require much more. The added element
would be a communications interface
—and possibly a typewriter-style key-
board—that would allow the user to

Most cable-TV systems whose ap-
plications are under consideration
today will provide two-way com-
munications, when they are put into
service. A dedicated cable channel
(or over-the-air channel) can transmit
enormously more videotex information
than can a few lines of the vertical
blanking-interval.

The cable-system operators are
aware of what the future holds, and the
cemmunities whose franchises they
are competing for also know that they
will want more than just piped-in enter-
tainment. They will want to have the
ability to use their cable systems to get
information out of their hames as well
as into them.

What's available today

To date, videotex systems are still in
the testing stage, with much of the tesi-
ing having been done outsida the United

CHARACTER |
GENERATOR |
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FIG. 5—THE MODEM shown at left is required for interactive videotex using telephone lines lines.
Tow-way cable service would use an intarface between the user's keypad or keyboard and the

cable line.

become more than a viewer and talk
back to the system in more than simply
**Show me page such-and-such’’ terms.

With an cver-theair videotex sys-
tem. that communication would have
to be via telephone. Such an arrange-
ment would require a modem, the de-
vice that allows digital information (as
opposed to speech) to be transmitted
over telephone lines. The mocem
would allow the videotex user to inter-
act with the information he had re-
quested from over-the-air transmis-
sions through his decoder.

By dialing a phone number and
giving his access code to a compuier,
he could say, in effect, ‘I see rhat
flight 901 is open 10 San Francisco.
Please baok ine one first class sear on
that flight.” The airline-booking com-
puter would accept his request. make
the reservation (if it were still avail-
able). and charge the flight to his
credit card. If the flight were booked
up. the computer might suggest several
alternates.

States. A number of tests have taken
place, or are now under way in this
country, as well. Among the TV sta-
tions invelved are WFLD in Chicago,
WETA in Washington, DC. anéd KCET
in Los Angeles.

There are three major systems com-
peting for acceptance, with several
others in use in various parts of the
world such as Germany and Japan. All
offer one-way oOr interactive service.
but differ in the way information is
transmitted, decoded, and displayed
on the video screen.

The Bntish Prestel (PRESs TELe¢-
phone) uses what's called a serial
attribute system (no relation to the
senal-transmission format referred to
earlier). It can transmit both text and
images. The images, however, are
rather low in resolution (see Fig. 2),
being made up of rather large pixels. A
version of Prestel, called Picture Pres-
tel allows full-color still video-frames
to be transmitted. {Other systems also
have this capability. The drawback, as
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we'll see later. is the length of time it
takes to transmit the picture.)

Antiope, from France. uses a paral-
lel-attribute system. It permits some-
what more detailed images. without
some of the limitations inherent in the
Prestel system. An example of Antiope
is shown in Fig. 3.

The third system. Telidon (from a
combination of Latin and Greek for
‘‘distant image''). was developed in
Canada. and is more flexible than
either of the others. It also uses a
parallel-attribute system but. instead of
relying on shapes stored in the de-
coder's ROM. can download (trans-
mit from the system’s master memory
to the memory of the user’s decoder)
specific shapes that can be used for
the application at hand and called
up by a single command. An example
of Telidon’s capabilities is shown in
Fig. 4.

In Britain and France (and in other
countries related to them by culture or
video standards) over 100.000 house-
holds have been equipped for videotex.
In addition. public videotex terminals
have been tried on a limited basis.

Both Prestel and Antiope have been
sampled in this country. but the gen-
eral and specific results of the tests are
yet to be fully evaluated.

The Canadian Telidon system is just
starting to make its presence known
here. although it has seen use in other
parts of the world. Trials of Telidon
are underway by organizations such as
Time. Inc.. the Times Mirror Cable
Co.. and AT&T. The first intends to
make as many as 24 ‘magazines”’
available over the system. AT&T
has petitioned the FCC to make the
Telidon system the U.S. videotex
standard.

Currently the EIA (Electronic In-
dustries Association) is developing
a set of standards which it hopes will
be adopted for use in this country. The
FCC is expected to start evaluating
that proposal this year.

What’s coming

While it was probably conceived
with the general public in mind. most
applications of videotex to date have
been directed to the businessman,
who, it was felt, could well afford its
services.

As personal computers have proven,
though (through the introduction and
increasihg use of the Source, MicroNet.
and other. smaller, computer net-
works). there are many individuals
who want and need interactive infor-
mation utilities.

The **magazine’” format would seem
to indicate the response of large organ-
izations to the public’s wishes. Also.

banks. whose managers previously felt
that their computers might be ‘‘in-
vaded’® by personal computers, are
beginning to open their doors to video-
tex transactjons, seeing the videotex
system as a protective buffer between

their systems and the users’.

Along those same lines, owners of
personal computers will soon be able
to use local videotex systems (in both
the interactive mode and the creative
mode—where data. and not just re-
sponses. can be entered into the sys-
tem) with a simple addition to their own
systems. Norpak of Canada has an-
nounced a plug-in board for the Apple
11 computer for Telidon. Even better.
there should be a module available
soon for Radio Shack's TRS-80 Color
Computer, since it uses the same
microprocessor (the 6809) as the ter-
minal that was originally designed
for the Telidon system. You may soon
be able to walk into your local Radio
Shack store and walk out with a plug-in
videotex system for under $500!

As it prohterates. videotex will be
the means by which you'll obtain the
information vou need. and transact
your personal business—as well as,
perhaps. earn your living—without
leaving home. It's part of the informa-
tion revolution.

We discussed videotex in general
terms. Now we’ll go into considerably
more detail and explain some of the
technical requirements of videotex and
some ways being considered for its
implementation.

We'll use the term videorex to mean
the general practice of transmitting in-
formation to a TV receiver using the
vertical blanking-interval. That has also
been referred to sometimes as reletext
or teletex. For our purposes—and, it is
expected, eventually in general usage—
we'll define those terms as follows:
Teletext can also be called ‘‘broadcast
videotex.”’ and is essentially what we
are describing here—information being
transmitted over the air. Teletex (no
“t"" at the end) is a computer-terminal-
based information service: the best
known of those services is offered by
Radio Shack. Inreractive videotex is two-
way videotex. where the user can re-
spond to the information provided on
his or her TV receiver through the use
of a telephone link to the videotex com-
puter. Finally. the term viewdara is
sometimes used as a synonym for inter-

active videotex.
The above terms are somewhat arbi-

trary—videotex is still young and defini-
tions have not been fixed. We will use
the term *‘videotex™" to refer to a sys-
tem using only the vertical blanking-
interval on an over-the-air or cable
channel. “*Teletext’™ will refer to one

that uses a staridard video format to
transmit information and may or may
not use that interval.

Some more terms defined

Videotex uses both alphanumerics
(letters and numbers) and graphics. The
alphanumerics can be produced by a
simple character-generator IC or. as
we’ll see later. be specially defined.
Similarly. low-resolution graphics ele-
ments can be stored in a character-gen-
erator ROM. Higher-resolution graphics
require a more sophisticated system.

There are three videotex systems for
generating graphics and special-purpose
alphanumerics.

The first. aulpha-mosaic, usesa 2 x 3
pixel (or pel) array to form various low-
resolution graphics symbols. A pixel—
or pel—is a ‘‘picture element.”” the
smallest shape that can be displayed on
a video screen. Actually. the pixels
used to display ordinary alphanumeric
symbols are dots. while the pixels used
in alpha-mosaic graphics are small
squares made up of several dots each.
Personal computers such as Radio
Shack’s TRS-80's and Commodore In-
ternational’s VIC and CBM (PET) use
this system. Figure 6 shows the ele-
ments within a cell that are used to gen-
erate alpha-mosaic graphics characters
for videotex.

Alpha-geomerric graphics use ele-
ments made up of dots rather than
small blocks. This means that much-
higher-resolution graphics are avail-
able—it is possible to construct sec-
tions of curves and. in general. produce
higher-quality. less ‘‘chunky-looking."
images. Exidy's Sorcerer computer
contains a number of alpha-geometric
graphics symbols that allow rather
sophisticated images to be constructed.
Alpha-geometrics uses a bit-mapped
system. where each pixel-dot is assigned
a memory location in the decoder’s
memory. and then transferred to the
screen.

The third system is called alpha-
photographic. 1t uses a bit-plane
memory—several layers of bit-mapped
memory—and. while it is somewhat
more costly (but not terribly) to imple-
ment. and requires more time to trans-
mit. it allows still video-frames—in
black-and-white ar color—to be sent.

There are two methods for trans-
mitting alphanumeric/graphic informa-
tion. The first is referred to as serial-
attribute. It is more or less a real-time
system. As the data is received. it ap-
pears from left to right. and top-to-
bottom on the screen. Its big drawback
is that the information specifying what
color is to be transmitted occupies a
space that would ordinarily be occupied
by an alphanumeric or graphic char-
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acter. That means that if a transition
from. say. red to blue. is made in dis-
playing a picture. there can be a blank
space on the screen where the informa-
tion specifying the color change ap-
pears. since the information is meant
for control. and not display. purposes.
While serial-attribute transmission is
reasonably simple to accomplish and is
used in many systems (particularly the
British). there is a better way to gen-
erate graphics.

That way is known as parallel-attri-
bure transmission. There. each char-
acter transmitted carries along with it
information describing its particular
characteristics—generally. color. al-
though. as we’ll see. other attributes
can also be described. The equipment
used for parallel-attribute transmission
and reception is more complex than
that needed for serial-attribute data.
but the results are much superior. The
map shown in Fig. 7 shows how, using
the parallel-attribute method. colors
can be changed **on the fly.”" It is also
interesting to note the use of alpha-
mosaic graphics characters made up
using the elements shown in Fig. 6.

FIG. 7—ENLARGED SECTION of map drawn
using Antiope shows benefits of parallel-at-
tribute transmission. Aiso, note odd-shaped
graphics characters used to form border.

There are two terms that remain to be
defined—at least for the moment. They
are “*DRCS'" and ‘PDIL."’

DRCS stands for Dynamically Rede-
finable Character Set. As opposed to
fixed block-graphic symbols, the DRCS
allows any shape to be defined. using
the maximum dot-resolution permitted
by the system. It is a user-definable
alpha-geometric system. Once a DRCS
character. such as a particular section
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" FIG. 6—MOSAIC CHARACTERS use a 2 x 3 pixel matrix (a). Either contiguous characters (b) or

separated characters (c) can be formed.
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FIG. 8—BLOCK DIAGRAM OF PRESTEL SYSTEM. Note that display Is limited to block graphics and

alphanumeric characters stored in ROM.
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FIG. 9—ANTIOPE ADDS DRCS RAM for customer character-generation. The addition of page RAM
allows the system to store video data, and instructions for displaying it, separately.

ot a curve, has been transmitted and
stored in the videotex decoder's
memory. it is available for use when-
ever needed.

This bring us to PDI's (Picture De-
scription Instruction). They permit an
intelligent decoder to reproduce images
in extreme detail. Typical PDI’s include
ARC. LINE. POLYGON. and. of course.
TEXT. Using PDI’s, a complete set of
DRCS's need not be sent. Instructions

can be given to draw a straight line, or
curve. from one point to another. The
decoder can be provided with a DRCS
and the PDI’s used to manipulate them.
PDI's and DRCS’ are extremely power-
ful videotex tools.

System characteristics

There are three formats competing
for acceptance in the rapidly growing
U.S. videotex field. They were dis-
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cussed briefly in the first part of this
article, but now that we have a little
more information as to what's involved
in videotex, we can talk about them in
more detail.

The British Prestel system is the
simplest, and probably. at this time, the
most widespread. Its simplicity lies in
the fact that it is alpha-mosaic in nature
and uses the serial-attribute system.

The equipment required for it, shown in
block form in Fig. 8. is less sophisti-
cated. and less expensive. than for the
other systems. Unfortunately, when
graphics are called for—and, after all,
that’'s what TV sets are good for—
Prestel falls short. Still, there are many
who argue that Prestel is the best way to
get videotex into the greatest number of
homes at the least expense.

Antiope. the French-developed sys-
tem. is more sophisticated in that.
while still alpha-mosaic, it uses parallel-
attribute transmission. That means
that, while the equipment required for
it is more complex (Fig. 9). and requires
several thousand bytes of RAM (Ran-
dom-Access Memory), its graphics
capabilities are greater. Through the
use of DRCS’. higher-quality images
can be presented. As we'll see, Antiope
is a serious contender in the videotex
race.

Finally, there's Telidon. the Canadian
system. shown in Fig. 10. Telidon is

alpha-geometric and uses parallel-at-
tribute transmission; what’s more, it
also makes use of DRCS™ and PDI's.
Telidon's bit-plane memory allows for
complex and detailed graphics. and per-
mits the use of the alpha-photographic
mode. It’s the most advanced videotex
system to date.

Until recently, Prestel was probably
the logical choice for videotex because
of the complexity and relative expense
of the other two systems. However, the
circuitry required for such niceties as
parallel-attribute transmission (and re-
ception) and higher-resolution. more
complex. graphics. can now be handled
by microprocessors and a few LSI or
VLSI (Very Large-Scale Integration)
IC's and. in mass production. the in-
crease in cost over what would be re-
quired for Prestel is negligible.

A factor that figures heavily in making
the decision as to which videotex stan-
dard should be adopted is that Antiope
and Telidon can be made compatible.
because of their parallel-attribute
nature. while Prestel. a serial-attribute
system, is unique.

That probably played an important
part in defining what has come to be
known as the North American Broad-
cast Teletext Specification.

North American Broadcast
Teletext Specification
Despite the simplicity of the British
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FIG. 10—TELIDON USES MORE RAM than other systems. Four layers of bit-plane RAM permit com-
plex graphics and use of the alpha-photographic mode.
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FIG. 11—SINGLE VIDEO LINE carrying information required for the presentation of videotex. Data
representing material actually displayed does not appear on this line.

Prestel system. the fact that a higher
level of videotex technology exists has
caused us to consider adopting either
the Antiope or Telidon systems, or a
combination of the two.

While the controversy continues. the
EIA (Electronic /ndustries Association)
has put forth a proposal to the FCC to
adopt as a standard an Antiope/Telidon-
based system. That is known as the
North American Broadcast Teletext
Specification. (We'll try to avoid using
the term too frequently.)

In essence. the NABTS calls for an
Antiope system, with Telidon enhance-
ments. Its Presentation Level Protocol
(the description of how the data is to be
transmitted) was proposed by AT&T
and subsequently endorsed by CBS,
which had submitted a similar proposal.
but with minor differences.

Videotex protocol levels

There are seven layers (levels) of

protocol involved in videotex. They are:

1. Physical—Provides the mechani-
cal and electrical provisions for
the physical interconnection.

2. Link—Provides ways of estab-
lishing and maintaining data links
between parts of a network.

3. Network—Provides the means to
exchange network service data
units over a network.

4. Transport—Provides a universal
transport mechanism for lower-
level protocols.

5. Session—Provides for the com-
bination and/or separation of
two presentation entities.

6. Presentation—Provides the meth-
od of coding and presenting in-
formation.

7. Application—Invokes the pro-
tocol requested by the user.

In this part we'll concern ourselves
with the levels up to, but not including,
the presentation protocol.

Videotex information is intended to
be transmitted on lines 15 and 16 of the
vertical blanking-interval. Lines 17 and
18 may also be used to increase the
amount of data that can be sent. but
lines with lower numbers are out of the
question, since they can be visible on
some TV receivers.

Another form of videotex. known as
full-field uses all the video lines. trans-
mitting video information on the visible
lines and control and other information
in the vertical blanking-interval.

Videotex data is sent at the rate of
5.727.272 bits per second. If lines 1§
and 16 are used, this works out to an ef-
fective baud rate of approximately
22.000. Because of this relatively high
rate of data transfer, it is important that
the received signal be as clean as pos-
sible. Of particular concemn are *‘ghosts™
and ignition noise, which can garble the
true data being transmitted. Complex
error-protection techniques (Hamming
encoding) are used for videotex trans-
missions, but even so. a clean signal is
required for reliable results. While this
is not as much a concern to cable video-
tex systems as it is to broadcast video-

tex. it is still a factor to be contended
with.



Another concern is that the data-
transmission frequency is very close to
the maximum bandwidth of 6 MHz allo-
cated for broadcast stations, and that
spillover may occur. This is particularly
disturbing to operators of cable sys-
tems. where channels may be packed
one next to the other. Continued testing
is sure to show a way to minimize or
eliminate these potential problems.

Figure 11 shows a TV line in the
vertical  blanking-interval  carrying
videotex information. The line can con-
tain up to 288 bits (36 8-bit bytes).

The first two bytes (““CS.”” *‘CS™")
are the bit-svnchronization sequence.
They provide a videotex decoder with a
reference burst that synchronizes the
decoder’s clock and initializes the data
slicer that extracts the videotex in-
formation.

The next 8-bit byte. *B.”" is the
Sframing code, and defines the structure
of the rest of the line. This byte has the
binary structure ‘11100111, with the
least-significant bit (at the right) being
sent first. Two other framing codes
have been reserved for future use.

The prefix

After the bit-synchronization se-
quence and framing code. a domain of
data known as the duta packet begins.
It starts off with a 5-byte prefiv, shown
in detail in Fig. 12.

The first three bytes of the prefix.
“P17-P3C define  the  data-packet

FIG. 12—FIVE-BYTE PREFIX carries information
for multiplexing and error detection, and
describes the date group that follows.

TG_! C

l

FIG. 13—DATA GROUP HEADER provides in-
formation concerning the treatment of the
videotex data.

address. Up 10 4096 (212) data channels
can be carried on a single television
channel. A simple BCD (Binary Coded
Decimal) keypad can be used to select
any of the first 1000 pages: the rest are
reserved for future use.

Byte "*CI"" is known as the continuiry
index and is used to detect the loss of a
data packet due to transmission errors.

The final byte of the prefix. "'PS
specifies the nature of the data packet
(**standard.”" “'synchronizing.”” **full of

information.”” etc.). The second bit of
byte PSS’ indicates that a duta group
tollows.

1
|

| .
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FIG. 14—RECORD HEADER prepares the way for the videotex material to be displayed. Much of its
content concerns where the material is to be found, and how it is to appear.

The data group header

The next group sent is an 8-byte se-
quence. the dara group header (Fig. 13).
It tells the decoder what is coming up.

The first byte, "TG. tells the de-
coder what type of processing is to be
applied. Broadcast videotex always
sets the value of this byte to zero. The
second byte. "C." verifies the sequence
of data groups of the kind defined by
TG in a particular data channel (de-
fined by “'P1"°-""P3"" in the prefix).

Byte "'R"" indicates the number of re-
transmissions of a particular data group.
Its value can range from 1 to I5.

Bytes **S1"" and "S2" specify the
number of data blocks in a data group.
This number can be anywhere between
0 and 255. Bytes "FI1'" and "F27 indi-
cate the number of bytes in the last
block of a data group.

Finally. byte ""N"" is used by the
broadcaster to identify the routing of
the data group through his network.
Values from 0 to 15 can be assigned to
this byte. which is not used by the
videotex decoder.

Record header

The last batch of data sent before the
actual videotex display is the record
header (Fig. 14). Its purpose is to specify
the qualities of the videotex material
further. It is divided into a 5-byte
mandatory section. and a following op-
tional group that may or may not be
transmitted

The first byte of the mandatory sec-
tion. “TR.” indicates whether the
transmission is broadcast videotex.
closed captioning. or some other form
of data transmission. Byte "RHD"" can
be used to indicate the presence of one
or more subgroups consisting of:
address extension. record linking, com-
plementary record classification. or
header extension field.

Bytes “"Al17-"A3"" contain the record
or page number. Bytes “"A47°-"" A7 are
optional. When they are used. bytes
“A1T-"AT represent the page num-
ber. and byte **A8 " and “*A9" represent
the page number within a document.

Bytes L1 and ""L2"" are linking
bytes—they tell the decoder where to
look for records that are to appear
sequentially.

The whole class of **Y "™ bytes carries

information pertinent to the retrieval
and display of the videotex data.
Among other things. it can indicate
whether a message is to be superim-
posed over the image being displayed.
whether a message is to be withheld
until requested by the user. whether a
message has priority and should over-
ride the image being displayed. etc.

Bytes “EI'" and ""ES"’ indicate the
presence and length of any header ex-
tension fields (“E; - "EnN™).

Where’s the picture

By now you can realize how compli-
cated videotex is. and. perhaps. why
there is such contention over how it
should be implemented. Why. we
haven’t even begun to answer the ques-
tion of how the videotex image gets on
the screen! That will come next month.
when we discuss DRCS". PDI's. and.
finallv. how videotex becomes vis-
ible.

ELEGTRONIC
BARGAINS

If you’re not on our mailing
list, you're missing outstan-
ding buys on the finest in
electronic parts for the
builder. In 8 years over

250,000 hobbyists have
discovered where to find
useful, unique or downright
strange electronics at give-
Why not send

away prices.
for our CATALOG today'!

IT’'S FREE!
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NAME
l Street l

City
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HAVE YOU EVER HOSTED OR ATTENDED A
party and discovered that even though
you were having a good time and enjoy-
ing the music and dancing, you felt that
something was missing? Perhaps some-
thing was missing—a lighting system
capable of translating the disco beat
into a tantalizing light display. One fac-
tor probably responsible for the absence
of such a system was its high price. The
systems that are available—and these
are for commercial use—cost hundreds
of dollars. Now, however, you can build
a multi-function lighting-display control
system that will rival many commercial
units, but for a fraction of their cost.

The system is called the Lumitron-4
and it has the following features:

® Four-channel control capability

e Separate function-control and
opto-isolated power-switching
units

® Manual and automatic bidirec-
tional “light-chaser’ action

® Manual and automatic ‘“light-
chaser’ pattern selection

e Variable dwell-time for automatic

change of “light-chaser” direc-

tion and light pattern

Audio-response control

Five pushbutton mODE controls

SRSATILE

DAVID L. HOLMES

Flashing lights do not a disco make. This four-channel light

controller will sequence automatically or in time to the
music, and will dazzle your eyes in other ways as well.

that select the following:
1. All display lights on continu-
ously
2. Sound-sync-controlled inten-
sity of all display lights simul-
taneously
3. Sound-sync-controlled rate of
light chasing
4. Constant “light-chasing’ rate
5. Combination.of modes 2 and 4
The power-switching system de-
scribed in this article uses opto-isolated

triac drivers having the capability to -

trigger any triac requiring less than a
100-mA gate trigger-current. The power-
switching unit was designed to be lo-
cated remote from the master-control
unit and the two are interconnected by
a five-conductor cable. Originally, a
six-foot cable with five-pin DIN plugs
was used, but the prototype has been
operated with the two units separated
by as much as twenty-five feet.

Channel-control signals output from
the control unit have a nominal +5-volt
level when they are inactive and a +.7-
volt level when active. Each channel is
designed to have a 25-mA current-sink-
ing capability.

Figure | shows a block diagram of
the system.

How it works

The heart of the Lumitron4 (see
Figs. 2 and 3) is IC1, a 74194 presettable
4-bit bidirectional shift register with
modes (LOAD, SHIFT FORWARD, SHIFT
REVERSE) and timing that are controlled
by IC2 and IC3 respectively. Integrated-
circuit IC2 is a 7472 JK flip-flop with
AND-gated inputs, and IC3 is a 556 dual
timer with each timer configured as an
astable multivibrator. The shift rate of
IC1 is controlled by IC3-b, with R14
serving as a RATE control, and IC3-a
clocking IC2. Switch S2 (FORWARD/RE-
VERSE/AUTO) and IC3-a control the shift-
forward and shift-reverse signals gen-
erated by IC2. (The output of IC3-b is
AND-ed with the JK inputs to IC2 so the
shift-forward/reverse signals generated
by IC2 do not change while the output
of IC3-b is low; that is an operational
constraint for IC1.) In its center AUTO
position, S2 allows the Q and Q outputs
of IC2 to change states alternately with
each IC3-a clock pulse; this causes IC1
to alternate its shifting direction. Setting
S2 to its other positions keeps the out-
put of IC2 constant after one clock
pulse and causes IC1 to continue shift-
ing in one direction. For example, if
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FIG. 2—GOOD DESIGN PRACTICE dictates that all unused IC pins be tied either to five-volts or
ground. Numbers next to ‘<" symbols refer to PC-board finger numbers and to S6.

IC1 is shifting *‘forward” and S2 is
switched to the REVERSE position, ICI
will continue to shift *‘forward™ until
the next clock pulse from IC3-a causes
the IC2 outputs to change states. This
state change will cause IC1 to start and
to continue shifting in ‘“‘reverse’” until
S2 is switched to a new position. The
time interval between pulses from
IC3-a is adjusted by the DWELL con-
trol, R1S.

The desired display pattern is loaded

into IC1 by applying four bits of data to
IC1's paralle! inputs and forcing both of
its MODE-CONTROL inputs high. The
new display pattern will appear at IC1's
outputs after the positive transition of
the clock pulse from IC3-b. Inputs A
and D are permanently wired to high
and low states respectively, with the
states of inputs B and C being selectable.
The *‘high’ mode-control signals to
IC1 are supplied by IC2 and are loaded
by simultaneously taking IC2’s PRESET

and CLEAR inputs low. Those inputs are
connected together and are taken low
one of two ways, depending on the
position of S3 (MANUAL/AUTO). When
S3 is set to the MANUAL position, S4
(PATTERN-SELECT) selects the de-
sired IC1-b and ICl-c iput levels and
when SS (LoAD) is momentarily de-
pressed. PRESET and CLEAR inputs go
low.

Switching S3 to the AUTO position
connects the B and C inputs of ICI
to the Q outputs of IC7, a dual JK flip-
flop configured as a modulo-4 counter,
and ungrounds CS5, the timing capacitor
for IC4. The output of IC4 is connected
to the PRESET and CLEAR inputs of 1C2
and the ENABLE input of IC3-b. As long
as CS is grounded, the output of IC4
remains high, and IC2, and IC3-b
function as described above. With ICS
ungrounded, IC4 functions as an astable
multivibrator with its rate controlled by
R16 (DISPLAY). When the output of IC4
goes low, that causes the PRESET and
CLEAR inputs of IC2 to go low as well,
forcing the Q and Q outputs of IC2
high; this places ICI1 in the LOAD mode.
Additionally, the enable pin of IC3-b
goes low, disabling IC3-b and causing
its output to go low, and IC7 is clocked
causing it to increment its count.

When the output of IC4 again goes
high, IC3-b is enabled and its output
goes high providing the positive-transi-
tion clock signal required by IC1 to
transfer the data on its input pins to its
output pins. The Q and Q outputs of
IC2 remain high momentarily after the
“‘low™ is removed from the PRESET and
CLEAR inputs because of internal propa-
gation delay and the time constant de-
termined by R9-C1. Resistor R9 also
serves as a current limiter for the out-
put current of IC4, should S5 be de-
pressed while IC4’s output is high.

Sound activation of the Lumitron-4 is
controlled by IC6, a 386 high-impedance,
variable-gain audio amplifier. The
setting of R12 together with the value of
C3 determines the overall gain while
the input-signal level to IC6 is con-
trolled by R13 (RESPONSE). The output
of IC6 is fed to Q1 and D1/D2. The man-
ner in which Q1 and D1/D2 affect the
operation of the circuit is controlled by
S6 (see Fig. 4).

A description of the modes of opera-
tion of the Lumitron-4 follows:

With Sé6-a depressed, S-volts is con-
nected to the ‘‘common’ output line
and each output channel is connected
to ground. The console LED’s and light
display will remain on continuously.

Depressing S6-b switches the collec-
tor of Q1 to the ‘‘common’’ output line
and grounds each output channel. The
intensity of the lights and console
LED's will vary according to the audio
input.

Switch S6-c causes 5-volts to be con-
nected to the ‘“‘common’’ output line,
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All resistors Ya watt, 5% unless

otherwise specified

R1-R3, R17, R30-R33—1000 ohms

R4, R6, R8—100 ohms

R5, R7—10,000 ohms

R9—22 ohms

R10, R12—1000 ohms, trimmer po-
tentiometer

R11—220 ohms

R13—5000 ohms, potentiometer,
audio taper

R14-R16—1 megohm, potentiom-
eter, linear taper

R18-R29—330 ohms

R34-R37—100 ohms, 1-watt

Capacitors

C1—100 uF, 10 volts, electrolytic

C2—1 wuF, 10 volts, electrolytic or
tantalum

C3, C4—22 uF, 10 volts, electroytic

C5, C6—220 wF, 10 volts, electrolytic

C7, C8, C10, C12-C14—0.1 uF, ce-
ramic disc or Mylar

C9—2.2 uF, 10 volts, electrolytic
(3.3 »F acceptable)

C11—1000 «F, 25 volts, electrolytic,
axial leads

C15-C18—0.1 uF, 250 volts, Mylar

Semiconductors

IC1—74194 4-bit bidirectional shift

PARTS LIST

1IC2—7472 JK flip-flop

IC3—556 dual timer

JC4—555 timer

IC5—7417 hex buffer/driver

IC6—386 low-voltage audio amp

IC7—74107—dual JK flip-flop

IC8—IC11—MOC3031 optoisolated,
Zero voltage crossing, triac driver
(Motorola)

1IC12—7805 5-volt regulator

IC13-IC16—2N6342 8-amp, 200-
volt, triac

Q1—2N2907 or equivalent

LED1-LED4—.125-inch red LED

BR1—one-amp, 50 PIV, bridge rec-
tifier

D1, D2—1N914 or 1N4148

S1—SPST miniature toggle

S2—DPDT miniature toggle

S3—3PDT miniature toggle

S4—2P4T rotary

S5—SPST N.O. momentary push-
button

S6—S5 (or 6) PDT interlocking push-
button bank

T1—8-12-volt, 500 mA, wall-plug
transformer

J1, J2—5-pin DIN socket

J3—22-pin soldertail edge connec-
tor, .156-inch spacing

S01-S0O4—chassis-mount AC re-
ceptacle
F1—fuse (see text)
Miscellaneous: PC boards, IC sock-
ets, enclosures, 5-connector cable
with DIN plugs, ribbon cable, hard-
ware, terminal strips, materials for
infinity mirror, etc.

The following are available from
Design Specialty, 15802 Springfieid
St., Suite 80, Huntington Beach,
CA 92649: Etched & drilled control
unit PC board (879-2A), $18.00;
etched & drilled S6 PC board
(22280-1), $8.50; etched & drilled
power-switching PC board (22280),
$8.50; all three PC boards (580),
$30.00; switch S6 (SW6), $16.00; all
three PC boards plus S6 (580-SW6),
$42.00; four 10-amp, 20-140 VAC
zero-switching solid-state relays
on aluminum base plate (PWR-4),
$75.00. In U.S., Canada and Mexico
add 5% shipping & handling; all
others add 10%. CA residents add
6% sales tax. Please allow three
weeks to process orders accom-
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register Jd—miniature phone jack panied by personal checks.
8 * RESPONSE
e TN A (.
c13 :
5K g_',‘ % 0.1 AUDIO IN
. T 3 RATE
Y
R14
IMEG
1€ } DWELL
’ 5V
R15
1MEG REAR VIEW OF CONTROL PANEL shows how
- ¥ controls are wired. Leads from LED's are visible
8 ~[ j DISPLAY behind terminal strip.
+#V
R16
1MEG T_ LoAD connects diodes D1/D2 to timer IC3-b
13 € -0 - and connects each output channel to a
5 corresponding output of IC5. The dis-
1 plays will sequence at a rate that varies
SEviher I ¥ with the audio input. In the absence of
=== b any audio, the displays will sequence at
! : 3 -
! FORWAROD a rate determined by the setting of R14
= W LB AN L (RATE).
15 € [ Depressing S6-d connects the collec-
5 € g 3 ' tor of Q1 to the *“‘common’’ output line

and connects each output channel to a
corresponding output of ICS. The lights
will now sequence at a constant rate as

4 &

. iR L ' pATTERN
17€ ] I A nL-o

MANUAL

o) T D[ s4 A D

1 BO CI g}’ C determined by the setting of R14 but
—f 4 ® their intensity will vary in synchroniza-
16 < : $3 ‘1‘ gy tion with the audio input.
i AUTO 8 - AAN—> With S6-e depressed, S-volts is con-
(SHOWN IN :‘F nected to the ‘‘common’’ output line
7 e and each output channel is connected
ONY :
to a corresponding output of ICS. The

— displays will sequence at a constant
FIG. 3—MAIN FRONT-PANEL switches and potentiometers. Swich S2 is of the *“center-off” type. rate as determined by the setting of R14.
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FIG. 8—SINGLE-SIDED BOARD is used to mount switch S6 (see Fig. 4 for connection details).

Construction
Construction of the Lumitron4 is

straightforward and parts placement is
not critical. A 22-finger double-sided,

plated-through, PC board (Figs. S, 6.
and 7) is used for the control unit.

The mode-select switch, S6, is
mounted on a single-sided PC board
(Fig. 8). Parts placement and connec-
tions for this board were shown in Fig. 4.

Figure 9 shows suggested case di-
mensions and provides a drilling-guide
for holes for the switches, pots, and
LED’s.

The LED’s, used to monitor output-
channel activity, are press-fit into their
mounting holes and their leads con-
nected to a terminal strip. The 330-ohm
current-limiting resistor for each LED
is connected directly between the
cathode lead and the appropriate loca-
tion on S6 (refer to Fig. 4).

3374 InchEs- ]
FIG. 5—FOIL SIDE of double-sided control-unit
PC board. Connector finger 22 is at left.

| a a LUAHTRON ¢ CIC 1Y - |
.

- 3.3/ INCHES |

FIG. 6—COMPONENT SIDE of control-unit board.
if you etch this board yourself, all holes that
coincide on both sides will have to be jumpered
through. Take special care at IC sockets.

The last board to be mounted should
be the one holding S6. It should be
positioned so that switch S6-a is at the
left when the switch assembly is viewed
from the front of the cabinet. Use
spacers at least 3/8-inch long when
mounting the switch board in the
cabinet.
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Figure 9 shows suggested case di-
mensions and provides a dnlling-guide
for holes for the switches. pots, and
LED’s.

The LED's. used to monitor output-
channel activity, are press-fit into their
mounting holes and their leads con-
nected to a terminal strip. The 330-ohm
current-limiting resistor for each LED
is connected directly between the
cathode lead and the appropriate loca-
tion on S6 (refer to Fig. 4).

The last board to be mounted should
be the one holding S6. It should be
positioned so that switch S6-a is at the
left when the switch assembly is viewed
from the front of the cabinet. Use
spacers at least 3/8-inch long when
mounting the switch board in the
cabinet.

The power supply (Fig. 10) uses a
wall-plug transformer for safety and
space-saving reasons. The full-wave
bridge rectifier (BR1). filter capacitors,
and voltage regulator are all wired to
one terminal strip inside the control-
unit cabinet. On the same terminal strip
is the audio-input coupling capacitor.
All audio-circuit connections should be
made using shielded cable.

The wiring connections to S6, the
panel-mounted components, and the
card socket are best made using ribbon
cable. For ease of wiring, it is recom-
mended that the socket for the control-
unit board not be mounted until all
wiring to it has been completed. In the
prototype, the card socket was mounted
horizontally using S5/8-inch threaded
spacers placed at a height of 5/8-inch
from the enclosure bottom. This height
was chosen to allow the use of another
5/8-inch threaded spacer to support the
center of the circuit card. Figure 11

shows the completed control unit.

The schematic in Fig. 12 shows one
of the four power-switching unit sec-
tions. A foil pattern for the complete
unit is provided in Fig. 13, and a parts-
placement diagram in Fig. 14.

The assembled power-switching unit
is shown in Fig. 15.

(It is also possible to use solid-state
zero-crossing relays in place of the
triacs and triac-drivers. In that case,
wire all the relays’ **+'' terminals to-
gether and connect them to the +5-volt
control-signal lead from the control unit.
Connect the **—"" terminal of each relay
to the appropriate-channel signal-lead.)

As with any construction project,
steps should be taken to insure that the
Lumitron4 is safe to operate when
completed. Be sure that adequate heat
sinking is provided for the triacs. Also
be sure that the power source is
adequate to power all four channels
operating all lights simultaneously. For
a |5-ampere, 117-volt circuit, a maxi-
mum wattage of 450 watts per channel
should be allowed. The permissible
wattage increases to 600 watts per
channel for a 20-amp circuit. The rating
of fuse F| should be chosen in ac-
cordance with the total load.

Under certain conditions, you may
wish to operate the light display at less
than full intensity. Two circuits that
will permit that are shown in Fig. 16.
The one in Fig. 16-a changes the bright-
ness of the entire display while the cir-
cuit in Fig. 16-b allows independent
control of each channel.

Standard household-type dimmers
may be used but be absolutely cer-
tain—expecially in the first case—that
they can safely handle the power.
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FIG. 9—USE THIS as a drilling guide for the control unit’s front-panel components.

FIG. 11—COLOR-CODED RIBBON CABLE
makes connections neater and easier and sim-
plifies signal tracing.

Operation

The control unit may be operated and
tested with the aid of the console
LED’s and does not require connection
of the power-switching unit. Before
turning on the control unit, rotate all
variable controls to their full counter-
clockwise position, place the FORWARD/
REVERSE switch in the FORWARD posi-
tion, set the indicator switch to the
MANUAL position, set the PATTERN-
SELECT switch to pattern **D” and de-
press MODE-SELECT switch A. Turn the
unit on and verify that all console LED’s
light steadily.

Next, depress MODE-SELECT con-
trol switch E and verify that one
LED at a time is lit and that the LED’s
light sequentially in one direction. The
rate of movement should vary as the
RATE control is rotated clockwise.
Moving the PATTERN-SELECT switch to
a new position and depressing and re-
leasing the LOAD button should cause a
new light pattern to be displayed. The
light patterns available include: one
light, two adjacent lights, every other
light. and three lights. Setting the
MANUAL/AUTO switch to the AUTO
position should cause the light pattern to
change automatically, with the time
between changes increasing as the Dis-
PLAY control is rotated clockwise.

The modes controlled by MODE-
SELECT switches B, C, and D re-
quire an audio signal of at least 50 milli-
volts for proper operation. With the RE-
SPONSE control still in the full counter-
clockwise position, depressing switch
C should not affect the light movement.
Rotating the RESPONSE control clock-
wise should eventually cause the light
pattern to move in sync with the audio
signal. Depressing switch B should
cause the intensity of all the LED’s to
change in sync with the audio signal.
When switch D is depressed, ‘the light
pattern should move at a constant rate,
but the intensity of the display should
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FIG. 13—POWER-SWITCHING UNIT is constructed on single-sided PC board.
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FIG. 10—FIVE-VOLT POWER SUPPLY for control unit uses wall-plug-type transformer. Supply is built
on terminal strip using point-to-point wiring.

FIG. 15—IT IS IMPORTANT that triacs be heat-
sinked, especially if heavy loads are to be driven.

fluctuate with the audio signal. For any
mode where the light pattern is moving,
positioning the FORWARD/REVERSE/AUTO
switch in the AUTO position will cause
the pattern to change directions periodi-
cally. The DWELL control determines
the time interval between changes.

Releasing all MODE-SELECT switches
will cause the light display to go off but
it will reappear as soon as a mode is
selected.

The lowest signal level that the audio
section will respond to may be set by
adjusting R12. This is useful for normally
high-level signals that would otherwise
limit the sensitivity control to a very
small movement before saturation of
the audio section occurred. Potentiom-
eter R10 may be adjusted to obtain the
desired balance between sound-sync
chase, and intensity of fluctuation, for
the same RESPONSE control setting.

After completing the functional
check of the control unit, connect the
power-switching unit to a light display
consisting of at least one light per chan-
nel. The power-switching unit should
be connected to a voltage source meet-
ing the requirements of the lamps (i.e.,
12 volts for 12-volt lamps, 117 volts for
ordinary household lamps, etc.). Re-
peat all previous functional checks and
verify that the light display connected
to the power switching unit corresponds
to the LED display of the console. One
thing to keep in mind here is that the
LED’s may barely be visible when the
light display is bright.

Lighting display

Now that you've completed the
Lumitron-4 and verified that the unit is
operating properly, you need to devise
an appropriate light display. The lighting
display used with the device requires
four separate lighting circuits. The
fastest way to create a four-channel dis-
play is to obtain four strings of Christ-
mas tree lights and tape them together
in a bundle. The strings should be
placed, one on top of the other, so that
the first bulb of three of the strings fits
between the first and second bulbs of
the fourth string. The idea is to have
every fifth bulb in the composite string
on the same circuit.

In creating your own unique display,

€861 TVNNNY 3-Y
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FIG. 177—FOUR OF THESE PIECES should be prepared to make square frame to hold infinity mirror's
12-voit lamps. Masonite is a good material to use.

FIG. 14 —SIX-PIN TRIAC DRIVERS are inserted into eight-pin IC sockets with gins 4 and 5 removed.

Just remember to have every fifth
bulb on the same circuijt, and a common
wire to all bulbs. Another very im-
portant point is that the common wire
must be able to carry enough current for
all four circuits, operating all of the

FIG. 19—INFINITY-MIRROR DISPLAY. Lamps
may be clear or colored, according to taste,

bulbs simultaneously, when required.

A real eye-catching display that is
rather easy to build involves the use of
the ‘‘infinity-mirror’’ illusion that can
be created with the aid of readily ayail-
able Mylar sun-reflecting film. To con-
struct the infinity-mirror you’ll need a
clear piece of glass (double-strength is
recommended), a mirror the same size
as the glass, a sheet of the Mylar re-
flecting-film, lights, and a frame to hold
them, and a case. A convenient case
size has inside dimensions of 12 1/16 x
12 1/16 inches, which allows the use of
precut mirror squares and simplifies the
construction of the display.

The Mylar film is applied to the glass
and is trimmed flush, creating a *‘one-
way'’ mirror that is placed in the dis-
play front with the Mylar film on the in-
side of the display. The light frame is
inserted next, followed by the mirror
square. It will be necessary to cut a
notch in the case to allow passage of
the light-display control leads around
the mirror. Place a small piece of elec-
tncal tape on the edge of the mirror
where it comes in contact with the con-
trol leads. Cut a piece of cardboard to
fit over the back of the mirror and
secure the entire assembly so that all
pieces of the display fit snugly together
within the case. Refer to Figs. 17 and 18
for construction details. Figure 19
shows the completed infinity mirror
light display.

With the display activated, multiple
reflections of the lights within the dis-
play will create an infinite-tunnel-of-
lights illusion. The secret of this illusion
is the Mylar film, because it partially
transmits light to the outside of the dis-
play while reflecting a portion of it to
the back mirror for re-reflection. Only
the first row of lights seen in the dis-
play is real; the rest of the lights are
reflections. continued on page 122



NEW TECHNOLOGY

THE CORDLESS PORTABLE TELEPHONE IS
one of the latest conveniences available
for use in the hame, business, or indus-
try. It is portable and lets you take tele-
phone calls wkile you are anywhere
within 300 feet of the base telephone.
Just think of the convenience and ad-
vantages of being able to answer the
telephone while you are mowing the
lawn or out shoveling snow.

Some of those little cordless tele-
phone extensions are for incoming calls
only. Other, more sophisticated, sys-
tems offer all the features of a full-ser-
vice telephone. You can make calls as
well as take them; you get push-button
operation on any type of phone line—
either Touch-Tone or rotary dialing.
And in some of those units, the remote
one has an automatic re-dial feature.
You simply press a button and the in-
ternal memory recalls the last number
entered and re-dials it automatically.
Some, like the Rovafone Roverte, also
have an intercom function.

The cordiess telephone

The basic system consists of two
parts; an AC-powered base unit that
plugs into the telephone line and a
hand-held portable unit that lets you
answer your tzlephone from almost
anywhere within a range of about 300

feet. The portable unit operates from
rechargeable nickel-cadmium batteries
that can be recharged by a charger built

into the base unit.

The cordless telephone operates as a
“low-power’’ device authorized under
sections of Part 15 of the FCC Rules
and Regulations. Modulation may be
either AM or FM. Some systems have
duplex operation (you talk and listen in
a normal manner) while others use
simplex operation—like CB and other
two-way radio systems: push-to-talk,
release-to-listen.

In addition to the voice transmis-
sions,_ each cordless telephone unit
transmits one or more control tones
that perform such functions as bringing
up dial tones, alerting the remote unit
to an incoming call, and ‘‘hanging up
the phone’” when the call is completed.

The frequencies available for cord-

less telephones are foir channels in the
1.6- to 1.8-MHz bard (zach 30 kHz
apart) and five chanaels in the 49-MHz
bard. Fcr example, the Radio Shack
model ET-300 DUZFONE and the
Cooraphone model CP-i5S (from the
Dy1ascan Corporati—n) are pre-set at
the factory to ore of “our channels. Tc
pravice duplex aperetion. each channel
has ore f-equency in the .7-MHz band
anc one n the 49-MHz band. Base-sta-
tiom tramsmit-frequemcies are 1.66S,
1.635, 1.725, anc 1.755 MHz while cor-
res»onding portable-te-base frequencies
are 49.830, 49.845, 33.8%25, and 49.89(——————=
MHz. Or the other band the Freedom
Phone from Electra ransmits and re
ceives 01 the same frequency. Onte
chennz! in the 499-MHz band is used. ————=
In the Muraghonz (M.ura Corpora- _
tiom) series of corckss phones both—m——=
base and remote units alsod transmit an(————

Cordless |
 Telephones

If you've ever miss{d a telephone call because you were
unable to reach yotf phone in time, you’ll understand why
cordless phones arf§ so popular. Here’s an in-depth look at
how they work. ' -

ROBERT F. SCOTT
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receive on the same radio frequency—
49.860 MHz. The designers have de-
veloped a unique simplex system that
gives the remote unit priority. The
party using the portable telephone con-
trols the functions of both stations.

Now, let’s look at some of the un-
usual circuit applications in the Mura-
phones. The Muraphone Cordless Ex-
tension Telephone is available in two
systems: the MP-100/10] answer-only
system and the MP-300/301 full-feature
dial-out system. The circuits covered
here are those in the MP-100/10].

The MP-101] base station connects to
the ‘telephone line and plugs into a
standard 117-volt, 60-Hz AC outlet.
The MP-100 portable is a battery-
powered hand-held unit small enough
to fit into a pocket or clip onto a belt.

How the cordless phone operates

The MP-100/10] system can be op-
erated in three modes: 1) Answer-only
telephone: The party with the portable
unit can take calls but cannot make
them. 2) The Intercom Mode permits
the base and portable units to be used
as a wireless intercom without inter-
fering with normal telephone service. 3)
in the Pager/Call Interceptor/Transfer
mode, a person answering the regular
telephone can transfer the call to the re-
mote unit. The user in the house can
‘‘page’’ the remote, speak privately
through the intercom to find out if the
remote party will accept the call, and
then transfer the call or hang up. (The
outside caller is on “‘hold’’ and cannot
hear the exchanges between the base
and portable units.) The party in the
house can stay on the line and make it a
three-way conversation.

The base and portable units transmit
on 49.860 MHz. To give the portable
priority, a pulse oscillator in the base
circuit is turned on when an incoming
call is received or when the INTERCOM
button is pressed. The oscillator sup-
plies two 460-millisecond pulses each
second, along with two 40-millisecond
gaps. The base transmitter is on and its
receiver is off when the 460-millisecond
pulses are present. During the 40-milli-
second gaps the base transmitter is off
and its receiver is on.

An incoming call (or pushing the
INTERCOM button) activates the base
station. Its transmitter starts sending
460-millisecond bursts of 49-MHz RF,
modulated by a 1000-Hz tone. That
modulated signal is received by the
portable unit and the user hears 1000-
Hz “*beeps.”” The person with the re-
mote unit extends the collapsible anten-
na and presses the PUSH-TO-TALK but-
ton. A 49-MHz carrier, modulated by
7000-Hz, is transmitted by the remote
and received by the base during the 40-
millisecond periods that its receiver is
active.

The 7000-Hz tone is fed to a 7000-Hz

decoder. As long as the decoder is re-
ceiving the 7000-Hz tone, it shorts the
squarewaves from the pulse generator
and locks the base unit in the receive
mode. At the same time, the 7000-Hz
tone actuates a relay. One set of relay
contacts connects the 600-ohm winding
of an audio transformer across the tele-
phone line. That “‘picks up’’ the phone.
The relay is latched by a second set of
contacts.

As long as the PUSH-TO-TALK button
is pressed, the user at the remote unit
can talk to the calling party through the
base unit. The remote’s carrier is
modulated simultaneously by speech
and the 7000-Hz tone. The speech is de-
tected, amplified, and fed to the tele-
phone line through the audio trans-
former. The remote returns to the re-
ceive mode when the PUSH-TO-TALK
button is released. The base no longer

THIS MODEL 3500 FREEDOM Phone from Elec-
tra is small enough to fit in a shirt pocket.

receives the 7000-Hz tone so the out-
side caller (or the person using the in-
tercom function) can talk to the remote.
The signal from the telephone line is fed
through the audio transformer and an
amplifier, and used to modulate the
base’s 49-MHz carrier. The short 40-
millisecond gaps in the transmission are
hardly noticeable.

At the end of the conversation, the
person using the remote unit presses
the LINE RELEASE button to ‘*hang up”’
the phone. The remote unit’s RF carrier
is now modulated by a 4.5-kHz tone.
That signal is received by the base
during the 40-millisecond gap and
applied to a 4.5-kHz tone decoder. The
decoder output causes the relay to open
and release the telephone line. The base
is now standing by, ready for the next
incoming call.

In the intercom mode of operation,
the telephone is connected in series
with the B+ supply across a winding of
the line transformer. The carbon micro-

phone-element varies its resistance as
the user speaks. That modulates the
current flowing through the transformer
winding. The speech voltage induced in
the other transformer windings is used
to modulate the base unit's RF carrier
and is received at the remote unit.
From here on, the operation is the same
as with an incoming call.

Circuit analysis

Schematic diagrams of the MP-100
remote and MP-10/ base are shown in
Figs. 1 and 2, respectively. Refer to
those diagrams as we discuss the cir-
cuits and their operations in greater de-
tail. Let’s start with the remote shown
in Fig. 1.

The receiver section is a standard
single-conversion superhet receiver
with an RF amplifier, a crystal-con-
trolled oscillator/mixer, and a two-
stage IF circuit. When the PUSH-TO-
TALK button is in the receive (R) posi-
tion, any signal from the base unit is de-
tected, amplified, and fed to the speaker
through the lower secondary on T7, the
audio output and modulation trans-
former.

When the PUSH-TO-TALK button is
held down in the transmit (T) position,
the 8-ohm loudspeaker is used as a
microphone feeding the base circuit of
amplifier QS. After futher amplification
in the push-pull output stage, the
speech signal appears in the upper
secondary winding of the modulation
transformer. At the same time, B+
voltage is applied directly to the trans-
mit oscillator (Q12). The B+ for the RF
final amplifier passes through the
secondary of T7 so Q13’s collector cur-
rent is modulated by the audio signal.
The modulated RF appears across tank
coil L6 and is fed to the antenna
through low-pass filter L1, L2, L3, C1,
C2. and C3.

While the PUSH-TO-TALK button is in
the transmit position, B+ is applied to
the 7-kHz phase-shift oscillator (Q10)
through diode D5. The 7-kHz tone is
fed through a buffer to the primary of
the driver transformer. After amplifica-
tion, that 7-kHz signal modulates the
RF output stage along with the speech.
When the modulated signal reaches the
base unit, the 7-kHz tone is decoded
and used to latch the base in the receive
mode.

When the conversation is over, the
user releases the PUSH-TO-TALK button
and presses the LINE RELEASE button
on the portable phone. That applies op-
erating voltage to the 4.5-kHz tone gen-
erator (Q9), buffer Q11, the transmit
oscillator and final amplifier, and to the
audio stages. The 4.5-kHz tone modu-
lates the 49-MHz carrier and is used by
the base to activate the line-release
(hang-up) circuits.

Although the remote unit is in the re-
ceive mode, the receiver circuit is dis-
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abled by closing the LINE RELEASE
switch. Normally, the entire receiver
front-end (Q1 through Q4) is supplied
with B+ through the emitter-collector
section of Q8. (Note that Q8 is called
“Line” Release Switch' in Fig. 1.)
Diode D3 is back-biased so Q8's base
current cannot flow through to Q12 and
Q13 in the transmitter RF circuits.

As the LINE RELEASE switch closes,
Q8'’s base and emitter are tied together
through D3, a germanium diode. The
diode turns on. The voltage drop across
D3’s junction is less than the base-
emitter junction voltage of Q8, a silicon
transistor, so Q8 turns-off. That breaks
the B+ path to the receiver RF and IF
circuits.

The base circuits

Refer to Fig. 2 as you follow the de-
tails of circuits in the base unit. Power
for the base is supplied from a 10-volt
DC adaptor through QI8, a voltage
regulator. No voltage is applied to most
of the sections until the station is acti-
vated by an incoming phone call.

When the phone rings, a 20- to 60-Hz
AC voltage appears on the telephone
line. In the U.S. it ranges between 40
and 150 volts RMS riding on 52.5 volts
DC. This voltage is tapped off the R
and G terminals of the 4-prong modular
plug and applied across neon lamp NE]
through R16 and a voltage-doubler cir-
cuit consisting of C13, D15, and DI6.
Light from the neon lamp is directed to
photocell VRI, causing the photocell’s
resistance to drop. The initial resistance
change produces a pulse through Q4,
turning it on along with Q3 and Q2.
Transistor Q2 saturates and supplies
power throughout the base circuit as
long as the ringing continues.

Pulse generator IC2 delivers two 460-
millisecond positive pulses per second.
Thus, there are two 40-millisecond gaps
in the output each second. The 460-
millisecond pulses turn on Q6, the elec-
tronic send-receive switch. The 40-
millisecond gaps turn it off because the
output of IC2 is at zero volts. Thus,
when Q6 is on it supplies the base cur-
rent necessary to turn on QS5, the 49-
MHz transmitter oscillator. The oscilla-
tor drives the final RF amplifier (Q19).
Any audio appearing at pin 5 of the
L.M386 modulator IC modulates Q19’s
collector current. The modulated RF
signal is fed to the antenna through a
low-pass filter network.

When the ring signal turns on Q2, B+
voltage for the I-kHz oscillator (Q1)
flows through the relay coil. The cur-
rent drawn by QI is low and, since
there is no path to ground, the relay re-
mains unenergized. Full supply volt-
age—minus the small DC drop across
the relay coil—is applied to the Q1 cir-
cuit. Its output modulates RF amplifier
Q19 and the 1-kHz tone is heard in the
portable unit to alert the user to the in-

f

BASE AND REMOTE units of the Cobra mode/
CP-15S cordless telephone from Dynascan.

coming call.

When the send-receive switch (Q6) is
turned on by the ring signal, it also
biases on diodes D8 and D9, located be-
tween the emitters of the mixer and
first IF amplifier in the receiver circuit.
Heavy currents flow through emitter
resistors R33 and R35 and develop volt-
ages that bias Q10 and QI1 to cutoff.
That is how the receiver is turned off
while the base unit is transmitting the
1-kHz “‘ring’’ signal to the portable.

During the 40-millisecond gap, elec-
tronic switch Q6 is turned off, the RF
transmit circuit is disabled, and the re-
ceiver is turned on.

When the user at the remote nunit
hears the 1-kHz beep, he answers by
pressing the PUSH-TO-TALK switch. The
remote then sends a 7-kHz tone to the
base unit. That tone is received during
one of the 40-millisecond periods that
the receiver is turned on. The signal
passes through the RF and IF circuits
and the detector. The 7-kHz tone is re-
covered across R4l and R42 and pro-
cessed by audio amplifiers Q13 and Q14.

CORDLESS TELEPHONES

For more information, circle the cor-
responding number on the Free In-
formation card inside the back cover.

Dynascan Corporation

Cobra Communications
Product Group

6460 West Cortland St.

Chicago, IL 60635

Electra Company
300 East County Line Rd.
Cumbertfand, IN 46229

Fracom/Rovafone International
2130 W. Clybourn Street
Milwaukee, W1 53233

Mura Corporation
Westbury, NY 11590

Radio Shack
1400 One Tandy Center
Ft. Worth, TX 76102

The 7-kHz tone is fed from the
emitter of Q14 to the inputs (pin 3) of
the 7-kHz and 4.5-kHz tone decoders
(IC4 and IC3) and to the base of buffer
Q7. The outputs of IC3 and Q7 are not
affected by the 7-kHz tone, but {C4’s
output pin (pin 8) is clamped to ground.
Now, a DC path is completed through
the relay, D4, and IC4 pin 8 to ground.
That energizes the relay and closes its
contacts. Contact RY2 connects the
primary winding of the line transformer
across the telephone line. That ‘‘cap-
tures’’ the line—in effect, picking up
the receiver.

The ringing stops when the line is
captured, so the power-on logic circuit
(Q2, Q3, and Q4) is turned off and con-
versation can begin. Now that the bot-
tom end of the relay coil is brought
close to ground (via its connection
through IC3), the voltage at this point is
too low to keep Q! oscillating. There-
fore. the 1-kHz ‘“‘ring’" signal is cut off.

Finally, as relay contact RY 1 closes,
it supplies voltage through D5 to all the
other circuitry in the base station, re-
placing Q2 as the current path. Contact
RY1, in closing, also supplies a bias to
Q8’s base that turns the transistor on.
Relay coil current now flows through
Q8. So, as long as Q8 is conducting and

MURAPHONE MODEL MP-100 cordless exten-
sion telephone. This model s a receive-only unit

contact RY 1 remains closed, the relay
remains energized and the line remains
captured.

During the time that the 7-kHz tone
is being received at the base unit—any
time that the remote’s PUSH-TO-TALK
button is pressed—the ground potential
at pin 8 of IC4 is connected through D7
to the base of Q6. Transistor Q6s base
is thereby shorted to ground and Q6 is
kept turned off. Thus, the base trans-
mitter is off and the receiver is turned
on for as long as the remote unit is
transmitting.

Speech is transmitted from the
portable unit along with the 7-kHz tone
and is detected and fed to the same
points as the tone. Speech signals do
not affect the decoders. Buffer Q7 is an
emitter-follower with a high-frequency
roll-off (the 1-uF capacitor and half the
center-tapped winding of the line trans-

continued on page 117
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LED VU Meter

for your Hi-Fi

Here's a high-precision, all-electronic VU
meter for home recording. An LED display replaces
the conventional meter movement.

ANYONE FAMILIAR WITH RECORDING, BE
it the home recordist or the pro, recog-
nizes the need for an accurate VU
meter to facilitate setting audio levels.
An accurate VU meter allows us to
maximize the S/N ratio while mini-
mizing the distortion caused by clip-
ping in amplifier stages or saturation
of the tape.

In the past, the analog, or mechan-
ical, VU meter was used. Those meters
were (and are) available with varying
degrees of accuracy for varying amounts
of money. As with most other things,
higher accuracy means higher cost.
The VU meter responds, more or less,
to the average level of the audio; al-
though it can respond fairly quickly,
it is not a peak-reading or responding
meter.

In an attempt to overcome some of
the shortcomings of the analog VU
meters, an all-electronic VU meter has
been designed around the Exar XR-2276
IC. This bar-graph generator IC is one
of a series of recent developments by
IC manufacturers intended for the mar-
ket previously dominated by mechani-
cal meters.

Up until about two years ago, anyone
wishing to construct a ‘‘'moving LED”’
or ‘‘bar-graph’’ display had to assem-
ble a series of comparators and resis-
tive voltage dividers to monitor the
analog input and light a series of LED’s.
With the introduction by Texas Instru-

BRADLEY ALBING

ments, National Semiconductor, and
Exar Integrated Systems of a series of
IC’s, the task has been greatly simpli-
fied.

All of those IC’s are generally the
same; they use a voltage-divider net-
work with ten or twelve voltage taps,
ten or twelve comparators, a stable
internal reference voltage, and an
analog input signal buffer. Each volt-
age tap is applied to one input of each
comparator, while the other inputs
are tied together and fed from the out-
put of the analog signal buffer. As the
input signal increases, succeeding
stages of comparators trip, supplying
drive current to their corresponding
LED. If the LED’s are arranged in
line, we have a bar-graph display; or,
in the variation used with the VU
meter, we may imitate a conventional
meter dial.

The resistors in the voltage divider
may be selected to produce a linear
response (e.g., | volt between any
trip point and the previous or next trip
point), a logarithmic response (e.g., 3
dB between any trip point and the pre-
vious or next trip point), or a special-
ized logarithmic scale such as the VU
meter with its inherent expanded scale
around the 0 VU point. At the present
time, only Exar is manufacturing an IC
suitable for use in a VU meter.

The XR-2276 has all the circuitry
necessary to determine the level of the

incoming signal and display it instan-
taneously. This peak-reading ability
helps prevent pre-amp or tape overload
from rapid, short-duration peaks in
the program material to which a nor-
mal VU meter won't respond. Instead
of using the conventional moving
needle, the XR-2276 drives a series
of LED’s arranged irr a manner similar
to the VU meter scale with which most
people are familiar.

Circuit description

Referring to Fig. 1, the input signal
is applied to resistive divider R1 through
R8; the appropriate tap is selected with
DIP switch Si through S7. The signal
is then .amplified by ICl; RIl is a
vernier gain adjustment to supplement
S1 through S7. IC2 functions as a full-
wave precision rectifier.

The signal is next applied to IC3
which may be configured for different
response characteristics: 1) A low-pass
filter which gives the meter an aver-
aging response; 2) peak-and-hold re-
sponse which will show short-duration
peaks and hold them long enough to be
seen; or 3) fast or peak-responding
without ‘‘hold.”’ The last variation
includes a jumper that allows the user
to determine quantitatively the ampli-
tude and duration of audio peaks by
the brightness of the LED's while the
first two variations conform more to
standard response times for VU and



I1C4
XR-
2276CP

FIG. 1—THE SCHEMATIC DIAGRAM OFf THE VU METER used as the prototype of several versions.
Interior and exterior views are shown In the photographs.

peak-reading audio-level meters. (You
can wire a SPST switch in place of the
jumper to allow switch-selectable re-
sponse.)

The audio signal finally arrives at
IC4, the XR-2276, where it is con-
verted into one-(or more)-of-twelve
digital output signals. The output of that
device goes to the driver-transistor ar-
rays (IC5 and IC6) and then to the
LED’'s.

The power supply is an unregulated
split supply delivering approximately
+ and — 15 volts.

Therz are several variatioms and
options available to the constructos.
Those options concem the input atten-
uator, the LED drive circuitry, and the
power supply. See Figs. 2 and 3 for
details.

Construction

Nearly all components are mounted
on PC boards. The display and associ-
ated circuits for each VU meter are
mounted on two boards—the foil pat-
terns are in Figs. 4 and S. The pattern
for the power-supply board is in Fig. 6.
The components used, and the wiring
of the boards, will be determined by
the options and variations that you
select. The two boards used for the
circuitry and display panel are mounted
with their foil sides facing each other
and interconnected with short sec-
tions of No. 20 or 22 solid wire. You
can use pieces clipped off resistor leads
for this purpose. There are twelve
jumpers across the top of the boards
and others on each side. Figure 7 is an
interior view of a stereo VU meter
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with the Option-E (120-volt AC) power
supply. That combination is Version 2.
See parts list.

The appropriate components are
mounted on the power-supply board
which should then be connected to
two signal processing and display
boards.

The LED’s protrude through the
meter dial which can be fabricated by
gluing a facsimile of Fig. 8 to stiff card-
board and punching Y-inch holes at
the crosshairs. Altermately, you can
order a ready-made meter dial. (See
parts list.) Next, the bezel is mounted
in the enclosure’s front panel. The
easiest way to hold it in place is to run
a hot soldering iron tip along the ad-
joining surfaces of the bezel and front
panel to weld the two pieces together.
Be careful—don’t use too much heat.

€861 TVNNNY 3-H

©
~




R-E ANNUAL 1983

@0
[--]

FIG. 2—OPTIONS FOR HOME recording use. In
circuit at a, the stepped attenuator and switch
have been replaced by a multi-tum trimmer re-
sistor originally used in controlling the gain of
IC1. Use the modified LED drive circuitry at b it FIG. 3—POWER SUPPLY VARIATIONS. Optlon C Is used when you have a convenient external
you can get along with lower brightness from source of 24-t0-30 volts DC. IC7 and Q1 provide the dual-polarity outpu: voltages. Use the arrange-
the indicators. ment at b (Option E) when you want to power the instrument from 117-volt AC lines.

Tol

0
~/

FIG. 4—FOIL PATTERN for the rear PC board. This board is 2.7 inches FIG. 5—PC PATTERN for the front boarc. The LED indicators are arranged
wide and 2 inches high. so they protrude through holes in an ar: in the meter dial.

'4———-2 |Ncues-—»i

FIG. 6—FOIL PATTERN for the power-supply PC board. it is used for FIG. 7—INTERIOR VIEW of the orototype stereo VU meter. Note how the
both versions of the supply circuit. two circuit boards, meter face, and front parel go together.
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FIG. 8—PHOTC PATTERM for the meter face.

FIG. 9—CROSS-SECTIONAL DRAWING shows
how parts are fastened to the front panel.

KIT OF PARTS

A complete kit of parts for the
different version of the VU meter is
avallable from: BFA Electranics,
P.0. Box 212, Northfield, OH 44067.
Ohio reskdents please add appll-
cable sales tax.

VU-I: Includes Boards 1 and 2
(frost and back boards) and, op-
tionalty, 3oard 3, depending on
power source; alsc 1 bezel, 1 meter
diml and all parts needed far PC
boards, case not Included. Request
either Option C, D, or E.* Crder:
VU-1-C @ $27.00 or VU-1-D @
$24.00 or VU-1-E @ $31.00. Add
$2.00 postage and handling.

VU-2: lecludes Z pieces each of
Boards 1 and 2 and 1 Boarc 3, 2
bezels, 2 meter dials, all appropriate
parts for ail P.C. Boards (par:s for
Board 3 will be for Option E) and a
plastic case. (Case has no hales—
usef must machine it as required).
Order: VU-2 @ $74.95. Add $2.50
postage and handing.

VU-3: Includes 2 pieces each of
Boarcs 1 and 2 and 1 of Board 3.
$10.08. Add $1.00 postage and
handling.

*Opttion C: 24-30 volts DC gpera-

tion
Opttion D: * 15 volit DC supply
already availadle
Optiom E: 120 wolts AC opera-
tion

T0 LAMP TEST PUSHBUTTON
AND HESISTOR (OPTIONAL)

12 WIRES

TO FRONT

BOARD

. JUM/PER FROM
R12/IC1
+1 I ..
POWER R35 d 3
SUPPLY J C5 R .
COMMON _q5y . !
- c‘. 1
R17
=i i ]
1 02 f
| =5 I
: " 028 R34 ARE |
MOUNTED ON S8
|
' {_O,O ]
| R34 S8 !
) 6.8K T |
‘v‘v‘v
ol G e o e e v _l
NOTE:

PADS INDICATED BY *" CONNECTED 70
FRONT BOARD BY STIFF WIRE SUCH AS
EXCESS RESISTOR LEAD

FIG. 10—WHERE PARTS ARE POSITIONED on the rear PC board when using the circuit in the

schematic in Fig. 1.

MTG HOLE
(10F 4)
-
o o - o~ © -
- o~ o~ o
clcl cf cf 3 o
SIGNAL IN B ¢
(HDT LEAD)
D
-SEE 8

TET | _iov—@)°

R25

12 JUMPERS TO
REAR BOARD

+15V INPUT

T0 REAR
BD., R13

GND

-15V INPUT

NOTE: PADS INDICATED BY *
CONNECTED TO REAR
BOARD BY STIFF WIRE
JUMPERS MADE FROM
EXCESS RESISTOR LEAD

FIG. 11—PARTS LAYOUT for the front circuit board. Check the polarity of all LED's before installing.
On the types specified, the cathode terminal lead is shorter than that for the anode.

Finally, mount the coupled PC boards
on the front panel with the LED's and
meter dial extending into the bezel.
Use spacers and No. 4-40 nuts and
bolts as shown in Fig. 9.

Figures 10 and 11 show the layout of
parts on the rear and front circuit
boards, respectively, when using the
circuit as shown in Fig. 1. Figure 12
shows the component side of the front
board.

Applying the options

If you eliminate the switchable atten-
uator and substitute an adjustable trim-
mer resistor as in Fig. 2-a, refer to the

FIG. 12—FRONT-VIEW PHOTO of the front PC
board. The switch must be set for the desired
calibration before the cabinet is buttoned up.
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JUMPER TD REAR BOARD, OPTION B
AS IN DRIGINAL (DELETE 1C5 AND IC6—
PC BOARD LAYDUT MOVE R19-R30 TO REAR BOARD}

PARTS LIST

All resistors 5%, Ya watt uniess otherwise
specified

R1—10,000 ohms,

R2—12,000 ohms,

R3—3000 ohms,

R4—2000 ohms,

R5—1200 ohms,

R6—1300 ohms,

R7—430 ohms,

R8—200 ohms,

R9—470,000 ohms

R10—5100 ohms

R11—100,000 ohm, single or multi-
turn trimmer (Bourns 3352W-1-
104, 3299W-1-104 or equivalent)

R12—36,000 ohms

R13—10,000 ohms, 1%, 1/10 watt

R14—6980 ohms, 1%, 1/10 watt

R15—470,000 ohms
F16—39,200 ohms, 1%, 1/10 watt
":o%UoL:LiD NEW POSITION BT 0L A, Alvne
WIRE y R18—1000 ohms
ADD JUNPERS AS INDICATED. R19-R30—560 ohms
FIG. 13—COMPONENT LAYOUT GUIDES for the front panel when using Options A and B. Note that R31, R32—47,000 ohms"*
the LED polarity has been reversed in Option B. R33— 1000 ohms*

STIFF WIRES OR EXCESS RESISTOR LEADS R34—6800 ohms
TO FRONT BOARD R35—100,000 ohms

R36—3300 ohms

Semiconductors

LED 1-LED12—H-P 5082-4684 or
equivalent T-1 LED

D1, D2—1N914

Rect1—50-volt, 1 A bridge rectifier"*

Q1*—2N6111 (National) or equivaler:t

IC1-IC3—CA3140E (RCA)

IC4—XR2276CP (Exar)

IC5, IC6—ULN 2003A (Sprague, TI,
Signetics)

IC7*—LM741CN (National) or
equivalent

Capacitors

C1—0.1 uF, 100 voits Myiar

C2-C4, C6, C7*-C9"—0.01 uF, 25-
voit ceramic disc

C5—0.47 pF, 10 volts, Mylar

C11*"—100 uF, 25-volt aluminum
electrolytic

C10**—1000 pF, 25-volt aluminum
electrolytic

S§1-87—7-position DIP switch

: AND 106 S8—SPDT switch
e e T1**—20-volt, 1-amp CT transformer
Stancor P8604 or equivalent)
FIG. 14—THIS PARTS LAYOUT is used for the rear board when Option B is taken. Note that IC's 5 and F1**—Y2-amp 3AG fuse
6 have been completely eliminated and replaced by resistors R19 to R30. *Used only with DC input option

+15V 7O VU METER **Used only with 117 VAC option

-15VT0
VU METER GNO TO VU METER

Note: The quantities shown above are
for a single-channel unit. With the excep-
tion of the power-supply components,
two of each will be required for a stereo
meter.

+V INPUT (EXTERNAL
PWR. SPLY. INPUT)

**Option A’ section of Fig. 13. it shows

V-RETURN how attenuator resistors R2 through

(EXTERNAL R8 are eliminated and replaced by R11
MTG HOLE {1 OF 4 : :
3 “ova-;gh;( ) and a few jumpers. Refer to Fig. 11 for

the locations of all other components
on this board.

r.:?‘ If you can get along with lower
> brightness from the LED indicators, do
= not install IC5 and IC6 on the rear
S board. In their places install resistors
- R19 through R30 across the IC ter-
@  FIG. 15—PARTS FOR THE POWER SUPPLY are positioned on the board as shown when usinga  Minal pads as in Fig. 14. Refer to the
@  24-to-30-volt DC external supply. continued on page 117
100



Bug your friends, office, or home. This
harmless insect-like gadget is a

sure-fire attention-getter.

MERRITT KEPPEL /

THE LIMIK IS A HARMLESS MEMBER OF
the species of electronic bugs...better
make that insects. Like many electronic
bugs it's sound-activated. but that's
about where the resemblance ends. This
bug is intended to be seen and heard.

The Limik has a definite insect-like
appearance and can be used as a conver-
sation piece. a psychological *‘watch-
dog’". or even as a noise-level meter in
the office. If you want to attract some-
one’s attention. just set the Limik down
and watch what happens.

The Limik responds to noise by turn-
ing on its audio oscillator for a brief
period of time. It emits a sound similar
to a cricket’s chirp and its eyes—two
LED s—light up.

Its head is a miniature condenser
microphone element and its tail is a
piezoelectric sounder (see the Septem-
ber 1980 issue of Radio-Electronics).
Its body is made up of a small PC board
atop a 9-volt battery. and is supported
by four brass legs.

How it works

The circuit s divided into three sec-
tions: an audio amplifier. a comparator/
timer, and an audio oscillator—all of
which are somewhat interactive. Refer
to Fig. 1. as we discuss its operation.

The oscillator (output section) is the
easiest to understand—it's a standard
transistor multivibrator circuit. gated
when the output of IC1-a goes negative.
The frequency of the oscillator is deter-
mined by R11-C6 using the formula:

f=1.38RC
where R11=R12 and C5=C6 to give a

00
),
O

FIG. 1—ASTERISKS indicate components addad for physical symmetry. Jumper across R8 eftectively
eliminates it from circuit. Connections for 3-lead microphone are shown at lower left.
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symmetrical duty cycle. The values of
R11 and C6 (33 kilohms/.01 uF) were
chosen to produce a frequency of about
2.2 kHz. the resonant frequency of the
piezo element. TRI.

When the oscillator is running. the
“*eyes.” LEDI and LED 2. are forward-
biased. and light. Resistors R9 and R10
develop aload for the oscillator and limit
the current to the transistors and
LED's. Battery life is determined by the

length of time the oscillator runs—it
consumes the most power. If the Limik
is not triggered. current drain is negligi-
ble (less than | mA).

The circuit is designed to use IC1. a
TLO062CP dual low-power FET op-
amp. as an amplifier. comparator, and
timer. all in one. Let's examine each
element of that section of the circuit
separately.

Amplifier: The output of the micro-
phone is amplified by IC1-b. whose gain
is determined by the ratio of R4:R2. In
the Limik. that gain factor is 500. With
no signal input, the output of IC1-b is
equal to approximately 2 V¢c. a value
determined by resistors R7 and R3 and
IC1-b’s logic-high state.

Comparator: Under no-signal condi-
tions the output of ICl-a is at a "‘logic-
high'" state because its non-inverting in-
put is at ¥2 Vee+Vp (where Vi is the
voltage drop across diode DI) and its
inverting input is at ¥2 V. Negative-
going signals at the output of IC!-b,
if strong enough. will cause ICl-a to
change states. That gives a comparator

ect—if the input signal is not strong
emough. nothing will happen: if it is.
) goes to a ‘'logic-low’ state and
triggeks the timer phase of the Limik's
cycle. ©

Timer: As soon as the output of ICl-a
changes state. its non-inverting input
is pulled to a level determined by
(RS/[R5-R6])V¢ee + 0.6 volt—approxi-
mately 0.7 volt. The output of IC1-a will
remain low until the voltage at its invert-
ing input becomes less than that at its
non-inverting input. This is determined
by the time constant of R7. R3. and C3.
and is set at about 200 ms.

When the output of ICi-a returns to
its high state. C3 charges through R7
towards a state of equilibrium (where it
is neither charging nor discharging).
Equilibrium. however. is not obtained

B

i: 3-1/4 INCHES >

FIG. 2—PC BOARD measures just 1.2 by 1.6 inches. A pretabricated board
Is availabie if you do not wish 10 make your own.

I‘f 3-1/4 INCHES
FIG. 3—TOP SIDE OF BOARD contains several traces necessary for
proper operation. Since board is not plated-through, those traces may be
replaced by jumpers.



FIG. 4—LIMIK'S HEAD is at right; tail at ieft. Dashed line indicates con-

nection for 3-lead electret microphone.

PARTS LIST

All resistors Ya-watt, 5%

R1, R2—2000 ohms

R3, R4, R7—1 megohm

R5—100,000 ohms

R6, R8—10 megohms

R9. R10—470 ohms

R11, R12—33,000 ohms

Capacitors

C1,C2—1.0 uF, 35 volts, tantalum

C3, C4—0.22 uF, 35 volts, tantalum

C5, C6—0.01 «F, 25 volts, ceramic

C7—100 uF, 10 volts, electrolytic

Semiconductors

IC1—TL062CP or equivalent FET-type 747
dual op-amp

Q1, Q2—MPSABS5 Darlington pair

LED1, LED2—MV-50 subminiature LED

D1—1N914 or IN4148

TR1—piezo sounder (Guiton 105-CFB or
equivalent)

B1—nine-volt battery

Miscellaneous: PC board, 2 or 3-lead elec-

tret microphone, holder for piezo sounder,

battery holder (Colectro No. 86 or similar),

%s4-inch brass rod for legs, etc.

The following are available from MK
Enterprises, 8911 Norwick Road, Rich-
mond, VA 23229: complete kit, $18.95; PC
board only, $5.00; piezo element with
holder, $2.25; microphone, $2.00; TLO62CP,
$1.50; battery clip, $2.00. VA residents
please add 4% tax.

because C! inhibits the process by try-
ing to charge itself to a state of equi-
librium. That effect. coupled with the
hysteresis effect caused by the offset
voltage of ICI1-b causes the output of
IC1-a to gate the oscillator (Q1 and Q2)
for several seconds and a chirping sound
is heard from the piezo sounder. A one-
shot action prevents the tone emitted by
the sounder from retriggering the circuit
and prevents *“feedback.™’

The component values used in the
circuit produce a sound similar to a
cricket’s chirp. They may be changed. if
desired. to modify the sound. For good
performance. though. make sure that C3

FIG. 5—COMPLETED CIRCUIT BOARD. Piezo sounder Is visible at left

and microphone and C7 at right.

MICROPHONE

CERAMIC
TRANSOUCER

it PN

BATTERY

o L

\/

WIRE
LEGS

I cue

FIG. 6—SIDE VIEW OF LIMIK. Legs are made of 3/64 brass rod bent as shown and splayed out to sides.

is no more than six times the value of
C1. If less gain is desired. reduce the
value of R4.

Capacitor C7 stabilizes the battery
voltage. The TLO62N consumes only
about 150 xA (microamps) and the
microphone bias-current is about 700
uA. The nine-volt battery should last for
a fairly long time as long as the Limik
doesn’t chirp too frequently.

Construction

The Limik’s components are mount-
ed ona 1.2 X |.6-inch PC board. which
forms the top of the bug’s body. Figures
2 and 3 provide foil patterns for the bot-
tom and top of the board. respectively.
but because plated-through holes are
not required. a single-sided board with
wire-wrap wire jumpers on the top can
also be used. An already etched and
drilled board is also available—see the
Parts List.

To give the Limik a symmetrical ap-
pearance. several components are add-
ed which serve no real functional pur-

pose. If you like. you can eliminate re-
sistor R8 without altering the Limik’s
operation. Capacitor C4 is optional: it
can be added without seriously affecting
the quality of the sound.

Refer to Figs. 4 and S as you install the
components on the board. You'll find it
easier to start at the oscillator (tail) end
and work toward the front. All resistors
should be mounted vertically. with the
body of the resistor toward the outside
of the board and the bare lead bent over
toward the inside. That makes the board
visually appealing.

Because of the density of the board.
use a very fine-tip soldering iron and be
extra careful about solder bridges. Be
sparing with the solder.

After the resistors have been insert-
ed. soldered. and had their leads
clipped. the remaining parts can be in-
stalled in any order. (If you use jumpers
on the top side of the board. make sure
they ‘re in place before you mount the IC
socket.)

Be sure to observe the polarities of

€861 TVNNNY 3-4
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Cl1. C2. C3. and C4. if used. as well
as those of the two LED's and D1. Also.
make sure that the two jumpers indi-
cated by "'J"" are in place.

When all the on-board components
are mounted. 1t is time to install the
microphone and piezo sounder. First.
cut four 2-inch lengths of No. 22 solid
wire and strip the ends. (If the wires are
of different colors—say red and yel-
low—they Il enhance the appearance of
the Limik.) Solder the red wires to the
positive battery and microphone pads.
and the yellow wires to the negative
ones.

Connect the battery leads to the ap-
propriate terminals on the battery clip
and install capacitor C7 across them.
Again, watch the polarity.

The original Limik used a 2-terminal
microphone. The red wire from point
M2 was attached to the mike’s posi-
tive terminal. and the yellow one from
point "M 1" to its negative (case) termi-
nal. If you use a 3-terminal microphone,
connect the mike’s red lead to + V (point
**M27). its audio lead to "M, and its
ground lead to — V.

Form two lengths of No. 22 solid wire
as shown in Fig. 6 and connect them to
the piezo sounder. The original Limik
used a “‘naked’” sounder that was
mounted in a Molex holder. The one you
use may have a case. and the wires can
be threaded through the holes in the
ears’’ for added support. The other
ends of the wires are soldered to the PC
board as indicated in Fig. 6.

Checkout

Before you attach the battery clip to
the PC board. it's a good idea to check
out the circuit to make sure that it
works. Now is a good time to make
other last-minute adjustments—such as
the height of the “eyes™ (about 0.2-
inch—too.

Plug IC1 into its socket and thenslip a
9-volt battery into the clamp and con-
nectors. When you make a noise (whis-
tle. clap your hands. shout...) the
LED’s should light and you should hear
the Limik chirp.

If nothing happens. first check to see
that everything—including the bat-
tery—is inserted properly and in its
proper place. Make sure that you've sol-
dered all the points necessary. and if
vou're using jumpers. that they are in
place.

You can verify the condition of the
LED’s by temporarily bridging a IK re-
sistor from their cathodes (banded ends)
to the negative battery terminal. That
should cause them to light.

If the sound from a *"naked”" sounder
1S raspy. or erratic. check its mounting
in the holder. The contact pins may need
to be bent to provide more pressure.

Finishing up
When the circuit is working properly.

clip or file the leads on the foil-side of
the board as short as possible. Again.
check for proper operation.

Now. referring again to Fig. 6. form
the legs from two 6-inch lengths of ¥is-
inch brass rod. Insert them from the bat-
tery-side of the holder up through the
PC board. Solder the legs firmly to the
PC board (bottom and top. if possible)
and adjust them so the Limik's body is
parallel to whatever surface it stands on.

With that. your Limik should be com-
plete. Have fun—but don’t let it “*bug™
vou. a

$60 MODEM
continued from page 61

need the correct addresses for the con-
trol register, the status register, the
“transmit data’ register, and the ‘‘re-
ceive data’" register. Note that there are
sometimes separate status words for the
transmit and receive status-registers.

Once you have collected that infor-
mation, you are ready to write some
“‘best guess’’ 1/O drivers. Those are
SRSTS. KYSTS, SROUT in Table 3. 1
suggest that until you are more familiar
with the workings of serial communica-
tions you try to ignore error-and parity-
checking. Don’t get involved with them
unless they're absolutely necessary to
clear your UART.

When you have those routines written
(see the end of Table 2 for a sample), set
them up as an endless loop to test them.
That will allow you to view the TX
DATA output on a triggered scope.
Similarly, a function generator may be
used at the input to generate garbage to
check the receive function. If you get a
receive-indication constantly, even

without an input signal, you have prob-

{ coMMAND
{INTERPRETER)|
“START" J

FILL INPUT

BUFFER WITH
COMMAND LINE
FROM KEYBOARD

| COMPARE COMMAND |
! PORTION WITH
COMMANO TABLE
ENTRIES

i

LOAD HL WITH
APPRDPRIATE
ACTION RDUTINE
ENTRY ADDRESS

PUSH “START"
ON TO STACK

FIG. 18—PARAMETERS ARE NOT PARSED and
assigned values until needed by the "action
routine” in this command interpreter.

ably guessed wrong about the active
state or position of the data-ready status
flag. continued on page 116




w"Y Radio Moscow

If you are an SWLl'er, you
may have noticed that
Radio Maoscow's signal
appeers much stronger
than its competition’s. We
can't be certain why, but
this may be the reason.

*STANLEY LEINWALL

FIG. 1—SICNALS FROM THE RUSSIAN TRANS-
MITTERS at Simferopol ‘ravel mare than 1,000
miles farther than those from the BBC or
Deutsche Welle. They also follow a more north-
erly path, putting them cloger to the auroral zone.

RADIO MOSCOW 'S ADDITION OF A WORLD
Service in Engl sh several years ago pro-
vided yet anotter example of the strong
emphasis the Russians have placed on
shortwave broadcasting as a highly ef-
fective and ecenomical medium for the
mass dissemination of information. (A
**World Servica"" is a 24-hour-a-day op-
eration that serves all parts of the world:
that differs from Moscow’s earlier Eng-
lish-language service where broadcasts
occurred only at certain times of day

. and were aimed only at English-speak-.

ing regioas. ) The Russians are by farthe

world’s largest broadcaster. Using ap--

proximately 200 shortwave transmitters
operating around the clock. they trans-
mit in 65 differznt languages and dialects
to virtually every corner of the globe.
The Soviet effort in broadcasting has
not been concentrated solely on quanti-

*Stanley Leinwai i Director of Engineering, U.S.
for Radio Free Ewrope—Radio Liberty.

et iy g —

ty. Listeners here in North America
have observed that many Soviet short-
wave signals are stronger than most
competing broadcasts In some cases.
sigrials coming direct from the USSR are
stronger than the relays coming from
Cuba, leading you to believe that radi-
ated power levels from the Russian-
based transmitters are enormous.

Technically, however. one would not,

- expect that to be the case. and there is;
infact, growing evidence to indicate that |
. the-Russians are instead considerably”

. ahead of the West in rhe application of

amtenna and propagation theory for

: lang-distance shortwavs communication.

As an example. consider one of the
onncxpal transmitting sites used by the

- Soviets for their broadcasts to North

America. Located ‘n Simferopol. in the

. Crimea, it is apprcximately 5000 miles

- pals travel. Note that ot only dbcs &m

‘north and closer to the auroraj zode
‘Both factors are quite significant.

- must travel from a transmlttmg mnon.

NORTHEAST Wi 1
- usa GERKIANY T
I =
w}"%o ( PO
~ . e i
{ ) 4 i
p. 9 :
{
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) ~.:
) 4 - g

|
Fracilfs Bmg s

- from the northeastem United States A
Yet, signals from. that transmitter site - 1_ .1 .
‘are consnderably stronger 1 North =~ .
America than mgna]s from the BBC aad .‘5’:“_'

Deutsche Welle, in spite of the fact that
the transmitters for the latter two ar¢ af
least 1000 mlles closer 19 thenr target
areas. i -

The world map shown in Flg l gllus—
trates the normal paths that those sig-

Russian signal need to travel moré than s : ;'
1,000 miles farther than the sngnals from . s 4l
the BBC and Deutsche Welle, but that
the path of the Soviet signals is farther %‘. :

Y

In general, the farther radio sagnals

the weaker they are. Based on the laca
tion of the BBC, Deutsche Welle:an

- ;,‘-l."
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FIG. 2—WHEN SIGNALS STRIKE THE EARTH they are reflected; some of the energy is refiected back
towards the transmitter where a receiver can pick it up. In an operational backscatter system, that
reflected signal can be used to determine which frequency and angle of radiation are the most effective

at the time.

Radio Moscow transmitters, we would
expect the signals from the Soviet sta-
tion to be 10 to 12 dB weaker than
signals from the BBC and Deutsche
Welle—all other things being equal.
Yet. Radio Moscow's signal strength is
generally about 10 decibels higher than
the BBC's.

The more northern path of the Rus-
sian signal is important because the
ionosphere in the auroral zone is fre-
quently unstable. Northern lights, or
auroras. are very common in that zone
and adversely affect radio transmissions
passing through the zone or close to it.
During periods when the ionosphere is
disturbed, the auroral zone moves south
and signals that are normally stable are
weakened. That is why transmissions
from the BBC to North America. for
example. ‘“‘break up’’ before signals
from Rome and Madrid. The paths of
the latter signals lie farther to the south
and those signals are therefore less
prone to auroral effects even during
ionospheric disturbances. But despite
their more northerly path, Radio Mos-
cow'’s signals remain strong even under
adverse ionospheric conditions.

If SWL's (ShortWave Listeners) re-
ceive Radio Moscow signals about 10
dB more strongly than signals from the
BBC. and if we consider that the BBC
uses 250-kilowatt transmitters and high-
gain curtain antennas that are located
more than 1000 miles closer to America
than those of Radio Moscow, then a few
simple calculations would seem to lead
us to the conclusion that the power out-
put of the Radio Moscow transmitters is
on the order of 32,000 kilowatts (32

megawatts) or more! But that is not the
case, for—as far as is known—the most
powerful transmitters the Russians use
for international broadcasting have
power outputs on the order of 500 kilo-
watts. What. then. are the Russians do-
ing that is, in effect. giving them a power
gain of over one hundred?

The mystery deepens if you listen
carefully to Radio Moscow when it first
comes on the air. Frequently the Rus-
sian signal will rise and fall in strength
over a period of several minutes: that
rise and fall is not related to normal fad-
ing of DX signals. After that, the signal
level increases to a peak value and then
remains very high for the remainder of
the broadcast.

Backscatter

Scientists are becoming convinced
that they have unraveled the mystery.
Since the Soviets are apparently not us-
ing super-power transmitters, they must
be doing something to their signals. The
signal variation may be related to a tech-
nique called ‘‘backscattering”. In addi-
tion, the Russians appear to be using
antenna systems that are more sophisti-
cated than anything currently available
in the West.

The principle of backscatter has been
known for a long time. Essentially, on
returning to earth after being reflected
by the ionosphere, a radio signal is scat-
tered in all directions because of the ir-
regularities in the earth’s surface (see
Fig. 2). A small fraction of the energy is
returned to the transmitter site—having
been ‘‘scattered’” back in the direction
from which it came. The strength of the

\

L
\
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“‘backscatter’’ echo depends on the
strength of the signal that struck the
ground after reflection by the ionosphere.

It follows that if a wide range of fre-
quencies is transmitted, some frequen-
cies will penetrate the ionosphere and go
into space. some will be absorbed. and
some will be reflected. Backscattered
signals will be received only for the fre-
quencies that are reflected. Further-
more, the round-trip time delay of a very
short pulse of radio energy is related to
how far away from the transmitter the
scattering took place: the longer the
time delay, the farther away the signal
was returned to earth.

A number of very useful facts can be
obtained from an operational backscat-
ter-system: We can determine the range
of frequencies that the ionosphere is re-
flecting at any given time. From the
strength of the backscatter signal we can
learn which frequencies are strongest on
reaching the earth from the ionosphere,
and that tells us which frequencies the
ionosphere is propagating best. From
the time delay of the returned pulse and
the characteristics of the transmitting-
antenna pattern, we can also learn the
height of the ionosphere from which the
signals are being reflected. Using that
information, it is possible to schedule
frequencies that will deliver the best
signals to a given target area. But, bet-
ter still, that information makes it possi-
ble to determine the optimum radiation
angles.

Suppose. for example, that in using
conventional radio-forecasting tech-
niques, the Russians have determined
that at a particular hour the 7-MHz band
should be optimum for transmission to
the United States. The best radiation
angle for that transmission will depend
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FIG. 3—THE MORE STACKS a curtain antenna has, the lower its angle of radlation will be.
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FIG. 4—THE WIDTH OF THE BEAM narrows, and the strength of the signal delivered to the target area
increases, as the number of bays of a curtain antenna increases.

upon the height and state of the iono-
sphere at that time. A backscatter sys-
tem that transmits very short pulses at
various vertical angles could tell the
broadcaster which radiation angle was
returning the strongest signal. and con-
sequently which angle would deliver
the strongest signal. Appropriate adjust-
ments in the vertical radiation angle of
the antenna could then be made.

Antennas
The most sophisticated shortwave-

broadcasting antenna systems are
known as curtains, consisting of arrays
of dipole antennas erected in a plane and
fed from a common source. The dipole
antennas are arrayed both horizontally
and vertically (one above the other).
The number of dipoles erected vertically
are called sracks. and the number hori-
zontally are called hayvs.

As the number of stacks is increased.
the vertical firing-angle narrows and be-
comes lower. concentrating more and
more €energy into a narrower beam as

shown in Fig. 3. As the number of bays
is increased. the horizontal radiation
pattern narrows. again concentrating
the energy into a narrower beam as
shown in Fig. 4.

In the West. most curtain-antenna
systems consist of four bays and four
stacks. Such systems provide an an-
tenna gain on the order of about 20
decibels. There is now considerable evi-
dence to indicate that some Russian
transmitting antennas. especially those
used for long-distance broadcasting.
consist of eight bays and eight stacks.
giving an antenna gain of close to 30
decibles. Furthermore. curtain anten-
nas can be slewed—that is. the vertical
and horizontal angles at which the an-
tenna radiates can be varied—by adjust-
ing the phasing of the signals being fed to
each bay and stack of the antenna.

Experiments have shown that a gain
of from 6 to 10 dB is possible if the
ionosphere's height is properly used.
Slewing is one way that the gain can be
achieved. It would appear. therefore,
that slewing, combined with a backscat-
ter system, is the method used by the
Russians to deliver such strong signals
to the United States.

The use of optimum vertical radiation
angles would also account for the Rus-
sian signals’ remaining so strong during
ionsopheric disturbances. We have
learned that during certain types of dis-
turbances the ionosphere *‘tilts’* and is
no longer parallel to the earth's surface.
Such tilts could affect optimum radia-
tion angles, and backscattering for op-
timum angles would be invaluable.

The Russians tell us very little about
their technical facilities. and we can
only make some guesses from what we
observe. But based on the strength of
the signals from the BBC and Deutsche
Welle using known antenna gains and
transmitter powers, we must conclude
that the Russians are using facilities and
techniques that the United States will
not be able to duplicate for at least three
to five years. 0

Put your
money where
your Heart is.

American
Heart
" Association
WE'RE FIGHTING FOR YOUR LIFE
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THE FIRST AUTOMOBILES. TRAVELING AT
the breathtaking speed of 15 miles per
hour, used warning horns operated by
squeezing a large rubber bulb to force air
through an orifice. As the carevolved so
did the horn, going through the ‘‘aah-
oog-aah'’ mechanical contraption to
the standard electronically-operated-
diaphragm horn that has been in use for
years. Now you can move into the space
age by building your own electronic
musical horn for under $35.

The Musical Horn is designed for 12-
volt vehicles and uses digital integrated
circuits and programmable read-only
memories (PROM’s) to generate virtu-
ally any desired tune, depending on the
PROM’s installed. Pre-programmed
PROM'’s are available for several tunes
(see parts list). The popular *La
Cucaracha™ is described in detail here.

How it works

You don’t have to understand how
the Musical Horn works to use it. The
discussion that follows is expressed in
lay terms for the electronics-oriented
non-musician, to describe how the digi-

MUSICAL HWORN
PPG Electronmics Inc.

FRED BLECHMAN and
DAVID McDONALD

It's said that ‘‘music hath charms to soothe

the savage beast.”’ Build this musical horn for your

car and find out whether that's true during rush hour.

tal circuitry creates the musical notes.

Music is composed of sound of speci-
fically related frequencies (notes) that
are sustained for particular durations
(beats). Consequently, if we can gener-
ate those frequencies in proper relation-
ship to each other, and provide a means
to control their duration, we can make
music!

The musical scale

There are several different musical
scales (tone-series with specific fre-
quency relationships) in use throughout
the world. In the United States, the
standard scale is the Equally Tempered
Chromatic Scale, using the American
Standard pitch of A=440 Hz. By defini-
tion, the frequency of each note is ex-
actly 22 (two-raised-to-the-!/i2th-pow-
er or 1.0594631) times the preceding
note. This is most easily shown on a
piano keyboard, a section of which is
illustrated in Fig. | with the frequency
of each key. The circled numbers are
reference numbers for use later.

Our challenge is to generate electron-
ically a range of specifically related fre-

quencies. Obviously, separate oscil-
lators could be used—a very expensive
and complicated approach. Or, we
could have a single master oscillator and
provide numerous ‘‘taps’’—using re-
sistors or capacitors—to generate each
note. That approach is used in many
Inexpensive toy electronic oOrgans.
We're going to do it digitally, though...
and without a keyboard.

The approach used here is shown in
block-diagram form in Fig. 2. Twelve-
volt car-battery power is regulated to
supply S-volts to all IC's. A variable
low-speed clock triggers an 8-bit up-
counter that is initially set to zero when
power is applied. The counter’s binary
output sequentially addresses a 256-lo-
cation ‘‘song’ PROM. Each location
contains a 4-bit binary code that defines
which of 16 possible notes should be
generated at that moment.

The 4-bit binary code that appears on
the output of this PROM is the ‘‘note
command’’ code, and is directed to one
set of inputs of a data comparator.
Meanwhile, a variable high-speed clock
strobes another 8-bit up-counter whose
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FiG. 2—HEART OF THE MUSICAL HORN is the data comparator, which determines when, and for how

long, each tone will sound.
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FIG. 3—SONG PROGRAM for “La Cucaracha.” Program starts at upper left. Dots represent logic-

highs; blanks, logic-lows.

binary output sequentially addresses a
“"tone”’ PROM with 256 locations. Cer-
tain specific addresses in this PROM
contain a 4-bit code that corresponds to
one of 15 possible tones. or a space (no
tone). At these specific note locations.
the 4-bit code for the desired note ap-
pears at the PROM's output. and is di-

rected to the other set of data-com-
parator inputs.

When the two data comparator inputs
correspond exactly. the comparator
outputs a pulse to a flip-flop used as a
delay element and wave-shaper. The
output of the delay portion of the flip-
flop passes the pulse back to the high-

speed 8-bit counter and resets it to zero.
The second section of the flip-flop
changes the pulse to a square wave at
one-half of the pulse frequency. The
square wave is then amplified and fed
to a speaker. The transistor amplifier
is operated directly from the 12-volt
supply.

What all this amounts to is that the
low-speed clock and song PROM deter-
mine the specific notes and duration.
while the high-speed clock and tone
PROM generate each desired note by
counting the number of cycles to reach
an addressed memory location. This
will become clearer as we go through the
circuit in detail.

How it works

Figure 4 is the schematic of the horn.
A 555 astable multivibrator. IC1. with
Cl. C2. RI. R2, and R3. generates
pulses at pin 3. Their frequency is de-
termined by the setting of R1. the TUNE-
SPEED control. It takes 256 pulses for an
entire tune. and you can contro! how
fast the complete tune plays by setting
RI1—from very slow (27 seconds) to
very fast (2.3 seconds).

Two 7493’s. IC4 and ICS. are cas-
caded to form an 8-bit counter. The
pulses from IC1 clock IC4. a divide-by-
16 binary counter. The Qf, QI. Q2
and Q3 outputs go to IC8 to address the
least-significant four bits. A@, Al, A2.
and A3. of the 8-bit input. The Q3 output
of IC4 (every 16th pulse) also clocks
ICS. another divide-by-16 counter.
whose Q9. Q1. Q2 and Q3 outputs form
the most-significant four bits—A4., AS.
A6. A7—to complete the addressing to
IC8. Wherever power is applied (switch
S1 held closed) IC2 puts out a momen-
tary logic-high pulse at output Q. which
resets both IC4 and ICS to zero. Now
each clock pulse from Q of ICI causes
the address to IC8 to advance by one
location. from zero to 255. The outputs
of IC8. data lines D§). D1, D2 and D3. are
inputs to data comparator IC10 at AQ.
Al. A2 and A3.

The song program

Looking back at Figure |, notice that
most keys have a circled number indi-
cated. as well as a frequency. The cir-
cled number is a decimal number from 1
to 15 to represent that particular note.
Zero is no note—that is, silence. Not alt
the keys are numbered, since the 4-bit
binary code used in programming these
numbers only allows for®-15 in decimal.

The number 5, for example. repre-
sents middle C (261.63Hz). Now look at
Fig. 3. the actual programming of IC8
for **La Cucaracha’". Start at the lower
left corner. The first horizontal row is
memory address 9. Each row shows four
vertical columns. Each column has a
decimal value, going from left to right, of
8.4, 2, and 1. You may recognize this as
a binary sequence, or a 4-bit binary
code. A black dot in a column signifies a
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FIG. 4—MUSICAL HORN SCHEMATIC. Transistor Q2, a 2N301, is a special germanium type—do not

attempt to use a silicon-type in its place.

Resistors Ya-watt, 5% unless
otherwise specified

R1—100,000 ohms, potentiometer

R2, R7—10,000 ohms

R3—1000 ohms

R4—100,000 ohms

R5—500 ohms, potentiometer

R6. R9—100 ohms

R8—330 ohms

R10—see Table 1

Capacitors

C1—1 uF, electrolytic

C2, C4, C5—0.01 uF, ceramic disc

C3—0.1 uF. ceramic disc

C6—10 uF, electrolytic

PARTS LIST

Semiconductors

IC1-1C3—555 timer

1C4-1C7—7493 4-bit binary counter

1C8, IC9—NB2S129 or equivalent 256 x 4-
bit PROM (see below)

1IC10—7485 4-bit magnitude comparator

IC11—7473 dual JK master/slave fiip-flop

1IC12—LM309K, LM340K or 7805K 5-volt
regulator

Q1—2N3904 or similar

Q2—2N301

D1, D2—1N4003. 200 PIV

S1—N.O. momentary pushbutton switch

Miscellaneous: PC board, 8-ohm speaker
or horn, IC sockets, hardware, etc.

NOTE: The following are available from
PPG Electronics, Dept. RE, 14663 Lanark
St,, Van Nuys, CA 91402: Complete kit
inciuding PC board and all parts except
case and IC8 (No. 1082), $39.95; PC board
only (No. 782), $11.95; IC9 tone PROM
(PPG-0), $6.95; IC8 song PROM (*“Cuca-
racha”: PPG-1, “Dixie”: PPG-2, “Charge’:.
PPG-3), $6.95 each; 2N301 output tran-
sistor, $1.99. Add $2.00 shipping & han-
dling for orders within U.S. CA residents
please add 6% tax.

**1'" or logic-high output; a blank indi-
cates a ‘' or logic-low output. The
**1*" column corresponds to data line D@
of IC8; the **2’" column controls data
line DI1; **4"" controls D2, and **8"" de-
termines the output at D3. Putting all
that together, the black dots for each
row (memory address) of IC8 determine
the logic states of the four data-output
lines. When IC4 and IC5 input an ad-
dress to IC8, what they do in effect is to
look at the contents of that address and

set the output data lines to the corre-
sponding logic levels.

Confused? Well, another sketch (Fig.
5) and some examples will help. The
musical notation shown in Fig. S is non-
conventional in some respects, but
more easily understood by non-musical
readers. A “*solid’’ note with a stemis 1
beat, which occupies four memory ad-
dresses in the song IC (IC8). An
“‘empty’’ note with a stem is 2 beats,
and needs 8 memory addresses. The

legend shows the other symbols and the
number or beats associated with them.
Each note is shown conventionally on
the staff; C is shown one line below the
staff, for example. The numbers above
the staff represent beats—a total of 64
for the entire tune. (64 beats times 4
addresses per beat equals the total of
256 addresses in IC8).

Looking at Fig. 3 again, we see that
address 9 (binary 00000000 from IC4
and ICS) contains a black dot in only the



**2°" column. This means that the 4-bit
binary code for 2 (§919) will appear at
the output data lines of IC8. The number
+“2” corresponds here to the note *‘G™
(below *““C*")in Fig. 1 and is also the first
note shown in Fig. 5, with aduration of |
beat. Remember, | beat takes 4 memory
locations in the song chip. However, the
end of each note is cut off one-quarter
beat short to signify the end of that note,
so only address locations @. 1, and 2 are
programmed with a *‘2"". Location 3 is
blank—silence. Locations 4, S, and 6
and then 8. 9, and 10 also holda **2”’ in
memory. This means that, so far, three
distinct '‘G” notes have been com-
manded, each with a single beat dura-
tion (beats 1, 2 and 3), just as shown in
Fig. 5.

The next note we want is a **C”’ for
beats 4, 5, and 6. That begins at IC8
memory address 12 (binary input from
IC4 of 1199and from IC5 of 0999). Here.
black dots are in columns 4 and 1, for a
binary output from IC8 of 101, decimal
**5.”" This corresponds to **C"" in Fig. 1.
The note duration continues through
IC8 address 22, followed by a zero at
address 23 to cut off the note after 3
beats. Addresses 24 through 30 play the
note ““‘E’" (decimal **7"" in Fig. 1) for
2 beats as shown by the Fig. S score.
‘“‘Rests.’” such as beats 18 thru 21, are
simply blank memory locations for that
duration.

The tune program continues through
address 255 and then starts again at @,

Tone generation

So far, IC8 has defined the note and
duration commands, but how do the
notes actually get generated? Refer back
to the schematic (Fig. 3).

Another 555, IC3, with capacitor CS
and resistors RS, R6, and R7, generates
pulses at pin 3 at a frequency deter-
mined by the setting of PITCH potenti-
ometer R5. Those pulses are from 500 to
1000 times faster than the tune-speed
pulses from IC1. The IC3 pulses clock
binary counter IC6, which cause 1C6
and IC7—another pair of 7493’ s—to up-
count in the same manner as described
earlier for IC4 and IC5. The 4-bit binary
outputs of IC6 (least-significant bits)
and IC7 (most-significant bits) form an
8-bit address word for IC9, another 256
X 4 PROM. That PROM is specially
programmed to generate tones. Figure 6
shows the memory locations for each
note in IC9. Here’'s how a tone is
generated:

As 1C6 and IC7 count upwards at the
frequency generated by IC3, the output
of IC9 at each count is that contained by
the memory location addressed at that
instant. That output is fed from data
lines D9, DI, D2, and D3 to the B, B1,
B2, and B3 inputs of IC10, a 7485 data
comparator. Remember that the binary
output of IC8 at that point is being fed to
the **A’" inputs of IC 10, which is looking
for an exact match at its ‘A’ and *'B"’
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FIG. 5—SIMPLIFIED SCORE for “La Cucaracha.” Horizontal rectangles represent “‘rests’—periods

when no music is played.
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FIG. 6—TONE GENERATOR program. Start reading at upper left. The lower the number assigned to 8

note, the lower its frequency (see text).

inputs. Only when the **A’ and “*‘B™’
inputs of IC10 are identical does IC10
generate a logic-high output at pin 6. As
IC6 and IC7 address the memory loca-
tions of IC9, most locations are ‘*blank™’
(all zeros). Finally, at decimal address
89 the binary number 1911 appears
(decimal 11 or musical note **B"" in Fig.
1). This is, at that moment, the **B’" input
to IC10. If the **A’” input also has this
same input (1011) then pin 6 of IC10 goes
high, and 1C6 and IC7 are reset to zero
by a pulse from pin 12 of IC11-a. If,
however, the “*A’" input is not 1911, but

instead is the command for a different
note, then IC6 and IC7 keep counting
upward. Decimal address 94 contains
the binary code 1119 (decimal 14), which
would be the next lower frequency mus-
ical note, “"A#,”" in Fig. 1.

Whenever a match is found between
the output from IC8 and the output from
IC9. then IC6 and IC7 are reset at the
frequency of the note called for by IC8,
until the input to IC8 changes. The
greater the number of counts IC6 and
IC7 produce before reaching the IC8-
IC9 matching-address, the longer the
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ume penod tor each reset cycle. and
therefore the lower the frequency of the
note that is produced.

Let's use some actual numbers to il-
lustrate this. Suppose IC3 is adjusted by
RS to pulse at 87560 Hz. To produce a
220-Hz musical note. **A."" binary code
9011 (decimal 3), at address 199 of 1C9.
is used. Each second IC3 counts up to
that memory location 440 times (87560/
199=440). Each time location 199 is
reached. a 9911 output appears at the
B’ input of IC10. With the **A"" input
to ICI10 also 9911. a pulse appears at
IC10 output-pin 6—in this case. at the
rate of 440 times per second. This is
converted to a square wave with a fre-
quency of 440/2, or 220 Hz, by flip-flop
IC11-b, and this is the frequency fed to
the amplifier.

Using the same IC3 pulse rate. if the
musical note “'E’" (decimal 7) were spe-
cified by IC8, then address 133 of IC9
would contain the matching binary code
(see Fig. 6) and would cause ICIO0 to
output pulses at the rate of 658.35 per
second (87560/133=658.35). That would
be divided in half by IC11-b to 329.18,
very close to the ideal 329.63-Hz fre-
quency of **E-above-middle-C."" Figure
6 shows all the musical notes pro-
grammed in IC9 by location. along with
the decimal code notation used in Fig. 1.

The 7473 dual J-K flip-flop, IC11. re-
quires a little explanation. Input K of
IC11-a is connected to Vec. Since I is
low, Q is low. Whenever input J goes
high (because of an output pulse from
IC10), the next time the clock puise
from pin 3 of IC3 goes low. the Q output
(pin 12) of IC11-a goes high and resets
IC6 and IC7. That stretches the length of
the reset pulse to equal the duration of
the clock period of IC3, making it wide
enough to be recognized by IC11-b. The
resetting routine may occur hundreds of
times per second, depending on the set-
tings of R1 and RS, and on the note and
duration called for by the song PROM.

With both J and K inputs tied to a
positive voltage, IC11-bis used as a tog-
gle flip-flop. Every time the Q output of
IC11-a goes low, it clocks IC11-b and
causes the IC11-b Q output, at pin 9, to
change state. The result is a square
wave output from IC11-b equal in fre-
quency to one-half the IC10 pulse fre-
quency. The squaring of the IC10 pulses
results in a sound more closely re-
sembling that produced by a sine wave.

Positive halves of the square wave
from pin 9 of IC11-b pass through drop-
ping resistor R8 and isolation diode D1
to bias NPN transistor Q! into conduc-
tion. That path now provides. through
R9. the forward base-bias for power
transistor Q2 to conduct heavily.
passing current through the speaker
coil. Resistor R10 is a 2-watt series cur-

PARTS LIST

Resistors Ya-watt, 5% uniess
otherwise specified
R1—100,000 ohms, potentiometer
R2, R7—10,000 ohms
R3—1000 ohms
R4-—100,000 ohms
R5—500 ohms, potentiometer
R6, R9—100 ohms
R8—330 ohms
R10—see Table 1
Capacitors
C1—1 uF, electrolytic
C2, C4, C5—0.01 uF, ceramic disc
C3—0.1 uF, ceramic disc
C6—10 uF, electrolytic
Semiconductors
IC1-IC3—555 timer
1C4-1C7—7493 4-bit binary counter
IC8, IC9—NB82S129 or equivalent 256 x 4-
bit PROM (see below)
1C 107485 4-bit magnitude comparator
IC11—7473 dual JK master/slave flip-flop

TABLE 1
SPEAKER RESISTOR

RATING (R10)
25 watt 390hms
5 watt 27 ohms

1 watt 16 ohms

5 watts 3 ohms
10 watts none

Note—If a speaker rated at less than 10
watts is used. a current-limiting 2-watt
resistor must be used in series with the
speaker

rent-limiting resistor which must be
used with speakers rated at less than 10
watts, as shown in Table 1.

A five-volt regulator, IC12, is pro-
tected from reverse-voltages by diode
D2. Its output is filtered by C6. Switch
S1 is used to operate the horn.

A song can be played in different keys
as each note is not ‘‘locked-into’" a
specific frequency. In a musical scale
each note bears a fixed mathematical
relationship to every other note. You
can vary the frequency of the notes
as long as all the notes maintain the same
relationship. PROM IC9 establishes that
relationship. so you can vary song-
speed with R1 and change the pitch
(key) by adjusting RS.

One final note: When IC8 is pro-
grammed for ‘*silence’’ (binary 0099) it
actually causes *‘matching’’ at an ultra-
sonic frequency with the first address in
IC9, which also is binary 0000. This
causes slightly more current than might
be expected to be drawn from the bat-
tery, due to the high-speed saturation
effects of Q1 and Q2 (fast turn-on and
slow turn-off).

Construction

You can build this project on con-
struction board, or use the double-sided
printed circuit board layouts shown in

IC12—LM309K, LM340K or 7805K 5-volt
regulator

Q1—2N3904 or similar

Q2—2N301

D1, D2—1N4003, 200 PIV

S1—N.O. momentary pushbutton switch

Miscellaneous: PC board, 8-ohm speaker
or horn, IC sockets, hardware, etc.

NOTE: The following are available from
PPG Electronics, Dept. RE, 14663 Lanark
St., Van Nuys, CA 91402: Complete kit
including PC board and all parts except
case and IC8 (No. 1082), $39.95; PC board
only (No. 782), $11.95; IC9 tone PROM
(PPG-0), $6.95; IC8 song PROM (*“Cuca-
racha”: PPG-1, “Dixie”: PPG-2, “Charge’;
PPG-3), $6.95 each; 2N301 output tran-
sistor, $1.99. Add $2.00 shipping & han-
dling for orders within U.S. CA residents
please add 6% tax.

Figs. 7 and 8. However, if you make
your own boards you must be very care-
ful to have good registration between
the top and bottom surfaces. Further-
more, unless you are able to plate
through the holes after drilling, you will
have to solder each component on both
sides of the board, since many circuit
paths depend on continuity through the
board!

Frankly, the double-sided, plated-
through PC board offered for this
project (see Parts List) is the most
practical way to go. A parts kit, includ-
ing sockets for all IC’s and the tone
PROM, but not including case, is also
available,

Assembly should take less than an
hour, and requires no special tech-
niques. Use a small-tip 2545 watt sol-
dering iron and good rosin-core solder.
All parts are mounted on the component
side of the board. Insert and solder all

(B &

FIG. 10-—COMPONENTS SURROUNDING BOARD
can be mounted along with it in plastic case
under the dashboard. The speaker or hom, of
course, is located behind car’s tront griile.

the resistors first; be very careful to get
the right values in the proper locations.
as shown in the parts-placement dia-
gram (Figure 9). Install all the IC sockets
next, being careful not to install 14-pin
sockets in 16-pin locations! Bend down
the corner pins of each socket on the
underside of the board to hold the
socket firmly in place before soldering.
Now install the two diodes (watch the
polarity—the banded ends should point
toward IC12). Next install the three



I

FIG. 7—PATTERN FOR FOIL SIDE of double-sided PC board. See Parts List for availability of ready-to-

go boards if you don’t want to make your own.

posse [

6 INCHES

FIG. 8—COMPONENT-SIDE foil pattern. Both sides of the board must be in perfect register. Holes

should be piated-through.

small flat disc capacitors and then the
larger one. Be careful when you install
the two electrolytic capacitors; they are
different values and also must be ori-
ented correctly.

Transistor Q2 and voltage regulator
IC12 look alike—don’t mix them up!
IC12 is clearly marked “LM309 or
LM340”, but Q2 may have numbers
other than “ 2N301 ™ (such as SP-2540.)

6 INCHES

Put each one in the proper location and
secure it to the printed-circuit board
with 6-32 hardware. Now insert and
solder the small transistor, Q1.

You can either program the two
PROM'’s, IC8 and IC9 (N82S129’s or
745287’s) yourself (see the “Inexpensive
PROM Programmer” in the February
1981 issue of Radio-Electronics), using
the information provided in Figs. 3 and

6, or obtain them pre-programmed from
the source indicated in the Parts List.

Insert the IC’s into their sockets,
being careful that the notched or in-
dented (pin-1) ends are oriented as
shown in Fig. 9.

The finished board should look like
the one in Fig. 10.

continued on page 132
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LEN FELDMAN
CONTRIBUTING EDITOR

Videotape is just as important as any other component in a
home-video system. Knowing what to look for can help you
choose the right one.

THE STATEMENT ABOUT A CHAIN BEING
only as strong as its weakest link ap-
plies as much to videotape recording
as it does to anything else. In any home
video-recording system, there are
several elements that can prove to be
the limiting factor in determining the
picture and sound quality that you ulti-
mately obtain.

If you are taping a TV program, the
elements involved include: the quality
and signal-strength of the received sig-
nal; the signal-to-noise ratio of the TV-
tuner section of your VCR; the quality
of the record-electronics of the VCR;
the characteristics of the videotape
being used; the characteristics of the

playback electronics of the VCR: the
performance of the RF modulator that
allows you to connect from the VCR's
RF output directly to the antenna input
of your TV set, and finally, the quality
and performance characteristics of the
TV set on which you view the playback
of the videotape.

If you are using a video camera as a
program source, that extra element (or
rather, its ability to provide a noise-
free, high-resolution video signal to the
input of your VCR) must also be con-
sidered a part of the **chain.’” In either
event, the tape you use is a critical link
in the video chain. To be sure, all man-
ufacturers of videotape intended for

home use claim that their product is
‘‘the best’ and that you would be ill-
advised to use any other.

In fact, though, there are substantial
variations among the different video-
tapes—vaniations great enough so that
the viewer c¢an easily distinguish be-
tween pictures recorded on one type of
tape and those recorded on another, in-
ferior type. There are mechanical dif-
ferences among the cassette housings
as well as differences between the tapes
themselves, but for this discussion we
will just concentrate on the differences
among tapes. Theoretically, the cas-
sette shells or housings used for either
the Beta format or the VHS format of



videotape must conform, within fairly
tight tolerances, to the requirements of
the licensors who have signed agree-
ments with the various tape manufac-
turers. (Sony licenses tape makers to
package videotape in Beta-type hous-
ings while JVC licenses those who wish
to package tape in VHS-type cassettes.)

Criteria for good performance

Assuming that you could separate
the various elements of a videotaping
system so that you can examine the
performance of just one of those ¢le-
ments (in this case, the tape), what per-
formance criteria would you evaluate?
To begin with, you would want to know
something about the storage-density
capability of the given tape. The more
densely packed with magnetic particles
a given tape surface is (and the smaller
those particles), the better the fre-
quency-response capability of the given
tape. And better frequency response
means better picture definition or pic-
ture resolution.

One test signal that has been used to
evaluate frequency response of both
videotape and videotape decks is a
multiburst test tone, containing six
bursts at frequencies of 0.5 MHz, 1.25
MHz, 2.0 MHz, 3.0 MHz, 3.58 MHz,
and 4.2 MHz each. Normally, that type
of test signal includes a 3.58-MHz color-
burst signal. In checking the frequency
response of a sample of videotape,
though, it is a good idea to omit the
color-burst signal. If it were present it
would activate the color circuitry in the
reference videotape recorder being
used to make the tests. That circuitry,
if activated, blocks the passage of fre-
quencies beyond 3.58 MHz in many
home-video recorders.

Speaking of reference recorders used
in testing videotapes, it is fairly obvious
that you would want to use a VCR that
is, in each of the characteristics (signal-
to-noise ratio, for example) to be ex-
amined, significantly better than those
of the tape(s) being tested.

In a recent test of a group of video
cassette tapes performed by a qualified
and well known video laboratory, the
frequency-response capability of the
tapes tested ranged from the response
shown in the upper curve of Fig. 1, to
the lower curve of the same figure.
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FIG. 1—VIDEO FREQUENCY-RESPONSE of the best and worst videotapes tested differed by almost

5 dB at same frequencies.

Note that the two plots are not to be
regarded as continuous curves, since
only six discrete frequency points were
measured for each of the tapes. Inter-
estingly, none of the tapes did very well
above 3.0 MHz, though there is no easy
way to tell whether that was the fault of
the video deck (a high-performance
**industrial”* model was used so that it
would not be a limiting factor) or the
tapes themselves. From our own ex-
perience with home-type videotape re-
corders we are fairly certain that at least
up to the 3.0-MHz test frequency,
those results are indicative of the tape’s
frequency response capabilities and not
of the machine’s. That is because no
home machine we have ever en-
countered has had such a good response
that it was down only about 5.0 dB at
3.0 MHz. (Typically, response of the
entire loop—record/play via tape, and
including the tape machine’s elec-
tronics—is down anywhere from 7.5 to
15 dB at that frequency.)

Signal-to-noise ratios

In discussing the signal-to-noise ratio
of audio tape, one establishes some

reference signal-level (usually the level
that causes a 3% total harmonic-distor-
tion content during playback of a mid-
range-frequency signal) and measures
*‘tape hiss™ or noise relative to that
level. In the case of videotape, it is a bit
more complicated than that. To begin
with, there are rwo kinds of noise that
are of interest: noise relative to a
reference luminance-(brightness) signal
and noise relative to a reference
chroma-(color) signal. Beyond that, the
chroma signal-to-noise ratio can be
further broken down into AM (Ampli-
tude Modulation) and PM (Phase Modu-
lation) noise, since both of those will
affect the color signal.

In the tests referred to earlier, the
range of signal to noise with respect to
a luminance reference-signal was be-
tween a high of 45.5 dB and a low of
40.5 dB. Note that signal-to-noise ratios
in video are lower than they are in
audio. Obviously, our eyes are more
tolerant of **snow’’ or noise in a video
picture than our ears are of audible
**hiss." Interestingly, most home video
cassette recorders have a video signal-
to-noise ratio of between 40 and 45 dB,
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indicating that, in that respect at least,
it is a toss-up as to whether the tape or
the tape deck will prove to be the limit-
ing factor.

In the case of signal-to-noise ratios
relative to a chroma signal, the signal-
to-noise measurement in the above-
mentioned tests was made using the red
output of a color-bar generator as a
reference. Both AM and PM chroma
noise was measured from 100 Hz to 500
kHz. Results of the chroma AM-noise
tests ranged from a high (best) of 42 dB
to a low (poorest) of only 33.5 dB. The
poorest figure was obtained from a
brand of tape that is not well known or
widely distributed in this country; but if
such a tape were used it would yield a
very poor signal-to-noise ratio when re-
cording color-TV pictures. Chroma PM
signal-to-noise ratios varied from a high
(best) of 40 dB to a low (poorest) of
only 33.5 dB, the latter figure again ob-
tained from the same *‘off brand.™

Dropouts—Ilong and short

A tape may exhibit excellent fre-
quency response, good signal-to-noise
ratios, and no mechanical problems
when operating in a VCR, but unless
that tape is uniformly coated with mag-
netic particles and has a smooth surface
that remains in intimate contact with
the video record/playback heads, a
large number of dropouts may occur
during playback. Those may be seen as
noise streaks, occasional horizontal
breakup, or even as vertical roll of the
picture in extreme cases. The effect will
depend largely upon the duration of the
dropouts as well as upon how frequent-
ly they occur. A short dropout would
be 5 microseconds in duration or less.
Medium-length dropouts would last for
about 10 microseconds, while long
dropouts would be 15 microseconds or
longer. Typically, over a period of one
minute of observation, superior video-
tapes will have 10 or fewer short drop-
outs, as few as 6 medium-length drop-
outs, and no more than 2 to 4 long-term
dropouts. At the other end of the quality
scale, we have seen tapes with as many
as 100 short, medium and long-term
dropouts in the same one-minute period.
Severe dropouts in a tape may be more
annoying to viewers than poor fre-
quency response, inferior signal-to-
noise ratios, or less-than-perfect audio
performance.

Audio performance of videotapes

In general, we have found that the
audio-performance qualities of video-
tapes closely follows their video per-
formance. That is, tapes that exhibit
good characteristics in video, have
good audio tracks as well. Still, there
are considerable vanations in audio
performance, even among the better,
well known, brands. Of primary interest
in the case of audio is frequency re-

sponse, or the frequency extremes at
which response falls off by 3 dB from
some midrange-frequency reference
level (Such as 1 kHz).

Figure 2 shows the range of response
capabilities measured in tests of eighteen
different brands of tape. Variations in
bass response were minimal, with the
best tapes having good response down
to 47 Hz and the poorest only some-
what worse, having their —3dB roll-off
points at 49 Hz. At the high end of the
audio spectrum, however, variations
among the different tapes were far

available for home use is equipped with
any sort of electronic noise-reduction
system (such as Dolby B), and it is not
surprising that the best audio signal-to-
noise ratios of most home VCR's range
from 40 dB to, perhaps, 45 dB. Con-
trast that with the audio S/N range of
tapes (typically 52 dB to 55 dB when
measured on a professional or industrial
type of VCR) and you can see that
audio signal-to-noise is more likely to
be a function of the VCR on which the
tape is being used than of the tape’s
own limitations.
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FIG. 2—VARIATIONS in audio frequency-response among the various videotapes tested will not be
as noticeable as variations in video frequency-response to the average user.

greater: from 10.8 kHz (poor) to a 12.1
kHz (much better). Subjectively, how-
ever, those variations (both at the bass
and treble ends of the spectrum) would
be far less obvious to a typical user
than would be the varations in video
frequency response described earlier
because of the generally inadequate
audio sections in most TV receivers.

Audio signal-to-noise ratios

Although there are substantial varia-
tions in audio signal-to-noise capabili-
ties of videotapes, we have found that
in general the tape itself is not the
limiting factor when considering audio
S/N in a home video system. Remem-
ber, even at the fastest speed (shortest
record/play time) for the VHS video-
recorder format, the tape is traveling at
a very slow [.31 inches-per-second. At
longer record/play formats, the speed,
of course, is reduced even further. Beta
speeds are not much different from
VHS tape speeds. Add to this the fact
that not one of the machines commonly

Mechanical considerations

Home videotape users will also want
to consider the mechanical reliability of
the tapes that they use in their VCR
machines. One of the chief advantages
of videotape (as opposed to videodiscs
that are much less expensive than
equivalent lengths of videotape) is the
ability of the user to erase previously
recorded material and use the tape over
and over again. In order to fully realize
that advantage, the tape must remain
intact and unstretched with repeated
use. In addition, the tape housing must
be molded to precise tolerances and in-
ternal parts (as many as thirty or more
in better-made cassettes) must not
cause tape jamming or increased fric-
tion as the cassette ages and is used re-
peatedly. In general, most of the avail-
able tapes we have seen and used have
no serious problems in that regard, but
of course the entire home VCR field is
still too new to be able to say, with
any certainty, that *‘videotapes should
last a lifetime. 0

$60 MODEM
continued from page 104

Having mastered the above, you are
ready to attempt to integrate the rou-
tines into your software. Your first task
is to identify the command interpreter
and parameter parser. The command
table should be obvious because of its
list of ASCII commands. A few moni-
tors however, tokenize (translate into a
kind of shorthand) their commands be-
fore looking them up. In that case the
table is just more numbers. If you don't
have an assembly-language listing, your
user's manual—or a local computer
club—may be able to help you.

The command interpreter can be
found by following the program flow
trom the start. It will be one of the first
routines encountered. A tipoff is that it

almost always ends with the mnemonic
PCHL

To find the parameter parser, read
through the action routines of com-
mands that require an argument,
“DUMP nnnn’' (where “‘nnnn’’ is a
memory address), for example. If a ver-
sion of PARAM is not called in those
action routines, then suspect that all
parsing is done before the command is
invoked. Go back to the code that fills
the input buffer and trace its path. In
that approach, the arguments will be
valued and stored in fixed memory loca-
tions immediately after the input buffer
is filled. If you can spot the memory
locations, you can simply load the val-
ues you need directly from them instead
of calling PARAM. O



LED VU METER
continued from page 100

-1V +16V
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FIG. 16—POWER-SUPPLY LAYOUT when the VU meter is designed to operate from AC power lines.
Only the rectifier bridge and filter capacitors are on the PC board. The transformer is boited to the

bottom of the enclosure.

TABLE 1
Approximate
Switch ovu Voltage Level Corresponding Power Developed
Setting Point for O VU Into Various Load Impedances
Reading 600Q2 8Q 4Q
S1 -10dB 0.32v 0.167mwW 0.01w 0.02w
S2 0dB 0.77v 1.0mw 0.08w 0.15w
S3 +4dB 1.23v 2.5mw 0.19w 0.38w
S4 +8dB 1.95v 6.7mw 0.48w 0.95w
S5 +12dB 3.08v 15.8mw 1.19w 237w
S6 +22dB 9.75V 158mw 11.9w 23.7w
S7 +32dB 30.8v 1.58w 119w 237w

“'Option B'’ section of Fig. 13 for the
other changes. Note that the LED polarity
has been reversed; the anodes have been
jumpered together and returned to a com-
mon ground.

The VU meter can be operated from
either an external source of 24-to-30 volts
DC as shown in Fig. 3-a or a 20-volt
center-tapped as in Fig. 3-b. When using
the external supply, a 741 op-amp and
2N6111 power transistor are used as the
voltage splitter and regulator to develop
the dual-polarity voltages (+ and — 12-
to-15 volts DC). The component layout
for that version of the power supply is
shown in Fig. 15. Figure 16 shows the
location of the bridge rectifier and filter
capacitors when using the power-supply
option in Fig. 3-b.

Operation

After inspecting the PC Boards for mis-
takes, omissions, solder bridges, and the
like, apply power and supply an input
signal. The signal can come from the LINE
output or TAPE output jacks of the stereo
system or tapped from the input jacks of
the tape deck, or, in the case of an audio

console, a spare LINE output. If a signal
generator is available, apply a signal to
the system and increase its level until the
tape deck’s VU meters indicate O VU. Set
one and only one rocker switch (S1-S7)
for an 0 VU reading (i.e., the 0 VU LED
Juststarts tolight). Use R 11 as a vernier to
**fine-tune’’ that adjustment. If the VU
meter is heing used to establish the point
where a power amplifier starts to clip.
perform the setup as before, while
monitoring the speaker output with the
VU meter and an oscilloscope. When
clipping is seen, set the appropriate rock-
er switch and adjust R11 as before. See
Table 1 for power levels versus switch
setting. If Option A is used (simple
potentiometer for input attenuator; no
switches), simply rotate the control for
the appropriate reading with any given
input, as explained above.

When recording, levels should gener-
ally be kept below 0 VU with occasional
peaks above O VU. The more peaks that
occur above 0 VU, the greater the distor-
tion. The user’s needs and equipment will
dictate the acceptable amount of program
material allowed to exceed 0 VU. [

CORDLESS TELEPHONES
continued from page 95

former) to eliminate the 7-kHz tone. The
speech is fed through the line transformer
to the phone line.

Recall that the transmissions from base
to remote units are not continuous, but are
interrupted for two 40-millisecond per-
iods each second. Those gaps do not sig-
nificantly reduce speech intelligibility
and they are necessary to allow the base to
receive incoming transmissions from the
remote.

When the conversations have been
completed, the party at the remote unit
presses the LINE RELEASE button. That
activates the 4.5-kHz oscillator and the
portable’s transmitter circuits. This 4.5-
kHz signal is received at the base unit
during the 40-millisecond gaps and ap-
plicd to the inputs of IC3, 1C4, and Q7
The tone is decoded by IC3 and its pin 8 is
clamped to ground. That forces the junc-
tion of R23 and R24 to ground through
D2.

This action brings Q8's base to ground
potential so the transistor turns off and
releases the relay. Contact RY2 opens
and releases the telephone line while con-
tact RY1 opens to remove voltage from
the base of Q8 and from the balance of the
base unit’s circuitry. The base unit is now
on stand-by.

The base unit can also be returned to
stand-by by pressing the LINE RELEASE
switch (52) on the base front panel. That
action, too, takes Q8’s base to ground
potential so the transistor turns off and the
relay opens.

The intercom

To use the Muraphone as an intercom
for contacts between a party at the base
station and a user at the remote unit, the
INTERCOM button (S1) at the base must be
kept pressed down. That disconnects the
telephone line from the circuit. Operating
voltage for the base-station circuits is
obtained directly from the voitage regula-
tor through S1. The power-on logic cir-
cuit (NE1, VR1, Q2, Q3, and Q4) is not
used. The balance of the circuit operation
is the same as when a call orginates out-
side.

Note that one end of the telephone set
connects to ground. The otherend goes to
B + through the line transformer primary
and relay contact RY2. Thus, excitation
current for the carbon microphone car-
tridge flows when the relay is closed.

The battery for the portable unit is
charged through a special circuit in the
base station. Transistor Q20, DI13. D14,
and R63 form a constant-current charging
circuit. The battery is charged by con-
necting the recharge jacks (J1) on the base
and portable units through a recharging
cable. 0
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BUILD YOUR OWN ROBOT!

Send today for your 52-page (8%2 X
11"} booklet containing complete re-
prints of all eleven articles in the
Build Your Own Robot series by Jim
Gupton.

This all-inclusive reprint gives you all
the data you need to build your own
Robot.

@ TELLS EVERYTHING YOU NEED
TO KNOW to build the Unicorn-1
Robot without the need for an engi-
neering degree or special equipment.

The robot is fully mobile with minipu-
lator arms to grasp, lift and carry.

@ MANIPULATOR ARMS and end-
effectors (hands) are what enable the
robot to perform useful tasks. Details
of construction techniques and con-
siderations are fully explored.

@ MOBILITY BASE is not a lunar
space station. It is the drive system
that permits the robot to move from
here to there. Full construction de-
tails along with a discussion of power
sources is included.

B THE BODY—FRAME AND ROTA-
TION MECHANISM. This is the part
that makes Unicorn-1 look like a ro-
bot. Wood and Formica are the ma-
terials for the body. Motors and gears
are what make it function.

® COMMUNICATIONS. How you can

tell your robot what to do. Prepro-

gramming techniques....radio control
..computer control are all detailed.

@ SENSORS. How to add sensors so
your robot doesn’'t bump into things.

Radio-
Electronics

| want to order

U.S. Funds only.
I want to order

U.S. Funds only.

Allow 6-8 weeks for delivery.

Robot Reprints
200 Park Ave. South
New York, N.Y. 10003

reprints @$12.00 plus $3.00
Air Postage and handling for all other countries.

Please print

reprints @%$12.00 plus $1.00
postage and handling for U.S., Canada and Mexico.
Add 96¢ sales tax for New York State residents only.

{(Name)

(Street address)

{City)

We do not bill, check must be enclosed.

SPF1

{State) {Zip)
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MARTIN BRADLEY WEINSTEIN

LET'S TAKE A LOOK AT HOW ELECTRONICS
are helping carmakers design-in self-
diagnostics that aid the service and repair
operations every car eventually requires.
An interesting concept in auto service
1s being developed at the General Motors
Service Development Center at Warren.
MI. When you buy a new car. the selling
dealer installs a small. inexpensive radio
transmitter that sends out a signal with
your personal code.
when you reach the dealership and
drive up to the service garage. a receiver
reads the code. The garage door is opened
and the code is passed to a computer
where your service records are stored
By the time your car is in the door. the
service technician knows who you are and
has a complete service record of the car,
including a flag on any recalls. The com-
puter terminal even prints out your repair
order. saving another aggravating delay
That personalized code. by the way.
would be your vehicle’'s VIN (Vehicle
Identification Number). New Federal re-
quirements are increasing it from 13 di-
gits to 17. There may be an added benefit
in transmitting that code: it would make
police recovery of stolen vehicles much
easier. Untortunately, it would also make
computerized ticketing for such otfenses
as speeding a technological breeze.

Check engine

A new telltale sign (idiot light) is show-
ing up on car dashboards. It reads
CHECK ENGINE. or something very
close to it (Fig. 1). James G. Vorhes.
General Motors Vice President in charge
of Consumer Relations and Service, ex-
plains why it’s there:

‘The Computer Command Control
system (see Fig. 2—editor) has been
on most of the GM gasoline-engine
automobiles in California since the
start of the 1980 model year and will
be on nearly all cars sold in the country
in the 1981 model year. It’s the largest
new use of computer controls in the
history of the industry and we will be
prepared for it.

‘One of the most exciting features
of the system is its ability to auto-
matically diagnose the cause of any
malfunction. We have designed-in an
extremely high degree of reliability.
Like all systems, it can maifunction.
But, unlike other systems, it will help
diagnose itself.

ELECTRONICS
IN YOUR
NEXT CAR

Electronic self-diagnostics are taking the guesswork out
of auto repair, and that should make you, and your
mechanic, a lot happier.

Self-
Diagnostics
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FIG. 1—A NEW TELL TALE SIGNAL informs mo}orists of amalfunction. It’s part of GM's new Computer
Command Control system.

ELECTROMECHANICAL
CARBURETOR

ELECTRONIC
CONTROL MODULE
(EC™)

EST

THROTTLE POSITION DISTRIBUTOR

SENSOR DIAGNOSTIC LIGHT

IDLE SPEED MANIFOLD
ACTUATOR PRESSURE
SENSOR

DUAL BED
CATALYTIC
CONVERTER

CHARCOAL
CANISTER
PURGE
OXYGEN
COOLANT AIR PUMP & SENSOR
SENSOR

MANAGEMENT VALVE

FIG.2—KEY FEATURES of GM’s Computer Command Control system. Itis offered onnearly all of their
1981 cars.

When it lights, indicating a malfunction.
the motorist will still be able to drive the
carin for service. Once there, the Compu-
ter Command Control system tells the
technician which system may have the
problem by flashing a code. Then the
technician goes through a simple factory-
provided diagnostic routine to determine
whether the component, a wire, or a con-
nection is at the root of the problem.

The CHECK ENGINE light is there to aid
both the motorist and the mechanic.
‘Mechanics will not have to become
electronic engineers to work on the
system. In fact, there will be no need
for expensive computer testers. All a
mechanic will need is an ordinary
dwell meter, a test light, some jumper
wires, a vacuum source, a tacho-
meter, and a digital voltmeter. Most
shops already have this equipment.
Any qualified technician who can work
on current engines will be able to fix
one equipped with the system.

Self-test at Ford
"Self-test in its various forms is go-

ing to reduce diagnostics to the very

simple goal of determining which part

is bad. We, the industry, are headed

that way.”

That's the forecast of Walter Doelt, the
fellow at Ford in charge of this area.
Radio-Electronics was privileged to en-
joy anexclusive interview with Mr. Doelt
dealing with a wide range of subjects
relating to the role of electronics in de-
signing a car for serviceability. Ford's
commitment 10 MICroprocessors is very
strong.

"They provide the best economic
approach to providing the widest de-
gree of freedom in control strategy,
and to very flexible control systems.
The key is mandated performance re-
quirements versus drivability.

Mandated performance requirements
include emission and fuel economy
goals, both in terms of government regu-
lations and corporate marketing and de-
sign objectives.

Mr. Doelt continued:

‘When implemented with a micro-
processor, you can freeze the basic
design early in the design cycle, then
work the calibration in software later.”
Ford has been working to reduce the

component count in their various on-
board systems (engine control, dash-
board. etc). Systems that used seven or
eight IC’s in 1978 were down to four in
1979. two in 1980. and should be down to
one in the near future. Since the majority
of failure modes are in the in-
terconnections of IC’s, single-IC micro-
processors are very popular.

The 6800 series (6809, etc.) is used for
Ford’s advanced Elecironic Message
Center dashboard. The 8048/8049 series
is used for engine control where con-
tinuous timing is not required. The com-
pany also uses a number of custom cir-
cuits in integrated control systems (igni-
tion. carburetion, fuel metering. and car-
buretor feedback) in their top-of-the-line
models. Motorola, Intel, Toshiba, and
Texas Instruments are among Ford's
suppliers.

Forexample, 1980 models sold in Cali-
fornia included a new feedback car-
buretor design using an Intel 8048; earlier
designs used a number of discrete analog
IC's and devices. By incorporating the
8048, Ford was able to include a limited
self-test feature.

Lead times

One important point about new de-
velopments is that it takes time to in-
corporate them. For example, 1981 mod-
el year cars were introduced in October of
1980. The pilot runs of those cars began
in July 1980. The control units to go into
those pilot production vehicles had to be
built by late March 1980. So the micro-
processors had to start as silicon slices
way back in December of 1979, with de-
sign requirements frozen even earlier.
But each year brings more advancements.



STAR performance

One of the most intriguing aspects of
the Ford self-test sysiem is the way the
under-hood microprocessor “‘talks™ to
the service technician: it uses a digital
code of '2-second pulses. Y2-second
apart. with two seconds between digits.

That puise timing was decided on to let
any service technician read the code with
just a VOM. But there's a nice alternative
called STAR (Self-Test Automatic Read-
out) shown in Fig. 3. That handheld,
calculator-sized gadget translates the
pulses and displays the results on a two-
digit LED readout. The self-test sequence
can be initiated from a front-panel push-
button. A readoutof **11."" for example,
translates to “‘test complete, everything
normal.”’

The STAR costs about $70. They're
being built for Ford by the Hickok Elec-
trical Instrument Company. Hickok also
sells an inexpensive DMM to Ford for
their service technicians.

One feature of the Ford self-test system
is that it's designed so all systems test the
same way. no matter which model is be-
ing examined. There are also a number of
universally-applicable manual test op-
erations.

Forexample. a testing unit will read the
voltages at various sensors through a
selector switch. The switch setting.
selected sensor and anticipated voltages
are the same from vehicle to vehicle. An-
other example is that any vehicle's self-
test sequence will, at a given point. call
for an EGR (Exhaust Gas Recirculator)
flow of 30%. then check the position sen-
sor on the throttle body. At other points.
hydrocarbon and carbon monoxide ex-
haust test will be performed. both at idle
and. with the engine unloaded. at some
higher RPM.

Testing on demand in that way is well
within the capabilities of both engine and
electronic technology. Just beyond is the
goal of full-time testing. where a car
monitors its own performance per-
iodically during normal driving.

Noise and interference

The biggest problem EMI used to cause
in a car was noisy radio reception. But
today, with multiple microcomputer sys-
tems and miles of harness wire on board.
anti-EMI measures are a high priority in
design.

Communication links between mod-
ules are designed for very low im-
pedance. Modules are housed in metal
enclosures, with both the top and bottom
grounded. Measurements from analog
sensors are performed ratiometrically to
make them less sensitive to power-supply
variations. Sensor wires are very careful-
ly routed. especially around ignition
arcas. Diode and capacitor buffering is
used on all /O lines. Roll-off filters block
higher and lower frequency signals. And
the buzzer has become obsolete.

e R T N L

FIG. 3—SELF-TEST AUTOMATIC READOUT, or
STAR, transiates a diagnostic pulse string into
an easily read fault code.

FIG. 4—THE VIN (V ehicle/ dentificationN umber)
can be written as a bar code that may be read by
a portable data terminal.

Buzzers created tremendous noise pro-
blems. generating harmonic-filled spikes
with hundreds of volts in them. Now
they're being replaced with electronic
tone and chime generators that. sur-
prisingly. cost about the same.

Ford and others are taking a serious
look at fiber optics as a possible answer to
many noise problems but, in Walter
Doeit's opinion, they won’t be in-
corporated until there is some significant
improvement in the cost of material, the
cost of terminations. and the performance
of optoelectronic links.

Another area being explored is the di-
gitization of position sensors. That per-
mits both noise reduction and the reduc-
tion of wiring through time-division mul-
tiplexing.

In the near future, non-volatile RAM
will be used more and more, especially
since il permits alterable test criteria as
improvements are developed. Also, the
lower cost of momory is going to permit
designers an enormous increase in pro-
gram lineage. with 10K chunks of ROM
replacing each 1K available today.

One important question is what hap-

pens in the fail-fail mode? What if the
computer crashes so badly that it can’t
even yell tor help? The answer is that all
systems are designed so that in any event
of computer failure, the car keeps going.
Those “‘baseline conditions’™ may keep
the engine running. but there's no way the
driver can fail to notice that there is a
problem. The car bucks, surges, gurgles,
and wheezes like a sick hippo. And yes.
that *‘reduced drivability’’ is also
designed-in.

GM developing the TOUCH

The theory is that explaining a problem
is the biggest part of solving it. or. as
expressed in a recent GM press release,
‘*...once a symptom is accurately de-
scribed. there is one set of most probable
causes. ' Either way. the idea has led to a
system being developed by GM call
TOUCH (Touch-Operated Universal
Communications Helper).

TOUCH is a computer system that asks
a customer questions about his problem.
and uses each answer to formulate eithera
new question or a ““hunch’* as to what the
problem might be. And it can even be
used when the repair facility 1s closed.

The customer could, for example, drop
his car off at night. TOUCH might look
very much like a 24-hour banking ter-
minal. If the car is making a noise,
TOUCH might ask where it's coming
from and display a picture or diagram of
the car to help the customer describe the
location. It could ask what the noise
sounds like, prompting the customer with
either descriptive words. recorded
sounds, or a sound-effects generator.
Then it might ask if the noise happens all
the time. or just when climbing a hill,
coasting to a stop, turning a corner, or
whatever.

Then, if the customer has described a
squealing sound that comes from the front
of the car during turns for example,
TOUCH would print out a repair order
telling the technician to check the power-
steering pump belt for slack. You put
your keys in an envelope and TOUCH
takes them, gives you a receipt, and tells
you when your car should be ready.

More future goodies

That 17-digit VIN we mentioned ear-
lier appears in more places this year, and
it will appear on still more in the future.
GM is translating it into a bar code so it
can be read by wands and portable data
terminals (Fig. 4). In addition to helping
identify cars being recalled for various
reasons. the service history of an in-
dividual car, and even the identification
of its owner, the VIN is important in
recovering stolen cars. As it appears on
more and more major auto components—
such as engine blocks. frames, and
glass—it makes it easier for you lo-
cal law enforcement to pin point

concluded on next page
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CAR ELECTRONICS

(Continued from previous page)

and shut down “*chop shop’ operations.
It can even be used to keep the parts
department from ordering the wrong part
for your particular engine.

Service facilities are also increasingly
dependent on thoroughly detailed
engineering data from the manufacturers.
Diagnostic and repair manuals are be-
coming much more graphic and their lan-
guage more readable. But the more in-
formation that’s available on each car,
and the more cars, the harder it gets to
store all that paper. Microfiche and other
space-saving methods are being used,
and a number of computer software pack-
ages are being developed.

Tools are also getting smarter. GM is
developing an Automotive Service An-
alvzer, an advanced version of a cooling-
system tester first developed in 1976. In
its eventual form, it will be capable of
diagnosing problems with air condition-
ing, cooling, electrical, and automatic
transmission systems, and then will give
repair instructions in English on an
alphanumeric display.

The magic. of course. is performed by
a built-in microprocessor. The tester is
attached to the vehicle and the mechanic
dials up the tests he wants to perform. The
Automotive Service Analvzer walks him
through a test procedure and gives him a
diagnosis of the problem.

When development of the Automotive
Service Analvzer is complete, GM will
continue its policy of making tech-
nological advances like this available to
qualified manufacturers of service tools
and equipment, free of charge. That’s
how GM’s SOS (Service Order Schedul-
ing) system—developed by GM Service
Research and Delco Electronics
Division—became available through
several commercial computer-system
companies. SOS controls the work flow
in a large service organization by schedul-
ing and routing the flow of repair orders.
That helps reduce shop inefficiency sav-
ing everybody time and money.

Let’'s hear from you

We've reported on electronics on the
dashboard, under the hood, in the bells
and whistles. and how it’s helping cars
spend less time in service. Now it's your
turn.

If you think there’s room for improve-
ment, tell us your ideas. If you've de-
veloped a gadget that puts electronics to
work in your car, describe it to us. If you
think somebody’s handing us a line, tell
us about it.

And if you’d like to see more of this
kind of coverage, tell us that, too. That’s
the way electronics moves from today to
OmOorTow. O

COMPUTER TV
continued from page 17

115V
AC
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FIG. 3—BIPOLAR POWER SUPPLY is used for the comparators. The —8-voit line need not be

regulated.

resistors R8 and R9. is not critical.
I found that I could use values ranging
from 2K to 10K for R8, and from SK
to 10K for R9, with essentially the
same results.

Power supplies

Two separate power supplies are
required if the computer-side and the
TV-side of the interface are to be com-
pletely isolated from each other. The
TV-side requires only +S-volts DC.
Most TV sets have 12 volts DC avail-
able internally somewhere, and that
can be reduced to five volts by means
of IC6. a 7805 regulator. The TV chas-
sis is used as ground for this end of the
circuit.

The computer-side of the interface
requires both +S5-volts and approxi-
mately —8-volts. A simple power sup-
ply to deliver those voltages is shown
in Fig. 3. A transformer with an output
of around 100 mA is adequate for the
circuit. The transformer's center-tap
should be used as the ground for the
entire computer-side of the isolator.
Use heat sinks on both of the five-

volt regulators to keep them running
cool.

Installation and use

The best place to locate the inter-
face board is inside the TV set's cabi-
net, where accidental contact with the
TV's chassis ground will be impossi-
ble. Switch S1 can be mounted incon-
spicuously on the TV set's cabinet.

(Make certain that none of its metal
parts are in contact with any of the

TV's.) That switch allows you to use
the TV set either as a monitor or for
its intended purpose.

As suggested by the schematic, the
best place to inject the composite video
signal from the interface is at the TV's
first video-amplifier stage. Refer to
your set's schematic or to a Sams
Photofact folder. An excellent source
of TV-interfacing information is Don
Lancaster's TV Typewriter Cookbook,
published by Howard W. Sams and
Co.. Indianapolis. IN 46268.

The total cost of this project, in-
cluding the power supply, should be
under $25. It would be hard to find
a monitor at that price! @)

LIGHT SEQUENCER
continued from page 90

A lighting display comprised of

multiple infinity mirrors is very effec-

— A

tive and will add to your enjoyment of
the Lumitron-4.
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FIG. 18—EXPLODED VIEW of infinlty mirror. A small notch will have to be cut or filed in the case to

pass lines for lamps.
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NEGATIVE ION
GENERATOR

A great amount of interest has been shown recently in
negative-ion generators. Build one yourself and see how it

benefits you.

RONALD E. PYLE

WITHIN THE LAST SEVERAL YEARS.
negative-ion generators have found in-
creasing popularity. Many benefits
from exposure to negatively ionized
oxygen have been claimed.* For ex-
ample, some experimental evidence
indicates that certain respiratory ail-
ments can be alleviated; migraines,
acute anxiety, and depression can be
reduced or eliminated, and seriously
burned patients can experience reduced
pain and infection, and accelerated
healing.

Physiologically, it has been found
that in atmospheres containing an ex-
cess of positive ions, serotonin. a
stress neuro-hormone that inhibits
oxygen absorption in the body, is pro-
duced in the blood and carried through-
out the circulatory system. An excess
of serotonin can result in dizziness, in-
ability to concentrate, fatigue. migraine,
depression. and shortness of breath.
Negative oxygen ions, on the other
hand. cause the degradation of serotonin
into a harmless by-product.

Because an oxygen molecule in air
contains unpaired electrons it can readily
accept an electron produced by natural
or artificial means to become a relative-
ly stable negative ion.

Negative oxygen ions can be pro-
duced efficiently and safely using the
high-voltage corona-discharge method.
High-voltage negative DC of approxi-
mately —6000 to —9000 volts is used to
charge the tip of an emitting needle.
That results in the production of a large
quantity of electrons that are emitted at

*Voisinet, Roger. Journal of Environmental
Sciences, July/August 1978, pp. 28 - 29.

high velocities from the tip due to the
large accelerating potential. The rela-
tively high-energy electrons that are re-
leased react with the oxygen molecules
in the air to produce the desire negative
oxygen ions.

How it works

Figure 1 shows a simple, low-cost
circuit based on the high-voltage
corona-discharge method. The NESSS
is used in the astable mode. It produces
a continuous squarewave at a fre-
quency of approximately 40 Hz and duty
cycle near 10% at pin 3. This square-
wave output is then coupled through R3
to a Darlington transistor pair (Q!. Q2)
that is used to switch the primary of a
standard 12-volt three-terminal auto-
mobile-ignition coil.

The high-voltage, AC output from
the ignition coil is then half-wave recti-
fied by connecting it to the cathode of a
45.,000-volt high-voltage diode assembly
using standard high-voltage ignition
wire. (Note the polarity of the diode
carefully.) The resulting negative DC is
then filtered by high-voltage capacitors
C4, CS. and C6. A common sewing
needle is used as the electron-emission
source. and its blunt end is soldered to
the anode end of the high-voltage diode
assembly (often referred to as a stick
diode).

In Fig. 2, a simple. unregulated,
power supply for the negative-ion gen-
erator is shown. The output of power
transformer T1 is half-wave rectified by
D2, current limited by RS. and filtered
by capacitor C7. The power supply pro-
duces (under load) approximately 10
volts for the circuit.
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FIG. 1—SCHEMATIC DIAGRAM of the negative-ion generator. The NE555 is used In the astable mode.

PARTS LIST

Resistors Ya watt, 5% unless otherwise

indicated

R1—300,000 ohms

R2—30,000 ohms

R3—1000 ohms

R4—1.5 ohms, 10 watts

R5—5 ohms, 10 watts

Capacitors

C1—0.01 uF, 50 volts, ceramic disc

C2, C3—0.05 uF, 100 voits, ceramic disc

C4-C6—390 pF, 6000 volts, ceramic disc

C7—1000 uF. 35 volts, axial lead electrolytic

Semiconductors

D1—ECGS513 45,000-volt diode array

D2—1N3880

Q1—2N2102 NPN transistor

Q2—MJE3055 NPN transistor

IC1—NES555 timer

L1—12-volt, three terminal, automotive
ignition coil

T1—power transformer, 12.6 volts, 3 amps

Miscellaneous: PC board, perforated
board, or IC breadboard; four-inch diam-
eter PVC pipe with end-caps; high-volt-
age automobile ignition wire; hookup
wire; heat sink, mica washer, and heat-
sink compound; terminal strip; alumi-
num bracket material, line cord; Y2-amp
fuse; hardware, etc.

1/2 A

INJBBO

5‘1 ‘UW +10V OUT

12 6v,

T0 V¢
117 VAC :D: c7
moolasv

FIG. 2—THIS SIMPLE, UNREGULATED, POWER SUPPLY produces approximately 10 voits for the

negative-ion generator.

Construction

The circuit in Fig. 1 can be built easily
on a small (1¥4 x 2l inches) piece of
perforated board, printed-circuit board,
or universal IC breadboard, as shown
in Fig. 3. Transistor Q1 does not need
to be heat-sinked as its load current
(Q2's base current) requirements and
therefore the transistor’s power dissi-
pation are not excessive. However, Q2
is mounted off the circuit board and
heat-sinked for thermal overload pro-
tection as shown in Fig. 3. Because the
MIJE3055’s (Q2) mounting tab is tied to
the collector, care must be taken to

isolate the mounting tab from ground.
That is done by using a mica washer
and heat-sink compound between the
transistor’s case and the heat-sink, and
mounting the transistor using a nylon
bolt.

The +10-volt power supply shown in
Fig. 2 was built to allow for a compatt
installation. A right-angle aluminum
bracket made from a 214 x 3-inch piece
of 3/32-inch aluminum sheet was
epoxied to the top of the power trans-
former, T1, as shown in Fig. 4. A
seven-lug terminal strip was then
epoxied to the bottom of the aluminum



FIG. 3—THE ION-GENERATOR circult is buiit on
a small piece of circuit board. Transistor Q2 is
mounted next to the board end shouid be heat-
sinked as shown.

FIG. 4—A RIGHT-ANGLE BRACKET is epoxied
to the top of transformer T1. The circuit board is
mounted on the bracket using Ya-inch plastic
stand-offs. The connections to the ignition coil,
and the lead fiom the coll's high-voltage ter-
minal, will be concealed by the PVC pipe In the
completed projact.

bracket for component mounting as
shown in Fig. 5. The power-supply
components—rectifier D2, power re-
sistor RS, and filter capacitor C7—are
then soldered to the terminal strip. The
small circuilt board and Q2 (mounted

FIG. 5—ALL POWER-SUPPLY components, ex-
cept T1, are mounted on a terminal strip that is
epoxied to the bracket.

FIG. 6—INTERIOR VIEW of the top PVC cap.
Rectifier D1 and capacitors C4, C5, and C6 are
shown.

FIG. 7—A COMMON SEWING NEEDLE is used
as the electron-emission source. The blunt end
of the needle is soldered to the anade of the
rectifler.

on its heat sink) are mounted on the
other side of the bracket. Epoxy Q2's
heat sink directly to the bracket, and
mount the circuit board, using Ya-inch
plastic stand-offs and epoxy, as shown
in Fig. 4.

Another piece of 3/32-inch aluminum
sheet measuring approximately 2% x 24
inches, was epoxied at a right angle to
the top of the power-supply bracket as
shown in Fig. 4 to serve as a mounting
base for the ignition-coil assembly.
Once the epoxy has set, the ignition
coil can be epoxied to the mounting
base. All solder connections between
the power supply, coil, and circuit

board can be completed now.

The completed assembly is housed in
a piece of standard 4-inch diameter PVC
3/32-inch wall pipe, approximately 13
inches long, with two standard 4-inch
PVC end-caps. The power supply, coil,
and circuit-board assembly is bolted to
the bottom end-cap after a suitable side
hole is drilled for the 120-volt AC line
cord.

The high-voltage rectifier, DI, and
high-voltage filter capacitors C4, CS5,
and C6, are then mounted in place with
epoxy through a 9/16-inch hole drilled
in the top PVC end-cap as shown in
Figs. 6 and 7. One end of the series-
connected high-voltage capacitors is
soldered directly to the anode of the
rectifier; the other end is connected to
ground on the power supply, coil, and
circuit-board assembly. The automobile
high-voltage ignition wire lead from the
coil’s high-voltage output is soldered to
the cathode of the rectifier. A two-inch
long common steel sewing needle is
used as the emission source. The
needle’s blunt end is soldered to the
anode of the rectifier, Make certain that
the diode polarity is as shown in Fig. 1.
In addition, after assembling the com-
pleted unit and PVC housing, make
certain that the high-voltage connec-
tions are not located near any potential
discharge-points on the assembly.

Summary

In the circuit shown, the high-voltage
negative DC at the anode has been
measured with a high-voltage probe at
approximately —9000 volts, which is
sufficient for generating negative
oxygen ions. Although it is nor lethal,
the instrument is a high-voltage source
and should be treated with respect and
caution.

The ‘‘ion wind’’ generated by the
rapidly moving ion flux from the emis-
sion source can be felt by carefully
placing a finger near the emitting needle
tip. For maximum effect, the negative-
ion generator may be placed several
feet from the user. O
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W T0 MAKE CUSTOM

PRINTED GIRGUITS FOR

YOUR P

JECT

If you just need one PC board for a project,
why do it the hard way? Use this simple
step-by-step method for making your boards.

HERB FRIEDMAN _

THERE ARE TWO WAYS TO MAKE PRINTED-CIRCUIT
boards: the hard way and the easy way. The hard way is
to emulate commercial methods, using the ‘‘screen’’ or
*‘photographic’” process that manufacturers use to
make thousands of printed-circuit boards (PCB), or as
used by laboratories to make small multiple quantities.
The problem is: If you need just one PCB for a home-
brew project, the screen and photographic methods are
expensive and you tend to wind up with a lot more
material than you're likely to use before it goes **stale.””

A faster and usually less expensive way for the hob-
byist to make single PCB’s that approach commercial
quality is to use a product called '‘Dry Transfer Re-
sist.’” also known as ‘‘rub-on resist.”” In less than an
hour for a really complex PCB (or under a half-hour for
typical hobby projects). the average builder can have a
copper-clad board ready for the acid etch: and both the
resist layout and the final etched PCB will rival many
commercial printed-circuit boards. It won’t be tin
plated. but that's something you can also do inexpen-
sively, and something for another time.

Dry transfer resist is produced by the Datak Corp..
and the Vector Electronics Co. It closely resembles the
*‘transfer type’” used by artists whereby a letter, char-
acter. or symbol is affixed on the underside of a trans-
parent sheet. The sheet is protected by a “*slip sheet.™
(The slip sheet is important so keep it in mind.) To apply
the letter. etc.. to anything—paper. -metal chassis.
cabinet, etc.—the slip sheet is removed and the letter
positioned where desired: then, by rubbing over the
letter with a ball pen. wood stick. or burnishing tool. the
letter is transferred from the transparent sheet to the
device being marked. When the letter is rubbed through
the slip sheet. it becomes more or less permanently
attached to the device. (The slip sheet has a special
coating that prevents it from adhering to the letter.
Therefore. when ‘‘burnishing’ the letter to make it
adhere, the slip sheet must be placed on top of the

letter, between the letter and the burnishing tool.)

The dry transfer resist is handled exactly the same
way. except that it is applied to the copper clad side of a
PCB board instead of to artwork. The dry transfer resist
comes in kits containing many full-scale patterns;
among them: transistor and IC sockets (both round and
DIP), various size solder doughnuts, bends, S-curves,
edge-card connections, through-traces (thin foils
squeezed between DIP connections), alphabets,
numerals, electronic symbols such as **+°°, **—="", and
**GND’", and—most important—straight lines. Using
the various patterns it’s relatively easy to duplicate
quickly with resist any but the most complex PCB
layouts. (What is meant by ‘‘complex?”” A multi-IC
digital project, for example. When you’ve got a layout
with foils spaced closer than a hair. unless you're able
to make a photoresist copy of the template you're better
off using wire-wrap construction.)

Unfortunately. neither Datak nor Vector provide a
**full kit’* in the sense their kits have all the generally
required resist patterns. Each kit has something the
other doesn’t have. so I suggest that you combine both
a Datak and a Vector kit—then you have everything in
the way of PCB resist patterns.

Since a picture is worth a thousand words (or at least
several hundred in this era of inflation), we use pictures
to show how you can make PCBs using dry transfer
resist. But before we start, here are a few general notes
and words of caution.

First: You cannot use transfer resist for evervthing,
particularly long or serpentine (curved) lines. Either the
resist will be difficult to manage on long runs, or you
will be forced to bend a trace by combining several bits
and pieces of straight lines. Either way you're asking
for trouble. In their kits, Datak supplies (and also sells
individually) rolls of resist tape that is **krinkled"’. The
krinkling permits the tape to be shaped into curves that
won’t spring back into a straight line. Vector has a



similar product they call **crepe tape’". Use either one.
In fact, you can use any krinkle or crepe drafting tape as
resist tape. As long as it’s not the shiny *‘plastic’’ draft-
ing tape it will probably work. The acid bath might
make it ‘‘rubbery’’ and somewhat difficult to remove
from the PCB, but it will work.

Second: Forget anything you might have heard about
tracing a printed circuit template onto the copper clad-
ding using carbon paper. Except in extremely rare in-
stances, carbon paper won't leave a mark on the cop-
per; all you'll have is a groove in the copper, formed
when bearing down on the ball pen to trace the tem-
plate. If any carbon does get on the copper its oily
surface will prevent good adhesion of the transfer re-
sist, and possibly interfere with adhesion of very thin
crepe tapes. As we show in the photographs, the way to
copy a template is to locate the component mounting
holes precisely, using the pattern supplied in Special
Projects, installing the doughnuts, and then eyeballing
the connecting lines.

Third: The copper surface must be scrupulously
clean at the start, and it must stay that way. The
slightest amount of skin oil will interfere with adhesion
of the transfer resist. Always handle the PCB by the
edges, and cover as much of the PCB as possible with a
sheet of paper if you must rest your hand on the PCB
when installing resist.

For example, if you're installing doughnuts in the
center of the board you might be tempted. or feel re-
quired. to rest your hand on the board. Don’t do it!
You'll get skin oil on the copper, which will make it
difficult to apply resist later. Place a sheet of paper
between your hand and the board. Also, after you have
resist on the board, it's possible the transfer sheet will
lift off some previously applied resist as you lift it away
from the last transfer. When the copper gets crowded
with resist, and you think there’s a good possibility you
might lift some resist, screen the area you're working
on with a couple of sheets of paper: one at the top, the
other at the bottom. That way, you won't lift other
resist patterns.

Fourth: It's going to happen. You'll transfer a resist
pattern and when you pull the sheet away you’ll find a
few other patterns have also transferred to the copper.
Until you have burnished the resist by rubbing it
through the slip sheet, you can remove unwanted resist
by simply touching it with a piece of cellophane tape.
Use just the tip of a small piece of tape. The tape can
also lift part, if not all, of previously applied resist—
even if burnished—so be extra careful. Unless the resist
won't lift with tape don't try to scrape it off with a knife
or razor blade; generally, you can't get it all by scraping
and you can end up damaging the copper.

Finally: Be careful with razor blades used to cut both
transfer and tape lines. If you try to cut through a
transfer line you'll end up cutting through the pattern
undemeath. say a doughnut. and you'il end up with
hairline breaks in the copper foils. To cut the transfer
resist. position one end precisely on a resist pattern (ifa
doughnut don't worry about covering the center hole)
and adjust the sheet so that the line runs through to the
resist pattern. Overlap the line slightly and simply
“‘nick’’ the top of the transfer sheet with the tip of a
razor blade (a sharp blade). Don’t cut through. When
you lift the sheet, the transfer resist line will break free
exactly at the nick.
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To cut tape lines, again position one end directly over
a pattern and unroll the tape over the next pattern.
(Take care not to stretch the tape. It snaps back and
you’ll suddenly find it doesn’t reach the pattern.) Press
the razor flat down against the tape and then pull the
free end of the tape upwards; the tape will cut itself off
the strip. Make certain you use barely enough pressure
on the razor to kKeep the tape that's on the copper from
moving as the free end cuts itself free. If the tape starts
or ends at a resist pattern, overlap the complete pattern
(say, a doughnut) and make the cut at the **far end"’ of
the pattern. In that way. extra razor pressure won't cut
through the resist.

OK. Now you can follow the pictures on your way
to quick and easy—but almost professional quality—
PCB’s. The pictures, which show the PCB for the
Darkroom Printmeter that appears elsewhere in this
issue, begin above and continue on the next few

pages.
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SPECIAL REPRINT
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BUILD A BACKYARD SATELLITE TV RECEIVER

G ®

PP & Oerrerach Purscatons e . 1980

Don’t miss out again!

Send away today for your 36-page
booklet containing a complete reprint
of all seven articles in the series on
Backyard Satellite TV Receivers by
Robert B. Ccoper Jr.

This all-inclusive report gives you all
the data you need to build your own
Backyard Satellite TV Receiver.

@ TELLS ALL ABOUT domestic satel-
lite communications, with full details
on how you can pul! those elusive TV
signals from space.

@ LEGAL REQUIREMENTS, techni-
cal specifications, and how you, the

home constructor, can meet them.
Find out what mechanical and elec-
tronics skills you need.

B RECEIVER CHARACTERISTICS,
technical details and specifications,
along with examples of actual re-
ceivers built at comparatively low
cost.

B ANTENNA DESIGN... and ex-
actly how you can build a spherical
antenna. while keeping total earth-
station cost for the complete system
under $1,000.

@ THE FRONT END is critical when
you build your own system. We help
you explore several different ap-

proaches to making one that will
work for you.

B RECEIVER-SYSTEM hardware, and
how it goes together to bring you di-
rect-from-satellite TV reception in
your own home.

To order your copy:

Complete coupon and enclose it with
your check or money order for $7.00.
plus $1.00 for postage and handling.
We will ship your reprint within 6
weeks of receipt of your order. All
others add $4.00 for postage. New
York State residents must add 58¢
sales tax.

dling & Postage.
| have enclosed $
add sales tax.

282

- N . Please print
nadln. Satellite TV Reprints
= 45 East 17th Street
Eleclronies .. vor« n.v. 10003 {Name)™
Iwant ______ reprints @ $7.00 each, plus $1. Han- (g cet agaress)

. N.Y. State residents must

(City)

(State) (Zip)
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NEW PRODUCTS

continued from page 62

CASSETTE DECKS, model GX-F44R
and model GX-F66RC (shown) feature
quick reverse and both are stero, with
Dolby B and C noise-reduction systems.
The automatic reverse feature allows
recording and playback of both sides of
a cassette with virtually no loss of fidelity
in the reverse mode.

Other features common to both are
Intro Scan (which plays back the first 10
seconds of each selection con-
secutively, allowing a quick review of the
tape and easy location of specific mater-
ial); and Blank Search (which makes
recording partially recorded cassettes
simply by seeking out unrecorded por-
tions of the tape that are over three mi-
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CIRCLE 18 ON
FREE INFORMATION CARD

nutes long, then laying down four
seconds of silence at the end of the last-
recorded segment before going into rec-
ording standby.) There is also automatic
play of one side, both sides, or con-
tinuous playback, and automatic tape
selection, which insures correct setting
of tape bias and equalizer levels.

The extra feature on the GX-F66RCis
a microcomputer-controlled Random
Program Search System that can select
up to 20 programs in any order, from up
to 99 selections on either side of the
cassette.

The model GX-F44R is priced at
$475.00; the model GX-F66RC costs
$575.00.—Akai America, Ltd., 800
West Artesia Blvd., PO Box 6010, Com
pton, CA 90224.

MUSICAL HORN
continued from page 113

You should test the unit before packag-
ing it up. Solder shont leads (bare wires
clipped from resistors after soldering
them to the board, for example) to the
PC-board pads that will connect to the
two potentiometers, the switch, the pow-
er supply, and the speaker. Use alligator-
clip leads to make the test connections
from them to the outboard components.
When connecting the potentiometers, the
center and left terminals (looking at the
front of the potentiometers) are the active
ones. The right terminal can be left un-
connected or wired to the center terminal,
as you wish—it makes no difference elec-
trically. The switch should be a normally-
open type. If you use a speaker rated at
less than 10 watts, see Table 1 for the
series resistor to use. If you're not sure of
the speaker rating, use a 39-ohm, 2-watt
resistor to be safe. Bear in mind that driv-
ing a 10-watt horn speaker with no resis-
tor provides the loudest, most directional,
sound.

Be particularly careful about the power
connections. Use fairly heavy leads, and
make sure that the positive side of the
power source is connected to the positive-
input lead. The power source should be
12 volts, capable of providing over |

ampere of current. That means a 12-volt
car battery or heavy-duty power supply!

Troubleshooting

If you don’t get a melody, disconnect
the board from the power source and re-
move the song PROM, IC9. Now re-
apply power, press S1, and you should
hear a steady tone. If not, check your
connections and the polarities of the di-
odes and capacitors, make sure the cor-
rect components are in the correct loca-
tions, and make sure that Q! is inserted
correctly. Next verify the orientation of
all IC’s—and check for bent-under pins.
Defective IC's are rare, but they may be
checked most easily by substitution, if no
other problems are found.

Packaging

This unit is intended to be used in a
vehicle, drawing power from the vehicle
battery. No power is drawn except when
switch S1 is held down. The unit should
be installed in a plastic case under your
dashboard (not in the engine compart-
ment) with the potentiometers, spcaker
jack and switch on the cover, and a power
supply jack on the side, for example. Use
a 3-amp fuse in the power leads, and use
heavy wire for the leads and speaker con-
nections. Mount the speaker somewhere
behind the vehicle’s grille.
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DON'T
FORGET

USE Uncoated Boards
Positive Resist Boards
YOUR Negative Resist Boards
FREE
READER
SERVICE
CARD

98-100 Gien Street -

QUALITY PRODUCTS FOR
PROFESSIONAL RESULTS

POSITIVE
PHOTO RESIST
SPRAY
For Sensitizing Boards

High quality positive
resist which will cause
less pin-holing.
Available in 3 oz.
aerosol spray can. Has
less sensitivity to white
light than other resists.

OTHER INJECTORALL QUALITY PRODUCTS
COPPER CLAD LAMINATES P/C Chemicals and CONFORMAL COATINGS:

Supplies Anti-fungus Varnish
Polyurethane Resin
IC Sockets Acrylic

‘D" Subminiature Cleaners and Lub-
Connectors ricants

Breadboards and
Terminals

Freezer Sprays

SEND FOR FREE COMPLETE CATALOG

INJECTORAL ELECTRONICS CORP.
Glen Cove, New York 11542

- {516) 671-6010
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FOR CABLE TV

The SWD-1 Video Converter is uti-
lized on cable TV systems to re-
move the KHz's signal from a
distorted video {channet 3 in/
= - out) and also pass thru the
g normal undistorted/detected
- e audio signal. Rocker switch
selects operating mode 10 remove KHz's
— distortion from the video or pass all other chan-
nels normally. Simple to assemble—less than 30
minutes. Pre-tuned. Input/output Channel 3. Impedance

75 ohms. 117VAC.

SWO-1 Video Converter Kit ey $69.95
R ACGESSOR
SIMPLE SIMON VIDEO STABILIZER

s Simple Simon Video Stabilizer.

Maodel VS-125, eliminates the ver-

tical roll and jitter trom “copy guard™

video tapes when playing through

large screen projectors or on an-

other VTR. Simple to use. just adjust

the lock controi for a stable picture. Once the control is set. the 1ape

will play ail the way through without further adjustments. Includes
12V power supply. SPECIAL

VS-125 Video Stabilizer, wired Reg. 5495 . $38.95

MODULATOR

Not a Game Type Modulator
The MPS-1Kit convens Video/Audio
signals to a crystal controlled RF
output for TV Channels 3 and 4.
The MPS-1 Modulator inputs
are designed to match all TV

C 0 d
Ba D g » deo
ake q of yo R R
o Decode able deo
D deo Game osed EE!
a € d€ and OCO D 3
£3a as p gb 0 .
the i any or all of the three outputs.

at a time.

push of a button.

Cameras and VCR's and a
voltage regulated power supply, power
switch and LED indicator. No Tunlng Required.

Assembly

Tigel Operates on 117VAC.
Approximastely
6 Minutes MPS-1Kit. . .. $39.95

1 ) 1 B

MDS-AMATEUR-ETV 32 ELEMENT
YAGI ANTENNA

® Not A Kit
©19:25GHz @ 38%" Long
® 23dB Aversge Gain @ Commarcial Grade
@ Dis Cast Waterproo! Housing with 4'%" x 2%"
Area tor Elsctronics

8. Includes pi

Bambi'a from panel was designed with the
user in mind Computer styled construction.
with soft-touch keyboard (rated for over 10
million operations). aranged in matrix form
allows easy input/output selection without
refering to charts. Functions selected through

Model BEVS-1 Completely Wired and
A ive Instruc-
tion/Operation Manual and Decal Set for
customizing your Video Switch installation.

. Now you can eliminate ... the drudgery of disconnecting and
reconnecting your video equipment each time you use it ...
the tangled mess of cables which are impossible to trace
out ...not belng able to use more than one function

Bambi lets you enjoy using your video equipment the
way It should be ... electronically and on line at the

@ Includes P.C. Probe. F-61 Connsctor and Mounting Hardware
MAE-2 32 Eiement YAGI Antenna §23.95

Kato Sons” Down Converter Kt #1.9 - 2.56Hz#
Desgned for Simple Simon by tormer Japanese CQ Amateur Magazing's UHF
Edrtor/Engineer. Unit utilizes new ingenious Printed Cacurt Probe for maximum
gain_ Circuft board fits inside MAE -2 antenna housing. Requires 1 hour assembly.
IC and capacitors pre-soldered

Model KSOC-KIT 1.9 - 2.5GHz Down Converter Kit $34.95

Kato Sons’ Requlated Yarible DC Power Supply
For use with KSDC-KIT 1.9 - 2.5GHz Down Converter. Completely assembled
with Attractive Cabinet. TV/Converter Mode Swiich, Frequency Control and
LED tndicator.

Model KSPS-1A Assembied Power Supply $23.95

ORDER ALL THREE ITEMS
SPECIAL MAE-2, KSDC-KIT and 95
INTRODUCTORY ) s’ o 14
SAVINGS Regulat price & ordered separately S87 85

- CD-AX CABLES ARE NOT INCLUOED

ZYIZX YHF-UHF Wideband Antenna Amplifier
< 2

U3

Revolutionary New HYBRID IC Broadband Ampiitiers

Model ALL-1 1298 Gain
50 MHz - 900 MHZ ool L2 3568 Gain
Thesa ursts are not available anywhere else in the world Each un wal serve many purposes and &
avadable in Kit o Assembied form Ideal for outdoor of indoor use /0 impedance 15 75 ohms
Amplifiers nchude separate co-ax feed power supply. Easdy assembled n 25 minutes No cods,
capacrion o fune of adpst
ALL-t Complete Wit w/power supply  $24.95
ALL-2 Compiete it w/powsr supphy  34.95

ALL-Y Wiesd Tosted w/pwr supply ~ $34.95
ALL-2 Wi/ Tested wipws 1upply  44.95

Our New STVA 14.5dB GAIN, 14 ELEMENT
BUHNE)II\ REFLECTOR YAGI ANTENNA

~ SN
tﬁ‘?j‘w‘x <~

" o
“ -

hod

STVA-] YagiAntenna, 14 58 G, Selectable 75 or 300 obm

% Channel 60-80. $19.9%

“ STVA-4 Yog Antenna 14.5dB Gain. Selectable 75 or 300 ohm

\ Channel 44-52. $19.9%

AG-58/U 75 ohmlowlossCoarCable  S.12p/ft  F-59CoarComecior. . § 39ea
MT-1  Special UHF 75-300 ohm Matching Transformer $1.45 s

the keyl are p on i
the 18 LED status indicators.

7+11 SWD PARTS

MITSUMI
VARACTOR
UHF TUNER

Model UES-ABSF

$24.95

Charvel 14-8 Dt Charmel 3

[ PART
Ne Ne DESCRIFTION PRICE
1 1VN-SWD Varactor UHF Tuner. Model UES-A5EF $24.95
2 20B1-SWD Printed Circutt Board. Pre-Orifled 18.95
3 3TP7-SWD P.L B. Potentiometers. 1-20K, 1-1K. and
5-10K ohms, 7-pisces .95
4 4FRJS5-SWD Resrstor Ki, % Watt. 5% Carbon Film, 32-peces 495
5 SPT1-SWD Power Transtormer. PRI-117VAC, SEC-24VAC.
250ma 8.95
6 6PP2-SWD Panei Mount Potentiometers and Knobs. 1-1KBT
and 1-5KAT w/Swilch 5.95
7 78514-SWD IC’s 7-pes, Diodes 4-pes. Requlstors 2-pes. Hast Sink
1-prece 29.95
8 BCES-SWD Electroiytic Capacitor Kit. 9-peeces 585
9 9CC33-SWD Ceramic Disk Capacitor Kit. 50 W.V.. 33-pieces 785
10 10CT-SWOD Variable Ceramic Timmer Capacitor Kit,
5-65ptd. B-pieces 5.95
1 1114-5WD Coit Kit, 18mhs 2-pieces. 22yuhs 1-piece {prewound
inductors) and 1 T37-12 Ferrita Torroid Core
with 3 ft of #26 wire 5.00
12 12CS-SWD 1 C. Sockets. Tin inlay, B-pin 5-pieces
and 14-pin 2-pieces 1.95
13 13SR-SWD Speaker. 4x6” Oval & Prepunched Wood Enclosure. .. 14.95
14 14MISC-SWD  Misc. Parts Kit Inciudes Hardware. (6/32. 8/32
Nuts. & Boits). Hookup Wire. Ant. Terms. DPOT
Ant. Switch, Fuse, Fusehoider, atc. 9.95
Whan Ordering All ttems, (1 thru 14), Total Price 139.95

| CUSTOMER NOTICE

NEED 6 OF MORL OF AN ITEMC
WRITE FOR
QUANTITY DISCOUNTS

Outside Nevada Call:

Bambi
Poster
= with
] any
'129%
T =
O TRETENeR
ok B
wn
L2 2=
Check the quality of Bambi ageinat that ot Bambi a Specificationa:
much higher priced competition. All solid ® Input/Output Impedance 75 0"2
state electronic switching provides low atten- : z?.;:' - 3:: :::B
uation {3dB). wide frequency response (40- @ Input Return Loss 1248 min
890 MHz). and excellent isolation between @ Isolation 68548 min.
signal sources |each I/O section individually : ;W" ';Ml |O‘:‘NAC:%“.§YZB‘?:
. wmensions AW6%Dx
for 65dB min. isolation), ® Welght 4% Ibs

7+11 PWD PARTS KITS

T

INTRODUCING OUR Nw/
7+11 PWD
PARTS KITS

PART

Ne N DESCRIPTION PRICE
1 WT1-PWD Varsctor UHF Tuner, Model UES-ASEF $24.95
2 20B1-PWD Printed Circuit 8card. Pre-drilied 19.95
3 3TP11-PWD PCB Potentiometers 4-20K. 1- 5K, 2-10K, 2-5K.

1-1K. and 1-50k {11 puces) .95
4 4FR-31-PWD Resistor Kn. %W, 5% 29-pes. ¥ W 2-pcs 495
5 S5PT1-PWD Power Transformer, PRI-117VAC. SEC-24VAC

at 500ma .95
6 6PP2-PWD Panel Mount Potentiometers and Knobs. 1-1KBT

and 1-5KAT wilh swilch 6.95
T 18517-PWD IC's 7-pcs. Dwdes 4-pes. Regulators 2-pes

Transistors 2-pes, Heat Sinks 2-pes 2995
8 BCE14-PWD Eiectrotytic Capacitor Kit, 14-pieces 495
9 9cC20-PWD Ceramic Disk Capacitor Kit. 50 WV, 20-pes 1.95
10 10CTS-PWD Varible Ceramic Trmmer Capacitor,

5-B5pfd. 5- pieces 4.95
11 11L5-PWD Col Kit, 18mhs 3-pes. .22p1hs 1-peecy {prewound

inductors) and 2 T37-12 Ferrits Toroid cores

with 8 ft. #26 wwe. 4.00
12 121CS-PWD IC Sockets, Tin inlay. 8 pin 4-pcs. 14 pin 1-pc

and 1B pin 2-pcs. .96
13 13SR-PWD Enclosure with PM Speaker and Pre-dniled

Backpanel for mounting PCB and Ant Terms 1498
14 14MISC-PWD  Misc Pans K. Includes Hardwere. (6/32. 8/32

Nuts & Bolts). Hookup Wre. Soider. Ant. Terms

DPOT Ant. Switch, Fuse. Fuseholder, etc 9.95
15 15MC16-PWD  Mylar Cepacitors. 14-pes and Sitver

Mica Capacitors 2-pieces 1.95
Whea Ordering All ltems, (1-15). Total Prica. . 159.95

SIMPLE SIMON ELECTRONIC KITS,™ Inc.

3871 S. Valley View. Suite 12, Dept. N, Las Vegas. NV 89103

In Nevada Call: 702'871 '2892

1-800-782-3716

s BUYWITH CONFIDENCE ... BEWARE OF LOW QUALITY IMITATORS. All of
® our kits consist of New, 1st Class, RF Quality. Parts Engineered for Optimum
Operation. not factory seconds or stock close-outs. We service your completed kits that you've purchasad and built. You will
never get stuck with a BAG OF PARTS when ordering from Simple Simon.

Avallable by Mait Order Only
Send Check® or Money Order. Minimum
Order: $16.95. Add 10% Shipping and
Handling on orders under $40.00. For
orders over $40.00. add 5%. Minimum
Shipping and Handling $2.00. Cat. $1.00

— VISA and Mastercard Acceptable —
“Check orders will be held 30 days befare shipping.
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.o VOU
should
see the

rest!

It’s full of fun, sun,
barefeet & bikinis.

It’s runnin’ with the wind
to small, tropical islands
and unique ports o’ call for
those with itchy feet and
adventure in their soul.

We’re not the Love Boat,
but we’ll take on anybody
when it comes to beach-
combing, sailing &
exploring the exotic Carib-
bean. It’s our backyard
and we know all the great
places in paradise.

And, 6-day cruises start
from $425.

So send for the rest of the
booklet. It’s free!

Look us over & “sea it”
our way!

@
Cruises oo

Box 120, Dept. , Mijami Beach, FL 33119-0120
or call TOLL FREE and tell us you need the rest of the booklet:  800-327-2600  in FL: 800-432-3364



