on your computer

usingour radio

facsimile

~ decoder
project.

rPPRPBORPEBRENE =

oy
+ESS0BB0BBBEN © — ' ; | |
= TO BUILD:
- SHOBBEOBEE - - u

ENES—

SSEAAA 3-WAY SPEAKERS
HANDHELD DIGITAL FREQUENCY METER
~ VIDEO DISTRIBUTION AMPLIFIER
% FUNCTIONPULSE GENERATOR

g | |




tront panel ?

outer tube

Z
277

< g ) bass reflex port yom

nner tube

Tubber suspension

bass refiex space

f inner tube

rubber suspension [l M Dass refiex port paf)

NDNNNNNNNA
W

outer tube

front panel J

Are your speakers prepared for Digital Audio?
Jamo are.

The new range of JAMO loudspeakers from Denmark's
leading loudspeaker manufacturer has been designed with
the digital audio in mind.

Digital Audio is here. It will expose the limitations in all hi-fi
systems, especially the loudspeakers. So why buy speakers,
which are outdated tomorrow. Be part of the future of JAMO.
JAMO offers high power handling capacity, wide dynamic
range and extended frequency response. Features which
digital audio demands.

With JAMO you will get excellent sensitivity, unsurpassed
stereo image and phase linearity. You'll ‘also get fully
electronic overload protection and acoustic attentuators. But
you won’t get empty pockets . . . We quote:

JAMO Professional Range

From $400.00 to
$1700.00

“Our conclusiun is that JAMO CBR-1303 is a handsome, very
well constructed and tinished speaker whose sound quality,
high sensitivity, and ruggedness merit its serious con-
Sideration by anyone contemplating buying speakers in its
price class.” (Stereo Review, USA. April 1983

“We do not know any loudspeaker in this price range, which
at once offer an excellent performance, high sensitivity and
the possibility to get the instruments up in a natural size.”
(High Fidelity, Scandinavia)

JAMO has developed and patented the unique CBR-system
(Centre-Bass-Reflex). It eliminates distortion caused by
cabinet resonances found in most traditional speakers. The
woofer is mounted in the cabinet by means of only four rub-
ber suspension points, which effectively absorb all vibrations
from the woofer.

These JAMO developments represent excellent uncoloured
sound reproduction, which has acclaimed JAMO by hi-fi
critics all over the world.

For further information and nearest dealer
contact: SCAN AUDIO, P.O. Box 242,
Hawthorn, Vic. 3127. Phone (03) 819 5352.

Jamoiis

Use Reader Information Card for full details.
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LIABILITY: Comments and test results on equipment reviewed refer
1o the particular item submitted for review and may not recessafily
pertain to other units ol the same make of mode! number Whlls' every
effort has been made to ensure that all constructional projects referred
to in this edition will operate as indicated efficiently and prope ty and
that all necessary componenis to manufacture the same will be
available, no responsibility Is accepted in respect of the failure for any
reason at all of the project to operate eftectively or at alt whether due
to any fault in design or otherwise and no responsibility is accepted
for the failure to obtain any component parts in respect of any such
project. Further, no responsibility 1s accepted in respect of any injury
or damage caused by any fault in the design of any such project as

aforesaid
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ETI-736 Fax Picture ETI-1517 Video Disfribution ETI-175 Digital Frequency ETI-166 Function/pulse
Jiad Meter Generator

€/) Print weather maps with your MicroBee. This Ampllner

=project goes between the Audio Output of a This will let you drive up to five video displays A handheld digital frequency/period counter At last—the ETI function/pulse generator ™=

== shortwave receiver and the 8-bit port of the from one video source, simple 1o build .. . low in that goes 1o 20MHZ and features a 4'2 (and a Here's how to have a top-class instrument in

X MicroBee and allows you to print weather maps cost. Tons of applications—great for direct half

forecasts.

and satellite pictures on a dot-matrix printer vigeo out from computer 1o you, drive several build, battery operated.
with quite acceptable results. Do your own displays from a video recorder, etc. etc.

..) digital display. Low cost—simple 1o your lab/workshop. Covers 1 HZ 10 1 MHZ,
generates sine, square, triangle, ramp and

pulse signals with top specs.

»
=
X

STEREO SYNTHESISER FOR TUNERS AND

Enjoy the benefits of stereo
sound from your video cassette
recorder, TV or AM tuner with
this Stereo Synthesiser. The cir-
cult uses just four ICs and is
easy to build.

A EA 1982

Led Head Lightchaser

S T
(Battery and
headband extra)

PH METER £/ N

)

EA ELECTRONIC STARTER

FOR
FLUORESCENT

LAMPS
$5

OCTOBER EA 1982

Eprom
Programmer

il

JANUARY EA 1982  INCLUDES TEXTOOL SOCKET

with probes

BOGGLE GOGGLES

P
Short form

EA POWER UP

EA DIGITAL
READOUT FOR
SW RECIEVERS

$72.00
COMPLETE

OCTOBER EA 1982

$38.50

EA NOV 1982

OVER 200 NOW SOLD
$195

EA INVERTER

INCLUDING TRANSFORMER
300 WATTS _

100w Sub-Woofer
Amplifier

$85.00
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EA GUITAR BOOSTER

$17.50

-

KIT

Y & GUITAR BOOSTER

L)

JUNE EA 1982

KITS

KITS

A
JUNE EA 1982 " Australia

Tacho/dwell meter with digital display

MAY EA 1982
Driveway - —
Sentry

L

12/240 volt Inverter . 40 WATTS

" IQ\ .-Q—-
\ T

MAY EA 1982

EA EASY-TO-BUILD
FREEZER ALARM

o

$21

OCTOBER EA 1982

L4

&) Freezer Alarm

Portable 3", Digit Heart Rate Monitor

JULY tA 1982
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COMMENT

I HAVE JUST returned from the Electronics Show in Perth —
Australia’s only consumer electronics show. And what a show!
Virtually every major distributor of consumer electronics
equipment was represented among the 90 exhibitors, and the
organising committee estimated over 100000 people poured
through the gates over the four days of the show, from August
4-7. The consumer electronics industry is alive and well — and

living in Western Australia!

What is wrong with the industry that it can’t organise a show
in the eastern states? One would think that’s where the bulk of
the marketplace existed. The last consumer electronics show in
the east was held in Sydney in 1980. Since then, the industry has
not been able to get another one off the ground. There was a false
start for a show in 1981, and again for 1982, but the support and

effort just fizzled away.

The Perth show is organised by a committee made up of
managers from firms representing different sectors of the
industry. Is there any barrier to the industry in the eastern states
getting together and doing the same thing here? They’re getting
together in the west, so why not over here? 1 think a few very
valuable lessons can be learned from the success of the Perth
Electronics Show. The organisation that got it together should
provide an excellent model to follow. The Perth show is now five
years old and has grown enormously in the past three years. I'm
not suggesting the Perth show should be transferred to the east,
rather the east should emulate the west.

As there are now national industry bodies representing the
various sectors of the trade, how about getting together and
putting on a show? You've got all to gain and iittle to lose
except your inhibitions about getting together.

“Ill fares it with the flock, if
shepherds wrangle when the
wolf is nigh.”

—Sir Walter Scott

Roger Harrison
Editor

NEXT MONTH

THE ‘LITTLE BIG
BOARD’ COMPUTER

Here is a Z80-based single-board
computer featuring 64K of RAM on
hoard, two RS232 ports and a floppy
disk controlier that will handle up to
four disk drives, either 5% or 8
double-sided double-density. it runs
CP/M 2.2 and all fits on a board

measuring just 115x 204 mm! But
that's not all. The CPU runs at 4 MHz,
a real-time battery-backed clock is in-
cluded and the RS232 ports are soft-
ware configurable to suit yourself. it
uses the increasingly popular and
very versatile 56-pin STD buss. Our

last computer was the popular
Learner's Micro. This one's for the ‘big
boys’. Don't miss it.

GETTING PRINTOUT
FROM YOUR
MICROBEE

There are two ways to get it — the
cheap way and the not cheap way.
Either way, you'll need an interface.
We show you how to build

and get working two simple interfaces
— one for each method. Both cheap

WIN A SCANNER!

You could win yourself one of the
most poputar scanners on the Austra-
lian market, worth over $500. in our
blg Scanners’ World Contest next
month. You've got to be in it to win it,
they say.

THE INS AND OUTS OF
VIDEO ENHANCERS

LED AUDIO PEAK
PROGRAMME METER

SANSUI

‘COMPU RECEIVER’
REVIEWED

SERVICES

TECHNICAL INQUIRIES: We can only answer readers
technical inquiries by telephone after 4.30 pm Mondays to
Thursaays. The technical inquiry number 1S (02) 662-4267
Technical inquiries by mail must be accompanied by a
stamped, self-addressed envelope There is no charge. We
can only answer queries relating to projects and articles as
published. We cannot advise on modifications, other than
errata or addenda.We try to answer letters as soon as
possible. Difficult questions may take some time to answer

GENERAL INQUIRIES: For all inquiries about back issues,
subscriptions ($23.88 for 12 months/12 issues), photocopies
of articles, artwork or submitting articles, call (02) 663-9999
or write to: ETI Reader Services, 140 Joynton Avenue (PO
Box 227), Waterloo, NSW 2017

CONTRIBUTIONS: Submissions must be accompanied by
a statnped, self-addressed envelope for their return. The
publisher accepts no responsibility for unsolicited manu
scnpts, illustrations or photographic material
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ELECTRONICS CONVENTION
IN SYDNEY THIS MONTH

Exhibition, mounted by the Institution of Radio and

IREECON '83, the 19th International Convention and

Electronics Engineers Australia, will be held at the
Sydney Showground from September 5-9.

IREE conventions are the
recognised regular forums for
engineers, technicians, scien-
tists and management execu-
tives engaged in every field of
electronics. The technical exhi-
bition will be complemented by
a comprehensive lecture pro-
gram presented by leading auth-
orities in all areas of electonics
from Australia and overseas.

The Governor-General, Sir
Ninian Stephen, will officially
open the convention on Tues-
day, September 6. The keynote
address on the convention
theme, World Communications
Year, will be presented by the
secretary-general of the Inter-
national Telecommunications
Union (ITU), Dick Butler.

The 260 technical papers to
be presented at the convention
will cover a wide cross-section of
topics in the electronics field.
The papers will be in lecture and

THE LARGE AND SMALL
OF EXIDE BATTERIES gk

he biggest and the smallest

of Exide’s maintenance-free
RE systems batteries for indus-
trial use have been released by
Chloride Batteries.

The RE6-1, with a size of 51 x
42.5 x 57.5 mm, is an ideal 6 V,
1 Ah power source where space
is a premium.

The RE12-38, offering 38 Ah

B

v, 20t e
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poster presentations, with more
than 30 overseas authors per-
sonally presenting their papers.

Two papers on studies aimed
to facilitate automated sheep-
shearing will be given by repres-
entatives of the research teams
at the University of New South
Wales and the University of
Adelaide. They will discuss the
feasibility of different sensing
devices which will warn the fast-
moving shear of obstacles in its
path.

Recent research in Australia
suggests that video computer
games might play a role in the
treatment of children with
specific learning difficulties.
Shirley Goodhew, an occu-
pational therapist, reports in
her paper that video computer
games practice results in an
upward trend in all of the four
parameters of motor behaviour.

An educational experiment

in 12V circuits, meets the
heavier power needs of emerg-
ency lighting, uninterruptible
power  supplies, communi-
cations, instrumentation and
propulsion as in electric wheel-
chairs. It measures 177 x 165 x
170 mm.

The Exide RE range now has
seven batteries of various
shapes and sizes of 6 V offering
1-10 Ah, and six of 12 V, also of
various shapes and sizes, offer-
ing 1.2-38 Ah.

There is a new 24-page cata-
logue from Chloride giving
the specifications, performance
data and application advice on
Exide Faure-X pure lead posi-
tive grid batteries used for
standby power in solar, com-
puter or emergency situations.

In this glossy catalogue,
graphs and tables illustrate text

conducted in South Australia is
the subject of another paper.
The results of this experiment
show that isolation in the Aus-
tralian Outback need no longer
be a barrier to specialist training
in the latest technological devel-
opments.

The latest results of Project
Jindalee, HF skywave radar
which is currently collecting
wind- and sea-state information
from the Indian Ocean, will be
presented at the conference.

Another paper which will be
presented will discuss the devel-
opment of the microwave radi-
ometer by CSIRO scientists.
This method of measuring tem-
peratures below skin level with-
out breaking the skin will be
used in the heat treatment of
cancer.

Contact the IREE for further
information.

on cell selection, temperature
correction, discharge data,
charging, recharging and main-
tenance.

The Exide Faure-X range

B offers more than 20 different cell
. capacities from 50 to 3200 Ah at

the 10-hour rate.

For more information, con-
tact Chloride Batteries Aus-
tralia, 147 Woodpark Road,
Smithfield NSwW 2164.
(02)604-0522.

COVER

Be your own forecaster — print
weather maps with your Microbee!
Cover design by Ali White. Back-
ground weather map is a facsimile
print courtesy of the Bureau of
Meteorology.

Last month's cover credit was
omitted, unfortunately. The back-
ground picture was of the Cone
Nebula, a strong infrared source,
countesy of D.F. Malin of the Anglo-
Australian Observatory, NSW. Al
White designed the layout.

NEW WAY
WITH PC
ASSEMBLIES

new method of surface-

mounting electronic com-
ponents, combining flexible
printed-circuit board and chip-
carrier technology, has been
devised by Welwyn Electric, the
British resistor and micro-
electronics manufacturer.

The technique makes use of
Welwyn’s range of flexible
printed circuits to interconnect
an array of chip carriers and
other face-bonded devices. To
this, the company has added a
special heat-sink to create an
easily assembled package that
offers a high degree of mechan-
ical strength and is suitable for a
wide range of professional, de-
fence and telecommunications
applications.

The heat-sink is made of
aluminium or copper with studs
or npillars which protrude
through the holes in the printed
circuit and contact the under-
side of each chip carrier, provid-
ing efficient thermal conduction
for the entire circuit board.

NOTES & ERRATA

sales tax.

correct.

makes using this project.

that.

Equipment News, April issue, page 10. The price of the BWD
Model 821 oscilloscope, featured on this page, was mistakenly
quoted at $750 retail when it should have been given as $750 plus

Project 1513, June issue, page 76. The Parts List shows R16 as
18k, but the circuit diagram gives it as 560R. The circuit diagram is

Project 698, June issue, page 47. Atdate of going to press with this
project, Chuck Simmers had only tried the National bipolar PROMs
SO check the specifications before attempting to program other

'660 Software, August ’83, page 68. In the item at the bottom of the
- page headed “‘Cure For Colour Problems"", we goofed. The solution
Is to cut the track between pin 11 of the 4066 (IC21) and the junction
of R16-R17, then insert a 10n capacitor across the cut. Sorry about




TELEGAMBLING: A SUREFIRE
BET

televised network featuring
gambling at home may pro-
vide the impetus for the wide-
spread use of interactive
teleshopping services, such as
Videotex and Teletext, accord-
ing to a 314-page report released
by International Resource De-
velopment, an independent
United States consulting firm.
“Gambling services may be
the answer to get consumers to
use Teletext and Videotex,”
according to IRD.
“The average punter receives
his betting information from

the newspaper, and then either
places a bet at the track, at an
off-track betting shop or with an
illegal bookmaker. The use of
Teletext and Videotex could
result in one-stop gambling.”
Videotex is Dbasically a
consumer-oriented time-shar-
ing network which allows two-
way communications with a
central computer through an

interactive home terminal.
Teletext involves one-way
transmission of text and

graphics through the vertical
blanking interval (VBI) of a

STOP SHAKING, WE'RE

ON VIDEO

Fres’h air has been used to
guarantee a vibration-free
picture from one of Australia’s
most sophisticated video instal-
lations, at the new Sydney
Entertainment Centre.

The centre’s $500,000 Swiss
Eidophor projector has been
mounted on a platform sus-
pended upon inflatable rubber
springs.

The method employs a prin-
ciple which can also be used by
transport companies, computer
firms and industry to isolate
sensitive loads and equipment
from shock.

The projector is mounted on a
catwalk high within the centre
to throw images up to 11 metres

by 7.3 metres on to a screen
below.

The potential problem was
that any vibration higher
frequency from footballs, or
lower frequency from flexing of
the box-girder roof — would
have been magnified on-screen.

The solution, devised by the
projector’s importer, Hawker
Pacific, in conjunction with Air
Springs Supply, was to mount
the camera on the platform
incorporating  air  springs
inflated by a compressor.

A total of six Model 116 single
convoluted air springs of
298 mm diameter were used to
suspend the 500kg camera,
which is used to provide spec-

News DIGEST

regular television transmission,
or through a full cable channel.

According to IRD, telegambl-
ing would be a boon to adver-
tisers on Videotex and Teletext
systems, and would serve to
weaken organised crime and the
underground economy. The
situation is also a ‘natural’ for
the major television networks
that are set to launch Teletext
systems.

“These networks carry a great
deal of sports programming.
The provision of telegambling
would surely serve to boost
ratings and advertising revenues
for the networks,” says IRD’s
report.

IRD sees potential for a cable
network devoted exclusively to
television programmes designed
around gambling.

“This telegambling network
could feature dramatic shows on
which the viewer could place
bets as to the actions of particu-
lar characters, similar to the
informal betting that occurred
with the Who Shot JR? episode
of Dallas,” explained IRD re-
searcher Dave Ledecky.

“People will bet on just about
anything. They'll bet on the
sunrise, as long as it’s easy and
convenient to do so.”

Further information on the
US$1285 report, which is en-
titled Teleshopping, including a
free description and table of
contents, are available from
International Resource De-
velopment, 30 High Street,
Norwalk, CT 06851, United
States. Telex 643452.

tacular backdrops, close-up and
replays of performances.
For further information, con-

BOSCH'S
ELECTRONIC
DRIVER

osch has become the first
European manufacturer to
market a fully electronic instru-
ment cluster for passenger cars.

The Bosch cluster, installed
in the latest production versions
of the Audi Quattro, has green
vacuum-fluorescence  displays
which are used for presenting
the information.

In addition to the functions of
the conventional instrument
panels, such as speedometer,
tachometer, fuel gauge and indi-
cator lamps, there is an inte-
grated trip computer. This pro-
vides instantaneous consump-
tion, average consumption, av-
erage speed, range on tank,
driving time and time of day.

The driver can also select a
‘minimum-display mode’ in
which only the road speed,
mileage indicator and trip meter
are shown. In critical cases, such
as high coolant temperature,
less than 10 litres in the fuel
tank or a continuous driving
time of more than two hours,
the relevant individual display
automatically flashes.

For more information, con-
tact Robert Bosch Australia,
P.O. Box 66, Clayton Vic.
3168.

tact Air Springs Supply, 137
Bowden Street, Meadowbank
NSW 2144. (02)807-4077.
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finance larger stockholdings. We have bad
delays that are currently oceuring. Unfortuna
much more than we normally pay for semis. We
evitably, there are price rises. We have committed o

A minor revolution is going on around the world in the semi-
conductor industry at present. Many Digital IC’s (i.e. 4000 series

) have almost doubled in price in the past 3

months! This is bad enough but the lead time (i.e. delivery from the
manufacturers) has gone from 2-3 days to 4-6 months! Linears are seriously
affected also. This is very bad news for all of us — especially for our kit production
To offset this serious problem, Jaycar has allocated a massive increase in funds to

to do this to try to overcome the very long
tely on many occasions we have had to pay
are holding our prices where we can bu t in-
urselves to pare our operating margins to the

bone so that price increases cause as little hardship as possible.

67116 RAM

WE RE
$12.50

NOW $8.95
10 + $7.95 ea
6116 RAM — check us first!

The price on this one appears t0 have “bottomed out’’ Lately
we have seen price increases in fact. To keep our prices to you
s low as possible we have bared our margins 10 the bonel
Right now you can buy the 6118-P3 from us for only $8.95¢
10 up $7.95 each
Remember Jaycar prices include sales tax and IC's are packed in
quality Velostat foam — 8 must for safety!
Cat, 22-8430 $8.95 each -

10 up $7.95 each

chords. Normatly this unit sells for $12.50 for September only

But even in the middle of all of this, we are STILL able to bring bargains in semiconductors to youl!
Check the specials below and SAVE!
JAYCAR — No. 1 FOR SEMICONDUCTORS

BD677 DARLINGTON
TRANSISTOR

[BO677 Popular Philips Darlington Transistor

The BD677 is an NPN, T0-126, 60 volt 4 amp Darlington tran
istor. Its gain (hFE at 1.5A) is — would you-believe 7601

We have » bulk-buy of this snappy little transistor so you savel
ONLY 75 cents each 10 up 65 cents each

FROM 65;

24 VOLT CRADLE RELAY

SAB0600 DOOR CHIME IC

[ S';-Véo

This is the fabulous “DOOR CHIME" IC which plays melodic

— $9.951 A saving of over $2.50
For each SAE0600 sold, we wilt provide a free circuit diagram
of a complete Door Chimel

MJ802/MJ4502 POWER
TRANSISTORS

5®
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Legendary Motorola Power Transistors

The MJB02/MJ4502 are an NPN/PNP compiimentary bipolar
transistor pair designed for high power audio amplifier appli
cations. They feature matched gain, 30 amp collector current
and & Vce ot 100V. They have 8 case dissipation of 200 watts.
Jaycar is one of the few stockists of these devices.

MJ802 Cat 272232 $7.95 10up $7.25
MJa502 Cat. 27.2234 $7.95 10up §7.25

K-886| $9.95
it 230 What cam we say? 24V DC coil BJPOT goid flashedt contacts
Quality brand. Complete with eradle relay socket worth $0.50
TK-104 KNOB SAVE OVER alone
50% Relay normally $4.95. This month $2.95

Limit 2 per customer
Cat. SX 4010

BT151-650

This is the 650 volt version (for ex tra safety) of the
C122E SCR which we use in the popular ‘Fluor
escent Lamp Starter’ Kit as described in October
1982 EA. Normally $1.50 each This month only
$0.95 each! {Minimum 5 pieces). Makes the
Fluoro starter kit very cheap!

(PCB's for the kit) Cat. HP8747

Cat. 2X7022
(8 amp 650V SCR)

This deluxe knob is fitted with a brass bush with grubscrew
to take a %" diameter shaft. The knob nmeasuring 27mm high
features a wide skirt {36mm dis.) with a metal panel indicati
0 8t centre and 5 units on either side of centre.

It is ideal for control or test equipment. We have a surplus
quantity of these knobs. Normally they sell for $0.85 cents.
Cat. HK-7549

S

<©

bo“‘*\%@
o® \

eM &

\Cp

\)(\O Q‘z«"&,?‘

ONLY $1.95

2764

EPROM

SAVE OVER
50%

This is a quality Japanese made 64K EPROM This Is the single
+5V power (tor read operation),

We sold this unit recently tor $35. Now they are realistically
Priced at only $14.95 & $12.95 10 up

Cat. 22-8464

10 AMP/400V BRIDGE
RECTIFIER

SUPE R RED HOT PRICE

ONLY $2.45 each — $1.95 each 10up

Die cast base. %" “Quick Connect Terminais"
Cat. ZR-1315

o $1.95

1N914 DIODES
INCREDIBLE SAVINGS

The 1N914 {or IN4 148 §f vou like) is probably the most poputar
diode in the history of electronics. We Probably use over 1M 3
vear ourselves! Jaycar has made a bulk purchase of these diodes
and we can pass on great savings

We must sell these in minimum lots of 500

Cat ZR1100 1N914/1N4148

500 ONLY 3% cents each

1,000 ONLY 2.8 cents each

10,000 ONLY 2 cents each and these prices Include tax il

The gtass envelope is really too small to have markings, however

FROM $1.95

L
3

EXPERIMENTER
BREAD '
BOARDS

FROM
ONLY
$3.45

EACH

Cat. PB8810 WBDN 100 holes $3.45

Cat. PB8812 WBTN 640 holes $10.95
Cat. PB8814 WB2N 840 holes $16.95
Cat. PB8816 WB4N 1680 holes $29.50
Cat. PB8818 WB6N 2420 holes $45,00

some are branded. We reserve the right 10 supply units that are
the same size as the ING14/1N4 148 but are electrically superior.

TAA611B

TAA611B * Low distortion * Over 2 watts RMS output! *
High input impedance ° 6-15 volt rail * Low quiescent current
Buy a TAAG11 B for September only and receive a free spec
sheet with two recommendad amplifier circuits!

LOW COST AMPLIFICATION
Car ZL-3750 ONLY 50 centst

2 cents
each!!!

JAYCAR 2E

UAA180 LED LIGHT BAND DRIVER

This device will drive up 10 12
LEDs in linear fashion from an
analogue voltage input (As
used in the EA/Playmaster AM
Tuner). Ideal for any low cost
LED driver application. Norm-
ally $3.50 each. September
only $1.95 each. Save a
fortune!t

TWIN SCREENED AUDIO
CABLE

Twin screened round audio cable {Two xcreened conductors
NOT fig, 8"

This cable normally sells for $0.48/metre or $42.00/ro!

For September only $20.00/rolil

Cat. WB-1504

Beautitully crattnd all sluminium rack cabinats with top and bottom
removable panels. Plain or black finish. Ventilawd lid. Osluxe
brushed anodised front panel. Supplied in flat pack but take only
Minutes 10 put together. Dimemsions conform to Intemational
Standerd.

$20.00/roll

Cat No, Finish Front panel helght Price

HBS4a1N Ptain a4 $39.95
HB8s5410 Black 44 $39.95
HB5413 Plain 88 $49.50
HB5412 Black 88 $48.50
HBS5415 Plain 132 $54.95
HBS420 Black 132 $54.95

SEE PAGE 77 FOR JAYCAR ADDRESSES AND PHON E NUMBERS



/ Sony (Australia) Pty. Ltd.
has much pleasure in inviting
MELQE@L@EL

to enjoy their hospitality
at the
Sony IREE exhibition in the
Ford Pavilion
and to view the release of an
exciting range of new
Broadcast, Institutional and
Pro-Audio equipment.

SONY



News

CAMBRIDGE
COMES TO
AUSTRALIA

ambridge

the
British publisher of educa-

Learning,

tional books and Kkits, has
launched an Australian subsidi-
ary, Cambridge Learning Aus-
tralia.

The parent company is well
known in Britain, the United
States and the Middle East for
its electronics and computing

DIGEST

At
%et‘-\\\‘—‘-‘s\‘“

self-instruction courses, all of
which use the easy-to-follow
‘programmed learning system’.

The company’s best-seller is
Cambridge Learning Superkit,
a self-instruction course in digi-
tal electronics. It comes with a
‘breadboard’ on which the user
can build all the circuits, with-
out soldering, so the compon-
ents can be used repeatedly. The
kit, complete with manual, com-
ponents and breadboard, costs
$40.50, including postage and
packing.

For more information, write
to Cambridge Learning Aus-
tralia, P.O. Box 173,
Kwinana WA 6167.

POWER-SUPPLY HANDBOOK

A new 40-page, full-colour
power-supply  handbook
by Datel-Intersil details the
electrical and mechanical par-
ameters on more than 175 power
suppliers.

The line of power conversion
products includes modular en-

capsulated single, dual and
triple output and chassis
mounts; modular switching;

plug-in power adaptors; dc-dc
converter modules 1-10W
miniature 4.5W dc-dc con-
verters; and 24 V and 48 V dc-dc
converter modules.

The handbook, which is free,
is complete presentation to the
design engineer.

Detailed specifications on
Datel-Intersil’s power supplies
are presented in tabular form
and includes complete case, pin
and socket configurations. Ad-
ditionally, an outline of modern
power-supply principles and
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Power Supply
Engineering Handbook

and a section on

practices
power-supply terminology have
been incorporated.

For more information, con-
tact Elmeasco Instruments,
P.O. Box 30, Concord NSW
2137. (02)736-2888.

‘ULTIMATE’ POCKET PAGER

Visibeeper, claimed to be the
‘ultimate’ in pocket pagers,
has been launched in Australia.

Visibeeper, which clips on to
a belt or fits into a purse or
pocket, has a small screen on
which messages can be delivered
in words and numbers.

Text messages of up to 80
characters are received directly
by the pager. As many as four
messages, totalling 160 charac-
ters, can be stored in the pager’s
memory.

At the user’s command, the
message moves across the in-
strument’s readout screen. The
readout can be stopped and
held.

DataPage, which markets
Visibeeper, has installed a com-
puter and radio transmitting
network which allows messages
to be sent to Visibeepers any-
where in Metropolitan Sydney
or Melbourne.

People wanting to send a
message to a Visibeeper user
phone the DataPage communi-
cations centre, where the mess-
age will be entered into a VDU
terminal and transmitted. Al-
ternatively, businesses can set
up their own VDU and datalink
into the computer and transmit
messages without any DataPage
operator intervention.

DataPage is the marketing
arm of Advanced Communi-
cations Australasia, Building
C, World Trade Centre, Flin-
ders Street, Melbourne Vic.
3000.

BOOST FOR BIONIC EAR

he Federal Minister for Sci-

ence and Technology, Mr
Barry Jones, has announced
that a further $2 million will be
expended to develop the
implantable hearing prothesis
(bionic ear) through clinical
trials and into commercial pro-
duction.

The Department of Science
and Technology will provide
75% of the amount. The rest
will come from Nucleus Ltd, the
Sydney-based electronics firm
which will conduct the trials.

“This agreement will ensure
the progress of high-technology
industry in Australia, and help
nerve-deaf people with a pro-
found or total hearing loss,
through the world,” Mr Jones
said.

The clinical trials will bring
the project to the stage of
determining its suitability for
world marketing. The United
States is the main export mar-
ket for the device, and it is
necessary to prove the safety
and efficacy of any such product
to the satisfaction of United
States Food and Drug Adminis-
tration.

Nucleus Ltd will co-ordinate
the systematic analysis of 100
experimental human implants
in centres around the world, and
advance essential support sys-
tems such as training packages
for patient selections, surgery

and rehabilitation, moving the

_project closer to full commer-

cialisation.

The Department of Science
and Technology has already
contributed $3 million to the
project under the public-interest
provisions of the Australian
Industrial Research and Devel-
opment Incentives Act.

The University of Melbourne
initially developed the ‘bionic
ear’, which is based on the
principle of electronically re-
ceiving, processing and coding
sounds on a manner similar to
that which occurs naturally in
the nerve fibres of people with
normal hearing.

A coded signal is sent by an
external worn transmitter to a
miniature receiver-stimulator
implanted behind the ear. This
converts the signals to electrical
impulses which are conducted to
the inner ear, where the nerve
fibres are stimulated electrically
to enable the nerve-deaf to
recognise speech and other
sounds.

The clinical trials are ex-
pected to take about 18 months,
with the device being commer-
cially available by the mid-
1980s.

For further information, con-
tact Nucleus Ltd, 14 Mars
Road, Lane Cove NSW 2066.
(02)428-1011.



LOOK AT THESE EXTRAS YOU GET
WITH FLUKE MULTIMETERS

8060A OFFERS
FREQUENCY,TRUE RMS
& DIRECT dB

This remarkable state of the art DMM
combines the accuracy and resolution of
larger, more expensive instruments with the
convenience of a hand-held'Instrument.
Flukes own LSI/microcomputer design
provides:

* Wideband true RMS AC measurements to
100kHz

Frequency measurement to 200kHz

dBm and relative dB

10pV sensitivity

Direct resistance measurement to
300Meg

Relative reference on any range or
function

® Microcomputer-based self dlagnostics

8062A

As 8060A above but without frequency and dB
ranges. Provides true rms to 30kHz and relative
reference functions.
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8024B OFFERS
PEAK HOLD AND
DIRECT TEMPERATURE

The 8024B state of the art multimeter
offers two important extra features -
peak hold and temperature. Peak hold is
a useful tool for capturing and retaining
elusive voltage or current surges long
enough to check and record the
displayed reading. If your work involves
measuring temperature then connect a
K-type thermocouple and you can get
direct temperature readings (we have a
range available specially to suit the
8024B).

* 11 functions including temperature with
K-type thermocouples

Peak hold on voltage and current ranges
Logic detection and continuity

Audible and visible indicators

0.1% basic accuracy. 3'2 digit

CHECK THE COMPLETE
FLUKE 8020B SERIES

SESEECT IS
SR et ey
8022B (e | e .T. e e [ 1 0 2% ]
8021B e le l!.!l'.l L] | 0,257
} |
| e 011

All prices are plus Sales Tax if applicable and subject to change without notice.

P.O. Box 306, Concord
N.S.W. 2137

13-15 McDonald Street,
Mortiake, N.S.W.
Telephone (02) 736 2888
Telex 25887

Victoria 3149

Telex 36206

P.O. Box 107, Mt. Waverley

21-23 Anthony Drive,
Mt Waverley, Victoria
Telephone (03) 233 4044

Adelaide: (08) 271 1839
Brisbane: (07) 369 8688
Perth: (09) 398 3362

bankcard

N.S.W. Ames Agency 699 4524 » George Brown 519 5855 « Davred.-29 6601 « DGE Systems (049) 69 1625 « Radio
Despatch 2110191 « Vimcom (042) 28 4400 VICTORIA Radio Parts 329 7888 « Browntronics 419 3986 ¢ G.B. Telespares
328 4301 * Etanco 428 4345 ¢ Elistronics 602 3282 QUEENSLAND L E Boughen 36 1277 e Colourview Wholesale
Z75 3188 « Audiotronics 44 7566 * Electronic Shop (0751 32 3632 « Nortek (077) 79 B60O « W.G Watson (079) 27 1099
S.A. Protronics 212 3111 o Trio Electrix 51 6718 W.A. Atkins Carlyle 321 010t « Hinco Eng 381 4477 « Brookeades
276 8888  Protronics 362 1044 A.C.T. Actiec (062) 80 6576 N.T. Thew & McCann (089) 84 4999 TAS. G.H E. Electronics

31 6533 & 34 2233

.ADDRESS -

lTELEPHONE

NAME

8026A OFFERS

TRUE RMS AND

CONTINUITY TESTING

The BO26A is the latest addition to the
Fluke range and offers the advantage of
true mms readings on ac functions. While
most meters measuré ac voltages
almost all use the average-sensing, rms-
scaled technique. In many applications
average sensing does not give an
accurate result - especially with non-
sinusoidal waveforms. If you work with
motors or data transmission type
circuitry, true rms is critical to your
measurements. For quick circuit
checking the 8026A also Iincorporates
the Fluke high speed continuity beeper.

8 functions

‘True rms AC measurements to 10kHz
Conductance and diode testing

High speed continuity beeper

SOLD & SERVICED IN AUSTRALIA BY

ELMEASCO

Instruments Pty. Lud.

SEND FOR YOUR FREE
MULTIMETER GUIDE

Please send me detalls of Fluke DMMs
0 8060/62 & 8050 [) 80208 Serles

P CODE




CROWDS FLOCK TO AUSTRALIA’S ONLY
CONSUMER ELECTRONICS SHOW — IN PERTH

Claremont Showground to see all the latest and

a n estimated 110 000 people flocked to Perth’s

greatest in audio, video and home electronics
gear from 90 exhibitors over four days in the first

week of August.

Exhibitors crowded into the
three largest pavilions available,
the overflow taking another six
pavilions. Last year’s show took
up only two pavilions and at-
tendance was around the 80 000
mark. Since the Sydney CES
show folded a few years ago,
Perth’s Electronics Show, now
in its fifth year, has taken the
industry (and W.A. consumers)
by storm.

A wealth of new products —
not yet released to the huge
eastern states market — was on
show, attracting enormous at-
tention.

Two-speed VCRs were legion.
As Akai found out, first in
doesn’t always mean best
dressed (it released its VS4 two-
speed VCR last March).
National Panasonic, Sharp and
AWA released two-speed ma-
chines — all up-market from the
Akai, but the VS4 holds the
lowest price point in the market
at $899.

National’s NV-788 is a five-
speed machine. Two are used for
normal speed, a different pair
for long play and the fifth head
for rock-solid freeze frame with-
out noise bars. It automatically
knows what speed the tape was
recorded at and switches to the
correct replay speed. It will sell
at $1399 retail.

Sharp’s two-speed VCR has
four heads and is based on its
current stereo machine, al-
though the two-speed machine
will not have stereo  sound.
AWA'’s machine is a four-head
stereo model.

The big attraction on almost
every stand was the digital disc.
New machines were legion.
Arena Distributors had a Dual-
model CD120 (from Falk
Electrosound). This one, like
most, plays the disc vertically
and in typical Dual style, the
player’s panel layout is straight-
forward and pragmatic.

Arthur Muldoon, from Falk,
was there, and he told me that
NAD would release its CD
player early next year, featuring
demultiplexing and dual chan-
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nel D-A conversion. Sounds
interesting.

Pioneer was surrounded on
two sides (true! — you had to see
it to believe it) by Marantz and
Hitachi. After two days of abso-
lute furore from CD demonstra-
tions, they decided that every-
body would get a go if they took
it in turns. The most-popular
tracks from the Polygram demo
disc were Roxy Music (all 6dB
of dynamic range), Chariots of
Fire (sounding like helicopters
in the jungle) and the 1812
Overture (speaker cones at five
paces).

I was looking forward to
seeing the Luxman (is it still
around?) CD player, but local
importer Vince Ross unluckily
missed getting one in time for
the show. Rank-NEC had one
display, too. I think it’s black
and has a digital display, but it’s
hard to see thorough four-deep
crowds.

Philips had its (after all, it
started this!) and I actually saw
a National Technics CD player

for the first time here since I saw
it in Japan last year. Technics,
you're slow. JVC followed the
trend to black (Philips and
Marantz having silver and gold

they gotta be different) and
Sony’s CDP101 also attracted a
lot of attention. I was surprised
K-Tel wasn’t there with CD
player and spin dryer (also
available on cassette).

For something completely
different, Danish hi-fi (why does
that name always make me
think of pig’s ear pastries?) had
Bang and Olufsen’s ‘Master
Link’ hi-fi system which lets
you have sound in every room of
the house and to be able to
control it from wherever you
are. The 7002 Master Link has a
sophisticated  microprocessor
controller and a special bus
cable that carries the audio
wherever you want it, plus the
control lines. Styling is typical
B&O, as is the price.

Getting back to video, JVC
was showing off its latest cam-
era, which features a tube that
works with light levels down to
10 lux — pretty well the light
left after you've blown out the
candles. But it couldn’t seem to
hold a candle to Sony’s video
attraction — the Betamovie

camera. Maybe it was the Sony
girls dressed in the leotards that
did it.

Convoy, more renowned for
its Nakamichi and Monster
Cable products, has entered the
video fray with a highly unusual
product. It’s a stereo sound
processor for VCRs that also
cleans up the noise and en-
hances the dynamic range. If
you've got mono tapes you can
give them stereo sound as well as
adding considerable sparkle to
the reproduction.

Hip stereos were everywhere
(K-Tel, where are you?). But
Sony has stolen the march on
everyone again and produced a
sportsman model that works
underwater (and sand, and
snow, and . . .).

I haven’t got around to the
video games, home computers
and similar paraphenalia yet,
room’s running out and this is
Sight & Sound, anyway. Watch
for the Electronics Show Report
in next month’s ETI.

Easterners frustrated? Well,
you could try National’s “Shap-
ing the Future” C.E. show at
Sydney’s Centrepoint from 1-9
September.

—ROGER HARRISON




KEYBOARD CASSETTE DECK

ue for release in Australia in
September, AIWA’s three-
model AD-F triple-head
cassette deck series has been
designed to meet the demands of
all types of programme material,
whether digital or analogue.
The range features Dolby's
HX Professional circuitry, a
new system which ensures that
signals at all volume and fre-
quency levels receive the ideal
amount of bias during record-
ing.
Other features include a
keyboard-style control panel,
micro-grain dual capstan trans-

port, automatic de-magnetising,
automatic tape adaptation for
bias, sensitivity and equalis-
ation, and a tape-remaining
time display.

The top-of-the-range model is
the AD-F990, which will retail
at $729. The mid-range model
AD-F770 will have a $599 tag,
and the AD-F660 will be $499.

All three models share the
same dimensions, 420 x 110 x
280 mm. Weight is 5.5 kg.

A cordless remote-control
handpiece, the RG-R200, will be
available as a recommended
optional extra.

Sight & Soind NEWS

$1000.

THE COMPACT DISC GOES MOBILE

The latest advance in sound, the compact disc player, has recently arrived
on the Australian market, and Mitsubishi Electric has stolen a march on the
market and installed a compact disc player in a car. It will appear for the first
time in Australia at this year's Sydney Motor Show.

The advanced technology of the compact disc will offer many advantages
for the car sound enthusiast, including improved protection against damage.
The laser-based player will provide superior music reproduction range and
stereo separation, and can counteract the problems of road noise,
Mitsubishi claims. The 115 mm compac! disc'is also easily stored.

Mitsubishi Electric’s car audio digital disc player Is expected to be avail-
able on the Australlan market next year and will retail at approximately

BRISBANE HI-FI EXPO

PROFILE I
TONEARM

Pro-Acoustic’s Profile II tone-
arm, now available in Aus-
tralia, utilises design techniques
which the Canadian manufac-
turer claims reduce tonearm
anomolies and permit proper
interface to the cartridge.

The result, Pro-Acoustics
says, is maximum retrieval of
information and  minimal
colouration.

The Profile II has an alu-
minium headshell, which is
fitted with Litz wire leads and
gold-plated cartridge tags. It is
detachable, but mates tightly to
the arm tube, while high-spring

tension on the gold-plated pin
contacts ensures ideal electrical
contact.

The arm tube is stepped to
break up resonances during
play. Residual resonances are
terminated by precision har-
dened bearings — two bearings
for vertical movement, in a
gimbal, and two for lateral
movement, located inside the
arm pillar.

The rear counterweight is
decoupled and disc-shaped to
allow close placement to the
pivot point, reducing inertia and
resonances further still.

Priced at $169, the Profile II
1s handled in Austraia by Con-
voy International, 400 Bot-
any Road, Alexandria NSW
2015. (02)698-7300.

BUDGET-PRICED SPEAKER

| loudspeakers,

Queensland’s electronic enthusiasts will be kept up-to-date with the latest hi-fi
and video developments at the Hi-Fi and Video Expo '83. from September 9-11
at Brisbane's Park Royal Motor Inn.

One of the largest shows of its type staged in Queensland, the Expo will be a
showcase for the digital audio disc, with up to 10 manufacturers demonstrating
the new laser technology

For more information, contact the show organiser, Robert Woodland, 50
Sherbrooke Road, Acacia Ridge Qld 4110. (07)372-3380.

oncept Video has intro-

duced the MS20, a 200 mm
two-way high performance unit,
to its Mordaunt Short range of
imported from
Britain.

The bottom-of-the-range
MS20, which has a five-year
guarantee, retails at $398.

The Mordaunt Short range
now comprises the MS20, Car-
nival 3, Festival 3, Pageant 3
and Signifier speakers. The top-
of-the-range Signifier is priced
at $1998.

For further details, contact
Concept Audio, 17/98 Old
Pittwater Road, Brookvale
NSW 2100. (02)938-3700.
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Don’t tangle with Technics.
The majority of audio systems — even the
most beautifully designed - have something ugly
to hide.

It’s that mass of jumbled-up connecting
leads that you find, all too easily, at the rear of
the equipment. Not only are they ugly, they're
inconvenient, too.

And as audio components become smaller,
the problem becomes bigger and more unsightly.

To solve this problem, Technics developed
their Direct Connector systems, which eliminate
all audio connecting leads between the tuner,
amplifier, graphic equalizer and cassette deck.

Each of these components features a
special flip-up connector to allow them to be
literally plugged in to each other!

It's an elegant piece of Technics technology
that results in a stylish, neat installation that can
be put together or taken down for re-location in
a matter of seconds.

The 315 Series.

But Direct Connector capability is not the
only innovative feature in this new and compact
series from Technics.

The SL-5 direct-drive, linear-tracking turn-
table employs its own plug-in connector system
for the pickup cartridge.

This unique Technics development has
been adopted as a World Standard.

It means you can compare and evaluate
cartridges fromleading manufacturerslike Audio
Technica, Ortofon, Shure, Stanton, Empire,
Pickering, ADC and, of course, Technics without
conventional setting up procedures.




"lechnics developed
(Connector systems.

No adjustment of tracking weight or bias
correction is needed.

The innovations continue in the rest of the
components: the SU-5 amplifier includes a Super
Bass switch to enhance the bass response of a
speaker system without inducing bass boom; the
ST-5 quartz synthesizer digital tuner provides
random access memory for 16 pre-set stations;
the SH-E5 graphic equalizer - offers adjustment
of 12 audio bands from 16Hz to 32Hz on each
channel; whilst the RS-5 cassette deck - has soft
touch controls, auto selection of metal, CrO, and
normal tape settings plus convenient Cue and
Review functions.

Technics

National Panasonic (Australia) Prv Lad
Expanding the music experience.

Finally, a pair of SB-F5 speakers with horn-
type tweeters and bass reflex porting turn the
high quality electrical signals of the rest of the
system into the high quality sound you expect.

Compact components, full-size warranty.

All components in this series are perfectly
matched in styling and performance. oo

And all are covered by a full =
2-yearwarranty backed by Technics’
reputation. Visit your Technics stockist
soon and experience the superb
styling and brilliant sound of Technics’ compact
Series 315 for yourself.

Two Year
Warranty

————————
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fact

Are compact disc players really as incredible as they are claimed
to be? Can all those amazing statements flourished by the press
about these revolutionary units really be true?

I DON'T WISH to be critical of some of the
articles written by my fellow writers, but I
must state from the outset that not all I
have read about compact disc players is
actually true.

I am a bit of a pedant on the need for
accuracy on what goes into print (as is the
editor), so  am going to try to set the record
straight on some of the more outrageous
statements.

THE FICTION

“Compact discs don’t suffer from
the scratch problems of micro-
groove records because they are
tracked optically by a laser, not by
a stylus.”

THE FACT

Well, that statement isn't really correct as
you can scratch a compact disc. And if it is
scratched badly then the damage will be
almost as effective as a scratch on a
microgroove record.

A bad scratch on a disc will cause the CD
player to either reject it, stop tracking or
have an apoplexy, depending on the brand
of player.

We played a thoroughly scratched disc on
four different players and observed four
different responses. Most of the players had
difficulty in tracking various sections of the
scratched disc and at least two of them
seemed to suffer a case of what I can only
describe as ‘electronic apoplexy’; they
stopped tracking, stopped working and
switched themselves off.

However, all is not lost if the disc is only
mildly scratched as it can be gently polished
back to a playable state with a mild abrasive
polish, followed by careful wax polishing.
This is something you cannot do with a
microgroove record.

JHE FICTION

“All compact discs are virtually
indestructible.”’

I was quite amused when I read this
statement in the Bulletin, June 21, 1983.

I had received one disc from Pioneer
Australia which had been very badly
scratched, and innumerable discs from
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other suppliers which had suffered various
degrees of scratching. So I know that the
discs are not indestructible. They can be
damaged by mechanical handling or simply
from normal abuse.

I was extremely concerned that the
compact discs are liable to thermal distor-
tion, particularly in cars where the tem-
perature under the dashboard is known to
exceed 65 °C in typical Australian summer
conditions.

I was aware that such temperatures
affected conventional compact cassettes,
particularly the cheaper thermal plastic
types, causing them to droop and seal
themselves into your unsuspecting cassette
player. So I felt that we should find out how
compact discs reacted under these con-
ditions.

We took a brand new and playable
compact disc and placed it into our
controlled temperature oven which pro-
duces temperatures up to 80 °C. We moni-
tored the droop characteristics of the disc
when it was edge-supported in a horizontal
position and the best distortion we could
get out of it was a 1 mm droop after 24
hours at 80 °C.

We then took the same disc and placed it
in a controlled temperature bath in which
the water was circulated and slowly raised
to boiling point. Even at 100 °C the disc
retained its shape and suffered no adverse
effects. We were able to play it without any
ill effects in three different CD players.

We did note, however, that at that
temperature there were positive signs of
surface softening on the disc, but we did not
prolong the agony to find out how long you
have to boil your disc to make it ‘whiter
than white’.

If you are prepared to store, play or
subject your compact discs to temperatures
of 100 °C, do so with our blessings and
commiserations.

The sample disc we tried to destroy was
provided by Philips, but we feel reasonably
sure that Sony-CBS and the other pro-
ducers have also taken the time and the
trouble to specify a thermal plastic which is
not going to melt in either your automotive
or residential CD player.

The thermal resistance of the sample disc
we tried to destroy was better than we
expected but it is nonetheless clear that the

CD discs are destructible. I believe that it is
unwise for the manufacturers or their
marketing personnel to suggest otherwise.

“Different CD players sound differ-
ent even when played with the
same compact disc.”

THE FACT

When I first read that statement [ was
sceptical, as you probably are too. So we put
the issue to test and took four different CD
players from four different manufacturers
and played them through the same equip-
ment in my living room.

The job was made a bit easier as three of
the manufacturers had each provided a
copy of the Polygram demonstration disc
800-104-2. This made it feasible to set up
two machines with the music almost
synchronised and it was possible to switch
from one player to another in groups of up
to three.

Lo and behold, I believe that I could
hear small but discernible differences be-
tween the individual CD players and my
family backed me up by confirming the
phenomena. Unlike the other illustrious
gentlemen who had rushed into print, I did
not feel that I was justified in saying
anything unless I could back up my
statements. I believe that I should be able to
explain why there was a difference and
present some objective evidence.

My staff’and I set out to determine why
these differences should exist in the audible
content.

We discounted the compact discs used as
we believe they are a common element. So
all we can possibly have left is the digital to
analogue converter and the subsequent
amplification stages in each CD player.

We believe that it is in these areas where
there are significant differences between
one manufacturer’s machine and the next,
and maybe between two machines of the
same type.

“How can that be?” you say. Well, it’s
easier than you think. The problem is that
each CD player uses a monolythic 16-bit or
14-bit digital to analogue conversion chip.
The chip’s conversion from digital format
to analogue format is intended to be
absolutely linear, however, this never really



occurs and each chip has some small degree
of non-linearity inherent in its conversion
characteristics.

Our detailed measurements on four
sample machines, from four manufacturers,
revealed small but measurable (and we
believe audible) differences between the
machines, particularly at levels between
-30dB and -90dB relative to 0dB (the
theoretical maximum) recorded level.

The total harmonic distortion (THD)
levels measured between -60 dB and -90 dB
were very significant and far more so than
at high signal levels where our measure-
ments confirmed that they are incredibly
low.

By contrast, the absolute converse is true
for microgroove records which tend to have
lower distortions at low signal levels and
higher distortions at high signal levels.

“Panels of listeners prefer the
sound from conventional micro-
groove records to that from com-
pact discs.”

Well, that statement may be either right or
wrong depending on how they were as-

sessed, what software was used for this
assessment and what questions were asked
following the assessment. Obviously you
can get any answer you want to any
proposition, merely by selecting your
sample (audience and software) and by
posing your questions in the appropriate
manner.

The facts are simple; if the programme
content or the same signal is originally
recorded on an analogue tape recorder and
is then recorded on both microgroove
records and compact discs, the resulting
sound s different. Some auditors will think
that the conventional records sound better
and some will prefer the sound on the
compact disc.

The fact of the matter is that virtually all
the pre-recorded content that I have
listened to on compact discs appears to
incorporate a higher proportion of high
frequencies than the same material re-
corded on either half speed masters (45 rpm
microgroove records) or conventional high
quality microgroove records.

The reasons for this have not yet been
positively confirmed. However, I believe it
may be a result of the mix-down equalis-
ation characteristics which are selected by
the record or disc producers. These charact-
eristics obviously need to be slightly
different for each format and appear to be
inappropriate on a number of new compact
discs recently imported into Australia.

The only sure way of confirming this will
involve considerable ingenuity and, in
particular, assessment of the record pro-
duction facilities at one or more of the
major software mix-down facilities over-
seas. Needless to say, I am going to follow
this one through.

The assessment of the differences be-
tween compact discs and conventional
microgroove records is also affected by the
equipment used when the programme
content is being recorded. If the software
was digitally recorded before being trans-
ferred to records and discs, the differences
between them can almost be paraphrased as
being ‘astounding’ and, in my opinion,
‘incomparable’.

I make this statement unabashedly after
having played two different selections
which I possess on two microgroove re-
cords; one of them was based on an
analogue recording, the other was from a
digital recording. These were subjectively
compared with the same material presented
as two separate recordings on compact
discs.

Following this assessment, it is easy to
state categorically that the compact disc is
clearer and more realistic than the conven-
tional microgroove records. More import-
antly, the background noise heard on
conventional records, due to the interaction
of the stylus with the vinyl surface and
often dust as well, is completely absent.

THE FICTION

“You don’t need new equipment
with a CD player as all your old
equipment is fully compatible.”

THE FACT

Well, after testing six different CD players
and using them with a wide range of
consumer high fidelity equipment, I must
say that I disagree with that statement. If
your old equipment is good, i.e: if you have
a good amplifier with a power rating of
better than 100 watts peak output power »

A badly scratched disc. Most
CD piayers wifl have difficulty
tracking bad scratches. with au-
dible results.




and your speakers are equally good, then
the chances are that your system will be
compatible with a CD player.

However, if your amplifier is a modest
20-40 watts unit and your speakers are
nondescript then-I think that you would be
wasting money to buy a CD player. Not
only will you be unable to extract the full
dynamic range, but more significantly,
chances are that the distortion and
intermodulation characteristics of your
speakers will stand out like a sore thumb.

I used a large number of different
consumer amplifiers and loudspeakers to
make up several combinations of hi-fi
equipment with the CD players, to compare
the sound when playing compact discs. It
soon became apparent that using a low
power amplifier, and especially if a set of
nondescript speakers was used as well,
could do terrible things to the quality of the
sound.

If the amplifier is driven to peak levels
anywhere near overload, which of course
depends on the level at which you play your
system, then the likelihood of inducing
peak clipping ranges between 30 times and
100 times more often than it would occur if
a microgroove record or cassette tape was
the program source.

Quite apart from that, the loudspeakers
are then subjected to their own ‘trial by
torture’ as they attempt to reproduce the
wide dynamic and frequency range, the
likes of which they most probably have
never come across before.

The results of listening to wide ranging
and uncompressed music may well be to
your ears what they were to mine —
disturbing, to say the least. Good speakers
sound good, poor ones sound terrible.

The moral of the story is, if your
equipment is nondescript you should
seriously consider upgrading your speakers
and amplifier to better units before you
spend money on buying a CD player.

“Compact discs will not replace
microgroove records because
people will not wish to throw away
their collection of records.”

Well, I can’t really argue with that state-
ment. I know many people who still have
magnificent collections of 78 rpm records
and I even have quite a few myself.
However, these records are rarely played,
except when they are used to illustrate the
works of some great singer or musician
whose works have not been re-recorded on
the conventional microgroove.

Ho hum! You too will sooner or later join
the ranks of antique collectors. I can almost
see the vintage microgroove collectors in
the year 2052 trying to buy pristine Beatles’
records recorded ‘the way they were sold in
1972’

The CD players are an astounding state-
of-the-art advance in the field of electro-
acoustic technology. They have more attri-
butes than disadvantages, but by setting
reproduction standards so high (which they
alone can achieve) they highlight the
deficiencies of their more worldly relatives
such as the amplifiers, loudspeakers and
even the lowly rooms in which they are
installed.

The high standard of the players also

determines the quality of the software and
the mode, place and recording techniques
chosen. This has created new and unexpec-
ted problems for the whole recording
industry. What used to be good enough:for
the ubiquitous microgroove recording is
just not good enough for a CD recording.

If you think you have problems then
there are many people with longer faces
than yours. They are not just faced with the
cost of a new amplifier or loudspeakers but
with the cost of multi-track digital re-
corders, new studios, new microphones and
the need to introduce and master a new
recording technology.

Obviously, a number of you will, in the
near future, contemplate buying a CD
player. This magazine will endeavour to
assist you by presenting accurate objective
and subjective assessments of the latest CD
players in the market place. It will then be
easier for you to compare their performance
and features.

We have already seen in the trade
literature that each manufacturer stresses
the low harmonic distortion, flat frequency
response, extended dynamic range and
signal-to-noise ratio, as well as the im-
measurable wow and flutter.

What they have all tended to ignore, so
far, are the wide differences in the other
important features which include shape,
special control functions for replay and
automatic programme selection and re-
liability, which is still an unknown factor.

With all this fact and fiction, the fiction
will obviously dominate over the fact until
you have your own CD player side by side
with your youthful record player. Then you
can assess whether the expense has been
worth it, both to you and to the industry. ®

LINEARITY FOR SIX DIFFERENT C.D. PLAYERS
OVER CRITICAL RANGE —60 TO —-90 dB.

RANGE OF TOTAL HARMONIC DISTORTION
- FOR SIX C.D. PLAYERS OVER THE RANGE 0 to —80 dB.
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A discerning discourse
on digital disc players ...coi

AKAI CD-D1 e HITACHI DA-1000 = PIONEER P-D1 @ SANYO DAD 8 « SONY CDP-101 ¢ YAMAHA CD-1

PHILIPS AND SONY previewed the first
CD players in Australia just over 12 months
ago. Since then it has become obvious that
CD players have ‘taken off’, making a
tremendous impact on the hi-fi scene.

Already more than 70 firms have been
licensed to produce software (the compact
discs containing the programme content)
and over 40 firms have been licensed to
manufacture the hardware (the players).

In the market place the dealers are
fighting furiously for the inadequate num-
ber of machines that are allocated by the
importers to their clamouring distributors.

In the record shops that I visited most of
the discs seem to sell more quickly than
even the shop assistants would like. How-
ever, not one of the record shops I visited
had yet installed a CD player, so the
purchase of a disc would have to be based on
the reputation of the musicians or the
composer, and not on the proven quality of
the software.

The main problem now, when you want
to buy a CD player, is that you won’t be able
to compare the different units in the shop
as the stocks of most dealers are close to
zero.

An equally significant problem is the
wide range of recommended retail prices
and diverse range of features that the
competing brands are offering.

AKAICD-D1

Manufacturer: Akaiin Tokyo, Japan
Distributor: Akai Australia Pty Ltd, Unit 11,
Eden Park, 31 Waterloo Rd, North Ryde
NSW2113. (02)887-2311.

HITACHI DA-1000

Manufacturer: Hitachi Sales Corp. in Tokyo,
Japan

Distributor: Hitachi Sales Australia Pty Ltd,
153 Keys Rd, Moorabbin Vic. 3189.
(03)555-8722.

PIONEER P-D1

Manufacturer: Pioneer Electronic Corp. in
Tokyo, Japan.

Distributor: Pioneer, 178 Boundary Rd,
Braeside Vic. 3195. (03)580-9911.
SANYODADS8

Manufacturer: Sanyo Electric Trading Co
Ltd, Osaka, Japan

Distributor: Sanyo Aust Pty Ltd, 225 Miller
St, North Sydney NSW 2060. (02)428-5822.
SONY CDP-101

Manufacturer: Hi-fi audio division of Sony
Corp, Japan

Distributor: Sony, 453 Kent St, Sydney NSW
2000. (02)266-0655.

YAMAHA CD-1

Manufacturer: Yamaha Nippon Gakki Co
Ltd, Hamamatsu, Japan

Distributor: Rose Music, 28 Kent St,
Belmore NSW 2142. (02)750-8999.
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At last — a test disc

This review assesses the performance and
compares the features of six of the first
available CD players.

We found that nearly all of the players we
tested easily exceeded most of their stated
performance specifications. The trouble
with these figures is that they tend to be an
‘under-statement’, rather than an over-
statement of the real performance charact-
eristics.

Our testing revealed that the perform-
ance varied from brand to brand and it also
varied, to a lesser degree, among players of
the same type.

When CD players were first released in
Australia we were faced with a problem. We
couldn’t test them properly as there was
initially a lack of special software for
evaluating the players; their technical
characteristics are unique.

Sony in Japan and Philips in Holland
produced a series of test discs early last year
but Sony withdrew the first of their discs
not long after they were released. We had to
wait until June 83, when the third series of
Sony’s test discs was released, before we
could start our serious testing.

Philips also released its test discs but
only received one set in Australia (test discs
3,4 and 4A) which we were not able to
borrow until mid-July.

So with the first Sony test disc in
Australia firmly in our hands we were able
to evaluate the characteristics of each of the
CD players. We made one assumption
which was that the Sony software provides
the precise parameters that are stated on
the cover sheet. This is extremely import-
ant when trying to measure the non-
linearities in the equipment without
measuring the deficiencies in the software.

We didn’t receive the Philips test discs
until after we had finished testing the
players. However, we compared the Sony
test disc and the Philips test discs and we
believe .that the most critical of our
measurements are reasonably close to the
values of ‘least uncertainty’ for the test
discs themselves, particularly where the
distortions or linearities are approaching
five-digit resolution.

With some of the test material available
for testing turntables and cassette recorders
the manufacturer will provide, when re-
quested, data in terms of the value of ‘least
uncertainty’. However, Sony has not yet
provided comparable data.

But we have found that the Sony test disc
does provide adequate precision and resol-
ution for us to be able to measure and

quantify the differences between each of the
CD players reviewed.

The CD players that we reviewed are the
first releases from Akai, Hitachi, Pioneer
Sanyo, Sony and Yamaha. We did have the
Marantz player prior to receiving the test
software, but it was recalled for an inter-
state demonstration and was so much in
demand that we didn't see it again.

These machines are intended to do the
same job and have general mechanical
characteristics in common, but after that
all similarity ends.

It is not the frequency response or the
dynamic range that create the differences
between one player and the next, but the
facilities provided for handling, processing
and selecting the programmes and playing
the disc.

As these machines perform so well we
have paid particular attention in the
evaluation to refinements of performance,
user controls and unusual features.

The machines are reviewed in alphabeti
cal order which does not necessarily indi-
cate a rating of performance or preference.

Akai CD-D1

The AKAI CD-D1 incorporates a large
number of well designed ergonomic fea-
tures. One feature that I particularly liked is
that the disc holder is manually closed
rather than electronically closed; this relies
on the natural response of most users to
‘push the darn thing closed’ and not to look
for another switch with which to close it.

In the centre of the panel is the display
module which is divided into four horizon-
tal layers. The top layer provides mode
information, telling you whether the unit is
in standby, pause or play mode.

The second level of the digital display
tells you the number of the selection that is
actually playing. If the unit is not playing a
zero is displayed.

The third row provides the elapsed
playing time in minutes and seconds. The
programming keys on the right hand side of
the panel also tell you the time in minutes
and seconds at which the start of a cycle or
sequence should commence.

The bottom section is a quasi-analogue
display which shows the position of the
recording head using an array of light
emitting diodes.

The control switches consist of one
double sized ‘play’ button with its own self
indicating LLED, four buttons for ‘stop-
eject’, ‘'pause’, ‘fast forward’ and ‘fast
rewind' and two buttons Jabelled ‘PLS’ for
automatic location of either the previous
selection or next selection on the disc.



TABLE 1

Compact disc player
Priced at approx. $1300

Conventional turntable
Priced at approx. $1300

Number of channels

Digital to analogue conversion
Frequency response
Harmonic distortion

Dynamic range
Signal-to-noise ratio

Channel separation

Wow and flutter

2
16-bit linear (except Philips)
5Hzt020kHz +0.5dB
less than 0.004% (1 kHz 0 VU)
more than 90dB
more than 90 dB
more than 90 dB

2
not applicable
20Hz1t020kHz +1dB —2dB
typically 1% (1 kHz 0 VU)
60dB
60 dB on a clean record
28dB at 1 kHz
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Table 2 Distortion
= | Recom. Dimensions ; Dynamic Distortion | @ - 60d8
Make and Retail WxHxD Weight Remote Disc Electronic Range @ 1kHz re max
Model Price mm kg Control Rotation Open/Close | With Emphasis re0 VU recorded level
AKAI $1329 440 x 145 7.4 No Vertical Open only 95.9dB Lin 0.0021% —-31.9d8B
CD-D1 x320 106.4 dB(A)
HITACHI $1150 320x 145 5.6 No Vertical Open & 100.4 dB Lin 0.0014% —33.9dB
DA-1000 x 234 close 103.3 dB(A)
PIONEER $1399 420x 140 121 No Vertical Open only 96.0dB Lin 0.0011% —46 dB
P-D1 x 330 100.5 dB(A)
SANYO $1099 335 x 145 7.3 No Vertical Open & 95.0dB Lin 0.005 % —40.6dB
DAD 8 x 285 close 97.5 dB(A)
SONY $1199 355 x 105 76 Infrared Horizontal | Open & 109.9dB Lin 0.006 % —45 dB
CDP-101 x 325 unit close 113.0 dB(A)
YAMAHA $1999 435x116.5 13.5 No Horizontal | Open& 99.0 dB Lin 0.0028% ~38.3dB
CD-1 x 357 close 104.0 dB(A)

On the right hand side of the console are
ten keys for keying in numerical data, a ‘set’
switch, a ‘cancel’ switch and six elongated
keys.

The top elongated key is for the selection
of ‘phrase’, a term commonly used by all the
manufacturers meaning the selection of the
time or section in seconds.

The ‘index control’ is used on those
compact discs that have the display
IN:-DEX. These discs, which are not
currently available, will allow you to select
the music sequence number and select a
particular segment within that sequence.
This is achieved by selectively pressing the
‘index’ key then pressing the sequence

number. As none of the discs that I was
playing had the IN:DEX display I could not
check this function.

The ‘time’ switch tells you the residual
playing time on the disc, the ‘memo call’
allows you to check what you have stored as
memory instructions, the ‘repeat’ switch
allows you to repeat one sequence over and
over again and the ‘total time’ switch tells
you the total time on the disc.

On the back of the unit is a volume
control with which you can adjust the
player’s output level to match your
amplifier’s auxiliary input requirements.
This unit also has a pair of gold plated
phono sockets which is a common feature

on all the CD players reviewed.

The performance characteristics of the
Akai player are excellent. The frequency
response is +0.2 dB from 20 Hz to 20 kHz
and the replay linearity is almost perfect
from 0dB to —60dB, 0.5dB high at

80 dB and 1.4 dB high at —90dB.

The A-weighted signal-to-noise ratio
both with and without emphasis is 106.4 dB
which is significantly better than claimed
for the unit by Akai.

The channel separation from right to left
is better than —103.9 dB at 100 Hz, better
than —95 dB at 1 kHz, better than —89 dB
at 10 kHz and better than —92dB at

20 kHz.
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“Not every bloke who
wants to drive

Sydney 212 1011; Parramatta 635 1511; Newcastle 2 5476; Wollongong 286492;
Adelaide 212 1455 (Also Northern Territory); Lismore 216111; Melbourne 613731; Geelong 211588,

Authornised by Director-General of Recruiting, Dept. of Defence



Bendigo 438008; Ballarat 31 1240; Brisbane 226 2626; Townsville 72 4566;
Albury 852248; Hobart 34 7077; Launceston 31 1005; Canberra 82 2333; Perth 325 6222.

Australian Regular Army

These days the
Army can train you in
one or more of 150 different

jobs, from Plant Operator to Computer
Operator; from Electronic Technician
to Assault Pioneer.

First they assess your ability and
potential, then they give you the skills
to do the job that's right for you.

And because the Army is one of the
country’s biggest employers, you have
the challenge of a rewarding career
plus a better-than-average chance for
further training and promotion.

If you'd like to know more, phone your
nearest Army Careers Adviser.

AGEI30.DPS.63ET



AKAICD-D1

SIGNAL-TO-NOISE RATIO

Without Emphasis
With Emphasls

93.0dB(LIn) 106.4dB(A)
93.00B(LIn) 106.4dB(A)

DISTORTION

AT MAXIMUM OUTPUT LEVEL = 0dB

100Hz IkHz 10kHz
CHANNEL SEPARATION e ot 937 Pl a
3rd -90.4 1106 out
FREQUENCY RIGHTINTOLEFT g8  LEFT INTO RIGHT B = o e - b
100H:z -119.4 -103.9 Sth 1104 T Range  dB
= -93,
'l';,"'kf_' £ 5 T.H.D. 0.0034 0.0021 0.0027 %
20Hs -923 -99.3 T.dB -89.3 934 90.5 B
AT INDICATED LEVELS FREQUENCY = IkHz
Level= - 10d8  Level - -20dB  Level - -60dB  Level =-80 dB
2nd -90.0 318 348 -12.3 dB
3rd 95.2 -33.5 373 -13.2 dB
4th -104.9 -89.1 41,2 -18.5 dB
Sth -102.9 101 46,6 28,6 dB
T.H.D. 0.0037 0.009 2.53 12.0 %
T.d8 836 -30.3 -39 184 dB
EMPHASIS
Frequency Recorded Level  Qutput Level (Left) Qutput Level (Right)
IkHz -0.37¢B 04 B 0.3 aB
SkHz -4.33dB 4.5  dB 43 dB
100 Hz 1 kHz 16kHz -9.04dB 93  dB 9.1 dB

The distortion levels at 0 dB are 0.0034%
at 100 Hz, 0.0021% at 1 kHz and 0.0027%
at 10 kHz. The distortion level increases as
the signal level decreases, so that at —80 dB
(reference 0 dB level) the distortion level is
12%. This was just about the highest level
of distortion recorded from any machine,
although I must make it clear that these
distortion levels would be totally inaudible
and during the subjective testing we could
not detect them.

Functionally, the performance of the
Akai CD-D1 could not be faulted and 1
really liked the neat control format and the
multiple design features. The best demon-
stration discs produced a scintillating
sound which impressed everybody who
heard it.

Hitachi DA-1000

The Hitachi DA-1000, the smallest CD
player I reviewed, has a layout for the
controls which is quite different to the
other machines.
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The disc is loaded into the disc holder in
the centre of the front panel using an
electronic switch for opening and closing
the holder.

At the extreme left hand side of the fascia
is a triangular power on-off switch with the
visual displays located in four rows below.
At the top is the quasi-analogue digital
display which indicates the position of the
laser pickup in units of five minutes. Below
this is the time counter with a display in
minutes and seconds showing either total
playing time or elapsed time.

Further down are two LEDs which
indicate programme ‘play’ or ‘repeat’. Ad-
jacent to this are two numerical displays
indicating the total number of programmes
on the disc and the programme number
which shows the programme sequence that
has been selected or is being searched for by
the random memory programme.

The bottom row of lights is a unique
feature. Ten LEDs indicate the output
volume into either the headphones or the
coaxial line sockets so that you can see not

only the level of sound but also if the
amplifier is likely to distort or overload.

Immediately to the right of the hinged
disc-well door is a vertical array of eight
push-buttons. The top one is the ‘pro-
gramme’ button which is for programming
the random memory search function. Below
this are two buttons labelled ‘10’ and ‘1’.
The idea is that you press the ‘1’ button as
many times as the number that you want
and press both the ‘10’ and ‘1’ buttons for
numbers from 11 upwards.

The ‘clear’ button will delete a selected
programmed track. The ‘call’ button allows
you to check the numbers of the program-
nied tracks and pressing the ‘repeat’ button
will repeat the whole disc.

The bottom two buttons replace the
conventional volume control, allowing you
to electronically increase or decrease the
amplification which is indicated on the
array of LEDs at the bottom left hand

corner of the unit.

The only controls which 1 did not
appreciate were the ‘10" and ‘1’ buttons



HITACHI DA-1000

SIGNAL-TO-NQISE RATIO DISTORTION
Without Emphasis 94.0dB(Lin) 98.5dB(A) AT MAXIMUM OUTPUT LEVEL - 0dB
With Emphasis 100.4dB(Lin) 103.3dB(A)
100Hz IkHz 10kHz
CHANNEL SEPARATION
2nd -94.8 -99.2 -86.5 dB
FREQUENCY RIGHT INTO LEFT dB LEFT INTO RIGHT dB 3rd -84.2 -105.1 out dB
: 4th -122.0 -116.9 of dB
100Hz =916 -93.8 Sth -101.0 -103.3 Range dB
1kHz -97.1 -98.6
10kHz =90 -93.1 T.H.D. 0.0064 0.0014 0.0047 %
20kHz -83.6 -38.9
AT INDICATED LEVELS FREQUENCY = IkHz
2nd -10l.4 97.4 - - dB
3rd - 98.4 -79.% -34.3 -21.7 dB
4th «104.7 -93.9 - - dB
5th -~ 96.4 -87.5 -44.6 -20.5 d8
T.H.D. 0.0022 0.012 2.01 12.5 %
T.dB -93.15 <78.4 -339 -18.06 dB
EMPHASIS
Frequency Recorded Level  OQutput Level (Left) Output Level (Right)
ikHz -0.37d8 -0.4 dB -0.3 dB
SkHz -4.53d8 -4.9 dB «5.0 dB
100 Hz 1 kHz 16kHz -9.04dB 87 B 8.8 dB

which create more work than the equivalent
key pad display used on the other CD
players.

On the right hand side of the unit is a
rocker-bar which provides ‘fast back’ and
‘fast forward’ for searching out sections of
the track. Immediately below is a very large
‘play’ control and another rocker bar. One
end of the rocker bar allows you to
memorise any point on the track to which
you can return at any time by pressing the
‘fast back’ control. The disc will then
continue playing from that position which
is noted by the memory control.

At the other end of the lower rocker bar
is the ‘pause’ control and below it is the
‘stop’ button. In the bottom quadrant of the
unit is the electronic ‘open’ and ‘close’
button with a tip-ring-and-sleeve socket
inserted into it for the headphones.

On the back of the unit are two sets of
gold plated contacts; one is for fixed level
output and the other is for variable level
output which is controlled by the electronic
volume controls on the front panels.

The performance of this unit is also very
good with a frequency response of +0.2 dB
from 20 Hz to 20 kHz. The total harmonic
distortion levels at 0 VU are 0.0064% at
100 Hz, 0.0014% at 1 kHz and 0.0047% at
10 kHz. The distortion level increases
slowly down to —60 dB where it reaches a
significant level of 2%, which then rises to
12.5% at —80dB.

The signal-to-noise performance is
98.5dB(A) without emphasis and
103.3 dB(A) with emphasis. The channel
separations up to 10 kHz are all better than

-90dB while at 20 kHz the separation
drops down to —83.6 dB and —88.9 dB for
the left and right channels respectively.

I was impressed by the way in which this
small, neat unit can sit on a shelf next to a
bed, so that with a set of headphones it can
create a delightful bedroom music centre. If
1 was to buy a CD player for this specific
role then the Hitachi unit would be my first
choice as its visual indications and controls
really lend themselves to this particular
role.

Pioneer P-D1

The Pioneer P-D1 offers a wide range of
ergonomic features which I liked. Pioneer,
like Akai, have also chosen to electronically
open the disc door but to manually close it,
a concept which I strongly support.

By placing the disc door at the extreme
left hand side of the player the designers
have achieved a very pragmatic fascia
layout. In the middle of the fascia is an
illuminated power on-off switch while to
the right are the display and control
modules.

The display module features ‘programme
check’ and ‘total time’ switches at the top.
Below these are LEDs indicating the
function of the switches and a numeric
display indicating the programme sequence
number.

Immediately below this are two, double
digit displays to show the time in minutes
and seconds and the phrase numerals for a
section of a number. These are dependent
on the settings on the controls on the right
hand side.

ETI September 1983 - 35

>



PIONEER P-D1

SIGNAL-TO NOISE-RATIO

Without Emphasis
With Emphasis

90.0dB(Lin) 96.3dB(A)
96.0dB(Lin) 100.5dB(A)

DISTORTION

AT MAXIMUM OUTPUT LEVEL = 0dB

100 Hz . 1 kHz

100Hz IkHz: 10kHz
CHANNEL SEPARATION
nd -96.7 -99.7 -39.3 dB
FREQUENCY RIGHT INTO LEFT dB LEFTINTO RIGHT dB 3rd 93.8 = out dB
4th -i1s.9 1124 of dB
100Hz -l16 -100.5 5th -117.0 -118.3 Range dB
IkHz =1l -99.9
10kHz -95.5 -89.5 T.H.D. 0.0025 0.0011 0.003 %
20kHz -87.3 =937
ATINDICATED LEVELS FREQUENCY = IkHz
Level = - 10dB Level = -20dB Level s -60dB  Level =-80 dB
2nd -109.6 - . = dB
Jrd -101.4 -90.7 ~42.0 -26.8 dB
4th <1132 - - - dB
5th Ll -95.2 -53.2 -23.8 dB
T.H.D. 0.00098 0.0036 0.49 7.9 %
EMPHASIS
Frequency Recorded Level  Qutput Level(Left) Qutput Level (Right)
IkHz -0.37dB -0.3 d8 -0.3 dB
SkHz -4,53dB -4.7 daB -4.6 a8
l6kHz -9.94dB -9.6 daB -9.8 a8

At the bottom of the visual display
section are five rectangular LEDs to display
the play-back mode. The functions offered
are matched by the controls on the right
hand side of the console. ‘Index scan’ allows
you to sample the first seven seconds of
each song on the disc, ‘music repeat’ just
plays one song, ‘one side repeat’ is self
explanatory, ‘searching’ illuminates_during
the searching or ‘skipping’ sequence and
‘programme’ indicates normal playing.

Four main centrols, located in the middle
of the display/control module, are the
‘eject’, ‘play,” ‘pause’ and ‘stop’ buttons.

This group of simple controls means that
anyone can use the player without reference
to the other controls or displays. They
constitute an excellent ergonomic feature
and their position and layout will endear
themselves to sales people wishing to make
a strong and sensible sales pitch to someone
who is not quite ‘with it’ in the digital
technology age.

A 10-button key pad is for entering song
numbers or time and ‘phrase’ data for
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searching and finding an exact spot within
a section of the disc. The ‘skip forward’ and
‘backwards’ button allows you to advance
forward or backwards to the start of the
next or previous number.

The technical performance of the Pion-
eer player is excellent with extremely low
distortion levels; measured at 0 VU they are
0.0025% at 100 Hz, 0.0011% at 1 kHz and
0.0034% at 10 kHz. At —60 dB the distor-
tion figures are still less than 0.5% and they
only climb to 7.9% at —80 dB.

The frequency response is flat from
20 Hz to 20 kHz except for an excursion of
—0.7dB at 18 kHz.

The signal-to-noise ratio without empha-
sis is 96.5dB(A) and with emphasis is
100.5dB(A). The channel separation is
typically —100dB to 1kHz, just under
—-90dB to 10kHz and —83.7dB at
20 kHz.

When we received the new Philips
compact test discs we evaluated three of the
machines for intermodulation distortion,
using the Philips test discs. The Pioneer

player produced the best results with an
intermodulation distortion which was at
least 3 dB lower than the next best unit,
under any test condition and at any level or
frequency.

I spent a lot of time listening to compact
discs on the P-D1, set up with either a
complete Pioneer System or with my
monitoring system at home. I found it a
delight to use and a great pleasure to listen
to.

Sanyo DAD 8

The Sanyo DAD 8 is a very small,
lightweight player.

The front fascia is dominated by the disc
holder door on the left hand side with a
power on-off switch at the top left hand
corner. To the right of the door is a display
module, flanked on the right by the control
module.

The display module has three separate
display areas. At the top is the real time
counter which indicates the time of each




SIGNAL-TO-NOISE RATIO DISTORTION
Without Emphasis 90.0dB(Lin) 93.6¢B(A) AT MAXIMUM OUTPUT LEVEL - 0dB(Maximum)
with Emphasis 95.0dB(Lin) 97.5dB(A)
100Hz I1kHz 10kHz
CHANNEL SEPARATION
2nd -86.9 -86.2 -85.0 dB
FREQUENCY REIGHT INTO LEFT dB LEFT INTO RIGHT dB 3rd -87.9 -98.8 out dB
4th - - of d8
100H2 -104.0 -102.0 Sth -t11.6 -109.0 Range dB
IkHz ~94.6 -93.1
10kHz -75.8 =74.5 T.H.D. 0.005 0.005 0.0036 %
20kHz -70.4 -69.3
AT INDICATED LEVELS FREQUENCY = tkHz
Level - - 10dB  Level = -20dB Level - -60dB  Level --80 dB
2nd -97.5 - » o a8
3rd 9l.4 -86.0 -40.6 -27.0 dB
Ath - - - - a8
5th -99.9 -90.3 - -22.0 dB
T.H.D. 0.00032 0.0039 093 9.1
T.dB -39.9 -84.6 -40.6 -20.8 dB
EMPHASIS
Frequency Recorded Level Output Level (Left) Qutput Level (Right)
tkHz -0.37dB -0.1 dB -0.1 dB
SkHz -4.53dB 4.3 dB -6 dB
l6kHz -9.04dB -9.5 d8 -9.5 dB
100 Hz 1 kHz

selection or the total playing time in
minutes and seconds.

Below this is the multi-display window
which provides information on the third-
level display. This will be either the music
number and index number of the music
being played now, the music number being
played now and the next number to be
played; or during programming, the music
number to be played and the order in which
it will be played.

Below the display module are the ten soft
touch keys used to designate the selection
number when programming your music
sequence.

On the extreme right hand side of the
fascia are the primary and secondary
controls: ‘real time counter’ switch; ‘open/
close’ switch; ‘fast forward’ switch; ‘return’
switch that allows you to jump to the next
or previous number.

Below these are controls that only a few
of the other units offer: ‘fast forward’; ‘fast
reverse’; ‘play’; ‘pause’; ‘stop’; repeat.

At the bottom right hand corner are the

soft touch switches for ‘recall’, ‘memory’ to
accept the encoded numerical number,
‘programme play’, ‘programme write/
display’, ‘memory clear’, and ‘programme
clear’. There is also a volume control and a
headphone socket.

The functional performance of the Sanyo
unit is generally good although the
measured values just exceed the typical
values stated in Table 1. The distortion
figures are typically 0.005% at 100 Hz,
1kHz and 10 kHz, measured at 0 VU.
These figures climb t0 0.93% at —60 dB but
are still only 9.1% at —80 dB.

The frequency response is flat except for
two excursions, +0.3dB at 100 Hz and

0.8dB at 18 kHz.

The signal-to-noise ratio is 93.6 dB(A)
without emphasis and 97.5dB(A) with
emphasis. The channel separation droops
quite noticeably with increasing frequency,
being greater than —102dB at 100 Hz,
—93dB at 1 kHz, —74.5 dB at 10 kHz and
~69.3 dB at 20 kHz.

The performance of the unit is good

although I believe I could hear a difference
in the characteristics of the sound when
compared to some of the other units during
A-B testing.

The Sanyo unit is a particularly neat unit
which most people would appreciate but the
layout and functions are not quite as
straightforward as some of the other units.
It is, however, the least expensive of the six
units and consequently still has an awful lot
to offer in terms of value for money.

Sony CDP-101

The Sony CDP-101 is a most impressive
CD player and is different to the other five
CD players in a number of discrete ways. It
has a horizontal playing format for the disc
and, except for Yamaha, the other four
units reviewed have a vertical format.
The Sony CDP-101 also has an infrared
remote control which is a delight to use.
The neat, black unit has an interesting
appearance. The cassette well slides out

with a gentle whirring sound rather than P

ETI September 1983 — 37



Distributor:

Sony

453 Kent St
Sydney NSW 2000
(02)266-0655

SIGNAL-TO-NOISE RATIO

Without Emphasis
With Emphasis

92.5dB(LIn) 99.0dB(A)
109.0dB(Lin) | 13.0dB(A)

DISTORTION

AT MAXIMUM OUTPUT LEVEL = 0dB(Maximum)

100Hz IkHz 10kHz
CHANNEL SEPARATION
- - 2nd 101.8 -109.5 97.1 gg
FREQUENCY  RIGHT INTOLEFTGB  LEFT INTO RIGHT dB 3rd -86.5 -106.3 out
= A B = 4th -112.3- . of a8
100Hz >=114.0 -100.5 Sth 12,5 Range dB
IkHz >-114.0 -99.0
10kHz 95.5 -89.4 T.H.D. 0.0048 0.0059 0.0014
20kHz -87.3 -83.7
AT INDICATED LEVELS FREQUENCY = IkHz
Level - - 10dB  Level = -20dB Level - -60dB  Level --30d8
2nd None dB
3rd Detectable - -45.6 =343 dB
4th at this- 96.5 - - dB
Sth level -56.3 26.1 dB
T.H.D. 0.0015 0.56 5.3 %
T.dB 96.5 -45.0 -25.3 dB
EMPHASIS
Frequency Recorded Level  OQutput Level (Left) Output Level {(Right)
IkHz -0.37dB dB 0.1 dB
SkHz -4.53dB 4.6 dB 4.5 dB
16kHz -9.04dB 9.8 dB 9.6 dB
100 Hz 1 kHz
opening out on a hinge, as do the other control, displaying a light to indicate that it | function.

units. All you need to do is touch the ‘open-
close’ button on the front of the sliding shelf
and the tray slowly slides out. You then
gently drop the compact disc onto the
specially shaped tray with its hollow centre,
touch the ‘open-close’ button again, or
touch the ‘play’ button, and the tray closes
to complete the sequence.

To the left of the tray is the power on-off
switch, the ‘timer play’ switch, the
‘headphone level’ control and the
headphone tip-ring-and-sleeve socket.

On the right hand side of the disc
compartment is a display window which
provides four sets of information. The ‘disc
set’ indicator flickers while the disc com-
partment is moving and illuminates the
‘disc set’ wording when the disc is ready to
play. Next to this display is the ‘track
number’ indicator and the time counter
which shows elapsed time or remaining
time on the disc.

To the right of these displays is the
remote senser detector for the remote
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has responded to a remote instruction.
Below the display window is the ‘reset’
button and some of the most unusual
controls found on any of the CD players.
One button will repeat the program actually
being played and the next button will repeat
the whole disc on a single cycle basis.
The ‘A-B’ button allows the replay of
selected sections between any point desig-
nated ‘A’ and any other point designated
‘B’. I must admit that after you have used
this function the first time you may never
want to use it again. However, it does
provide a powerful facility for those people
who want such an unusual capability.
Actually the ‘A-B’ facility was very useful
at the beginning of this year when we tested
the first Sony CD player in the country (see
ETI Feb 1983). It was long before the Sony
test discs became available, so the ‘A-B’
facility was used to help us assess the
dynamic characteristics of small samples of
recorded material.
The ‘clear’ button will clear the ‘A-B’

Below these special controls are the
normal main controls of ‘play’ and ‘pause’.
There are two large keys with double arrows
for fast forward and fast reverse. Below
these are four smaller buttons which can be
used while the programme is being played
to provide rapid forward or reverse search-
ing at three times and at ten times the
normal playing speed. None of the other CD
players reviewed offered this facility. Con-
versely, most users may not appreciate or
want to use this facility.

On the rear panel of the unit there is an
‘auto pause’ switch to automatically pro-
duce pauses between numbers and an ‘anti-
shock’ switch to provide additional com-
pensation for locations subject to high
vibration. A ‘beep buzzer' on-off switch
under the player responds to the remote
control unit.

Unlike all the other units, the Sony unit
does not incorporate a transit screw system
for locking down the laser disc traversing
head.



Distributor:

Rose Music

28 Kent St

Belmore NSW 2142
(02)750-8999

SIGNAL-TO-NOISE RATIO

Without Emphasis
With Emphasis

94.0dB(Lin) 99.0dB(A)
99.0dB(Lin) 104.0dB(A)

DISTORTION

AT MAXIMUM OUTPUT LEVEL = 0dB(Maximum)

100Hz 1kHz 10kHz
CHANNEL SEPARATION
2nd 91.3 -91.0 -85.3 dB
Iy 1, RIGHT INTOLEFT dB  LEFT INTO RIGHT dB Ird 893 . - a8
4th - - of dB
100Hz -100.8 -98.3 Sth Range dB
kHz -101.1 -99.2
10kHz -86. -90.9 T.H.D. 0.0044 0.0028 0.0054 %
20kHz 78, -90.6 T.dB -87.2 -91.0 -85.3 a8
AT INDICATED LEVELS FREQUENCY = IkHz
Level = - 10dB  Level = -20dB Level : -60dB Level =~80 dB
2nd 924 -88.5 - -29.5 dB
Ird - -85.2 -39.1 -23.5 dB
4th -99.8 -96.4 - -33.6 dB
Sth - -88.2 -46.3 -23.5 dB
T.H.D. 0.0026 0.0078 .2) 10.2 %
T.08 9.6 -82.1 -38.3 -19.8 dB
EMPHASIS
Frequency Recorded Level  Output Level (Left) Output Level (Right)
lkHz -0.37dB -0.2 dB -0.3 dB
SkHz -4.53d8 4.8 dB -5.0 dB
lékHz -9.04dB -89 dB -9.2 dB

100 Hz 1 kHz

The technical performance of the Sony
player is particularly good. The distortion
figures, measured at 0 VU, are 0.0048% at
100 Hz, 0.0059% at 1 kHz and 0.0014% at
10 kHz. The measured distortion levels are
still exceptionally good at —60 dB where a
very low figure of 0.56% is produced, and at

80dB the distortion is only 5.3%. The
intermodulation distortion is better than

73dB re 0 VU.

The frequency response is flat until
5 kHz and then it gradually drops down to

1.7dB at 18 kHz.

The signal-to-noise ratio without empha-
sis is 99 dB(A) and with emphasis it is good
at 113dB(A). The channel separation is
better than — 100 dB at 100 Hz. better than

99 dB at 1 kHz, better than —89dB at
10 kHz and better than —83 dB at 20 kHz.

The Sony player is delightfully easy to
use and has an exhilarating sound. It is
clear that Sony has gone to extreme lengths
to develop and produce what I consider to
be an outstanding piece of engineering
design.

Yamaha CD-1

The Yamaha CD-1 is based on an entirely
different design philosophy to the other CD
players. The major difference, and what the
manufacturer claims is its most important
feature, is the total duplication of the
digital circuitry to achieve, say Yamaha,
superior technical performance.

Other brands of CD players apparently
use a single digital to analogue converter to
convert the multiplexed analogue (audio)
signal, which must then be demultiplexed
into the left and right channels. Yamaha,
however. uses a digital demultiplexing
circuit prior to feeding the digital signals to
two separate digital to analogue converters.

The major attribute claimed for this
circuitry is a reduction of switching noise
and distortion in the output. The disadvan-
tage of this approach is more circuitry and
the result is a much higher price for this
unit. when compared to all of the other
units reviewed.

The frontal appearance of the CD-1 is
striking and attractive. Like the Sony
player, it has a horizontal disc compart-
ment which slides out under full electronic
control, but it is even quieter than the Sony
unit.

The front panel has the power on-off
switch on the left hand side of the disc
compartment. Adjacent to the switch is a
direct analogue-type display showing the
position of the recording head in terms of
ten. six-minute increments.

To the right of the disc compartment are
a series of bright red numerical displays
showing the music sequence number and
the time in minutes and seconds. The pre-
programming data displays the next pro-
gramming number, the music number and
also the time in minutes and seconds for the
following sections.

The primary controls, simpler and more
straight forward than those on the other
players are ‘stop’, ‘play’ that also doubles
for ‘forward’ and ‘reverse’. ‘fast forward’ or
‘fast rewind’ and ‘pause’.
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The other cotrols provided for pre-
programming are incorporated in an en-
tirely separate motorised key tray which is
located on the right hand side of the unit.
These controls are recessed, right out of
harm’s way until you need them, and are
opened by a separate ‘open/close’ butt,gn
located on the right hand end of the fascia.

The added controls make it possible to
programme up to fifteen selections in any
sequence or combination. Unlike many of
the other players, there are no long delays
with this system, even when skipping from
the first to the last selection on the disc.
The unit also provides a very easy ‘check’
function for both verification of the pro-
gramme sequence or for reprogramming
that sequence to suit.

Like a few of the other units, in particular
the Sony CDP-101 player, this unit pro-
vides a ‘phrase’ play-back capability where
any segment of the disc, several selections
of the disc or even a small section of a
selection, can be programmed to play singly
or repeatedly.

The performance of this unit is very good
but is not, however, demonstrably superior
to the other players: The measured fre-
quency response is flat except fora +0.5 dB
excursion at 7 kHz.

The distortion levels 0f 0 VU are 0.0044%
at 100 Hz, 0.0028% at 1 kHz and 0.0054%
at 10 kHz. These levels are still good at

-60 dB where the distortion is 1.2% and at

-80 dB the distortion rises to 10.2%.

The signal-to-noise ratio without empha-
sis is 99 dB(A) and with emphasis it is a
very respectable 104 dB(A). The channel
separation is better than —98 dB at 100 Hz
and 1 kHz, better than —86 dB at 10 kHz
and is —78dB at 20 kHz.

The digital to analogue converter lin-
earity is very good all the way to —60dB
and then has a slow but gradual droop to
—90dB. The unit has an excellent per-
formance. However, the double digital
conversion system does not seem to provide
a measurable improvement in overall per-
formance, compared with the other units
evaluated.

The subjective performance and the
practical use of this unit is absolutely first
class. Hiding away the auxilliary program-
ming and pre-programming functions is
very sensible, but obviously an expensive
approach.

Summary

The engineers at Philips in Eindhoven had
a brilliant vision when they conceived the
idea of the compact disc player. Fortu-
nately, they realised that for it to work in
practice they would need a Japanese
partner to make suré that the concept
became an industry standard.

The review has shown that there are
considerable differences between each
brand of player, in terms of functions,
performance and flexibility in using the
machines.

However, the cheapest player, which sells
at a recommended retail price of $1099, and
the most expensive player, selling at almost
twice that price, have objective perform-
ance figures which are disproportionately
small, considering the difference in price.®
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TABLE 1
Track ] Signal Level | Ch Contents |Purpose
num- min sec,
ber phrase
1 1 kHz 0dBv |L&R | OOMO2S00F |Refer-
ence
2 120Hz : v 02 02 00
3 |40Hz ‘] g 03 02 00
4 100 Hz 1 “ 04 02 00 |Fre-
quency
5 | 200Hz ] 4 05 02 00 {Re-
| sponse
6 |500Hz v + 06 02 00
7 | 1kHz - v 07 02 00 [THDvs.
Freq
8 | 5kHz i L 08 02 00
9 | 7kHz ot - 09 02 00 {Modu-
lation
10 | 10kHz "’ G 10 02 00 {Noise —
11 | 16 kHz Y r 11 02 00
12 | 18kHz 5 - 12 02 00
13 | 20kHz | i 4 13 02 00
e 1 | 0dB [L&R| 14 02 00
15 ' = 1dB ¥ 15 02 00
16 L - 3d8 16 02 00
17 - - 6dB| ” 17 02 00 [Linearity]
18 % ‘-1008 E 18 02 00
19 v -20dB | 19 02 00
20 i -60dB | 20 02 00 |[THDvs.
21 | -80dB | ~ 21 02 00 |(Level
22 v | -90dB | 1 22 02 00
23 |Infinity Zero wfo  |L&R| 23 02 00 |SN
emphasis
24 ” withemphasis| - 24 02 00
et ¥
25 | 400Hz +7 0dB |[L&R| 25 02 00 [1Mof2
kHz (4:1) | |
26 ' -10dB | v 26 02 00 | Signals
27 | 19kHz +20| 0dB 27 02 00
kHz (1:1) |
28 I l-10dB ” l 28 02 00 |
i T T T =4
29 | 100Hz 0dB| L | 29 02 00 |Chan-
{ nel
30 | 1kHz b “ | 30 02 00 |Separ-
ation
31 | 10kHz T “ 1 31 02 00
32 | 20kHz = 32 02 00
33 | 100Hz 0dB| R | 33 02 00
34 | 1kHz v - 34 02 00
35 10 KHz v " 35 02 00
36 20kHz - - 36 02 00
37 | 100Hz L&R | 37 02 00 | Trans-
Square | lent
Wave
38 | 1kHz | " 38 02 00 |Re-
| Square l sponse
Wave |
39 | 1kHz -03708|L&R | 39 02 00
w/emphasis |
40 | S5kHz -4.53d8| - 40 02 00 | Em-
wjemphasis , phasis
41 | 16kHz -9.04dB| 41 02 00 |
| w/emphasis |
- N - | BCES EETS— .

l 42.99 | 1KHz | odB|L&R | 42 02 00 | Reter-
ence
and

e o =\ & _lTNO
{each TNO is same signal. with duration of 4 seconds) | check
- —_— _ T —

45 54 (00 | LEAD

| ouT l-J

SIGNA|
e — ) 1

RECORDING TIME: TNO 1) tmin 56sec: TNO 2.41) S6sec

each;

TNO 42.99) 4sec each, total 3min 52sec.
PAUSE TIME: TNO 1) 2sec: TNO 2.42) 4sec each; 43.99) none.
‘other channel is infinity zero

Sony Test Disc. Signal performance section.

TESTDISCS
EXPOSED

If there's one thing that’s harder to
get at the moment than a compact-
disc player, it's a compact-disc test
record. Philips released its latest
three-disc set, Audio Frequency
Test Samples, Numbers 3, 4 and
4A, in Europe last November, and
Sony released its improved CD
Test Disc Type 3 for Signal Per-
formance Testing and Optical
Readout Testing in Japan only a
few months later. We finally man-
aged to get hold of all of them . ..

The Sony Test Disc Type 3 has a
series of formatted signal bands,
designed to test the CD player's
audio output specifications. The
material used in the disc and the
designated measurements are
those specified in the CD digital
audio system Red Book, resolved
and accepted by Sony and Philips
in May 1982.

The test signals have been re-

corded from digital sources whose
frequency accuracy is precise to
one part in 10°. Both companies
claim the level setting accuracy for
16-bit resolution is accurate to
+0.1dB. The discs have time
signal data from the starting pos-
ition of each track, even during the
pause signals. Therefore, the time
in minutes and seconds from start
to finish and from the start of any
track is also encoded for those CD
players which provide time, number
and phrase information.
_ Both Sony and Philips use spot
frequency checks, starting at 20 Hz
and finishing at 20 kHz, to evaluate
frequency response, total har-
monic distortion and modulation
noise of a player. Philips also
provides a sweep covering 20 Hz
to 20 kHz. Spot frequencies suit a
technician better than sweep fre-
quencies, however, most labora-
tories would prefer a swept signal
format covering the range 10 Hz to
20 kHz. This would be more suit-
able as there are thousands of level
recorders from Bruel and Kjaer.
General Radio and Neutrik avail-
able world wide, which could track
a continuous logarithmically swept
signal.

While the evaluation of frequency
response is very straighforward,
given the availability of an audio
analyser, precision audio voltmeter
or a level recorder. the same
cannot be said for the ease of
measuring total harmonic distortion
and certainly not for measuring
modulation noise. Our tests have
shown that at 0 VU the best of the
CD players produces distortion
components as low as 0.0002%,
which can also be expressed as
two parts per million THD, or
distortion products to the order of
-114dB. There are very few sys-
tems available which enable you to
measure distortion components as
low as these.

Our approach-is to use a special
multiple notch filter, calibrated at




the fundamental, second, third,
fourth, fifth and sixth harmonics. Its
fundamental rejection is 100 dB
while the rejection at the second
and higher order harmonics ranges
between 10dB and 3dB. This
approach enables us to measure
the distortion components as low
as -130dB, which is approaching
what | regard as the ultimate figure
for measurable distortion.

The signal track numbers 14 to
22 on the Sony test disc provide
reference signals at 1kHz with
simultaneous left and right channel
modulation at 0, -1, -3, -6, -10, -20,
-60, -80 and -90 dB. It is important
to note that with a dynamic range in
excess of 90dB encoded on the
disc, and with insignificant distor-
tion at the highest possible sound
levels, it Is only in the reaim of
encoding linearity or decoding lin-
earity that you are likely to have
your first order differences be-
tween one CD player and the next.

That is, if the CD player displays
a significant non-linearity in the
digital decoding circuitry, then
there is a possibility when compar-
ing the same programme content
played by two CD players, that you
will hear a subjective difference.

All CD players show varying
degrees of non-linearity in the
dynamic region from -60dB to
-90 dB. it is in this region that both
the Sony and Philips test discs
have provided too few bands for
testing. Both manutfacturers can
argue that the resolution | would
like to see on the test discs is
commercially unwarranted, but |
would still like to see the additional
data encoded.

It is particularty important to note
that at -90 dB the residual dynamic
range availabie on the CD players’
and the linearity of the encoding
system originaily used to manufac-
ture these test discs, must be
severely limited. Therefore, any CD
player that provides a total har-
monic distortion level of better than
five or six per cent at the -80 dB
level (relative to 0 VU) is an ex-
ceptional piece of equipment.

Compact disc players which
achieve an encoding error of less
than 1dB at the -80dB level and
less than 2 dB at the -90dB level
are an exceptional piece of equip-
ment.

Tracks 23 and 24 and 39 to 41 on
the Sony disc provide test signals
with and without emphasis. This
enables us to determine whether
the de-emphasis circuits are re-
sponding accurately to the original
pre-emphasis encoded on the
discs. This is an important require-
ment as if the de-emphasis is
wrong then the second order
colouration of the test signals will
also affect your ability to discrimi-
nate between one CD player and
the next

Tracks 29 to 36 on the Sony disc
provide a series of left and right
channel encodings to allow the
direct evaluation of channel separ-

o

Radial Signal Information TABLE 2
length
0.5mm Mirror
1mm Multiburst Signal A
100 kHz, 1.4 MHz, 200 kHz, 1.3 MHz, 300 Above: The
kHz, 1.2 MHz, 400 kHz, 1.1 MHz, 500 kHz, Philips set of
1 MHz, 600 kMHz, 700 kHz, 800 kHz (repeat test discs
signals from 100 kHz to 8002kHz) Below: Disc
i lis 8.2msec. d
Duration of each signalis 8 ec Wil ‘encoded
0.5mm Mirror defects’.
v
1 mm Duty Cycle Measurement Signal
F,: 750 kHz, F : 100 kHz, with cifferent
amplitude of - 50 dB after limiter
Outer Section | Mirror
Sony test disc. Optical readout section.

ation. This is important for evaluat-
ing the overalt decoding quality of
the CD player. With distortions of
parts per milion and dynamic
ranges of greater than 90 dB, one
must expect channel separations
approaching the dynamic range of
the disc, even if the original
commerical software signal con-
tent does not approach haif those
figures.

Though similar in many ways,
there are also striking differences
between the Philips and Sony test
discs. The first difference is that
track No 2 on the Philips disc
provides a 20 Hz to 20 kHz sweep.
This matches the capability of Bruel
& Kjaer level recorders, enabling
direct recording of frequency re-
sponse on a frequency calibrated
level recorder.

The second difference between
the Philips and Sony test discs Is
their choice of frequencies for
evaluating harmonic distortion.
Philips uses frequencies of 41, 101,
997, 3163, 6363, 10007, 16001
and 19 997 Hz instead of the con-
ventional rounded-off figures to
which we have become accus-
tomed.

The advantage of using these

frequencies lies in their ability to
reject and discriminate against
main hum components and other
interecting frequency components
associated with the typical CD
player. These particular signals and
frequencies are repeated at -24 dB
and elso at -30 dB.

Lingarity measurements are pro-
vided with a frequency of 997 Hz at
0, -1 -6, -12, -24, -60, -80 and
-90 dB3, for the left and separately
for the right channei. These levels
are included on both the Sony and
Philips discs which we tested on
three CD players with very similar
results.

The feature | was most im-
pressed with was that tracks 12,
13, 14 and 15 provide a swept test
signal with a logarithmic sweep rate
extending from 300 Hz to 20 kHz.
These tracks contain two frequen-
cies recorded at the same level so

that the value of F, — F, is a
constant 70 Hz. By passing this
signal through a heterodyne

analyser with a 3Hz band width
(and a signal-to-noise ratio of better
than 70'dB) | was able to compare
the performance of three CD
players.

This signal showed how good the

CD players really are at medium to
high signal levels. It is in the range
of -60 dB to -90 dB re 0 VU that we
are aware of the increase in non-
linearity of the digital to analogue
encoders, and of the increase in
total harmonic distortion (THD).

Philips provide more general in-
formation on the importance of the
test equipment to be used by thelr
technical staff in conjunction with
the CD test record No 3. They
provide block schematics of this
equipment, as well as nominating
the types of analysers for Inter-
modulation distortion.

One statement that continually
catches my eye is “'because the
rotational control on CD players
uses circuitry with crystal accuracy,
no measurements are required or
necessary for wow and flutter'.
Though this may be true with a new
and functional CD player, it is
questionable whether it would ap-
ply to an old and tired CD player.

Aside from the technical import-
ance of the discs, | found the
Philips disc No 4 to be a collector’s
delight. It contains a range of
exquisitely recorded classical and
pop muslic, from Handels Water
Music to Elton John and the Bee
Gees.

Philips’ disc No 4A has the same
content but is supplemented by
‘encoded defects’. These are
printed on the surface as strips of
thin black lines which simulate
fingerprints and black spots of
varying diameter. The intention is to
test the ability of CD players to play
over interruptions to their content
without audible error. Unfortu-
nately, this disc arrived too late for
this month’s test programme, and
we couldn't evaluate this feature in
all the players. However, both the
Sony CDP-101 and the Pioneer
P-D1 were able to track all of these
man-made fauits without problems.
A badly scratched disc provided by
Pioneer Australia wouldn't track in
the worst scratched areas.

In future test disce | would like to
see an expanded number of refer-
ence test levels between -60 dB
and -90 dB, and the introduction of
test frequency signals as specified
for the {EC ‘total difference fre-
quency distortion meter’. Many
laboratories now use this Austra-
lian system to measure the distor-
tion characteristics of the latest
generation of advanced perform-
ance ampilfiers and tape recorders.
it has obvious applications to test-
ing CD players and the Sony and
Philips organisations should take
note of its advantages. With these
refinements | believe that Sony and
Philips ‘'will have ‘covered all the
bases’.

Compact disc players have not
yet revealed any unusual faults, but
it is clear new test records will be
released which will make it easier
to find those faults, as well as
making the complex evaluation
task more simple and straightfor-
ward.
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NETWORK WORDBEE ARCADE GAMES

rMicroBee Microbee features:

@ 16K and 32K.

Non-Volatile CMOS RAM.
Programmable RS232 Serial Port.
Programmable 8 Bit 1/0 Port,.

Display 64 x 16 and 80 x 24
screen format.

6545 Programmable VDU Driver.

Cassette Interface, 300 and 1200
baud.




personal Computer moves further
integrated software and faster

® h T
- Available from your
= i microbee computer shops:
| Pattison Ave, Waitara, Sydney.

First in the world with all these software features integrated Phone (02) 487 2711
into one computer — 729 Glenferrie Rd, Hawthorn,
Melbourne. Phone 818 2244

MICROWORLD COLOUR BASIC 5.22¢ 141 Stirling Highway. Nedlands,
WORDBEE WORD PROCESSOR }C)‘Zz::.nz::log)jf \i’zess(t)on Phone
NETWORKING 88 6384 "
TERMINAL COMMUNICATIONS Microbee dealers:
MACHINE CODE MONITOR L

SELF TESTING

Here’s why microbee has become Australia’s biggest selling Coffs Harbour
personal/educational computer. Over 3000 microbees are already helping ACT: Computech, Belconnen Churches
teaching in Australian schools, T.A F.E.’s and Universities. Centre. Benjamin Way. Belconnen.
VIC: Computerland South Melbourne,
New enhanced MICROWORLD BASIC 5.22e allows easy programming of 37 Albert Road. Melbourne.
colour into educational software and games with high resolution graphics. 16 S.A.: Key Computers, 1061 South Road.
Background and 26 Foreground colours. Wordbee in ROM means you can Edwardstown. 77 Grenfell Street. Adelaide
connect your microbee to a printer and have a complete word processor in W_A_: Altronics, 105 Stirling Street. Perth.
your home for letters, school and Uni assignments and accounts. QLD: Software 80, 200 Moggill Road.
Taringa. Electrographic Office Systems,
Add a low cost modem or accoustic coupler and you can exchange BASIC 25 Grafton Street. Cairns.
and WORDBEE files with other microbees OR you can talk to the popular Town and Country Computers,
bulletin boards and sources around the world. Select the Terminal Mode to CTL Centre. Anne Street,
give you standard ADM3A or Televideo 912C terminal emulation in 80 x Aitkenvale. Townsville.
24 format. Your microbee becomes a personal terminal to communicate with TAS: Central Data, 14A Goodwin Street.
mainframe computers — your window to the world! Select the machine code Launceston.

monitor and you can program the Z80 microprocessor directly

PHONE ORDERS

(02) 487-2711

Applied Technology Retail Pty Ltd

Your microbee /C even has a built in
self test facility so you can be sure its not
the machine but possibly your program
that has the bug!

microbee 16K I1C — $499.
microbee 32K IC — $599.

Recommended Retail Price Only. Prices may vary beyond Sydney.
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EVERYTHING IN BREADBOARDS

B-297 Terminal strip B-124 1680 tie palnt o All modules will accept all DIP 8- 1335 2s4§0 tle points 2;14570326(; t+e points
58 groups of 5 tie points ~ $23+ S.T. sizes + +
$5 + S.T. e B-111 & B-112 with aluminium

back plate

o Will accept all components with
leads and solid wire AWG No.
22-30

e B-123to B-212 with aluminium
back plate, binding posts and
rubber feet.

As supplied under ! ! i ; ! f
Government contract B-112 840 tie points $16 + S.T.

B-512 390 tie points
$6.50 + S.T.

Ter SOUE BeiTT o

| SRR B-212 840 tie points

Plus . . § - s6e5T P

B-64T Terminal Strip, 128 groups of 5 tie points -
. 86.95 + S.T.

B-64T Distribution strip, 4 bus of 25 tie points . . .

$1.65 +S.T.

B-111 740 tie points . . . $8.35 + S.T.

8-123 1580 tie points . . . $22.00 + S.T.
Analogue & Digital Circuit Designer
AT-101 ANALOG LAB AT-102 DIGITAL LAB Features

$384 + S.T. 3494 +:SETE o 1680 solderless, plug-in tie points
- S with B-124 bread boards

' ) o Breadboard elements are mounted on
L) "
- ., ground planes
_ o DC power supply with short circuit

protection Wire Cutter & Stripper

e Sine, Square and Triangle waveform For wire from 0.5 to 8 mm?. An essential
generator (1Hz - 100 KHz) tool for breadboarding$6.50 + S.T

Operates on 240 V AC
e Plus a host of individual features on
- ‘ ————— W e

Breadboard Jumper Wire
Four reels of 5m each. Colours: red,
black, green, white.

. Use A-Tok® Circult Designers for faster and easier prototyping of all types of electronic circuits $4.50 + S.T.
EMONA ENTERPRISES P /L suite 204/661 George St, Sydney 2000 Ph (02) 212 4815 Telex AA 74500

Distributors in all States. See our range of Instruments on IREE Stand No. 28

HARD STORAGE

~ withthe

HDU-1001

10Mb HARD DRIVE/FLOPPY SUBSYSTEM.

SME presents the HDU-1001 a hard working hard drive
unit with 10 Megabytes of Winchester based disk storage
backed up by a 1 Megabyte 8” double sided floppy.

Built around Tandem's sturdy TM603S mini-
Winchester drive coupled to an 8" QUME floppy the
HDU-1001 gives you the storage capacity you need to FEATURES
handie large data base applications; the ability to transfer {

data to and from the hard disk; and back up facilities all in e 10Mbyte Winchester Storage.
one compact package.

” !

Employing the latest bit slice technology the HDU- - 1Mbyte 8" double sided floppy
1001’s Winchester drive controller offers rapid reliable disk.
data cdollection, micro diagnostics for fault finding and e internal Winchester controlier.
error detection, plus the option to add another 10Mb of :
storage with the addition of another Winchester drive. - ngh speed data t_h rothpUt-

Housed in a rugged steel based, aluminium bodied L Very quiet operation.
enclosure the HDU1001 is rack-mount compatible and is e Separate 50 way connector

i:?glled fully tested and ready to go to work for you ... interface.

feiote oty I e CP/M 2.2 and MP/M 2.2

22 Queen Street, avai!able. ‘
Mitcham, ¢ Designed and manufactured in

Victoria, 3132. Australia
Telex: :

SMELEC AA37213 = —
SME 448




Computing Today

MAN ALIVE! ADAM RE-INVENTED

s Adam was the first
man, CBS Records is
hoping that Coleco’s

Adam will be the beginning
of a whole new era in home
entertainment and home
management when it makes
its Australian débuyt next
March.

Adam is a home computer
that Coleco unveiled at the
international electronics show
in Chicago in June. It stopped
every other manufacturer in its
tracks and set them re-
evaluating the whole market.

While most computer manu-
facturers sell market a keyboard
with memory, and then printers,
cassette drive, joysticks and
software as add-ons, Coleco
plans to present a complete
package.

The Adam package has an
80K memory, joysticks and
paddles, a digital storage-pack
system that uses ordinary
cassettes but is as fast as a
floppy disk, and a daisywheel
printer.

The home computer will ac-
cept standard Coleco game car-
tridges, and will have a word-
processing capability built into
the system.

The whole system is expected
to sell for under $1000 when it is
launched in Australia next
March by CBS Records.

The digital storage-pack sys-
tems is particularly interesting.
Currently, cassette drives are

extremely slow, and floppy disks

very expensive. However,
Coleco seems to have come up
with the perfect compromise

a cassette drive system that is as
fast as a disk drive.

The cassette has a muiti-
track format for storing data, all
of which can be accessed almost
as quickly as a floppy disk drive.
Each cassette can hold up to
500K of memory.

The Coleco name was
launched on to the Australian
market at the Perth electronics
show, early in August, with the
release of the Coleco game
centre.

Until now, Atari has been the
king of the video games scene,
with Intellivision snapping at
its heels. However, Coleco is
looking for 40 per cent of the
Australian market by this
Christmas.

The Coleco game centre was
launched in the United States at
a time when Atari and Mattell
were having a big punch-up in
the market place, and the new-
comer got under both the giants’
guards.

This initial gain was consoli-
dated when Coleco offered add-
on modules that enabled people
to use Atari and Intellivision
cartridges in the Coleco game
centre.

Coleco’s game console, which
it describes as ‘the Rolls-Royce
of the game centres’, has 16K of
memory. It will sell for $299
including one game.
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QDP MULTI-USER SYSTEM

computer system that ‘offers

more user friendliness’ and
better computing power for a
lower cost for both single- and
multiple-terminal systems, is
the positioning claimed for the
QDP 300 series microcomputer,

released in  Australia by
Insystems.

The QDP, manufactured by
Quasar Data Products, of

Cleveland, Ohio, is possibly the
fastest Z80 computer yet re-
leased, but sidesteps many of
the complexities normally as-
sociated with the CP/M and
MP/M operating systems.

The QDP system options in-
clude one to four terminals, twin
20 cm 1.2-megabyte floppy disk

drives, or a floppy and a 10- or
15-megabyte internal Winches-
ter drive and both CP/M and
MP/M operating systems, with
expansion boards for extra
RAM and 16-bit processors. It
also has a battery backed real-
time clock.

The CP/M QDP comes with
its own word-processing, spell-
ing, data base and financial

spreadsheet software, along
with a number of other utility
programs.

One of these is Systat which,
apart from telling the user how
the system is set up, also keeps
a record of all disk errors during
normal disk operations.

The system is fully CP/M and

HIGH-SPEED JOYSTICK

Discwasher, the American
company previously assoc-
iated with record-cleaning ac-
cessories, has expanded its
product range to cater for the
video game and computer ac-
cessory .market.

Heading the new range is the
Pointmaster, a joystick that
plugs into Atari and Commo-
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dore VIC-20 game centres. It
features a high-speed thumb
trigger, comfortable handgrip,
self-centring mechanism and a
1.5 m cord. It costs about
$29.99.

The manufacturer claims the
Pointsmaster has a very fast
reaction time, enabling the op-
erator to achieve much higher

MP/M compatible, allowing it
to use most software written
under these common systems,
but it also contains an extremely
friendly menu program to buffer
new users from the more com-
plicated aspects of the aperating
system.

Expansion slots have been
left for new boards which will be
available later this year. These
will include a high-capacity
RAM card, which will simulate
an extremely fast disk drive, and
a 16-bit computer card built on
the 80186 chip.

For further details, contact
Insystems, 337 Moray Street,
South Melbourne Vic. 3205.
(03)690-2899.

game scores than normal.

Also available is a rapid-fire
adaptor ($14.99) which allows
the joystick to be fired continu-
ously, like a machine gun.

The Discwasher range is
handled in Australia by Arena
Distributors, 642 Albany High-
way, Victoria Park WA 6100.
(09)361-5422.

MYER LOOKS
TO FUTURE

he Myer Emporium, which

started its computer and
business centres with the open-
ing of the Melbourne centre last
February, has confirmed that it
will be opening more centres in
the coming months.

Centres have already been
opened in Sydney, Brisbane,
Adelaide and Perth, as well as
Melbourne.

Since the initial five centres
were opened, Myer has closely
observed their own operation,
while enjoying “excellent” trad-
ing. In the four and a half
months of trading up until the
end of June, the Myer Computer
and Business Centres reported a
turnover of more than $2.25
million.

Sales were 90% computer:
related products and 10% busi-
ness equipment products.

The main market thrust has
been to corporations, small
businesses and middle manage-
ment.

Recently, Myer has been
negotiating to secure a hand-
held computer of *“excellent
quality and for extremely good
value”. The company hopes to
make the computer available by
mid-September.

For further details, contact
Myer Computer and Business
Centre, 275 Lonsdale Street,
Melbourne Vic. 3000. (03)
661-3342.

NEW SLANT
ON VDUs

ED Microcomputer Pro-

ducts now supplies a
general-purpose swivel and tilt
VDU monitor base.

The rugged unit, which is
designed to improve the ergo-
nomic presentation of existing
monitors, in particular BMC
and Sanyo styles, can be used
with the majority of popular
video monitors.

For more details, contact
AED Microcomputer Pro-
ducts, 130 Military Road,

Guildford NSW 2161. (02)
681-4966.



ZILOG DEVELOPS NEW
32-BIT MICROPROCESSOR

Anew 32-bit microprocessor
that offers on-chip cache
and memory management, and
which can execute up to five
million instructions per second,
has been announced by Zilog.

The 780,000 CPU features
full 32-bit architecture and im-
plementation, a complete 32-bit
instruction set, 32-bit internal
and external data paths, and full
support for all 32-bit data types.
The chip is fully compatible
with Zilog's Z8000 CPU family,
but offers greater computer
power and applications flexi-
bility.

The chip also has four
gigabytes of directly addressable
memory, and features three
selectable modes of address rep-
resentation: 32-bit linear, 32-bit
segmented and 16-bit compact.

According to Zilog, the
780,000 CPU can execute up to
five million instructions per
second vja a ‘pipelined’ scheme
which allows more than one
instruction to be executed at a
time.

Designéd for clock speeds

ranging from 10 to 25 MHz, the
chip can operate as fast as one
instruction per processor cycle.
Prototype performance tests
have yielded an average of 2.2
cycles to execute all instruc-
tions, including jumps, mul-
tiples and divides, and an aver-
age speed of 3.4 cycles in in-
stances of cache misses and
memory bus transactions.

The 780,000 gives users of
Zilog’s Z8000 family of 16-bit
microprocessors a natural mi-
gration path to a 32-bit per-
formance, because the new
chip’s software is a binary-
compatible’ extension of the
28000 CPU's, and upgrading to
the new chip requires no recom-
piling or program changes.

It uses the Zilog Z-BUS, an
advanced chip interconnect pro-
tocol used by all Zilog devices
introduced since 1979, and
works with all Z8000 peri-
pherals.

For more information, con-
tact Zilog Corporation, 1315
Dell Avenue, Campbell, CA
95008, United States.

DIRECT-CONNECT MODEM

new direct-connect 300 bps

modem that is no taller than
a 50-cent piece, and fits under
the base of a telephone, has been
released by Electromed.

Called the Sendata 300, the
modem is installed simply and
does not require any operator
training. It attaches to the
existing telephone wall-socket
plug and becomes fully oper-
ational with the flick of a switch
by the operator.

The Sendata 300, which con-
tains operating lights on the
front panel, indicating when it

is receiving or transmitting
data, comes in a small rectangu-
lar casing, the samed size as a
conventional telephone base
and only 30 mm high. It has
been field-tested for almost a
year by an independent evalu-
ator and has received Telecom
approval.

The recommended retail price
is $240, which includes tax.

For more information, con-
tact Electro Medical Engin-
eering, 69 Sutherland Road,
Armadale, Vie. 3143.
(03)509-5844.

How can | write
better software,

faster?
Write it in BASIC/Z!

BASIC/Z. A new standard In compilers for the CP/M system. BASIC/Z
i5 the most powerful implementation of the BASIC language on CP/M
BASIC/Z generates executable machine code compatible with 8080, 8085
Z-80 under CP/M 80 and 8086/8088 processors under CP/M 86

and MS-DOS

Syntax testing as you type. BASIC/Z has a powertul program editor with
built in syntax testing as you type. Time saving features include global
search and replace, fifteen local edit commands and extensive debugging
facilities. Line trace, error line retention, and the unique ability to “single
step a program with a continuous display of selected variables are just a
few of the features which will save you time

Multitiered error handling allows your program to trap logical errors
including previously fatal BDOS errors. Only BASIC/Z can trap that ‘BDOS
ERROR ON A: READ ONLY before it happens

Printer/terminal customizing is built in. The runtime library of BASIC/Z
(included in the package) includes installation routines for the majority of
CP/M machines on the market. Your software will have near universal
application without further moditication. Just one set ot programs will run
on practically any hardware

Unsurpassed accuracy. Floating point numerics with a range of tE-61 to
1E+61. with a choice of precision from six to eighteen digits. All floating
point matins are performed in decimal (BCD), avoiding rounding off errors
Powertful executive functions aid programming. Using SORT, it can son
2000 elements in two seconds. User defined tunctions are fully recursive
support multiple arguments and may contain an unlimited number of
statements

No Royalties. BASIC/Z has no royallies nor runtime charges. The license
agreement confers the right to distribute support software such as the
BASIC/Z runtime module and the installation hardware configuration
ulility, subject only to specified copyright acknowledgements,

What does it all cost? BASIC/Z documentation & Software: $495° inc. tax.
Available from your computer supplier of from Software Source direct
Available on 21 days approval (if software seal not broken). Or clip out the
coupon and send in for further dletatls

CONVENTIONAL BASIC/Z
COMPILER
R e v i T
EDIT/SYNTAX
EDITOR CHECK &
COMPILE

=) [ (NO LINK REQ)
e A e

COMPILER A
RS _I e DEBUG
SYNTAX S Y J\
ERRORS T =™ LOGIC - Y
N ERROR§‘
e I
LINK
= RUN
o . A BASIC/Z produces
DEBUG direct machine object
code, NOT P-CODE.

g -~ It is better and faster
I than CBASIC or
Microsoft BASIC.

_—T0GIC >~ ¥
“_ERRORS
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TWO BOO-BOO'S [N PURCHASING LAST

60 WATT HORN
TWEETERS

UNDER

FINANCIAL YEAR HAVE LEFT US WITH

/2 l R|CE- AN EXCESS OF STOCKX WE MUST CLEAR:

MOVING COIL
CARTRIDGE

MODEL MC100
wes s &9-50

@ Standard §” sounting.
@Samariue Cobalt sagrets for Ngh
output- transformer not needed

®Freq. I‘c!enn‘l 1547-350Hr .
@Huge 2.507 output (1KHZ/S0se/a)
@lracking Foree: 7.0 grass.
@0.6ua Diamond stylus.

@Cosplete mounting kit incl.
.S!vhs nulv replaced ($15.00)

with separate signal strength, tuning and audio VU “5\ da

49 MHz FM Wireless Microphone System
Clearance of professional wireless mikes in two versfons.

meters. Features easy connection to most amplifiers

with 25my (mike) and 580mv (aux) outputs, T.H.D. Z&PR'(‘

MUSIC and PA APPLICATIONS: Type R1-
and 9V DC operation, mains power-pack Supplied.
Uses the same mike and belt-clip FM transmitter with

* FREFi

WITH EVERY ORDER OVER
$30.00. ::lE \leLL OFFER

AC_ADAPTER.
B) 2Uvac lamp

“NOVIK"
tweeters
4-20KHZ
with X'over
capacitor

Imported

a similar belt-clip receiver fitted with a special

1deal for Churches, halls, theatre and school use,

WAS $90.20 MOBILE APPLICATIONS: Type R2-
ear-piece speaker. ldeal for athletic coaching, bike
and car racing, student training exercises and video

ONLX-- 24en

PRE-PAK

electronics p/

comprises miniature electret mike and belt-clip FM
transmitter with a xtal-controlled receiver base
Now 5
i camera recording. Full technical data avail with SAE.
ia WEST ST,

LEWISHAM, NSW

24 HR PHONE ORDER SER

569-9797

each

83quare s

worth around $16.00!

DC MOTORS

AC ADAPTER. 5 12
¢) CAR CB ARGE Si1ZE
s S or STERED IDEAL FOR_T0YS.
9 ¥TG. BRACKET. | MODEL BQATS.
. CARS. HOBBY :1& 3
OPERATES FROM
PACK/POST 10 12V. POWERFULL 53“
AND RUGGED. SIZE

PLUS 51 OF
$2  ORDER VALUE

VICE

47mum DIAM X

60mm 10 fr 325

SEE THE HUGE RANGE IN-STORE!

IF YOU THINK WE PACK A LOT INTO OUR ADS.
YOU SHOULD SEE WHAT’S IN OUR SHOP !




Hewlett Packard
chose Spellbinder

Computing Today INEW'S
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HIGH-SPEED
BOARD FROM
NATIONAL

National Semiconductor has
added two models to its
range of industrial computer
boards: the CMOS Industrial
Microcomputer CIM-804 and
the CIM-802A.

The top-of-the-range CIM-
804 is a high-speed 4 MHz
central processing unit board,
while the CIM-802A is an en-
hanced version of the com-
pany’s proven 2 MHz CIM-802.

Both new boards operate in
ambient temperatures, from
—40°C to +85°C at low power-
consumption levels for remote

station and process-control ap-
plications, such as industrial
instrumentation, numeric ma-
chine control, pipeline monitor-
ing and control, robotics and
uninterruptable power supplies.

The high-speed CIM-804 is a
board-level computer featuring
2K of static RAM, provision for
4K of ‘shadow’ PROM, up to 22
programmable input/output
lines, 12 vectored interrupts and
two 16-bit counter/timers with
pre-scalers.

New features of the upgraded
CIM-208A include a PROM
“shadowing” capability.

Both CPUs are based on the
eight-bit NSC800 microproces-
sor.

For further details, contact
National Semiconductor, Cnr
Stud Road and Mountain High-
way, Bayswater Vie. 3153.
(03)729-6333.

VERSATILE PLOTTER
FOR MICROCOMPUTERS

Aversatile graphic plotter, de-
signed for use with personal
and small-business computers,
has been released by Source-
ware, the Sydney computer-
products distributor.

The Sweet-P personal plotter,
which is plug-compatible with
the IBM, Apple, Osborne and
Kaypro personal computers, is
suitable for graph processing,
engineering graphics and over-
head transparencies.

Sweet-P is provided with its
own software for plotting stan-
dard and business graphics and
fits into a slim briefcase. It is
priced at $1499.

interface automatically to all
the major graphics software,
such as Lotus 1-2-3, Fastgraphs
and BPS Graphs.

Sweet-P can be used to create,
store and draw coloured pie
charts, bar graphs, line graphs
and illustrations on any type of
paper or overhead transparency
materials from 21 x 27 cm up to
three metres long.

The plotter, which has a
drawing speed of 15 ¢m per sec-
ond, also can give a resolution of
250-line segments in 2.5 cm.

For more information, con-
tact Sourceware, 4/73 Albert
Avenue, Chatswood NSW 2067.

over all other
CP/M
wordprocessors.

Why?

Hewlett Packard conducted exhaustive research
before selecting a CP/M wordprocessor program
to run on their HP125 business computer. The
result? Spellbinder was judged superior in all key
areas. Here are some of the reasons:
Spellbinder is fully customizable. Function keys and
cursor keys really work on Spellbinder! This means
faster training and more efficient use.

The most useful and workable mailing list

capabilities. Sort by post code then merge any
individual information from a mailing list into text.
Powerful sorting facilities. Sort clients by income and
then print out a list in order of income with telephone
numbers. Sort alpabetically or numerically. Eg. Print up
mailing labels for only NSW customers from an all
states list and have them sorted by post code.

Note: These facilities are built in.
They are not expensive add-ons.

Boilerplating. The user can create entire documents
by specifying the numbers of pertinent paragraphs on
a master 'boiler plate’ file and printing them in any

order.

Advanced printing features. Includes the ability to
print in two columns and to print multiple documents.
Forms generation facilities. Create a template that
‘looks like' your invoice. Spellbinder will show you

where to fill in the blanks — then print just the
information on your pre-printed stationery.

Ease of use. The three interactive levels of help are
fully customizable so they are right for YOUR system.
You can even view other documents on your disk
without disturbing your current text.
Arithmetical facilities are built in. Total your invoices,
prices or statements automatically. Full 16 digit
precision with up to 15 decimal places.
Full support. Software Source is dedicated to the
support of this powerful package. A growing library of
applications programs is available, from mail list entry

to invoice generators.

Contact Software Source for further details and the
name of your nearest dealer. Come and find out what

real wordprocessing is all about.

Exclusive Australasian distributor.
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The Clever Computer
Comx 35

16 KB of ROM

35 KB of RAM

Built-in joystick

Built-in speaker

High Resolution Colour Graphics
Super Enhanced BASIC

Uses Home Cassette Recorders
Uses Home TVs

FOR EDUCATION

« Cobmx 35 is really compact and light—making it » The built-in joystick is specially designed so it is
ideal on a desk top or for carrying anywhere in a more responsive and easier to use than
briefcase. conventional cursor keys and it is not only for
» Save more on our complete software packages games.
for all uses. + Memory size can be expanded from standard 35K
» Comx 35 has an 8-colour display of 24 lines by 40 to 67K and expansion connector for serial ports,
characters and utilises the complete screen. printers, disk drive to be added.

-

1
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COMX AUSTRALIA SALES
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TWO NEW
TRS-80
MODELS

he Tandy TRS-80 Micro

Colour Computer Model
MC-10, aimed primarily at first-
time computers buyers, will be
available in  October, for
$199.95.

The Model MC-10, which has
a 4K capacity, features a stan-
dard keyboard with true moving
keys. Key word input can be
accomplished with only two
key strokes. Low-resolution
graphics also can be generated
with two key strokes.

A serial port allows use of
modems and printers, and there
is a cassette port for loading and
saving of programs on cassette
tape.

The 836 g Model MC-10
measures 5 x 20 x 18cm
small, but still considerably
larger than Tandy’s new pocket
computer, the TRS-80 PC-4,
which retails for $99.95.

The PC-4 measures just 1 x
165 x 7cm and has a
typewriter-style keyboard of 53
keys for alphabetic input, plus a
10-key numeric data-entry
keypad. A 12-character LCD
scrolls horizontally to up to 62
characters, including lower-
case.

The PC-4 operates on two
lithium batteries and has an
automatic power-off feature to
preserve battery life.

Computing Today INEW'S

An optional user-installable
1K RAM memory module, cost-
ing $29.95, expands the PC-4’s
544-step, 26 variable-memory
RAM to a maximum of 1568
possible steps or up to 222
mermories.

A cassette interface ($59.95)
allows the user to store and load
programs at 300 baud, using an
optional cassette recorder. The
lightweight interface, which

plugs into the back of the PC-4,
operates on two “AA” alkaline
batteries.

Tandy also offers a PC-4
printer ($109.95) which prints
20 characters per line (60 lpm)
in an electro-thermal 5 x 7 dot
matrix.

For more details, contact
Tandy Electronics, 91 Kurra-
jong Avenue, Mount Druitt
NSW 2770. (02)675-1222,

TO THE ELECTRONICALLY
MI“DED. (Professionals,

Hobbyists, Students & Enthusiasts.)

V4

We carry a wide range of Multimeters, Calculators, Soldering tools, Transformers,
Cables, Instrument boxes, Computer Connectors, TV Aerials, Components and just
about anything you may require.

= ol

E.B.M. FAN
$22.94

239\ oL -

METERS

e UNIVERSITY
* FLUKE

SOLDERING
TOOLS

= °* WELLER
« ROYEL

“QUALITY COMES FIRST" has been our trading
principle for many years. This enables us to give you the

best in service and the best in products...ensuring durability
in what you buy and your own guaranteed satisfaction.

e MAIL ORDERS TO RADIO DESPATCH SERVICE
869 George St., Sydney 2000 Tel. (02) 211 0191 » 211 0816

T869 George St., Sydney

RADIO
DESPATCH
SERVICE

1

NSW 2000 (Near Harris St)

Tel. 2110816
211 0191

Open: Mon-Fri 8.15am to 5.30pm
Thursday night late shopping
till 6.30pm Sat 8am to 11.45am
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SOME COMPUTERS ARE
BETTER THAN OTHERS

COMPUTER COMPARISON CHART
Sals T T gm0 g = T~ S = ~ TANDY
SPECTRAVIDEQ COMBODORE
e APPLE N ALUS ATARI 800 colloion . w TRS-80
BASE PRICE 8499 $2100 !1100 3809 ol _.m o B 738_49
WER FEA
C°B‘&f¥?~°n"é’m ER TURES 3% 12K s 20K (34 -
EXPANDABLE TO 96K N/A 2K N/A N/A 14K
BUILT-IN EXTENDED MICROSOFT BASIC YES YES  ADDITIONAL COST NO NO NO
BUILT-IN RAM 2K 48K 16K 4K SK 4K
EXPANDABLE TO 144K 64K 48K NA 32K 32K -
KEYBOARD FEATURES
NUMBER OF KEYS n 51 61 L3 66 $3
USER DEFINE FUNCTIONS 10 N/A 4 8 [] N/A
zPECEIAKLA T“Efong PROCESSING gg :8 ;4& ‘Y;JEOS YNEOS $4EOS
EN| D GRAPHICS (FROM KEYBOARD
UPPER/LOWER CASE ’ ) yEs UPPER ONLY YES YES _YES UPPER ONLY
" GAME/AUDIO FEATURES
SEPARATE CARTRIDGE SLOTS YES NO YES NO NO :8
BUILT-IN JOYSTICK YES NO NO NO YES
COLORS 16 15 128 16 16 8
RESOLUTION (PIXELS) 256 x 192 280 x 160 320 x 192 320 x 200 196 x 184 192 x 256
SPRITES 32 N/A 4 8 8 N/A
SOUND CHANNELS 3 1 4 3 3 1}
OCTAVES PER CHANNEL 8 4 4 9 9 3
A.DS.R. ENVELOPE - YES NO NO ___YES __YES NO
PERIPHERAL SPECIFICATIONS
CASSETTE 2CHANNEL | CHANNEL 2 CHANNEL | CHANNEL | CHANNEL | CHANNEL
AUDIO 10 YES NO YES NO NO NO
BUILT-IN MIC YES NO NO NO NO NO
DISK DRIVE CAPACITY 256K 143K 96K 170K 190K 156K
@OW PROFILE) L& YES ___NO NO _No _NO NO
CP/M COMPATIBILITY (80 column programs)
CP/M* 22 YES NO*** NO NO**** NO NO
CP/M* 30 YES NO NO NO NO NO
* 16K yser agaress able plus 16K graphic suppon *<* Appie Il can accept modified 40 or 80 column CP/M Microsoft is a registered trademark of Microsoft Corporation
** 128K user adaress able pius 16K graphic suppon **** Commodore 64 accepts 40 column CP/M CP/M 15 a trademark of Digital Research, inc

When you start comparing Spectravideo’s SV-318 to other SPECTRAVIDEO SV-318
personal computers, you'll find there really is no comparison.
The SV-318 is the only logical choice, because it does more
than some computers costing 4 times as much. And its abili-
ties simply embarrass other computers in this price range.

The SV-318isn‘t just more capable. It's much
more capable. No other computer at even twice the price
comes near Its 32K ROM expandable to 96K. Or to its 32K
RAM expandable to 144K. And no other computer has o
built-in Joystick/cursor control—an immeasurably useful
feature when it comes to playing your favorite video game.
Further, the SV-318 has, as its resident “language” Extended
Microsoft Basic, the industry standard. It even has built-in
CP/M (standard 80-column program), SO you can

immediately utilize over 10,000 existing software programs. 1
The SV-318 isn‘t just more expandable. It's F o R U N D E R s 5 00
much more expandable. Unlike many other so-called with the optional SV-105 Graphic Tablet you can draw

computer systems, all our important peripherals are avail- pictures, graphs, charts and other visual images on your TV

able at once. That means you can get aimost full usage out screen. Considering what
; - you get for what little you pay. the
of your SV-318 from the day you buy it. With the Super SV-318is once ogo;% the only Iogglcol el

Expander, Data Cassette, Floppy Disk Drive, Dot Matrix % . ; .
. 5 - Whether you're investing in your first computer, or are
Printer, Graphic Tablet and SV-800 Serles Expansion already well versed in today’s most Important machine,

Cartridges, there’s almost no end to the work you can do. Or - : 2 ,
to the fun you can have. The SV-318 is well designed to inter- you'l find that the SV-318 is the only logical choice for you

face with new options as they become available, too. All this
adds up to @ computer youll grow into, not out of. ““T“ H’/I DE”
= O =y b

The SV-318 is not only eminently afford-

able, it's the first real bargain of the computer age! Besides - Yy ' o =g g
business application, home budgeting. word processing. :L-T;.j]:._“““‘ waandd =M, :
programming and self-teaching, the SV-318 is the best enter- PERSONAL COMPUTER

tainment value in town. Not only can you use it with your TV

L i i VIDEOACTIV ELECTRONICS
or color monitor to play hundreds of different video games, 70'St. Kilda Road, St. Kilda, Vic. 3182. Ph: (03) 537-2000
P.O. Box 474, Edgecliffe. N.§.W. 2027. Ph: (02) 328-1190

Franklin Agencies, 3 Marie St.. Milton, Qld. 4064. Ph: (07) 369-

0496
Jerdon Agencies, 25 Gladstone St., E. Perth, W.A. 6000. Ph: (09) 328-5299



S100 Z80 System Cards

CP/M3 USERS

DRC-II. : o ; . To K-NAR Computer Cards
The board for multi-user installations. I LEL YR =t & 4N l Please send me product data sheets.
256K dynamic RAM card, bank select, T i ANy~ ~ (Fenclose 4 stamps).
fast 4 Mhz operation, on-board memory et 1 wish to order
prom, dip-switch selectable boundaries,

bank mode allows up to 2 boards on bus, ¢ i My cheque/order form for is enclosed
hidden refresh, phantom disable. & ) - 01 ' Please debit my Bankcard No. =
List Price $995. A e Y )3 ;
OUR PRICE WY R, [ N
' v A ” P I Address
SBC-800. -
4 Mhz Z-80 CPV, l Signature

two serial R$232 ports, software . -
3 Please include me on your new product mailing list.
programmable Baud rate gen., Centronics l | am mainly interesteJ in systems for:

parallel port, 22 prog. I/0 lines, real time clock O Hobby, O Industrial use, O Education,
(battery backed), 2K CMOS RAM, power l O Process control, O Business O Other.

on reset/power fail detect, battery
backed as standard, etc. List Price $495. S LI SR N S LU A

$395

[

Fool-proof memory system.
State-of-the-art 64K CMOS Price
memory card with memory $675.

grotection, on board OUR PRICE
attery back-ug, g 4
compatible with DRC-I, N8 A ZhS, PO, Box 412, Dandenong. 3175 Phone (03) 795 5858,
write protection 5% I v {] o . Authonsed distnbutor of SME Systems products.
enable/disable. 14 SHISES RS Pnces subject gld;a&% mm maéﬁe Zélslﬁpnces excluding
! -

Al boards fully assembled and tested and backed by 90-day
guarantee

osis.

: tion €
No instailatiof
®  ale pperation

Attaches
a telephone plug.

ME

O

NGINEERING P/L

ELECTRO-MED\CAL €
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AUSTRALIAN MICROCOMPUTER
BOASTS MANY ADVANCED FEATURES

This column in July looked closely at AED's
unique Instant Program Selection feature ‘MPS'.
in August we examined the UNIVERSE's ad-
vanced dual 8 & 16 bit high speed CPU, and
intelligent DMA floppy controller. This month we
look in depth at two more of the technology
leading features that make this machine the
fastest, most flexible and expandable, $100 CP/
M and CP/M-86 based system available.

UN-SERIAL TERMINAL

Unlike typical computers the AED UNIVERSE
incorporates a memory mapped intelligent ter-
minal. This non serial terminal provides higher
speed than serial types, combined with the
speclal factilities required by powerful operating
system features such as SUPERAED and MPS.
The keyboard is a high reliability Honeywell Hall
effect data entry and word processing type with
17 user definable keys, numeric pad, and 12
special cursor control keys. The keyboard is
separable from the screen unit for optimum user
comfort. The screen is a high resolution, green or
amber, anti-glare, monitor mounted in an attract-
ive and functional swivel and tlit housing. The
terminal electronics are driven by intelligent
video driver software which is incorporated in the
AED CP/M extensions 'SUPERAED’ and ‘MPS’.
This standard terminal driver responds to the
usual codes and escape sequences of serial
types, however, instead of being locked in, the
driver, lends itself to code modification or
extension. The sheer speed and direct driving
capability of the ‘UN-SERIAL’ terminal makes it
extremely suitable to word processing systems
such as "WORDSTAR' under which it performs
more like a  sophisticated dedicated
wordprocessing machine than the normal com-
puter fitted with a serial terminal.

INTELLIGENT D.M.A. HARD DISK
CONTROLLER

The hard disk controller in the UNIVERSE
computer incorporates many advanced features
to compliment the design of the floppy controller
described last month. Unlike many inferior
interfaces this controller cashes in on all of the
increased transfer speed of the Winchester hard
disk mechanisms. The controller has its own 7.16
Meg 8x300 Bipolar processor, therefore the data
arrangement on the disk is not limited by special
purpose LSt controller chips. This intelligence
relieves the main CPU of time consuming
processes such as head positioning and
rotational delays, etc. The main processor is
further freed by the DMA system which indepen-
dently transfers the data bytes directly from the
disk into the system memory. This “‘channef”
concept allows the controller to communicate
with S100 memory by 'stealing’ bus cycles from
the main CPU or using the bus in “'burst mode’
for ultra-fast transfer. This idea of an intelligent
channel was first implemented on mainframes,
now, this powerful concept has been im-
plemented on an S100 bus microcomputer
system. The interface can drive the fuli 24
address line space and has priority logic allowing
it to contend with up to 15 other temporary bus
masters.

The AED UNIVERSE combines -many more
technology leading features in one system than
nearly all other microcomputer systems. Over the
last few months we have looked at several of
them and more will be detailed in this column
next month.

J . - S — =1

UNIVERS

(SUPERCOMPUTER 1 )

SLOW: Non standard $% * discs
SLOWFR: 16 Bu only CPU

LIMITED

N_DAHIUTV: [

FEWER APPLICATION PROGRAMS: Duc 1o 16
Bt only C.P.U

FASTER: 6 & 8 MHz B & 16 Bit dual CP.U.'s
MORE APPLICATIONS: via CP/M. CPIM 36,

MS DOS, MULTIIOS, & MPM 86

ILIGHER SPEED: 8° 1.2 MEG DMA Floppy & DMA
16 MEG hard dic fixed & removable

MORE EXPANDABLE: Duc 10 S100 IEEE 696 com
pliance from hundreds of manufaclurers

THE ONLY SYSTEM with the magnificent *MPS®
INSTANT TASK SWAPPING CAPABILITY.

We can help you with
» CONSULTANCY ¢ SERVICE CONTRACTS ¢ CUSTOM SOFTWARE » STANDARD SOFTWARE

The choice is yours.

Gontact AED for your local dealer or informativn kit. 130 Military Rd.. Guildlord, NSW 2161, Phane: (02) 681-4966. Tix. 10664, ﬂ |

For a complete information kit on the AED
UNIVERSE send a stamped self addressed A4
envelope to:

ACOUSTIC ELECTRONIC DEVELOPMENTS PTY LTD

SYDNEY: AED COMPUTERS, 24 Darcy St, Parramatta, NSW 2150. Phone:
(02) 689 1744, (02) 681 4966.

MELBOURNE: AED COMPUTERS (MELBOURNE), Eiston Micro, 53
Waverly. Rd, East Malvern, Vic 3145. Phone: (03) 211 5542. Telex: AA30624
ME447.

CANBERRA: AED COMPUTERS (CANBERRA), 217 Northbourne Ave,
Canberra 2601. Phone: (062) 475 348. Telex: AA62898 HARSUR.

54 — September 1983 ETI



SPELLBINDER
NETWORK
GROWS

ydney’s Software Source has

signed a sub-distribution
agreement with Sky Systems for
Qasis versions of the Spell-
binder word-processing and
office management system.

While Software Source re-
mains the sole Australasian
distributor for Spellbinder, Sky
Systems — located at 36 Second
Avenue, Willoughby NSW 2068;
phone (02)95-5503 — will en
hance the backup and service
aspect for the package.

For further information, con-
tact Software Source, 344-348
Oxford Street, Bondi Junction
NSW 2022. (02)389-6388.

CONTROLLER

Innovéwd Peripheral Systems,
a leading American manufac-
turer of magnetic tape control-
lers and peripherals for the
data-processing  industry, has

THE WIZARDRY OF 0OZ1

Ztronics Australia has an-
nounced the release of OZ1,
a data-acquisition system that
allows almost any computer to
gather analogue and digital in-
formation from ‘the real world’.
A supervising computer com-
municates with OZ1 uvia the
serial port. Consequently, many
portable computers, small busi-
ness computers and personal
computers may be used with
OZ1 for data acquisition with-
out modification or addition of’
special interface cards, requiring
only that a serial interface be
available.

The unit can be connected to
the serial port of the host
computer, either as a single unit
or as a network of up to 16 units.

It provides for 30 single-
ended or 15 differential ana-
logue channels and two digital
channels, and a fully im-
plemented network provides for
480 single-ended or 240
differential analogue channels
and 32 digital channels.

For additional details, contact
OZtronics Australia, 8 Glenfern
Avenue, Upwey Vic. 3150.
(03)438-2638.

Computing Today INEEW'S

ANCA INDUSTRIAL TERMINAL

/\ustralian NC Automation,
the Melbourne-based com-
pany specialising in the design
and manufacture of micro-
computer-based industrial con-
trol  systems and  sub-
assemblies, has released its
Model VT5 industrial VDU
terminal.

Designed specifically for in-
dustrial applications where
clear, precise messages need to
be displayed, and where input
data is required from factory
personnel, the ANCA VTS5’
features include a solid-state
hall-effect QWERTY keyboard,

FOR APPLE I

IEEE-488
Apple 111

introduced a new
controller for the
series of computers.

The APL-488CT requires a
single slot in the Apple III, and

a 13 cm green phospor display
with 32 characters by 16 rows,
20 mA and RS232 interface to
9600 baud, and both dc and ac
operation.

Programmable aspects of the
VTS5 are double-size characters,
reverse video characters, flash-
ing characters, cursor blank,
blink and box, cursor address-
ing, and underlining.

The unit measures 178 x 482 x
230 mm and weighs 6 kg.

For further details, contact
ANCA, 204-206 Bell Street,
Preston Vie.3072.(03)44-0722.

provides the users with IEEE-
488 Standard 1978.

The controller’s driver is SOS
compdtible, allowing the user to
use simple print or input state-
ments to control the bus func-
tion. Because the driver is
within the SOS, all high-level
languages are supported, mak-
ing it very user-friendly.

Using the APL-488CT, more
than 2000 IEEE-488 compatible
instruments, peripherals and
other devices can be added to
the Apple III.

For further information, con-

tact the Australian agent,
Mostyn  Enterprises, 35
Alexander Street, Dundas

NSW 2117. (02)871-6297.

Re <
®Mote Daty Acquls(llon Unat

O2tronics Austiaily
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SENSATIONAL

BRILLIANT NEW SUPER 80

DOT MATRIX PRINTER

ADJUSTABLE SPROCKET FEED AND FRICTION FEED

Just a few short months ago we
were selling printers of compar-
able quality and specification
for around $1000. Wlth the
release of the exciting new
SUPER-80 and our bulk purchase
powers we are offering these
for sale at just

$499.50

HURRY — LIMITED STOCKS!

Operating under direct soft-
ware control from any general
purpose micro-computer, office
computer, etc, the Super 80 is
capable of 13 different print
types including emphasized
(letter quality). Bit Image
2raphlc capablilities enable ex-
ensive formating and repro-
duction of high resolution
graphlc Images.

interfaced specifications
interface:

Stangarg centronics paraliel Optignal
#S-252C. (SERIAU

oata (c'Iﬂle rate:

4

’ PS max
Functlonal specifications
printing method:
serial Impact got matrix
Printing format:
Alpha-numeric — 7 1 8 In B x 9 dot mateix
field, Semi-graphic cnaracter graphict
7 x B aot matrix. Bit Image graphic — ver
tical B dots parallei. norizontal 640 dots
serial/iine
Character size:
2.4mm (0 083 +W x 2.4mm 1009 +H/7 % 8
got matrix
Character set:
228 ASCIl characters: NOFmal and italic
alpha-numeric font. sympots and sem
raphics

v|nt|ng speed.

80 CPS 640 dotsfiine per second

printing direction:

Normal — Bigirectional. 10gIC seeking.

superscript and pit iImage graphics

unigirectional. left to right

Line waclng:

Normal — 4 23mm (1/6 } Programmabie

in Increments of 0 3Smm (1/72' Y and

0.TBMmmM (1/216 1

Columns/iine:

NOrmal size — B0 columns. Oouble width
40 columns. Compressea print — 142

columns, Compressea/doubie wiath — 71

cousmrs. The above can be ame

Paper $eed:
Aaﬂmaole sprocket feed ana triction
feed

Paper tv|
Fanfold. Single sheet Paper wiath
101.6mm 1471 to 254mm 110 1

it
1 ey

D

L=

™~

VALUE PACKED AT
01170...$499.50

Printer Cable
interface Kit
to sult Microbee

01190.. ... $49.95

THE FANTASTIC MICROBEE

NEW 3.375 mHz —
CLOCK SPEED —

V4

I
SCREEN FORMAT 64 x 16 O
B0 x 24 WHILE NETWORKIN!

EG. USED AS A TERMINAL

The all new Microbee IC has got to be the
most value packed ROM based personal
computer avaliable today New enhanced
basic enables 64 x 16 or 80 x 24 screen for-
mat while networking and the clock speed
is now a zippy 3.375 MKZ and over $110
worth of software Integratea In ROM e
the absolutely delightful wordbee word-

IC HAS ARRIVED

l

D 1020
D 1035......32K

AVAILABLE IN
16 K or 32 K VERSIONS

o
OVER 10,000
MICROBEES SOLD

processor package Or Editor Assembly
plus all the other exciting features that
have made the Microbee famous

499.00
599.00

16 K

EASY READING GUIDE

TOCP/M 2.2

FOR THE NOVICE AND
EXPERIENCED
PROGRAMMER ALIKE
Devoted primarlly to CP/M
2.2 this manual Is equally
applicable to most other CP/M
systems. Cortesi divides the
book In two sections, an
absorbing, explanative,
tutorial covering setup and
operating procedures and 3
comprehensive reference

section.
As a learning tool
1T°S INVALUABLE
As a Reference

1T WILL TAKE PRIDE OF PLACE
NEXT TO ANY CP/M SYSTEM

89080..ONLY $41.95

NOW
&> WITH SCREEN
INVERT FUNCTION
AT NO EXTRA

_RESOLUTION
.MONITOR:

OVER

One of the hassles of sitting there for countless hours operating
your computer is €y€ strain {anyone who has just spent 10 hours
solid will agreel!) Well our fantastic new MICRON 12 High Res-
olution Green Phosphor Monitor has a‘reverse’ or invert screen
function where by simply rotating the contrast control anti-
clockwise the screen information and background are reversed
This is especially valuable in poor lighting conditions.

MICRON 12

Grean Phosphor Monitor
Features 127 screen
Front controls. on/off
contrastireverse, bright
ness. Power 240V
50Hz or 12V OC. Input
ACA type. DC Output
Jack: 12v/1 1 Amp
power your Micro direct
without a power pack
Bandwidth- 10M2 to
20MH: the resultant
detinition 1s truly
amazing for a Iow cost
monitor

Guaranteed by
ALTRONICS!

Incredible Vatue.

01112.. $199.50

See Review June EA, p.137

Adjustable Azimuth
DATA CASSETTE

At last a Data Cassette
Recorder/Player you can
afford. The Micron D 1120
s fully adjustable azimuth
absolutely essential in our
opinion) and incorporates
tallored audio frequency
response audio stage
together with low distortion.
) Now you can save and load
software in your Micro

with confidence,

1.10
1.20

D1140...C10 Data Cassette Tape
D1141...€20 Data Cassette Tape

D1120 Micron DatacCassette $49.50

BANKCARD JETSERVICE DELIVERY NEXT YAY e ALTRONICS

‘® ALTRONICS

ALTRONICS o




® ALTRONICS

N
0
4
e)
14
5
«
(]
>
g
(o]
=
x
M
4
>
+
w
2
-l
w
(a]
w
o
>
[+
.
m
ﬁ
Q
¢4
q
o
4
4
q
[+ o]

ALTRONICS e

ALTRONICS o ALTRONICS e ALTRONICS o ALTRONICS

DELUXE ABS INSTRUMENT CASE

Case color light grevy front-rear panels black.

Our superb new instrument case will give your projects the
professional appearance they deserve.

* Internal, mounting posts enable a wide combination of PCB's,
Transtormers, etc. to be accommodated (screws supplied).

* PCB guide rails provided internally allow vertical PCB positioning
to several locations

* Removable front and rear panels. Attractive textured finish one
side and plain the reverse side. (Enables direct engraving, silk
screen printing etc. to plain side.)

* Great for test instruments and other high grade projects
Overali Size: 200W x 160D x 70mmH
10 UP

..only $1 3.50 $11.50

OEM'S — Manufacturers — Bulk Users: Your product will
look llke It's stralght out of "Hewlett Packard's' factory
with this briillant low cost case. Contact our Wholesale
Department for Bulk Prices.

ALARM CONTROL MODULE

EASY TO INSTALL » BUILT IN SIREN DRIVER — DIRECTLY
DRIVES LOW COST 8 OHM HORN SPEAKERS
» LOW POWER REQUIREMENTS

The AC-811 is a low cost profes.
sional burglary protection sys-
tem which getects the presence
of an intruger who breaks Into
your home, office or business.
The system also allows connect-
ton of emergency panic buttons
wall vibration switches, smoke
and heat sensors, as well as
freezing or flooding detectors
to form a complete protection
system

EXIT/ENTRY DELAY
1 MINUTE AUTOMATIC RESET

ideal for homes,
offices, factorles,
shops, caravans, any
area requiring
protection.

$5042. only $39.50

LOW COST WEATHERPROOF

5 WATT 8 OHM |
Fully weatherproof. New unique voice coil
construction ensures high dependability

on full arive,

Sultable for PA Intercom anad security

systems etc.
9.50

€2010.
10 Up. 8.90

FREE PEN WATCH OFFER

HELP! HELP! HELP!
A business tycoon once sald that half of his agvertising was ineffectual
trouble was he dlan't know which half! well, we at Altronics are spending a

fortune advertising in Electronics Australla and ETI magazines etc ang want
YOU to tell us where you saw this advert

If you do, we will send you free and post free one of
our beautlful X1020 quallty pen watches.
Simply say with your order, eg. “I saw these products advertised in

(Limit of one per order per customer)

ALTRONICS RESELLERS

Please note that resellers may not have ali the items advertised in
stock, and as reseilers have to bear the cost of freight, prices may be
siightly higher than advertised. ALTRONICS reseller prices should how-
ever represent a considerable saving over our competitors' prices.

NEW
SOUTH WALES

CITY
Avtek Electronics. . . 267 8777
DOavid Reid Eiectronics 267 1385
Electronic Agencies. . . 28 2098
Jaycar 264 6688
Radio Despatch. 21019
SUBURBAN
CONCORD
Electronic Agencies
DEE WHY
Dawd Ryall

Electronics
LEWISHAM
PrePak Electronics.
MATTRAVILLE
Cieative Electronics.
COUNTRY
ALBURY
Webb's Electronics.
BATHURST
Sound of Music.
BROKEN HILL
Crystal TV,
COFFS HARBOUR
Cofts Harbour

Electronics 52 5684
GOSFORD
Tomorrows

Electronics
KURRI KURRI
Kurn Electronics.
NEWCASTLE
0.G.E. Systems.
NOWRA
Vimcom Electronics.
PENRITH
Acorn  Electronics 212408  AQN Biectronics.
PORT MACQUARIE Protronics
Hall of Electronics. 83 7440
RICHMOND SUBURBAN
Vector Electronics. CHRISTIES BEACH
TOUKLEY Force Electronics 382 3366
TES Electronics ELIZABETH GROVE
WINDANG AE. Coofing 2552249
Madjenk Electronics. . . 96 5066 KESWICK
NT Freeway Electnc

Wholesalers.

AT PROSPECT
Radio Parts Darwin. Jensen Electronics
Ventronics

ALICE SPRINGS COUNTRY

353227
WYALKATCHEM Ascom Electronics 521713 PORT PIRIE
D & J Pease. 811132 Farmer Electromics. . .. 52 2967  G.F. & J.A. Pointon. . . 32 5141

STOP PRESS STOP PRESS
BANKCARD HOLDERS PHONE YOUR ORDER TOLL FREE

008 999 007
FOR NEXT DAY DELIVERY*

*All Capital Cities and Suburbs — Country areas allow extra 24 hours.
Offer applies to Altronics JET SERVICE.

Give your name address with postcode, phone number, bankcard
number and expiry date then your order — and presto your order will
be processed and back to you in a flash. — Please nominate Jetservice
if you want overnight delivery.
$2.50 DELIVERY AUSTRALIA WIDE We process your order the day recelv-
ed and despatch via Australia Post. Allow approx. 7 days from day you
post order to when you recelve goods. welght limited 10kgs.
$4.50 DELIVERY AUSTRALIA WIDE We process your order day received
and despatch via Jetservice for delivery next day
BANKCARD HOLDERS CAN PHONE ORDERS UP TO 8PM (EST) FOR NEXT DAY
DELIVERY — SOUNDS INCREDIBLE DOESN'T IT? Alright you Cynics just try
us! Weight limit 3.3kgs. Jetservice cannot deliver to P.0. box numbers
(Australia Post would have a fit).
$10.00 HEAVY HEAVY SERVICE — AUSTRALIA WIDE All orders over 10kgs
must travel on the heavy service, that is — road express. Dellvery time

7 days average.
ALTRONICS

105 STIRLING ST., PERTH
FOR INSTANT SERVICE

(09) 328 1599
All Mail Orders: Box 8280, Stirling St., Perth WA 6000.
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Using Soundex codes for
approximate matching

If your spelling is not the best, your filing methods are a bit
haphazard and, worse still, you can’t remember things like you
used to, don’t panic. This program will sort you out — it sorts

IMAGINE A SMALL data base system in
a newspaper office. A reporter remembers
an interview done about three years ago,
with a fellow named Franz. He would now
like to contact this person again, and asks
the computer to search out the name and
provide details of where the person works,
and how he can be contacted.

The computer responds: NAME NOT
FOUND. And a potentially good story bites
the dust. Well, three years is a long time to
remember a name.

Now consider the same computer, with a
little option included in its data base
program. The reporter types in ‘Franz’ and
the computer responds with FRANS,
FRANCS, FRANKS, FRANCE. Aha! It
was Franks. That’s the one, call up the
information on him.

In the first case the computer was looking
for an exact match, and it bombed out when
it didn’t find one. In the second case, near
enough was close enough, thanks to the
‘Soundex’ algorithm.

The Soundex scheme has been around for
some time, but for some reason it hasn’t
been widely used, especially in micro
systems. What it does is sort words into
certain categories that sound alike, al-
though their spellings can differ widely.
Each word entered into the system is
assigned a code which describes its sound.
When a match is asked for, words with
identical Soundex codes are displayed.

Works amazingly well

Soundex codes are developed as follows:
When a word is entered, its first letter
becomes the letter portion of the code.
Then each succeeding létter is inspected
and assigned a group number as per Table
1. Everything in group 0, the vowels and
‘H’, is disgarded, leaving the other group
designators 1 through 6 where the letters
were. Double group numbers are disgarded,
that is, 34455 would become 345. Finally
every number after the fourth is chopped
off. This leaves a code consisting of a letter
and up to four numbers.

The Soundex algorithm is one of those
strange procedures that work a lot better
than it has any right to. It’s quite amazing
to see what horrible mis-spellings it will
accept, to come up with the right answers.
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words that sound alike.
Tom Moffat

39 Pillinger Drive, Fern Tree, Tasmania 7101

The person who cooked up the scheme must
have been a really clever thinker.

Listing 1 is a BASIC program that will let
you play around with a Soundex algorithm.
You type in a name, and the program
checks to find if it’s seen that word before.
If not it computes the word’s Soundex code,

and stores both the word and the code. The
word, and others with the same code, are
then displayed, along with the codes them-
selves.

Although not necessary in this
demonstration program,the actual Soundex
code generation process is given as a

falod
peL1e
8@120
00130
gaiq4a
80150
80140
peive
ap)8e
20190
Be 260
pe2tia
08220
20236
20240
00250
0268
ea27a
0@zsa
202940
ve3ea
80310
pe32@e
88330
ae348
Bwa3sa
80340
0@a370
860380
80390
00400
60414a
00420
804346
80440
8845a
80440
ae470
004880

REM
REM
REM
REM
REM
CLS: E=0
STRS (2000)
DIM AB(99):
DIM BO(P9):
DIM D(25)
FOR F=@8 TO 25:
PRINT: INPUT
GOsSuB 340
FOR F=0 TO E
1F A1$=AB%(F) THEN NEXT* F 280
NEXT F

ABSCEI=A1S

Bes(E>=Bl$

FOR G=0 TO E

IF Bo$(G)=Bi$ THEN PRINT AB%(G),
NEXT G

E=E+!

GOTO 2i@

REM Soundex sub:
K=LENC(A1 %)
Cig=""
Bis=A1$(;1,1)
H=6

IF K<2 THEN RETURN

FOR F=2 TO K

I=ASC(ALI$(;F))

IF 1<45 OR 1>%8 THEN 45S@

I=1-65

J=0(1)

IF J<¢>@ THEN LET Ci$=Ci$+CHR$(J+48)
NEXT F

K=LEN(CC1%)

IF K=@0 THEN 548

FOR F=1 TO K

Demonstration of SOUNDEX algorithm;
entries that sound like the new word.
table, the new word

by Tom Moffat,

prints previous
1¥ not in the
is stored, Maximum 1060 words,
28/4/83

FOR A=0 TO 99: AB$(AI="":
FOR A=0 TO 99: Bes(A)="":

NEXT A
NEXT A

READ D(F): NEXT F

"ENTER A LORD: ";Als: PRINT

Ba*(G)

Input = WORD (A1$)>, Output = CODE (Bis$)

008490 1=ASC(Ci$(;F,F))

PeS08 IF I<>H THEN LET Bi$=B1$+Cil$(;F,F)

80510 H=I

00520 NEXT F

00530 IF LEN(Bi$)>S THEN LET B1$=B1%(;1,5)

86550 DATA ©,1,2,3,0,1,2,0,08,2,2,4,5,5,0,1,2,6,2,3,08,1,0,2,0,2

88540

END




subroutine, so you can pinch it word for
word and use it in your own program. You
also need to load up a 26 character array
with group numbers for each letter, as line
200 loads data from line 550.

To get an idea of what to expect, have a
look at the sample run containing some well
known names with alternative spellings,
nicely matched up by Soundex codes.

Although the BASIC version of the
program is a bit messy with all that
breaking apart of strings, a machine code
version should be dead easy. By the time
you read this I should have a small
newsroom data base’ program up and
running, in machine code, using the
Soundex algorithm.

All this probably sounds a bit far out, too
good to be true. You may suspect it’s
another con job like that ‘Gutenberg
Transform’ program in the April issue. But
rest assured, this one is fair dinkum, really.

TABLE 1

Group Letters

0 AEIOUYWH

1 BFPV

2 CGJKQSXZ

3 DT

4 L

5 MN

6 R

ENTER A WORD: HAWKE
HAWKE ~ H2

HAWK M2

HAAWK  H2

HAUK  H2

HWACK  H2

ENTER A WORD: PEACOCK
PEACOCK P2
POECOCK P2
PEECOCK P2
PEEKOOK Pz
ENTER A WORD: HAYDEN
HAYDEN H3S

HAADNE H3S

HEYDNE H35

HATDINN H35
ENTER A WORD: FRASER
FRASER F426

FRAESEUR Fézé
FROESUR Fé26
FRASSRE Fé24
FRASSEARE Fé26

ENTER A WORD: DRACULA

DRACKULAE D&24
DRACKYQULAH D&24
DRACULA Dé&24
DRAKOOLA D&24

ENTER A WORD: FRANKENSTEIN

FRANKENSTEIN F&525
FRUENKINSTINE F&4525
FRANCINSTENE Fé&525

Does your battery act up 'ornery?
— then charge it, with the ETI-1503
Intelligent Battery Charger.

Is your car radio dial impossible

to see?

— then light up your listening, with the
ETI-550 Digital Dial.

it's allin

ELECTRONK|
PROECT |
FOR CAR/

" -lru"o- ASSISPED IGHITION

DASNBOARD FEMPIRATURE ME AR
COURTESY LIGH! EXTENOIA
vamwirgn oecrra

140 OnL TEMPeImATUNE MaTER

racwo \ | SavVERY woKcaTOR

L LLTEFTYY ™
FURNlamd mal w0 A 3m R8P R

CIROMIC 3TETNOSCOPE. RIPJNOID SCALE SMums TRAS
Canatanm

ELECTRONIC
PROJECTS
FOR CARS

another topical book in the ETi Collec-
tion of practical project pubtications.
Containing over 20 projects for the
electronic hobbyist interested in adding
features and facilities to his vehicle
Electronic Projects for Cars covers a
whole variety of topics — from test in-
struments to ignition systems, from
monitoring instruments to accessories
plus a whole bunch of ideas for the ex-
perimenter. Among the topical projects
are: ETI-316  Transistor-Assisted
Ignition, ETI-319 Variwiper, ETI-333 Re-
versing Alarm, ETI-328 LED Oil Temp-
erature Meter, ETI-324 Twin-range LED
Tacho, ETI-329 Expanded-scale
Ammeter, ETI-325 Auto-probe Test In-
strument, ETI-575 Portable Fluorescent
Light Wand, etc, etc.

All that, and only $4.95 — It's a steal!

FRANKENSTEEN F&525 ®

If your local newsagent or favourite
electronics supplier hasn't got a copy,
you can obtain one by mail order direct
from ETI Book Sales, Federal Publish-
ing, 140 Joynton Ave, Waterloo NSW
2017, for $4.95 plus $1 postage and
handling

» | |
II_IIZIEII"L
ZX81
ZX SPECTRUM
ZX SPECTRUM 16K RAM P.O.A.

ZX SPECTRUM 48K RAM
ZX Prnter (SPECTRUM/ZX81) $175.00

$5 Software Voucher
with each SPECTRUM

lorge range of books and software available
for SPECTRUM ond ZX81

TeExas
INSTRUMENTS
. TI-99/4A 16 BIT COLOUR

E COMPUTER

T-99/4A 16K RAM $499.00

Blonk C15 Computer Tapes, 8 for $9.99
All prices include post, pockoge ond insuronce
Send S.S.AE. for cotalogue 1o

ROCKSOFT "2 on Quotiy
G.P.O. Box S194AA, Melb., Vic., 3001.

P.O. Box 325, Kensington, N.S.\W., 2033,
24 Hour ORDER HOTLINE (03) 63-1886

weame herg

= A

Synerex® Rockwell
Incotporated intemational

6500 PRICES SLASHED

Upgrade to 2MHz with
these LOW Prices

6502A CPU, 40 Pin, Clock, 64K A$5.83
6511AQ  Single Chip Micro, CPU,

RAM, etc 26.44
6541AQ Periph. Controller, RAM

1/0 Host Slave {/F 19.25
28-03 2801 Pin Compatible, 24 Pin

Piggyback 78.62
6522A VIA gg Pin two bit 1/O Ports 513
5632A COMBO 40 Pin 6.86
6545A-1 or 6545-1PE CRT Controller 11.41
6511A ACIA 28 Pin 7.24
6592 Single Chip Printer-Controller

(for Epsom Series 200 and 500) 27.34

1791-02 FDC 40 Pin 31.80
1793-02 FDC 40 Pin 31.80

2661-1 S‘);nc/As nComsI/F28Pin 1414
2

2128 x 8 RAM 120 nSec LP mode 5.52
4164 64K x 1 Dynamic RAM 7.72
2532 4K x 8 Industry Standard

EPROM 6.16
QUIP64 Socket for 6511AQ and 8541A(1) "
CRYSTALS 1.8432MHz, 2.00MHz 2.75

32.768KHz, 3.686MHz,
8.00MHz, 4.00MHz,
12.00MHz 1.75

Plus Sales Tax, Postage and Pack, (where applicable)

PO Box 6502, J Edgeware Rd
GOODNA 4300 ene[gg adestown
Brisbane WELLINGTON
Australia CONTROL New Zealand
Tel 07-288 2757 Tel 4-72 6462

Telex AA43778 ENECON
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ROD IRVING

425 HIGH STREET, NORTHCOTE 3070, MELBOURNE, VI

ELECTRONICS

CTORIA. Ph (03) 489 8131. Telex No. 38897

ETI-649 LIGHT PEN FOR
THE MICROBEE

Another for the 'Bee bugs' This
simple, low-cost device just
plugs into the parallel port and
works on the lo-res graphics.

$18-50

ETI Aug.

ETI-336 DWELL METER

Save money and tune-up your
own car. This simple to build
project can be used on engines
with 3-4-5-6-8 or 12 cylinders

ETI Aug. $18-50

\

ETI-268 NICAD
FLOAT CHARGER

$g.00 ETI MARCH '83

Keep your NiCad batteries in tip-top
condition with this cheap, simple
charger

ETI-1512
ELECTRIC FENCE
TESTER

$24.50

ETIFEB '83

No more checking the ‘feel of a fence
with a blade of grass (and maybe
endingon your . . .). This project tells
you how much your fence energiser
delivers and can be used for
fault-finding on a fence.

-~

»
€71 g 310 6,0V PLue WEiwLaTos

l® 6 o

ETI-1516

MODEL ENGINE
IGNITION SYSTEM
ETI JUNE '83

$41.50

Get sure starts every time and no
more glow plug burnouts on your
model engines

with the appropriate meter scale. =

ETI MAY '83

SLIX——-SL1IN

ETI-163

tas suppLy 9198

Fully variable 0-40 V current limited
0-5 A supply with both voitage and
current metering (two ranges: 0-0.5
A/0-5 A). his employs a
conventional series-pass regulator,
not a switchmode type with its
attendant problems, but dissipation
is reduced by a unique relay
swnchln%syslem switching between
laps on the transformer secondary.

ETI1-668
MICROBEE EPROM
PROGRAMMER

$47.50
ETI FEB '83

Simple, low cost programmer for the
MicroBee canprogram2716s,2732s
and 2764s.

ETI-153
TEMP
PROBE

Can measure temperature from
-50°C to +150°C. It simply plugs
Into your multimeter—great for
digital multimeters. Accuracy of
0.1°C resolution of 0.1°C

ETI-323 HEADLIGHT
DELAY UNIT

Park your car and turn off the lights
Can‘t see where you're going? Press
the button and the headlights come
on 1o light your way, switching off
automatically after 50 seconds. This
is a simple, easy to build, low cost
project

$17.50

B SN

ETI-1515 DRILL/BLENDER

" SPEED 527-50

CONTROLLER

This project provides a full range of
speed control for appliances having
universal’ ac motors. Once the
speed is set, the motor will maintain
that speed from no-load to
heavy-load. Great for drilis, blenders,
grinders, etc

£8, YV 1L3%

— -
ETI-162 30 V/1 A
FULLY PROTECTED
POWER SUPPLY
ETI DEC '83 $47.50

Thelast power supply we did was the
phenomenally popular ETI-131. This
low cost supply features full
protection, output varation from 0 V
to 30 V and selectable current limit
Both voltage and current metering is
provided

=R

ETI-654 APPLE I
ANALOGUE/DIGITAL INTERFACE

$15900 ETI MARCH ‘83

This project will give your Apple a set
of 8-bit digital inputs and outputs
plus one analogue input and one
analogue  outpul. Applications
include: driving a robot, recording
science experiment results, etc.
(digital only shown).

BIPOLAR
PROM
PROGRAMMER

$4750 ETI JUNE '83

Every digital workshop should have
one! Can be used to program the
popular fusible-link PROMSs like the
745188/288. 82S23 and 825123
etc

ETI-461 GENERAL PURPOSE
BALANCED

wput PrEamP  $20.00

£TI DEC '83

This project can be used as a
pbalanced mic amp. with low
impedance input, a low or high
impedance input ditferential amplifier
or a batanced input instrumentation
amplifier

ETI-164 ZENER TESTER

$9.50

A simple, low cost add-on for your
multimeter. This checks zeners and
reads out the zener voltage directly
on your muitimeter. It can also check
LEDs and ordinary diodes

ETI MAY 83

[+

ETI-334 AUTO TESTER

$17.00 ETiJAN'83

Just the thing to keep in the glovebox
ortoolkitto find those nasty electrical
bugaboos that occur at awkward
times. Simple to build. simple to
use

ETI-335 PUSHBUTTON-
PROGRAMMABLE
WIPER CONTROLLER

$28.50 ETImARCH 83

No more fiddiing with knobs and not
getting the delay between wipes that
you want—this windscreen wiper
controlier 1s simply ‘programmed’
with two pushbuttons to provide the

wiping delay you need.

ol
o %

ETI-733

RADIOTELETYP
CONVERTER
FOR THE MICROBEE

Have your computer print the.latest
news from the internation shortwave
news service. Just hook up this
project between your shortwabe
receiver's audio output and the
MicroBee's parallel port. A simple bit
of software does the decoding. Can
be hooked up to other computers

€8, l4dVv 113

$20.00

SLIM S1IA

S1IM

S1IM

SL1IM S1iM

S1IM

SL1IM——S1IX

S1iM

S1IM




at the
leading edge

CMOS CTCSS ENCODER/DECODER MEETS EIA SPECS

(U.K.) Sub audio tone squelch systems will get a boost from C.M.L.'s
FX315, FX325 crystal locked chips. The FX325 boasts 38 Field programm-
able tones, on-chip filtering to attenuate incoming CTCSS signals,
audio switch and a choice of either DIL or Flat-Pack housing.

SHARP SCORES WITH 20mm DIAMETER “JUMBO” LEDS

(JAPAN) Coloured red, green or yellow, these outsized domed devices

are an ideal replacement for filament lamps in electrical or control

pPanels. Indoor scoreboards will also benefit from their wide viewing
angle and high brightness.

WHISTLE, BEEP, HONK, CHEEP, CHIME, TICK, RING, CLICK .. .. .. ..
ZOUNDS - WHAT SOUNDS!

(U.S.A.) General Instrument's Sound Synthesizer, I.C. AY-3-8910,
will add new dimensions to your computer's audio repertoir. For less
than $9.00 you could have your computer express itself in sounds,
symphonic or even naughty.

INDUSTRIAL ACTION EXPECTED FROM SINGLE CHIP PROGRAMMABLE CONTROLLER

(U.S.A.) L.S.I. Computer Systems LS7270 Programmable Logic Controller
(PLC) could grab a large chunk of the timer, sequencer and relay
combinational logic action. At around $28.00 this 40 pin part has
features which rival top-drawer packaged PLC's costing hundreds of
dollars, Summarizing:- 12 latched outputs, 20 debounced inputs in-
cluding 12 discretes, 4 downcounters, 4 priority interupts, on-chip
clock generator and up to 2048 instructions from an external ROM or
PROM. This device is geared to individual bit processing, Boolean
processing, turn-on turn-off functions, counting and timing operations,
not numeric computation - so don't confuse the LS7270 with your common

or garden variety micro.
adaneva

daneva australia pty Itd

66 Bay Road, Sondringham, Vic., 3191
P.O Box N4, Sondringham, Vic., 3191
Telephone: 598-5622. Telex: AA 34439

Sydney: (02) E & M Electronics 51-5880
Adelaide: (08) DC Electronics 223-6946
Perth: (09) Micro Controls 445-2544
Brisbane: (07) Battec 369-5900

SHEMT
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speakers or*ADD ON"
to enjoy superb stereo
sound in other rooms
in your home.

The Dick Smith

SERIES

200

build yourself at a

large saving on
comparable speakers

Designed in Australia by ourown technical staff, the Series
200 speakers can actually be built by you in just a few
hours. The result is a superbly handsome pair of speakers
which sound like you spent a fortune

Included in the Series 200 kit are:

Dick’s worldwide buying power, coupled with new sound Speaker Grilles (Cat C-2608) $31.50
technology and the fact that you build these speakers Enclosure Kit (Cat C-2636) $128.50
yourself enables you to enjoy the sound quality of big Speaker Kit (Cat C-2046) $89.50
home speakers at a fraction of the cost! B et S8 ime: 200 it

@ Fine Woodgrain Finish il e ' s 2 4950
Com_pofe the o Fuly Imported Contoured Grilles per pair
quality * Tha vty Haven't ime to bulld them yourself? The Dick
feO'U_f_eS O_f\d Peak power handling - 40W, Impedance - Smith Series 200 Speakers are also available in
specitications: gohms, Freq. response - 45Hz to 20kHz, built-up form for only:

Speakers - 200mm woofer, 125mm mid-

range & 64mm tweeter, Crossover - 3 way, AMALZING $ z 9900

at 1.5kHz & SkHz, Dimensions: (cm) VALUE

64x38x29.6 (26 litres). Cat A-2370 Per. Pair

________________—-—-—
As featured in W

September ETI. DI c K SM-ITH
Electronics

See our other ads this issue for full address details

ASEIAW



ZX COLUMN

IMPROVINQ THE ZX8 1
P.M. Connor, Kuranda Qld.

Many owners of the ZX81 and similar simple
computers may have been irritated by some of
the limitations of the machine — such as lack of
‘teedback’ when pressing keys; no sound
output; a tricky cassette interface; and, greatest
of ali problems, loss of hours of typing when a
power failure occurs (a common problem in
some parts of Australia). However, all of these
problems can be solved quite cheaply.

Simply glueing a smali AM transistor radio
(about $4 worth) on top of your ZX81 with
"“Bluetack" wili give you good audio feedback
from the keyboard and can provide musical
sound output if a suitable machine language
program is used. The radio should be tuned to
about 1600 kHz (‘top’ end of the dial).

The cassette interface can be greatly im-
proved by adding a Schmitt trigger and a visible
level indicator LED, as shown in Figure 1. The
LED should flash and/or light dimly at the
correct playback level.

A greater improvement still can be achieved
with the circuit shown in Figure 2. This provides
automatic gain controi (AGC) which reduces
level variation problems arising from variations
that occur In tape coating density and original
recording level. Use of the AGC is limited,
however, by the fact that the ZX81 requires a
noise-free leader just before the start of the first
byte of the program on tape, so the gain cannot
be boosted too much. Hence, a preset pot. has
been included to allow setting of the maximum
gain by trial and error to achieve best resuits.

The last major problem — loss of data when
the power fails — can be solved with a simple
battery backup, as in Figure 3. This system can
be used for most computers which use a
plugback to supply a single, unregulated dc
voltage. The other great advantage of the
battery backup Is that you achieve a limited
‘continuous memory' and a program can be left
in memory for quite a length of time. The limit Is
the capacity of the NiCad batteries. The AA-size
NiCads (generally 450-500 mAh) wili run a ZX81
with 16K RAM for over half an hour. This is
plenty of time to save anything in memory onto
a battery-operated tape recorder. The circuit Is
trivial.

The methods | have outlined to improve the
ZX81 can just as easily be used on many other
simple computers with ‘funny’ keyboards and no

IN (EAR)
&

PLUG PACK

IN(EAR)

100n 10k

300mV p-p
1

k2
1N914

470R

LED SHOULD FLASH OR
LIGHT DIMLY AT
CORRECTLEVEL IN.

1

HYSTERESIS & LEVEL INDICATOR

LED (POINTING AT LDR)
r

ourt

a&?

AGC & SCHMITT LEVEL INDICATOR

+ 9V IN(UNREG.) +9vour

EMa01

POWER SUPPLY PIN4LMI24

470R 100u

GAINLIMIT SET SO THAT
NOISE ON LEADER DOES NOT
BREAK THROUGH (PIN 8, ABOUT <3 v)

470R

év2
ZENER

+WHOV  emagiq1a) 4

Zx81 PIN 11LM324

‘R EM401
T

—T— 7 NICAD CELLS

© ADJUST FOR 50mA
CHARGE IF INPUT
VOLTS DIFFERENT

sound output — the MicroAce, for example.

SIMPSON’S RULE INTEGRATION

= = e2s ET H=H/2
Raiph E. Morgan, Kiilarney Heights NSW 1221 LET uza i"é% Eg_fr RaHil
1003 LET K=0 ] =hi %2
; L 1004 LET EUEN:=OQ 1025 LET GQOD=0DD+EVEN
This program caiculates the integral of a function en 1005 BRINT  INPUT LOUER BOUND" : 129 LET EVEN=@ " e
tered as a string (via the VAL function) between the e IeuT i L ) R
upper and lower bounds specified, using Simpson's 1208 PRINT INPUT UPFER BOUND"; el T T B URL =
method (see a calculus text for details) T, Sl 1932 REXT o~
The routing will fait i (a) function causes division by 111 PRINT ~ INSGUT ERROR LIMIT- A R s (R R TRRIEP I PR 0D D ) 3
zero to occur, (b} function is discontinuous. or (c) 1@12 PRINT Epng: lg_:g {gafjas (I-I1) <=ERROR THEN
excessive accuracy is required igi; ‘;:gﬁ'_‘l'_ F’XNPUT F sy <, 1841 IF K<-10 THEN GOTQ 1046
121€ FRINT Fg 1242 LET T1=1_
ToL7 TEEEDEE THEN, STon 19s2 BRINT “INTEGRATION FROM
Input lower bounds. Input upper bound 1.5707963. 1818 LET X=(B-R) /2 PR - S-Sl Al S B S
Input error fimit 0.0001. input F(X) = SIN(X). 1018 LET O0D-=uAL Fs /=" ERROR
1026 LET X=R e e
i 19521 LET L8aveL rs 1048 PRINT ,,,, INSUFFICIENT ACC
Insufficient accuracy with 1024 intervals. Best approx- 1oes LET FBz=UAL Fs§ gnncgpggﬂ ,rxn “INTERVALS. . . "BE
i 3 =B~ T A D
imation = 0.98231129 1024 LET H=E-A S i T »
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ZX COLUMN

A 2X81 CLOCK
Jack Creasy, Elizabeth Park, SA

The following program was writien to overcome a
severe case of frustration with the way Sinclalr
implemented the PAUSE command on the ZX81.
One would imagine the implementation of a clock
would be easy given a counter that decrements at

50 Hz — nothing could be further from the truthi
Two main problems manifest when implementation

is attempted:

1) Exit from a PAUSE causes the ZX81 to go into
FAST mode while pointers are updated — this
causes a momentary ioss of synch and an infuriating
flash on the screen.

2) While PAUSE is executing nothing eise can be
done, the CPU simply counts frames — and any
alteration to the length of the program will affect
the pause count needed to get the time reasonably
accurate.

Allied with the above is the inability to easily adjust the

time-keeping to give long term accuracy and the dif-

ficulty of getting the clock to run ata one second rate.

The obvious answer to these restrictions is to use
an assembly language routine to update the clock,
and this is the solution submitted.

Program ‘B’ is the clock program and can be
described as follows:

Line 10 is a 64 byte assembly program with one
entry point which maintains a six digit 24 hour clock
(HH:MM:SS). This routine also controls the least
significant byte of the frames counter that is
decremented by the ZX81 every TV frame in slow
mode.

On entry to this routine the clock is incremented by
one second, then corrected for 24 hour operation.
Before returning to BASIC, it waits for the frames to
reach its terminal count (205 or 204), signalling the
expiry of one second.

Line 20 contains the clock locations updated by the
assembly routine. Note that lines 10 and 20 must be
together and the first two statements in the program.

Lines 20 and 30 form a subroutine used to update
TS on the variable stack.

Line 40 is the initial start line, it sets frames low to
255, Line 50 calls routine (20,30) to update TS. Line 60
prints the time (T$) near the centre of the screen.

Lipes 70 and 80 correct the long-term accuracy of
the clock by increasing the 1s period by 50 ms to slow
the clock down. The time in line 80 can be altered to
sult individual ZX81s.

Line 90 calls the assembly routine to update the
time. Line 100 is the loop back to line 50 after
1s expires.

The program wili run in a 1K or larger ZX81. BASIC
statements can be added without affecting time-
keeping, providing the loop time of the program does
not exceed one second.

To test programs, POKE 16567,201 and the clock
will run at maximum speed, so revealing loop time.
Ensure your programs run at least 10% fast when
testing to ensure that all contingencles are allowed for.

For those adept at assembly routines, the listing is
provided. This can be easily altered to provide elapsed
time 10 99 hours, or 12 hour timekeeping if desired.

The counter maintgnance routine is a general
purpose 8-digit software counter with the overflow and
reset values for each digit set in a table. You will notice
that the "'s in the clock are treated as digits and toggle
between ' and"?', although T$ only every contains

METHOD OF LOADING ZX81 CLOCK PROGRAM IuANNRNRRASSY LANGUAGE FROUT 1 NE % % 58 3 36 3 3 36 5 5 3 36 36 3 3 3 3% 3 3 3%

5 S e By e D e e INOTE 11! ALL NUMERICS IN DECIMAL FOR THE EASE :
S} TYPE ‘NEW pa—— OF THE ZX81 USER AND FRUSTRATION OF :
Lr2D LOAD PROGRAM (A) 3 THE HEXAMAN1ACS i
. .1.0C 16514 ’ k
D) "KUN’ PROGRAM (A) AND ENTER VALUES FOR : 3START LOCATION 2
: ASSEMELY LANGUAGE PROGRAM FROM LISTING = CEECK - e — :
: y , . 3 ;SECONDS O‘FLO=A .
3 :) TYPE ‘CLEAR : 28 ; SECONDS RESET=0 :
§S)) TYPE IN LINES 20 TO 100 OF PROGRAM (E) q ~a $X10 SEC 0‘FLD=6 9
D6 ‘LIST’ PROGKAM AND ENSURE THERE ARE NO § 28 JRSEO) SECRRUSENEZ0 .
A ERRORS . ;: ; =):(- 0‘FLO=? :
' . 7 —):{(- RESET=: 9
¥ 7 “SAVE’ °*CLOCK® ONTO CASSETTE ; 38 IMINUTE O‘FLO=A

.8 “EDIT’ LINE 20 TO CURRENT TIME : 28 ;MINUTE RESET=0

D9 ‘RUN’ 40 TO STAKT CLOCK P 34 7X10 MIN D’FLO=8

YY) LINES 70 AND B0 ADJUST THE CLOCK'S 3 29 $X10 MIN RESET=0

J LONG TERM ACCURACY --- LINE 80 CAN : 15 y ~):(- 0’FLO=7 .
: EE ALTEREO TO SUIT INDIVIDUAL NEEOS : % p SUule aslzyse :
: . ;HOURKS  0’FLO=A .
3t52§§§9.:3: : 28 ;HOURS  RESET=0 3
Dannunnx PROGRAM TO ENTER ASSY CODES # %% uxsussns . 33 ‘113 3&2 2;Z§$=3 :
: g ; 2 i S KESET= :
Y :(o) tE:.;.lé;ii. »s TYPE 44 DOTS. seansnphve s as i :.LOC 16530 ;PROGRAM START a
<2 =165 5 N E 5
oin FoRk yei 48704 : _COUNTER MAINTENANCE ROUTINE___ ;
30 G : LD E,8 6,8 ;LOOP COUNT - % OF DIGITS °
22 PRINT D3°,%; . LD HL,16595 33,211,64 ;PDINTER TO END OF CLOCK -
: 20 POKE (X4Y>,D : LD DE 16514 17,130,64 ;POINTER 7O DIGIT TABLE
‘70 NEXT Y JBEGIN:  INC (HL) 52 ; INCREMENT DIGIT z
; ’ LD A(DE) 26 ;GET O’FLO CONSTANT

= : INC DE 19 ;POINT TO RESET VALUE 5
i : CP (HL) 190 ;HAS 1T 0‘FLDWED :
tanuunax CLOCK PROGRAM WITH CORRECT ION %3830 5 JRNZ CHECK 32,6 iNQ - SO EXIT :
110 REM (---=-——64 BYTE ASSY PROGRAM-=-----= ) LD A(DE) 26 ;YES - LOAD RESET VALUE -
;20 LET T$=°00:00:00 ; LD (HLYA 119 ;RESET DIGIT :
- 30 RETURN R : DEC HL a3 ;POINT TO NEXT DIGIT :
: 40 POKE 16436, 255 . INC DE 19 ;POINT TO NEXT Q’FLO 3
:zg Sg?:$ zg . : DJINZ REGIN 16,244 ;LODOF 1F MOKRE DIGITS :
5 Sy H H 24 H :
+ 70 IF T$(4 TO 8)="30:00* THEN POKE 16571,204 S R ey ' GOUTTRE... .
: 80 IF T4(4 TO 8)="33:41° THEN POKE 16571,205 .CHECK: LD HL (16588) 33,204,64 ;LOAD X10 HRS INTO HL :
: 90 LET A=USR 16530 5 LD &,L &9 ;SWAP X10 HRS INTO RC .
1 100 GOTO 50 . LB C,H 76 i :
: : LD HL 57824 33,224,225 ;LDAD HRS TEST VALUE H
:'*i‘lﬂ"‘ll'lﬂl‘ﬂ"li'ﬂ"'l‘l'“'ﬂ““ﬂ"‘ﬂ“"‘:“lﬁl'll: JK NC'ENol 48'6 ;TEST DRSS E]

Iwwwsxs® DECIMAL VALUES FOR ENTRY EY PROGRAM (A) *waux . LO HL 7196  33,28,28 ;L0AD CODE 00 FOR HKS
:nunlnlnl‘nnn‘ll‘nul‘ulu‘lnlnnnnnnulnllnun‘nnl‘nnn-‘nnu: LD (16588) HL 34,204,64 SRESET HKS 10100 .
Y o __.__FRAMES MONITOR ROUTINE_ i
el 38,28,34,28,15,14 . ) 3
! 16520 oy 0, Sl 0k 18 P A : " THIS 1S LOCATION 186567°
L 16530 0B e L e : SET IT 70 201 TO RUN -
16540 Sh o Gt e SR e 54 S R £ : v AT MAX SPEED ;
el a2 Do) B o 33'44312416"44 JEND1: LD HL 16436 33,352,864 POINTER TO FRAMES ;
116560 PEIARRC o v e i gl m Y o : LD A,205 62,205 sTIMEOUT VALUE FOR FRAMES
‘16570 o ﬂa; g ined y64,33,52,64 LTEST: CP (HL) 190 ;HAS FRAMES EXFIRED ;
g 52,205,190,32,253,54,235,201 : JRNZ TEST 32,253 ;NO - SO GO TEST AGAIN :
B T BN TES . L0 (HL)25S 54,255 ;KESET FRAMES VALUE

: ; RET 201 ;60 BACK TO BASIC ----)> @
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ETI BOOK SALES

“
electronics
textbooks

ELEMENTS OF ELECTRONICS — BOOK 1
A00038 $7.95

This five-book series Is an introduction to
modern electronics. All the maths is taught as
the reader progresses. The course concen-
trates on the understanding of concepts central
to electronics, rather than digressing over the
whole field. The author anticipates where
difficulties lie and guides the reader. Book 1
covers all fundamental theory necessary to full
understanding of simple electronic circuits and
components.

ELEMENTS OF ELECTRONICS — BOOK 2

A00048 $7.95
Alternating current theory — see Book 1.
ELEMENTS OF ELECTRONICS — BOOK 3

A00058 $7.95
Semiconductors technology leading to transis-
tors and ICs — see Book 1.

ELEMENTS OF ELECTRONICS — BOOK 4

A09068 $9.95
Microprocessing systems — see Book 1.

ELEMENTS OF ELECTRONICS — BOOK 5

A00078 $9.95
Communications — see Book 1.

ESSENTIAL THEORY FOR THE

ELECTRONICS HOBBYIST

A00138 $4.75

Supplles the electronics hobbyist with the
background knowledge which will exactly suit
his specific requirements. Minimum maths.

INTRODUCTION TO AUTOMOTIVE

SOLID-STATE ELECTRONICS

A0015P $14.95
For the professional as well as the home
mechanic — explains the functions of most on-
board automotive black boxes and logic sys-
tems, including anti-skid braking, electronic
spark control and diagnostic systems.

ELECTRONICS: IT'S EASY — VOL 1

A0016E $12.95
Meters, resistance, capacitance and induct-
ance, emitter followers, op-amps, power
supplies and electronic filters. Hardcover.

ELECTRONICS: IT'SEASY — VOL 2

A0017E $12.95
Digital sub-systems, counters and shift regis-
ters, A-D and D-A conversion, digital instru-
ments and test equipment, computers, trans-
mission links and oscilloscopes. Hardcover.

reference and
data handbooks

CONTEMPORARY MATHEMATICS

FOR ELECTRONICS

80024P $29.75
This book is spiit Into three sections. Direct
current maths introduces the student to the
calcutator, fractions and dimensional analysis.
Alternating current maths covers phasors,
quadratics and RMS in both sine and digital
waveforms. Active device maths introduces
number systems and boolean.

FIRST BOOK OF TRANSISTOR

EQUIVALENTS AND SUBSTITUTES

800258 $5.95
This guide covers many thousands of transis-
tors showing possible alternatives and equival-
ents. Covers transistors made in Britain, Japan,
United States, Europe and Hong Kong, and
includes types produced by more than 120
different manufacturers.

SECOND BOOK OF TRANSISTOR

EQUIVALENTS AND SUBSTITUTES

809268 $6.25
Interchangeability data covers semiconductors
manufactured all over the world. Immediate
equivalents are shown and possible substitutes
are included.

PRACTICAL ELECTRONIC

CALCULATIONS AND FORMULAE

800278 $9.95
For the practical person's workbench. Bridges
the gap between technical theory and cut-and-
dried methods which work but leave the
experimenter unfulfilled. There's a strong prac-
tical bias. High maths avoided where possible.

el e [ —
electronics for
beginners

SOLID-STATE SHORTWAVE RECEIVERS

FOR BEGINNERS

C00448 $4.50
Design and construction of several solid-state
shortwave receivers giving high level of per-
formance yet utilising few components.

ELECTRONIC GAMES

C00408 $5.95
How to build many interesting electronic games
using modern ICs. Covers both simple and
complex circuits for beginner and advanced
builder alike.

ELECTRONIC PROJECTS FOR BEGINNERS

00368 $4.75
This book gives the newcomer to electronics a
wide range of easily built projects. Actual
components and wiring layouts aid the begin-
ner. Some of the projects may 2e built without
using soldering techniques.

EASY ELECTRONICS: CRYSTAL

SET CONSTRUCTION

C00418 $6.75
For those who wish to participate in the
intricacies of electronics more through practical
construction than by theoretical study. The
circuits are based on those from earlier
publications but have been moditied to use
modern components and home-wound coils.

IC PROJECTS FOR BEGINNERS

C00428 $6.75
Especially written for the less experienced
hobbyist, and offers a range of fairly simple
projects based around a number of pogular and
inexpensive linear and digital ICs. Complete
layout and point-to-point wiring diagrams.

POPULAR ELECTRONIC PROJECTS — BOOK 1
C00398 $5.25
A collection of the most popular types of
circuits and projects to interest most elec-
tronics constructors. The projects cover a wide
range and are divided into four basic types:
radio, audio, household and test equipment.

h
constructional

projects
DIGITAL IC PROJECTS
D00508

56.75
The projects included in this book range from
simple to more advanced projects — some
board layouts and wiring diagrams included.

HOW TO MAKE WALKIE-TALKIES

D00568 §5.50
This treatise on low-power transmitter-
receivers (walkie-talkies) covers many aspects,
from licensing requirements and bands,
through practical circuitry and construction to
the types of aerials that may be used.

26 TESTED TRANSISTOR PROJECTS

D00538 $4.50
Some circuits are new, others are familiar
designs. Projects can be split and/or combined.

CB PROJECTS

000558 $6.75
A number of useful designs include a speech
processor, interference filters and a simple CB
radio recelver. Stripboard layouts, wiring dia-
grams and notes on construction are provided.

PROJECTS IN OPTO-ELECTRONICS

D00578 $6.75
Included are simple circuits using ordinary
LEDs as well as more sophisticated designs
such as infra-red transmitters and detectors,
modulated light transmission and also photo-
graphic projects, etc.

SINGLE IC PROJECTS

D00588 $5.50
Simple to build projects based on a single IC. A
few projects use one or two transistors as well.
A stripboard layout is given for each project
plus special constructional and setting up info.
Contents Include low-level audio circuits, audio
power amps, timers, op-amps and miscel-
lanegus circuits.

ELECTRONIC SECURITY DEVICES

D00598 $5.95
Besides including both simple and more soph-
isticated burglar alarm circuits using light, infra-
red and ultra-sonics, thls book also gives
circuits for gas and smoke detectors, fiood
alarms, fire alarms, doorphones, etc.

POPULAR ELECTRONIC CIRCUITS — BOOK 1
D00608 $6.75
Includes audio, radlo, test gear, music projects,
household projects and many more. An ex-
tremely useful book for all hobbyists, offering
remarkable value.

POPULAR ELECTRONICS CIRCUITS — BOOK 2
D00618 $7.75
A wide range of designs for electronics
enthusiasts who are capable of producing
working projects from just a circuit diagram
without the aid of detailed information.
MULTI-CIRCUIT BOARD PROJECTS

D00638 $6.75
All circuits are based on one speclally designed
pc board. Recommended to the less experi-
enced hobbyist.

MODERN OP-AMP CIRCUITS

D00s58 $6.75
A collection of widely varying circuits and
projects based on the op-amp ICs.

Save time and trouble with mail order — simply fill out the reply-paid coupon!
140 Joynton Avenue, Waterloo, NSW 2017, Australia. Phone (02) 663-9999 Sydney. Telex 74488.
Postal Address: ETI Book Sales, PO Box 227, Waterloo, NSW 2017.
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ELECTRONIC PROJECTS FOR CARS

DO261E $3.95
Projects include car alarm, reversing alarm,
over-rev alam, twin-range tachometer, break-
down beacon, intelligent battery charger, etc.

ELECTRONIC PROJECTS FOR

CAR AND BOATS

D00678 ) $6.75
Fifteen fairly simple projects designed for use
with 12 V electrical systems but in some cases
can also be empsoyed with 6 V andjor positive
earth systems.

e e T R ——
test equipment
and fault-finding

TROUBLESHOOTING WITH

THE OSCILLOSCOPE

FO0121P $16.95
Excellent for the professional service tech-
nician or the serious hobbyist, as it combines
step-by-step procedures for using the scope
with the speclific nuts and bolts of television
receiver troubleshooting.

ELECTRONIC TROUBLESHOQTING

HANDBOOK

F0257P $10.50
This workbench guide shows you how to
pinpoint transistor troubles in minutes, how to
test almost everything electronic and how to get
the most out of low-cost test equipment.

EFFECTIVELY USING THE

0SCILLOSCOPE

F0258P $16.95
Describes the potential uses of the scope,
ranging from audio and television tests and
measurements to performance tests.

USE OF THE DUAL-TRACE

OSCILLOSCOPE

F0259P $23.75
This programmed text breaks down the pro-
cess of operating a scope into a series of
loglcal steps, starting with the deflection of the
electron beam and continuing through proper
use of the triggering controls to measure the
phase difference between two waveforms.

ELECTRONIC TEST EQUIPMENT

CONSTRUCTION

F01228 $5.95
Describes construction wide range of test gear,
including FET amplified voltmeter, resistance
bridge, field strength indicator, heterodyne
frequency meter, etc.

s . mSS T e S
circuit techniques
and design

DESIGN OF TRANSISTOR CIRCUITS,

WITH EXPERIMENTS

E0051P $§22.75
A self-teaching course in transistor circuits —
seven chapters explore the fundamentals of
active semi-conductors and their operating
principles and procedures. Experiments in
design and semiconductor testing provide
hands-on experience.

COUNTER DRIVER AND NUMERAL

DISPLAY PROJECTS

E00828 $5.95
Author F.G. Rayer features applications and
projects using various types of numerical
displays, popular counter and driver ICs, etc.

CMOS COOKBOOK

E0086P $21.00
This book explains CMOS technology and its
application to ‘real world' circultry. A mini-
catalogue is Included, which lists more than 100
devices, giving pinouts and application notes.
IC OP-AMP COOKBOOK

E0088P $25.75
Basic op-amp theory in detall, with 200
practical, illustrated circuit applications: JFET
and MOSFET units are featured, plus manufac-
turers’ data sheets and company addresses.
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IC CONVERTER COOKBOOK

E0139P $22.75
Written for the practising engineer, technician,
hobbyist or student, this book will be an
invaluable working guide to the understanding
and use of IC analogue/digital and digital/
analogue converters.

DESIGN OF OP-AMP CIRCUITS,

WITHEXPERIMENTS

E0089P $17.50
The deslign of the fundamental circuits that are
the basic building blocks of more sophisticated
systems. A series of 35 experiments lllustrates
the design and operation of linear amps,
differentiators and integrators, voltage and
current converters, active filters, and lots more.

ELECTRIC CIRCUITS AND NETWORKS

E0091P $18.75
Comprehensive explanation of the theory, with
numerous examples and .solved lllustrative
problems.

HOW TO USE OP-AMPS

E00928 §7.75
Design notes and applications on many topics
including basic theory, amplifiers, power
supplies, audio circults, oscillators, ﬂl@ers,
computers and control engineering. It's written
around the 741 IC but includes design notes for
most of the common op-amps.

LEARNING TO WORK WITH INTEGRATED

CIRCUITS

EO318R $2.35
Discover the basics of integrated circuits while
building a simple and useful electronics project.
A complete collection of the popular American
QST series,

ANALOG INSTRUMENTATION

FUNDAMENTALS

E0097P $29.75
Numerous practical, hands-on lab experiments
and solved problems are included, plus dis-
cussions of movements, dc ammeters, volt-
meters, ohmmaeters, bridges, filters and attenu-
ators. No calculus is required.

ELECTRONIC DESIGN WITH

OFF-THE-SHELF ICs

E0099P $14.70
It contains virtually all the information you need
to design and build electronic circuits, systems
and subsystems with readily available ICs.
Shows how to interface them into highly
complex systems.

50 PROJECTS USING CA31301Cs

E01018 $4.50
The CA3130 is an advanced operational ampli-
fier capable of higher performance than many
others: circuits often need ancillary compon-
ents. Audio projects, RF projects, test equip-
ment, household projects.

SCRs AND RELATED THYRISTOR DEVICES

E0095P

Written for experimenters, technicians and
engineers, this book is a practical and compre-
hensive guide to the theory, operation, specifi-
cations and applications of silicon-controlled
rectifiers (SCRs) and related thyristor devices.

50 CIRCUITS USING GERMANIUM,

SILICON AND ZENER DIODES

E01038 $5.50
Fifty interesting and useful circuits and appli-
cations using the germanium and silicon signal
diodes, silicon rectifier diodes and zener
diodes, etc.

DESIGN OF VYMOS CIRCUITS,

WITH EXPERIMENTS

E0104P $17.75
The authors look at the technology which
makes dramatic advancements possible with
VMOS, and show how these components can
easily be integrated into common clrcuit designs
to enhance their responses.

UNDERSTANDING CMOS

INTEGRATED CIRCUITS

EQ105P $9.95
This book tells you what CMQOS ICs are, how
they work, and how they can be used in
electronic circuit designs. Practical circuits,
with parts values, are included.

LM 3900 IC PROJECTS

E01108 $4.75
Unlike conventional op-amps, the LM 3900 can
be used for all the usual applications as well as
many new ones. It's one of the most versatile,
freely obtainable and inexpensive devices
around. This book provides the groundwork for
simple and advanced uses — It's much more
than a collection of projects. Recommended.

GUIDE TO CMOS BASICS, CIRCUITS,

AND EXPERIMENTS

EO107P §14.95
if you are already familiar with TTL devices and
are ready to examine the benefits of CMOS, this
book Is your complete source. It tells you what
CMOS devices are, their characteristics and
design rules. Experiments demonstrate the
concepts discussed.

IC 555 PROJECTS

E01098 $6.75
One wonders how life went on before the 555!
Included are basic and general circuits, car and
railway circuits, alarms and noise makers plus
section on subsequent 556, 558 and 559s.

50 CIRCUITS USING 7400 SERIES ICs

EO01118 $5.25
Fifty interesting and useful circuits and appli-
cations using these versatile devices.

VMOS PROJECTS

E01128 $6.75
Though primarily concerned with VMOS power
FETs and their applications, power MOSFETs
are dealt with, too, in a chapter on audio
clrcults. Projects include audio circuits, sound
generator circuits and signat circuits.

T e e —— 1
electronic music
and audio/video

CHEAP VIDEO COOKBOOK

GO123P $11.75
Complete discussion of a new, low-cost way to
get words, pictures and opcode out of your
computer and onto any ordinary television
screen, using a seven-IC easy-to-build circuit
which you can build for $20

AUDIOCYCLOPEDIA

GO125P $71.95
A complete in-depth look at the art of audio —
from thé basic principles of sound to solid-state
and integrated circuits. More than 3000 entries
and hundreds of illustrations and circuit dia-
grams cover acoustics, amplifiers, recording,
reproduction, test equipment, audio measure-
ments, and much more.

ELECTRONIC SYNTHESISER PROJECTS

G01338 $5.95
For the electronic music enthusiast, an
invaluable reference. This book is full of circuits
and information on how to build analogue delay
lines, sequencers, VCOs, envelope shapers,
etc, etc. The author takes a clear and logical
approach to the subject that should enable the
average enthusiast to understand and build up
what appears to be a quite complex instrument.

MOBILE DISCO HANDBOOK

G00938 $4.95
Most people who start mobile discos know little
about equipment or what to buy. This book
assumes no preliminary knowledge and gives
enough info to enable you to have a reasonable
understanding of disco gear.

PRACTICAL CONSTRUCTION OF PREAMPS,

TONE CONTROLS, FILTERS, ATTENUATORS

G01378 $5.00
This book shows the enthusiast how to
construct a variety of magnetic tape recording,
microphone and disc preamplifiers, and also a
number of tone control circuits, rumble and
scratch filters, attenuators and pads.

AUDIO IC OP-AMP APPLICATIONS

G0138P $15.25
This book discusses IC op-amps and their
application in audio systems. and describes the
numerous advantages of using op-amps, in-
cluding low power consumption, reliable per-
formance and low cost. Assumes a basic
understanding of op-amp theory.
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computers for
beginners
YOURFIRST COMPUTER
HO271A $15.25

An easy-to-understand beginner’'s book to
small computers. Understanding them, buying
them and using them for personal and business
applications.

COMPUTERS FOR EVERYBODY

HO270A L
In this easy-to-understand book it is explained
how a computer can be used at home, in the
office or at school. Includes a consumer's guide
to computer equipment that wiil help the reader
decide what to buy and who to buy it from.

BIG THINGS FROM LITTLE COMPUTERS

HO142P $19.25
A layperson'srguide to personal computing with
ali the basic information and lots of examples of
how personal computers can be used.

A MICROPROCESSOR PRIMER

HO01448 $5.95
Learning about microprocessors Is easy with
this book, written In a style that is easy o follow.
The shortcomings of this basic machine are
discussed and the reader is shown how these
are overcome by changes to the instruction set.

INTRODUCTION TO WORD-PROCESSING

HO151A $17.95
Written for the non-technical reader, this book
tells about the concepts common to all word-
processing systems, then analyses all features.

DON'T (OR, HOW TO CARE FOR

YOUR COMPUTER)

HO153A $19.95
A gulde to computer and peripheral preser-
vation. Specific advice for the computer, floppy
disks, hard disks, the CRT terminal, the printer,
tape units, the computer room, software and
documentation.

R e e ]
computer hardware
and techniques

IAPX 88 BOOK

JO162P $20.25
This book from Intel itself describes the unique
Intel 8088 microprocessor In total detail.
Invaluable for all involved with the 8088.

MICROPROCESSOR INTERFACING

TECHNIQUES

JO167A $29.95
Teaches you how to interconnect a complete
microprocessor system and interface it to the
usual peripherals. The hardware and software
skills needed to effectively interface peripheral
devices are covered along with various buss
standards and A/D conversion. Third edition.

EXPERIMENTS IN ARTIFICIAL INTELLIGENCE

FOR SMALL COMPUTERS

JO168P $13.25
Artificial intelligence is the capability of a device
to perform functions normally associated with
human intelligence. With this book, a small
computer with extended BASIC and some
knowledge of BASIC language, you can con-
duct experiments in artificlal intelligence.

280 MICROCOMPUTER HANDBOOK

JO171P §17.50
This handbook covers hardware, software and
microcomputers built around the Z80.

6809 MICROCOMPUTER PROGRAMMING AND
INTERFACING, WITH EXPERIMENTS

H170P $21.95
Gives a solid understanding of how to program
and interface the high-performance 6809
microprocessor

PET INTERFACING

JO169P §25.25
Demonstrates how to build numerous interfac-
ing devices for PET hardware. BASIC language
programs are used throughout, and the book
includes a discussion of the microprocessor’s

Internal architecture and general hardware/
software Interfacing.

APPLE INTERFACING

J0273P $15.95
Using this book, you will ba able to perform
useful experiments which will provide a much
clearer understanding of the fundamentals of
computer Interfacing and computer electronics.

PRACTICAL COMPUTER EXPERIMENTS

J01728 $5.95
How to build typical computer circults using
discrete logic. Useful Intro to devices such as
adders and storers as well as a general source
book of logic clrcuits.

computing
software
AUSTRALIAN MICROCOMPUTER HANDBOOK
K0175€ $15.00

A detailed buyer's guide to microcomputer
Systems and arplication packages In commer-
cial, industrial, scientific, educational and
home/hobby areas.

HOW TO WRITE AN APPLE PROGHAM

K0182p §23.25
Very much a ‘how-to' book. Author assumes
only a minimal familiarity with computer and
BASIC. The book covers every aspect of simple
program writing from initial concepts to final
debugging — wittily Hllustrated.

HOW TO WRITE A TRS-80 PROGRAM

K0183P $23.25
Virtually identical to How to Write an Apple
Program. Changes have been made to allow for
differences in the two machings and variations
in BASIC.

HOW TO WRITE AN {BM-PC PROGRAM

K0184P $23.25
Virtually Identical to How to Write an Apple/
TRS-80 Program. Changes have been made to
ailow for differences in the two machines and
variations In BASIC.

BASIC FOR EVERYONE

Ko187p $19.75
Some 350 pages of BASIC information for all
purposes.

INSIDE BASIC GAMES

KO189A $19.95
The medium of gamies teaches readers how to
deslign error-free, interactive EASIC programs.
Rules, aigorithms and coding differences for

the PET, Apple Il and TRS-80 are also included.
PASCAL
K0199A $19.95

For people with little or no programming
experience, this book gives lots of examples
that clearly explain proper usage of language
features. Discusses top-down programming,
debugging. self-documentation, etc.

THE PASCAL HANDBOOK

K0200A §23.50
Summarises the entire Pascal vocabulary,
including the variations Introduced by different
commercial versions of Pascal. All In dictionary
format.

INTRODUCTION TO THE UCSD P-SYSTEM

K0106A $22.45
Explains the UCSD Pascal operating system, or
‘p-system”. You will learn how to enter a
Pascal program in the computer, edit it, store it
on a tlle and then manipulate files.

COMPUTER PROGRAMS IN BASIC

K0192P $18.25
Fully indexed guide to more than 1600 BASIC
computer programs published in personal
computer magazines for microcomputers, mini-
computers and mainframe computers. Com-
piled by Paul Friedmann, first published in 1981

APPLE PASCAL GAMES

K0216A 519.95
Explore all the essential elements of UCSD
Pascal and learn the important Apple Pascai
extensions.

APPLE Il ASSEMBLY LANGUAGE

K0195P $23.45
Teaches assembly-language programming at

the beginning level — rio prior knowledge of
6502 assembly language is needed. Inciudes
hands-on computer exercises and exper-
iments, with both software and hardware.
Provides interfacing circuits and programs that
cian be used on the Apple Il without modifica-
tion.

QWIKTRAN

KO196A , $19.95
Quick Fortran for micros. minis and main-
frames. Starts with the basic concepts of
computing and Qwiktran, a fundamental subset
of Fortran IV. Lots of examples to increase the
reader’s proficiency.

THE UCSD PASCAL HANDBOOK

Ko197p $23.75
Language descriptions organised in a quick
and easy reference are given in this book for
readers with no prior experience of Pascal
programming.

THE C PROGRAMMING LANGUAGE

K0272p $24.95
C s a general purpose ‘low-levei’ programming
Iangua?e. It is not specialised to any particular
area of application, but its absence of restric-
tlonks make it convenient and effective for many
tasks.

INTRODUCTION TO PASCAL, INCLUDING

UCSD PASCAL

KO113A $26.95
For both beginners and experienced program-
mers, thls book covers all aspects of Pascal,
from the basic concepts to program develop-
ment. Extensive appendices. Second edition.

TRS-80 COLOUR COMPUTER GRAPHICS

K0201P §21.95
Explore the creative and imaginative blending
of computers and colour. Shows how to create
dynamic and interesting graphics to enhance
your programs.

INTRODUCTION TO TRS-80 GRAPHICS

K0202A $22.95
It begins with the basic concepts of line drawing
and leads the reader on to geometric shapes,
moving figure animation and other more ad-
vanced topics.

INTERFACE PROJECTS FOR THE TRS-80

(MODEL )

K0203P $19.25
This practical manual describes how TRS-80
Model Il users can better utilise their micros.
Written for the TRS-80 user with some com-
puter experience, it provides a series of easily
buiit interface projects that enable the user to
discover the computer's capabilities as each
project is constructed.

ENHANCING YOUR APPLE ii

K0206P §27.95
Contains fast and easy method for taking apart
and understanding machine-language pro-
grams. Gives hardware and software modifica-
tions. Features programs and other hints for
creating hundreds ot colours or many patterns
on the screen, plus ideas to improve text on
high-resolution displays.

TRS-80 — MORE THAN BASIC

K0207P _ 515,95
Learn to program in Z80 mnemonics by using
the book's error-tolerant interactive monitor
program. More than 26 commands available,
with documentation that helps you change
commands to meet specific applications.

PROGRAMMING THE TRS-80 POCKET

COMPUTER

K0209P §13.25
This book exPIains all aspects of problem-
solving in BASIC, and covers cassette machine
interfacing and how to make the best use of the
keyboard and display

32BASIC PROGRAMS FOR THE

TRS-80 COMPUTER

K0211A $29.50
Programs for the TRS-80 tLevel Il or Model Il
BASIC (with 16K or more user memory).
PASCAL PROGRAMMING FOR THE APPLE

Ko217p $17.95
Teaches UCSD Pascal on the Apple Il. Many
examples, programs for financial applications;
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THE ART OF PROGRAMMING THE 16K ZX81

K02138 ) $8.75
A sequel to Tne Art of Programm/n the 1K
ZX81 (ETI Book Sales No K0226B), this book
sets out to help you use your 16K RAM pack
and ZX printer to the full. it concentrates on
good programming style and introduces some
interesting programs that are both fun and
usetul.

32 BASIC PROGRAMS FOR

THE APPLE COMPUTER

K0218A - $29.50
Full of programs with practical applications,
educational uses, games and graphics.

PET/CBM BASIC

K0219P $19.25
Provides a thorough introduction to BASIC
programming on a Commodore PET computer,
exp?aining programming concepts for graphics,
Including three-dimensional letters, bar graphs
and the use of sound effects.

PETBASIC1

K0220P $19.25
For users of the Commodore PET computer,
this book covers such topics as creative
graphics, humour and interesting small pro-
grams.

PET GAMES AND RECREATIONS

K0221P $18.85
Presenting an interesting mixture of diversions
guaranteed to entertain and educate. ldeal for
beginners, yet also challenging to computer
veterans, the book features progressive leveis
of difficulty.

32 BASIC PROGRAMS FOR

THE PET COMPUTER

K0222A $29.50
Each chapter fully documents a different bug-
free program. If readers have a good working
knowledge of BASIC, they can devise their own
program changes.

BASIC PROGRAMMING PRIMER

K0223P 527.95
Invaluable aid to anyone who wants to learn
BASIC. Covers 16-bit BASIC statements, key
words and commands, with self-tests and
answers plus non-numeric progam examples.
Compatible with IBM BASIC, but applicable to
any computer that runs MicroSoft BASIC.

ATARI GAMES AND RECREATIONS

KD224p $19.25
Beginners and advanced users can use the pre-
programmed games in this book to improve
their skill. Charts, flash cards, an error diction-
ary and graph paper designs are among the
features.

THE ART OF PROGRAMMING THE 1K ZX81

K02268 $6.75
This book explains how to use the features of
the ZX81 including Its random number gener-
ator, graphlcs and timer. PEEK and POKE are
explained and you should learn enough to
develop programs of your own.

PROGRAMMING THE 6502

K0227A $22.95
Principles of assembly-language programming
for the 6502 microprocessor are taught in this
Introductory text. Includes a discussion of
trade-offs between hardware and software and
detailed explanations of the 6502's internal
registers and buss operation. Third edition.

6502 APPLICATIONS BOOK

K0228A $20.95
Use this book and a few low-cost components
to build a complete home alarm system, an
electric piano, a motor speed-regulator, a time-
of-day clock, a simulated traffic control system
and a Morse code generator, etc.

6502 GAMES

K0229A $17.95
You learn how to play 10 sophisticated games
and also learn assembly language program-
ming. Also learn the techniques of algorithm
design and data structures.

START WITHBASIC ON COMMOCDORE VIC-20
K0233P $14.75
Helpful exercises and step-by-step instructions
show you how to program in BASIC utilising all
the graphic functions on the VIC-20.
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electronic
calculators

ELECTRONIC CALCULATOR

USER'S HANDBOOK

M02458 $5.50
Presents formulae, data, methods of calcu-
Jation, conversion factors, etc, for use with the
simplest or most sophisticated calculators.
Includes the way to calculate using only a
simple four-function calculator, trigonometric
function, hyperbolic functions, logarithms,
square roots and powers.

YOUR ELECTRONIC CALCULATOR

AND YOUR MONEY

M02468 5475
Starts with a basic revision of percentages and
decimals, then deals with mortgages, cars,
insurance, fuel, shopping, tax, etc. There's a
section on investment and one on the calculator
in a small business.

PROGRAMMABLE CALCULATORS

MO247A 524,95
Which calculators to buy, their possibilities and
limitations, and the how-tos of programming
them.

TAKE A CHANCE WITH YOUR CALCULATOR

M0248A $14.95
An introductiop to modern mathematics, this
book deals with programming of programmable
calculators and includes probability problems.

e ——TE e e e S—
computing for
business

BASIC FOR ACCOUNTANTS

L0234P $9.95
Shows accourtancy students and accountants
how to use a computer to perform the repetitive
tasks assoclated with record keeping, calculat-
ing and report writing. Using the BASIC
language attention is concentrated on debtors,
inventory and general ledger systems.

COMPUTER-BASED BUSINESS SYSTEMS

L0235P $10.95
A short introduction to the sorts of systems
used by a typical business to handle Its typical
activities. The book aims at providing a general
understanding and, therefore, avoids techno-
logical detall.

THE COMPUTER SOLUTION

L0236P $13.50
This should be of interested to business people
contemplating implementing or already using
computer data processing or to any non-
technical person curious to know why and how
computers are used in Australian businesses
and organisations.

THE SMALL-BUSINESS COMPUTER GUIDE

L0237P $14.95
Ideal for the| inexperienced user, this text
emphasises management considerations in
determining the feasibility, economics, evalu-
ation, selectign, contracts and practicality of
installing a computer.

SMALL-BUSINESS COMPUTER SYSTEMS

L0238P ‘ $14.95
Provides a brigge between the accountant and
the data-processing professional by explaining
every step of the trading and reporting process
in data-processing terms. It is especially useful
to people engaé;ed in the specification process

or In auditing dataprocessing accounting sys-
tems.

BASIC BUSINESS SOFTWARE

LO242P $18.45

A basic insight into how business software is
designed. Aimed at the small-business oper-
ator.

SMALL COMPUTERS FOR THE

SMALL BUSINESSMAN

LO240A 527.95
How and where to shop for a computer
successfully; what to expect their computer to
do for them; how to select software; whether or

not to use a consultant; how to introduce the
computer to the staft and how much computer
is necessary.

THE VISICALC BOOK — APPLE EDITION

L0239 $22.25
If you are using VisiCalc on your Apple Il and
want to learn more about its expanded uses
then this book will show you how to build a
model, enter your data and solve problems
about profitfloss projections, pricing/costing
estimates, etc.

INVENTORY MANAGEMENT FOR

SMALL COMPUTERS

L0241A §27.95
Owners of retail businesses and their em-
ployees need this book. The program provides
an inventory control system what stock is on
hand, where it is located, what price was paid
for it and the selling price.

FROM THE COUNTER TO THE BOTTOM LINE

L0O243A $24.95
Guide to basic accounting needs and computer
use. Includes inventory and purchasing, billing,
accounts receivable, accounts payable and
general ledger.

THE OFFICE AUTOMATION PRIMER

L0244P $15.50
Guides the user step by step through all
aspects of planning, evaluating and Installing
stages. Lively vignettes illustrate how auto-
mation increases productivity in word and data
processing, electronic mail, photocomposition,
telecommunications, schedullng and message
switching. Probably the most comprehensive
gulde of it kind for every manager seeking to
maximise productivity and profitability.

i A R e e, e e g B
amateur radio, dx
communications

COMPUTERS AND THE RADIO AMATEUR

NO249P $31.25
For the radio operator who wants to know how
computers function and how they can be used
with other equipment.

LONG:DISTANCE TELEVISION

RECEPTION (TV-DX)

N0O2508 56.95
Written by the British authority, the book
includes many units and devices made by active
enthusiasts. A practical and authoritative intro-
duction this unusual aspect of electronics.

HANDBOQOK OF RADIO, TELEVISION,

INDUSTRIAL AND TRANSMITTING TUBE AND

VALVE EQUIVALENTS

NO2518 $2.25
The equivalents book for amateurs and
servicemen. More than 18,000 old and new
valves from United States, Britain, Europe,
Japan. CV (military) listings with commercial
equivalents included.

RADIO STATIONS GUIDE

N0O2528 $5.95
An aid for all those who have a radio receiver.
Shows the station site, country, frequency and/
or wavelength, as well as Effective Radiation
Power of the transmitter and, in some cases,
the station’s cali sign as well.

ANINTRODUCTION TO RADIO DXING

N0O2538 $6.75
One section Is devoted to amateur brand
reception and the other section covers broad-
cast band reception, with advice on suitable
equipment and the techniques employed when
using that equipment. The construction of a
number of useful accessories is described.

TELEMATIC SOCIETY
NO254P $17.50

Demonstrates how developments in telecom-
munications wil} affect the way we live.

All prices of publications in this catalogue
listing are subject to change without notice.
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CALENDAR Noel Bailey, Maryland NSW

This program will print out a calendar for you, either for
years ahead of the present, or years past. The program
should work for any date from 1753 onwards since our
modem calendar dates from this time. | believe that
our calendar will be out of phase with the seasons by
one whole day around 10 000 AD. | don't think that {'li
be worried when the time comes.

| The listing was done on a Model 15 teleprinter

which does not have the relational operators ‘greater
than' and 'less than' and mostimportantly, semicolons
which have been used a lot in this program. Con-
sequently | have penned them in (and hope not to
have missed any!).

Lines 160 and 560 may be removed from the program
or altered for whatever configuration of printer is being
used. My system uses 1200 baud output to a 2650

microprocessor which converts 1200 baud ASCII to
S50 baud baudot. The 2650 sends back a ‘ready’ flagto
hold the MicroBee until the machine is ready to accept
the next character. To the ear, the baudot seems 1o be
going at full speed, but it is still slow in this age of line
printers.

Note that the ‘pound’ sign (£) equates 1o the ‘hash

symbol (#) on the MicroBee.

00100 REM *CALEND' PROGRAM - THIS PROGRAM WILL PRINT OUT A 00590 RETURN
00110 REM CALENDAR FOR ALL YEARS PAST 1752 00600 PRINT'SUN MON TUE WED THU FRI SAT'j
00120 REM THE FIRST PART OF THIS PROGRAM CALCULATES THE DAY 00640 RETURN
00130 REM THAT NEW YEAR'S DAY FALLS ON. WRITTEN BY NOEL BAILEY 00620 PRINT TABC11);'JANUARY';TABC45)3*FEBRUARY ':RETURN
00340 REM ON THE 6TH FEB 1983. 00630 PRINT TAB(12)§*MARCH'jTAB(46); 'APRIL®:RETLRN
00150 DIM BC12),D(12) 00640 PRINT TABC13);'MAY';TABC47); ' JUNE ' tRETURN
00160 OUT £5 ON:REM DIRECTS OUTPUT STREAM TO 1200 BAUD PRINTER. 00650 PRINT TABC13);'JULY®;TABC46); ' AUGUST ' tRETURN
00170 REM YOU MAY NEED TO CHANGE THIS FOR YOUR OWN PRINTER. 00660 PRINT TABC10);'SEPTEMBER'3TA (43 )7 'OCTOBER ' :RETLRN
00180 PRINT'WHAT YEAR WOULD YOU LIKE?' 00670 PRINT TAB(u)-'NovsnasR';hB(u); DECEMBER * tRETURN
00190 INPUT Y 00680 IF Y-Y/4X4=0 THEN 700
00200 IF YC€1753 THEN PRINT'YEAR MUST BE AFTER 1752':GOTO 180 00690 L=0:GOTO 730
00210 PRINT'CALENDAR FOR ;Y 00700 IF Y-Y/400X400=0 THEN LET L=03GOTO 730
00220 PRINT*==cccocccmcecucan- ' 00710 L=1
00230 PRINT 00720 REM L=1 FOR LEAP YEAR ELSE L=0
00240 LxY-1 00730 FOR M=2 TO 12
00250 P=1./100 00740 IF M2 THEN 790
00260 A=P/432=¢5XL)/4 00750 A=M-1
00270 Z=36+2-P+A 00760 IF LsO THEN LET A=AX63 ELSE LET A=AX62
00280 D¢ 1)=2-7X(2/7) 00770 A=A/2
00290 GOSUB 680 00730 GOTO 820
00300 REM A IS THE COUNTER FOR EACH PAIR OF MONTHS. 00790 A=M+1
00310 FOR A=i TO § 00800 AsINTC(FLT(A)X30.6)
00320 REM PRINT MONTH HEADINGS. 00810 IF L=0 THEN LET AsA-63 ELSE LET AsA-62
00330 ON A GOSUB §20,630,640,650,660,670 00820 A=A+D(1)
00340 REM PRINT WEEKDAY NEADINGS. 00830 D(M)=
00350 GOSUB 580 00840 REM THIS IS THE DAY NUMBER OF THE YEAR FOR THE
00360 REM R IS THE COUNTER FOR HORIZONTAL ROUS. ggzg ;zltE:r;TrglnsT DAY OF EACH MONTH

70 FOP R=1 TO §
ggso REM C IS A COUNTER FOR VERTICAL COLUMNS FOR ODD MONTHS. gg;g SE: ;gLEQLgHTHE DAY NO THAT THE IST OF EACH MONTH I
00390 FOR C=1 TO 7
00400 IF R=1 AND DCAX2-1):>C. THEN PRINT'  *;3COTC 430 00850 FOR Is2 TO 12
00410 IF C-DCAX2-134+(RX7-7)»BCAX2-1)THEN PRINT'  *;300TO 430 ggt{g RE)I(%-IINI)-D(DHX?

- [Nl - 1-1 L3

6‘82?8 ri;)I(P;Tc“B(CX“ PEpPEl TSRS ') 00920 REM NOW TO GET THE NUMBER OF DAYS PER MONTH.
Q0440 REM K IS A COUNTER FOR VERTICAL COLUMNS FOR EVEN MONTHS. 00930 FOR I=1 TO 12
00450 FOR K=1 TO 7 00940 READ B(I)
00460 IF R=1 ANP DCAX2)=)K THEN PRINT'  ';:GOTC 490 00950 NEXTI
00470 IF K-DCAX2)+(RX7-7)9BCAX2)THEN PRINT '5:00TO 490 gggg ég'rbprt THEN LET B(2)=29
?.8:38 :gi#TKT‘B(KX" ehie el | e ind. 00980 DATA 31,28,31,30,31,30,31,33,30,31,30,31

00 PRIN
ggxo NE)I(TTR SEPTEMBER OCTOBER
00520 FOR L=1 TO T$REM 7 LINE FEEDS SUN MON TUE WED THU FRI SAT SUN MON TUE WED THU FR1 SAT
00530 PRINT i WoE S )
00540 NEXT L 4, 5 =6 7 8 WOk 1O 20 P TN 50 TS1 1 B
00550 NEXT A 1112 13 w15 16 17 9 10 1! 12 13 14 15
00560 OUT £5 OFF 18 19 20 21 22 23 24 16 17 18 1S 20 21 22
00570 END . 25 26 27 28 2% 30 23 24 25 26 21 28 25
00580 GOSUB §00:PRINT TABC3S5);:GOSUB 6008PRINT 30 3

l | was pleased to see the Character Generator
program in the June issue. The program is very
good but if large shapes are generated a lot of
work is required to transfer the data, if you want
to use the shape in another program.

This program can be added to the Character
Generator program or any similar program, to
automatically generate DATA statements and
store them on tape so that they can be merged
to another program. This saves having to write
down the values from the screen and then typing
the lot.

The DATA line numbers start at 10000
although this can be changed to any value; see
line 540. When the shape is finished press tab
and then follow the Instructions for using the
tape recorder.

To merge DATA to another program first load
the other program, making sure no lines conflict
with the DATA line numbers. Then type IN#2
return, start the tape and the DATA lines will be
added to the program.

PROGRAM DATA QENERATOR Hans Beilharz, Kareela NSW

It is best to set SPEED to 0 for all merge
operations. Press reset (warm start) to get
control back when finished.

505
510
520
530
540
550
560
570
580
590
600
610
620 END

CLs

PRIKNT" recording DATA"
OUT#2 ON: L=10000

PRINT L; " DATA";PEEE(A);
FOR B= 1 TO 15

PRINT ", ".PEEK(A+B);
NEXT B: FRINT » n
L=L+10:NEXT A

PRINT "Set up tape recorder, press RETURN when ready"
A14=KEY$: IF ASC(A18)=13 THEN 530 ELSE 520

X=USED-1:FOR A=63488 T¢C 63488+X*16 STEP 16

OUT#2 CFF:PRIM'"Finished switch off tape recorder®

Add line 285 to the Character Generator
program then add the lines 500 to 620.
285 IF ASC (A18) = 9 THEN 500.

>
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SCREEN DUMPER 2. The character for my printer;cz doa carrlag;a Tge rtc:‘utlne att 8(:24 r;e:h(ln }‘he B;ﬁlc ?or;Ahs)
& : return and line feed is CHR${10) (OA hex), sends the contents o e register to the
Jon McCormack, Brighton East Vic. change this valwe (line 230) to suit your output current output device(s) which is defined by the
This program in machine language can be  device. OUT# Instruction.
assembled anywhere in memory, provided it
does not overlap with your current BASIC |
g P 3 SCREEN DUMPER
To call in the program use the following 2400 po110 ORG 4004 JCHRNGE TO SUIT PROGRAM
statements in your program: 0402 2102F@ a2 LD HL,OFAD@H ) PUT SCREEN START RDD. IN HL
2403 QEOF 90130 LD C, 15 JPUT NO. OF LIMES IN C
ouUT#1 2405 PE4N P9140 OLOOP LD B, 64 sPUT SCREEN LJ!DTIE IN gs -
= ram 0407 7E va15a LOOF LD R,CHL) 3PUT CURRENT SCREEM POS. IN
SBhab e : 2408 = pe160 LD 0.R JSTORE EYTE IN D
2429 DESA 29170 SBC A, 128 JCHECK IIF GRAPHICS CHAR.
The OUT#1 outputs the screen to the I/0 port, P40B 3013 20180 JR NC,RST IF YES THEN GOTO AST
however, output could be directed to the RS232 040D 7A 02190 Lo R,D {PUT B:TE $RC|1<’ IERF‘ -
rt or the cassette port or even all three. This G40E CD425@ Q020G PRINT  CALL  B@azH JOUTPUT BYTE TO FRINTE
P h to be d d to a printer 2411 23 20210 INC HL JMOVE TO NEXT SCREEM POSITION
enables the screen to be cumpe printer,  a412 10F3 ea22a DJNZ  LOOP JDEC COUNTER FOR LINF
cassette, modem or any other output device. @414 3EOR 20230 LD A, ORH JLOAD R WITH LINE FEED CHAR.
D416 CD4280 99242 CARLL [942H JOUTPUT BYTE TQ PRINTER
Since the program was intended for my Dick 2415 D 20250 DEC c JDECREMENT LINE POYNTER
Smith graphics printer there are several Q41R 79 pa2ee Lo R,C JPUT NO OF LINES IN R
changes that can be made to suit individual 9418 FEQO 0273 cP a JCHECK IF END OF SCREFEN
requirements. 941D 20E6 00286 JR NZ,0L00° IF NOT END THEN BRCK FOR MORE
Q41F C9 20250 RET JEND 0OF PROGRAM
@420 FE2R pR30@ AST LD A, 28H PUT A" x " TH R
1. Characters greater than CHR$(128) are re- Q422 18ER Pa31a JR PRINT JPRINT IT] 1Y
placed by an asterisk (‘*’). This portion of the 2200 00320 END
program can be removed by deleting lines 20002 Total errors
160-180 and 300-310 of the assembler listing. PRINT  D40E ast 0420 LooP e OLOOP 0405 .

115:117 Parramaua Rd.. Concord 2137
Corner Parramatta Rd & Lioyd George Avel
Telephone: (02) 745 3077 ftwo linesi

117 York St.. Sydney Phone 267 1614

NSW & ACTONLY
- $999 $1.50
— $24.99 $2.50
— $49.99 $3.50
- $99.99 $4.50
$100 or more $5.50

VIC SA.QLD.TAS.WANT
$1 — $999

$10 $24.99

$25 £49.99

$50 £99.99

$100 or more

TRADING HOURS

BOTH STORES

Mon-Fri 9am-5.30pm
York St. Thursday $pm
Saturday 9am-12pm

 KAGA DENSHI 12" GREEN MONITOR

We made a bulk buy of these top quality monitors and slashed a massive
$66.00 of our previous selling price. 18 mhz band width ensures this to be the
best quality monitor on the market. XE1190 ONLY $259.00

We still have available the Mighty Micron Green Monitor at the pre

devaluation price of $199.50

XE6895 PROGRAMMING HINTS

Consists of a collection of modules which you may use to
improve your own BASIC programs. They are all linked together
under a menu driven display which allows you to RUN or LIST
each module 10 see how they work. $14.95
XF6875 PSYCHOTEC .

Psychotec provides a striking example of artificial intelligence.
allowing a dialogue in English between computer and operator,
the computer playing the role of a psychiatrist and the operator
being a “patient™ on the couch. Leaves other “similar™ types for
dead $15.00
XE6870 MERLIN (ADVENTURE)

Merlin is a 32K adventure set in England during the dark ages.
Your task is to search through a dark forest inhabited by robbers.
outlaws and creatures with awesome magic powers to find a
legendary sword. An excellent adventure. $25.00
XE674S TEXTED

This program helps to produce a neatly formatted document of
word processor ap,i)earancc. with an absolute minimum of fuss
on the user’s part. It is the logical alternative when a high
powered (and high priced) word processor is not warranted
and/or not justified. $14.95
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QUALITY SOFTWARE

XE6765 DECODE Basic decoder and listing formatter

This programme will be an invaluable aid to any one taking first
steps in understanding machine code., or wants to expand their
library of proven machine code routines. Decode will ) print
imbedded machine code routines fully and accuratelly (bl print
all unprintable characters (cl provide a clearer, casicr 10 read
listing, and send all output to a printer if so required. EDASM is
not required. $15.95
XE6750 FINANCIAL MANAGER

Provides an accurate and clearly formatted record of any
financial account, and a cost analysis stated in money amounts
and percentages. Two principal applications — Personal
Account Monitor and Business Account Analyst. $15.95
XE6780 BACUP

A program to assist you in making backup copies. Allows you to
load in a file loaded at 300 bavd and save it again at 200 bavd or

1200 bavd. WNEW $11.95

»*
XES5320 MULTIPRON INTERFACE BOARD

The Multiprom board is an extention of the microbees memory
in rom. It simply plugs into the fifty way bus expantion port on
the core board. It fits either neatly inside the microbee or behind
it, using the microbee's own power supply. $210.00

MICROBEE

XE5000 Microbee 16K Plus
XE5050 Microbee 16K IC
XES100 Microbee 32K Plus
XES150 Microbee 32K IC

XE5200 Microbee.64K Plus
XES5250 Single Disc System
XE5255 AddOn Disc

XE1200 Dot Matrix Printer/Fax 80
XE1205 Printer Cable Interface
XE1186 Micron Green Monitor
KE7014 Light Pen Kit for Microbee
KE7016 Video Amplifier Kit
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AFTER STOCKTAKE SALE — BE QUICK AND YOU WILL REAP THE BARGAINS

‘THE PRINTER BEOPLEEPECIALS

A NEW PRINTER NOW! ™=l

CP-80/1,
IMPACT PRINTER

SPECIFICATIONS

Functional Specifications

Printing method — Serial impact dot matrix

Printing format — Alpha-numernc — 7 x 8 in 8 x 9 dot
malrix tield. Semi-graphic {character graphic) — 7 x 8
dot matrix. Bit Image graphic — Vertical 8 dots paralia
horizontal; 640 dofs serial/line

Character size — 2.1mm (0.083")-W x 2.4mm (0.09")-H/7 x
8 dot matrix

Character set — 228 ASCII characters: Normal and ahc
alpha-numeric fonts, symbols and semi-graphics

Printing speed — 80 CPS, 640 dots/line per second

Line feed time — Approximately 200 msec at 4.23mm
{1/6) line teed

Prinling direclion — Normal — Bidirectional. logic
seeking. Superscript and bit iImage graphics
Unidirectional, left 1o nght

Dot gvaph-cs intensity — Normal — 640 dots/190.5mm
(7.5 line honzontal. Compressed characlers — 1280
dots/190mm (7.5") ine honzonial
Line spacing — Normal — 4.23mm (1/6")

MPI DISC DRIVES
to suit Tandy & System 80 computers)
with Box & Power supplies

| DRIVE 2 DRIVES
$265 + tax $525 + 1ax
$395 + tax $625 + tax
$470 + tax P.OA.
$560 + 1ax P.OA.

Patented
New Head

Programmable in increments ol 0.35mm (1/72") and
0.118mm (1/216")

Columns/ine — Normal size — 80 columns. Double width
— 40 columns, Compressed print — 142 columns
Compressed/double width — 71 columns
The aboves can be mixed if a line

Paper feed — Adjustable sprocket teed and Iriction feed

Paper type — Fanlold. Single sheet. Thickness — 0.05mm
(0.002") 10 0.25mm (0.01"). Paper width — 101 6mm
[4") to 254mm (10

Number of copies
thickness paper.

Mochasicel Spacifications

Ribbon — Carndge ribbon (exclusive use). black

MTBF — 5 million fines Selclud ng print head life)

Print head life — Approximately 30 million characters
{replaceable).

Dimensions — 377mm (14.8") -W x 295mm (11.6") -D x
125mm (4.9")-H incl. sprocket cover

Parallel CPBO $495 plus tox  Serial CP8O $595 plus tox

Jnginal plus 3 copies by normat

DISCOUNT DISKETTES
WELL KNOWN BRAND
12 MONTH WARRANTY
(CONTROL DATA)
5% SOFT SECTORED
—S—Side Double Density
—D—Side Double Density
8" SOFT SECTORED

—S—Sided Single Density $32.00/10
—-D—Sided Double Density  $49.00/10

ALL PRICES PLUS 20%
SALES TAX

$30.00/10
$47.50/10

CHECK THE PRICES THIS MONTH ONLY
THE MITSUBISHI RANGE OF DISK DRIVES

M2896-63

Slimiine 8" Disk Drive, Double Sided, Double Density, No AC Power Required, 3ms
track to track, 1.6 mbytes unformatted, 77 track/side, 109 bit soft error rate.

$515 + tax
M2894

Box & Power Supply to Suit $95 + tax
S or more $430 + tax

Standard size 8 drive, Double Sided, Doubie Density, 3ms track to track access, 1.6
mby tes unformatted, 77 track/side, 108 bit soft error rate.

$515 + tax
M4a854

Box & Powcer Supply $95 + wax

Slimline 5% disk drive, Double Sided, Double Density, 96 track/inch, 9621 bits/inch,
1.6 mbytes unformatted, 3ms track to track access, 77 track/side.

$395 + tux
M4853

Box & Powcr Supply $63 + tax

Slimline 5% disk drive, Double Sided, Double Density, 1 mbyte unformatted, 3ms
track to track, 80 track/side, 5922 bits/inch, Steel band drive system.

$375 + tax

Box & Powcer Supply $65 + tax

ALL VERBATIM DISCS 20% OFF
LISTED PRICE THIS MONTH

VERBATIM DISCS Per Box
5 YEAR DATALIFE GUARANTEE of 10
MD52501 Single Sided, Double Density 44 .00
MD525-10 SSDD 10 Sectors 40 Tracks 45.00
MD525-16  SSDD 16 Sectors 40 Tracks 45.10
MD550-01 Doubie Sided, Double Density 47 50
MD550-0t  DSDD 10 Sectors 40 Tracks 49 50
MOD550-16 DSDD 16 Sectors 40 Tracks 49.50
MDS557.01 SSDD Soft Sect 80 Tracks 49.50
MD527.10 SSDD 10 Sectors 80 Tracks 57.00
MD§77.16  SSDD 16 Sectors 80 Tracks $7.00
MD55701 DSDD Soft Sect 80 Tracks. 59,00
MD557.16 DSDD 16 Sectors 80 Tracks $9.00

8" VERBATIM

FD32-1000 Singie Sided, Single Denslty 45.00
FD328000 Single Sided, Double Density $4 .00
FD32:9000 SSDD Critically Certitied $1.00
FD34-1000 Single Sided, Single Denslty 45,00
FD34 8000 Single Sided, Double Density 51.00
FD104008 Double Sided, Single Density 59.00
FD104015 Double Sided, Single Density 59.00
FDH}4026 Double Sided, Single Density 59.00
FF32:2000 SD FLIPPY FLOPPY 62.00
FF34.2000 SD FLIPPY FLOPPY 6200
DD324000 Double Sided, Double Denstty 54.00
DD34 4001 Double Sided, Doubie Density 49.00
DD344008 Doubte Sided, Double Density $1.00
DD344015 Double Sided, Double Density 53.00
DD344026 Double Sided, Doubte Density 55 .00

ALL PRICES PLUS 20% SALES TAX
WE WILL NOT BE BEATEN ON DISC PRICES

CPM SYSTEMS

Twin 8"

4MHz Double Density

Big Board (2) $2950.00 + tax
Twin 5" Drives

4MHz Double Density

Big Board (2) $1950.00 + tax

HARD DISC DRIVES
ARE HERE!

5 Megabyte $1000 + tax
10 Megaby te $1250 + tax
Controller to suit $450 + tax
Box and Power Supply $225 + tax

BIG BOARD (1) NEWS

Double Density add on.
$195 + tax (incl. Software &
Hardware)

Hard Disc Interface $195 + tax

PROWRITER PRINTERS
Tax Exempr Tax Paid

RStop S775 S8YS

85 0S8 SO90 SOV

1330P S1025 SHIYS

135308 SHI2S S1293

lop SE700 S2095
NIRS0 S2193

TERMINALS

Come in and see them working
SIS + tan
NS850+ tax
N750 + 1ax

00 + SO + tax

RITRONICS WHOLESALE PTY LTD

48 --50 A'BECKETT STREET, MELBOURNE 3001. Telephone: (03) 347 9251
425 HIGH STREET, NORTHCOTE, VICTORIA 3070. Telephone: (03) 489 7099

MAIL ORDERS TO P.0. BOX 235 NORTHCOTE 3070. P&P MINIMUM $3.00




PAKMAN
W.F.Kreykes, St Alban s Vic.

This program has been designed to run as fast
as possible at the expense of memory.

Due to the restrictions of the colour display of
the 660, the game is in black and white.
However, the colour of the background will
change indicating the level you are currently
playing at and the number of men that are left.
Initially the screen will be green (three men),
then red (two men) and then blue (last man).

0600 0963 0963 A637 6012 FO55
0610  26D2 7901 49F0 28BC 49A0
0620 E3A1 6300 E2KT1 6302 E1A1
0630  330C 267A 2842 1612 3BCC
0640 2654 6912 F900 F918 7901
0650 1648 1602 A985 FE33 A983
0660 €917 6526 F029 2674 7901
0670 2674 F329 D955 7905 OOEE
0680 8A30 A970 FA1E 4A00 7602
0690 7702 4A03 TTFE D673 3F00
06A0  A952 D672 3FO1 183A FF18
06BO  16B8 £6C5 60FF FO55 3BOO
06CO  3C48 OOEE OOEE 6B20 FBOO
06D0  16C8 0934 2654 288C 60EE
06E0  6CO0 2764 6400 2904 2B8CA
06F0 6040 FO55 601D A97C F055
0700 3BCC 1794 2818 6B02 28A4
0710 3321 170A 8DBA 28A4 6BOO
0720 70FE 7O0FD 7001 4BOO 173C
0730 4210 6302 4208 6300 93A0
0740  263C 3BOO 2916 2654 6BT0
0750 FB18 3BOO 174E A970 FA1E
0760 4800 16EE 2876 60F0 3803
0770 A615 FOS55 6040 3803 6080
0780 FOS55 6042 4801 603E 4635
0790 3608 6636 6726 6A02 1682
07A0 7102 9170 6FO0 T1FE 9170
07BO 7702 9170 6FOO 77FE 3FO0
07C0 1720 T0FE 9060 1722 7602
07D0  7OFD 9060 1724 7001 D015
O7E0 8323 208 8233 4210 71FE
07F0  3FO1 186E DO15 4210 7102
0800 71FE 4208 TOFE A94E F21E
0810 28F2 3BOO OOEE 6BCC 6318
0820 7309 A96B D355 OOEE D673
0830 7602 4A02 77FE 4403 7702
0B40 2848 6400 2848 6404 A97C
0850 OQOEE A94E F21E D015 4200
0860 4210 T1FE 4218 7102 D015
0870 P41E F255 OOEE 2654 2871
0880 6227 D123 TOFF 7106 3000
0890 POOO F218 F215 F207 3200
08A0 188E OOEE A945 6316 6426
08BO  28B6 A118 28B6 D345 73205
08C0 2916 6BO0 6404 28CA 6400
08D0 301D OOEE A966 D015 6020
O8E0 €208 3200 6014 A94E F21E
08FO  OOFF D015 8540 28C4 8450
0900 3520 18FA 6218 601D 6110
0910 6EO0 6900 6BOA 292A 631A
0920 OOEE 292A 7BFF 4BOO 1918
0930 D345 OOEE 93BD F888 ADAF
0940  FPO6 3A3C D420 20F8 2020

After the last man has been eaten the screen
goes black and the score flashes Indicating the
end of the game. To restart the game press any
key, except ‘reset’ and ‘step’, and the game will
start again.

For those who like to ‘roll their own', the
whole screen is recorded at 0988. Individuals
can change the maze, but not the homes or the
score box, provided they keep the dots on the
same horizontal and vertical lines and there are
not open spaces i.e: a wall three dots wide all
over the screen. The walls control the Pakmen;
they travel in the same direction until they hit a

6803 6D00 6E00

2638 A94A F365

6305 EOA1 6303

OOEE 6BOO 1818

4970 1640 E99E

FD33 A984 F365

F129 2674 F229

A970 FA1E D673

4A0S5 T6FE 4A02

1828 4BCC OOEE

7E01 7CO1 3CFF

2922 4E64 290E

FB18 7BFD 3B0O

£6C5 FO55 6BOO

6404 1904 2637

2980 1872 28F2

F300 F318 7303

OOEE 76FE 1722

6305 4218 6303

16FE 286E 4BCC

FBOO FB15 FBO7

D673 78FF 0963

60BO 4801 6070

4801 6060 A219

FO55 6900 C608

2916 6BO1 1708 0950  3C00

€F00 4210 17B8 0960 3828

17D8 7004 9060 0970  EO80

9060 171C 76FE 0880 | comuty, o=

4210 7102 6310 0990 4000

A94E F21E D015 0940 4000

6308 8233 4210 09BO 4400
09CO 4400

D015 3F01 186E 09D0 4454

6526 A95A D354 09E0 4454

D67l GOE dBa - vy 2t0, UadO

FA1E P265 401D 0A00 4440

7002 4208 TOFE 0210 4444

4F01 1780 A97C 0A20 4044

8080 A970 6119 0A30 4044

1882 6050 6212 gﬁgg jggj

1896 7070 2010 S

D345 631D FB29 0176 208e

OOEE 4BOO 18C4 g e

A97C FA1E F265 0490 4000

FOOO FO18 6110 i - aa

D015 186E OOFF OATB.  ATBF

F500 F518 7502 o400

6900 17EA 7DO1 0ADO  460C

F318 A95A D344 OAEO 4000

6325 6426 FB29 OAFO 4000

96BF 4DSF 1F9F

0304 OBOC 3C08 L

Data underlined is altered

wall, but they never double back.

The extra dot space between the dot and the
thin walls Is necessary so the man cannot eat
the ends off the walls. A bit of experimenting
may be required and when this is done the dots
on the screen must be counted and the data at
06C1 changed.

If we take my program as an example, there
are 328 dots; subtracting 256 leaves 72 which is
48 in Hex and this is the data at 06C1. 346 dots
= 90 = 5A.

If you run this on a B&W monitor and the
colour gives an unclear picture then you can

7800
3828
0000
PREE
5555
STF9
5555
557D
556D
557D
5555

5551
5155
5555
7915
5555
57D5
5705
5555
7911
5555
S57FF
56(\!‘
560D
560D
5555 5555
TFFF FFFF
by the programe.

OOEF
0011

0000
PFFF
5555
3FES
5555
113F
5555
157F
557¢C

150C
557C
117F
5555
3FFF
5555
13FF
5555
TFES
5555
D7FF
D7FF
STFF
17FF

Work area.
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660 SOFTWARE

disable it by changing 0963 to D4.

The object of the game is to reach the highest
score by moving your man around the maze as
he eats all the specks, while avoiding the
Pakmen. He must attack the Pakmen at each
opportunity when he is supercharged to obtain
a bonus of points.

When the game starts the maze comes up on
the screen and shows your score (0000) and the
number of men (three). The colour of the
background is green and there are two homes
at the bottom of the screen where your man will
start, moving either left or right. The Pakmen’s
home Is centre top and this is where they start
and return when eaten.

You have to move your mdn around the maze
as he eats all the specks while keeping out of
the Pakmen’s way. If all the specks are eaten
before you lose your last man a new set of
specks will come up. There are 328 specks in
each maze.

At each count of 100 specks eaten a sign will
come up in the score box with the letter A next
to it. Then your man is supercharged and you

can attack a Pakman to obtain a 100 point
bonus, but you must attack head on. You must
not eat more than nine specks or you will no
longer be supercharged. There is also a time
limit and when that expires the sign will
disappear and you will ho longer be super-
charged.

Each time the Pakmen collide with each other
one will return home and the sign in the score
box will be a speck and cross. Once again you
will be supercharged and you can attack the
Pakman head on to obtain a bonus of 200
points. This time you will not be able to eat any
specks and when the time limit expires the sign
will disappear and you will no longer be
supercharged.

Each time a man Is eaten by the Pakmen your
score will be displayed with the number of
remaining men. The screen colour will change
and the game will continue. When you are down
to your last man, and the screen is blue, the
Pakmen take one-and-a-half steps to your one;
the timing periods shorten each time you lose a
man.

You'll occasionally get a free supercharged
200 points. The game ends when your last man
is eaten. The screen will go black and the score
will flash until you press a key to restart the
game.

UP key 3; DOWN key B; LEFT key A; RIGHT
key C

VO, V1 is the position of the Pakman; V2 is the
direction currently travelling; V4 Is the Pakman
you are dealing with; V6, V7 is the position of the
man; V8 sets number of men at start of game;
VS is for the timing periods to release Pakman
and cancels supercharge; VA is the direction the
man is travelling: VB detects bonuses, and If
supercharged; VC counts number of specks
eaten; VD, VE is the score; VD = 100s; VE =
0-99 count at 100 triggers VD.

There is no 00EOQ in the program because the
machine code subroutine at 0934 transfers the
data from 0988 onwards direct to the video
refresh at 0488 until register F (of the 1802) is
equal to 0600 (register D = 0B00). ®

.
AUSTRALIAN
—-—
MADE

e Ratings to 3600VA
e No installation costs

Noise Suppression Transformers are half
the price of constant voltage transformers

e |deal for computer installations in cities
where mains spikes are a problem

TALK TO FERGUSON - THE AUSTRALIAN COMPANY
WITH NEARLY 50 YEARS EXPERIENCE OF MANUFACTURING
IN AUSTRALIA FOR AUSTRALIAN CONDITIONS
Ferguson Transformers Pty. Ltd.

331 High Street, CHATSWOOD 2067 Tel: (02) 407 0261
Telex: AA25728. Melbourne (03) 328 2843

FHRGYSON==

Packing & postage
add $5.00 extra

IMAGINE BEING ABLE TO SEND 32K TO YOUR PRINTER IN
SECONDS AND LEAVING THE CPU FREE TO GET ON WITH
WHAT IT SHOULD BE DOING.

® PB-32 BUFFER INSTALLS DIRECTLY INTO PRINTER
o CENTRONICS STYLE INPUT
o SPECIAL INTRODUCTORY OFFER

UNTIL END OF AUGUST—$135.00 ex s/tax

$162.00 inc. s/tax

ALFATRON e1v. 170,
INDUSTRIAL
ELECTRONICS
1761 Ferntree Gully Rd.,
Ferntree Guily, Vic. 3156
Ph: 758 9000
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THE VIC-20 COLUMN

% ENCOURAGEMENT S

Ozi-Soft, In conjunction with Computer Technics,
is offering to donate a VIC-20 expansion board for
the best software item submitted to this column
every month.

The board is Australian designed and manutactured
and simply plugs into the VIC-20's expansion slot.
It teatures three sockets that can be independently
switch-selected, plus an on-board reset switch. With it
you can-plug in up to three separate expansion units to
your VIC-20 and avoid the hassle of plugging things in

and out and turning the computer on and off eachtime.
It is distributed by Computer Technics, P.O. Box 25
Kogarah NSW 2217 and costs $59.95.

All submissions must be accompanied by a signed
letter from you stating that it's your original work. The
winning submission will be judged by the Editor and
no correspondence will be entered into. All published
submissions will be paid for.

Send entires to: The Editor, VIC-20 Column, ET
Magazine, P.O. Box 21, Waterloo NSW 2017.

You don't have to be good with numbers to figure
out who won the VIC-20 expansion board this
month. Add It up and the resuit is N.R.Sheehan of

Riddelis Creek Vic. who wrote Multiplication, and
that's the name of the game. But this is no game,

MULTIPLICATION N.R.Sheehan,Riddells Creek Vic

There are two problems which continually
contront people who attempt to use smali micros
for complex scientific or mathematical purposes:
small memories and lImited precision (nine digits
on the VIC-20).

This program, although slow, performs multi-
plication with up to 255 digit precision (the
maximum length of a string variable), while
minimising memory usage.

The program comprises an /O routine (lines 10

to 220) which passes two string paramaters (A$
and B$) to a subroutine (lines 5000 to 5170).

This subroutine counts and stores the number
of decimal places in the two numbers, converts
them to integers and passes them to a second
subroutine (lines 6000 to 6190).

The second subroutine carries out a form of
integer multiplication which results in a reversed
answer (X$). The answer is changed to the
correct order (Y$) and passed back to the calling

subroutine which restores the decimal point (if
required) and returns the answer to the 1/O
routine.

Running times and memory usage are demon-
strated in the test results.

The two subroutines can operate independent
of the calling routine and could be includedin any
program.

The subroutines tarry out no checking of either
input format or overflow conditlons.

MULTIPLICATION

100 XM=19967-FREC1)>: OPEN 3.4

112 INPUT As,BS$

120 XT=T1

138 REM PASS A$, B$ TO SUBROUTINE
140 GOSUB 3000

150 REM ANSWER RETURNED IN v$

170 PRINT#3,A%;" % ";B$

189 PRINT#3," = ";vY¢

190 PRINT#3, "PROGRAM : ",XM," BYTES"
200 PRINT#3."YARIABLES ®
210 PRINT#3:CLOSE 3

220 END

5008 PF=0:DF=0:LAR=LENCR$)

160 PRINT#3,(TI~XT)/60;" SECONDS ELAPSED"

", 19967-FREC] ,~XM. " BYTES"

Se1e PF=PF+1:1F MID$CAE,PF,1)¢>"." AND PFCLA THEN 5019

6080 XI=VAL(MID$(Xs,TC,1))+M

6090 IF XID9 THEN XC=INT(XIZ10):XI1=XI-XC¥10:CAR=CA+X(
6100 LE=TC~1:RI=LENCX$>-TC

6119 X&=LEFTS(X$,LE)+RIGHTS(STRE(XI), 1 )+RIGHT$(X$,RID

6129 NEXT H

6130 IF CR>@ THEN X$=X$+RIGHTS(STR$(CA>,1)

6140 NEXT K
6150 I=LENCXS$)-
6160 FOR K=@¢ TO I-1

6178 J=1-K:Ye=Y$+MIDEC(XS,J, 1)

6180 NEXT K
6199 RETURN

RERDY.

5820 IF MIDSCAS,PF,15<2"." THEN AI§=R$ GOTO SO0 ol TARKRSRG S RLAYORD C:g?:grsé et 533525
5030 I1=PF-1:AI$=LEFT$CRS. 1> c §

$040 IF PF=LA THEN LA=LA-1:60TO %260 L7

5858 DP=LA-PF:AI$=AI$+RIGHTSCAS, DP): LA=LA-1 CSS?SSEES :‘3332 B;I$§s iR ot (ECTRRG TIech
5060 PF=0:LB=LENCBS$) 3333 Taggss

870 PF=PF+1:IF MID$CBS,PF,1><>"." AND PFCLB THEN S070 :

502 IF MIDSCBS$.PF,1)<>"." THEN BI$=B$:G0TO 5126 3'353355c°NDS e o PROGRAM : 1376 BYTES
509@ [=PF-1:BI$=LEFTECRS, I) s 38 YARIABLES @ 178 BYTES
S100 If PF=_B THEN LB=LB-1:GOTO 5120 PROGRAM 1376 BYTE

5110 BI$=BIS$+RIGHTS(BS,LB-PF) : DP=DP+LB-PF:[.B=LB~1 VARIABLES 3135 B'Y'T:S +95 .SECONDS ELAPSED
5120 GOSUB 6200 33333 ¥ 33

5130 REM INPUT ARGUMENTS = AI$.LR.BIS.LB .2% SECONDS ELAPSED = 1899989

5140 PEM QUTPUT = vs B 4 3 PROGRAM : 1376 BYTES
S145 IF DP=@ THEN 5170 8= YARIABLES @ 182 BYTES
5132 I=LENCY$)-DP PROGRAM @ 1376 BYTES v

3160 YE=LEFT$(Y$,1)>+", "+RIGHT$(Y¥$, DP) VARIABLES @ 136 BYTES 1.1 SECONDS ELAPSED
$17@ RETURN 33 ¥ 33333

6208 Xg="":yg="" .45 SECONDS ELAPSED = 1859389

6019 FOR K=0 TO LB-1 33 % 33 PROGRAM 13?6 BYTES
6028 CA=0: I=LB-K = 1989 VARIARLES 182 BVYTES
6030 FOR H=8 TO LA-1 PROGRAM © 1376 BYTES

6035 J=LA-H VARIABLES @ 170 BYTES - 966666667 SECONDS ELAPSED
6049 M=VALCMIDSCBIS, I, 1))#VALCMIDSCALS, J, 1))4CA:CA=@ 33.333 * 3.3

6850 IF M>9 THEN CA=INTCM/10) :M=M-CA¥13 .616666667 SECONDS ELAPSED =¢183.5969 5

6060 TC=H+K+1 333 ¥ 33 P:OGRR" 1376 BYTES
6879 IF LENCX$)CTC THEN X$=X$+RIGHT$CSTR$CM).1):60TO €120 = 10989 VARIABLES - 185 BYTES
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FERGUSON
TRANSFORMERS

PRINTED CIRCUIT BOARO MOUNTING TRANSFORMERS

$7.95 PL24/5VA  $7.95 PL1B/12VA §10.50
PL12/5VA  $7.95 PL30/SVA  §7.95 PL24/12VA §10.50
PL15/5VA  $7.95 PLA0/SVA  S7.95 PL30/12VA $10.50
PLIB/SVA  $7.95 PL16Y/5VA §10.50

LOW PROFILE CHASSIS MOUNTING TRANSFORMERS

PL12/20VA $14.75 PL12/60VA $19.50 PL24/40VA §16.5C
PL15/20VA $14.75 PL15/60VA $19.50 PL30/40VA $16.50 l
PL18/20VA $14.75 PL18/60VA $21.50 PLA0/40VA §16.50 §
PL24/20VA $14.75 PL24/60VA $21.50 PL30-9/40VA
PL30/20VA $14.75 PL12/40VA $16.50 $23.50
PLA0/20VA $14.75 PL15/40VA $16.50 PL30/60VA 521 50
PL15-18 205\12% PL18/40VA $16.50 PL30-9 bOV;ZS

|
s
|

CONVENTIONAL CHASSIS MOUNTING TRANSFORMERS

PF3577  $33.90 PF3993  $23.90 PFa362  $57.90
PFI783  $79.50 PFA244  $46.50 PF4363  $57.90
PFI78T  $21.50 PF4354  $49.50 PF4405  $44.50
PFIT88  $43.50 PF4361/1 $49.50

BELL TRANSFORMERS |
PPB4/1000 $15.50 PPBB/1000 $15.50 PPB12/500 §15.50

AUOI0 TRANSFORMERS
M1552  $28.50 OP530

D.C. POWER SUPPLIES

PPAIOC  $12.90 PPAGDC  $12.90 PPASDC
PPA4SOC $12.90 PPAT.SDC $12.90

$46.50 0P592 $36.90 |

§1290 |

BUILD YOUR OWN
SPEAKERS WITH PHILIPS

Part No.

ADO 1610 T8
ADO 2160 SQ8
AD70601 W8/620
AD 12250 W8

Price
$16.95
$49.50
$28.50
$83.00

P.C. EDGE CONNECTOQRS

. - . -
\.W—
‘." / ‘//ll/

$8.50
$7.90

$8.50
$11.50

S100 gotd paled wite wrap

43 86 solder ta
43/86 go{d plated wire wrap

10 TURN POTENTlQMETERS
Stock

500R 1K 2K SK

$12.50|
$11.50/

Please debit my Bankcard
Bankcard No

Name
| Signature

20 TURN b i

| TRIM POT

MULTIDIALS

DIP PLUGS

ideal for use with flat
nibbon cable or to
mount components gn

T
)}'

24 pmse 90 | :]
40 pins $5
POWER TRANSFORMERS

SPECIALLY DESIGNED FOR
MICROCOMPUTERS

@ Good regulation electrostatic shield

® RI 810 $36,50

BY.@ 10AX 15V @ 1A
® RIR20 BV 20A 15V« 1A
3.50

in
@

15V = 3A
e e

CERMET Q16010 specifications

14 | 5+
SPECTROL 43P $59.95 | $54.95
ACTUAL SIZE
STOCK RESISTANCE VALUES

10R 20R 50R. 100R 200R. §00R. 1K
2K 5K 10K 20K. SOK. 100K. 200K. |
500K. 1M. 2M

$1.80

1 8
10 99 $1.60

Q1704Q specifications

14 ] 5+
$89.95 | $84.95

[RITRON DIGITAL MULTIMETERS

e 28 Ranges

e Push Button Operation

e Auto Polarity

e Low Battery Indicator

o Full Overload Protection

e Finger Guards on Probes and
Shrouded Plugs for Safet

e Accuracy: 1year 18°C $0 28°C
(+ % of reading + No. of

Digits) 200 hour battery life

10 $1.30
Values may be mixed

Hexadecimal Keypad

$42.50

19-key pad in
ludes 1-10 keys
AB(LDEF and 2
optional keys and
a shift key

y TEXTOOL
ZIP* DIP 11 SOCKETS {
2
| [ i~
f 16 Pin Zip~ Dip 11 50

24 Pin Zip* Dip 11
40 Pin Zip*© Dip 11

Ideal for dream
project

=

524 50 |
$19.50 |
$27.50 |

RS232 & D" TYPE CONNECTORS
19

B DIP SWITCHES SPST

3 ()

‘@

Dials to suit 10 T Pots
Mode! 21 1 8 dia
Model 16 9 dia

Model 18 1" x 175 dia

LY

OIP SWITCHES SPST

@ G )

25+
$310
390
190

DESCRIPTION

9 PIN MALE $3 5¢
9 PIN F MALE 4 5¢(
9 EF 220
15 Y 450
15 PIN F MALE I 510
N 2 3(

N B 9(

E 6 9(

t 2 4(

k 2 B
M v 2 7
37 PIN MALE 7 oA
37 PIN F MALE 10 9¢
IN CC 4 9(

1 210

10 25

$350
420
210
420
4 90
210
5 60
6 60
220
270
2 50
7 50
990
4 50
190

PR 7. RN NN N) AN )
D - = =B NO —

cermet single
TURN TRIM POT

Spectrol mode! 63P
ACTUAL SIZE

STOCK VALUES
10R 20R. 50R. 100R. 200R. 500R. 1K
2K 5K 10K 20K, 50K 200K 500K
1M 2m

L]
10 99
100

$1.20
$1.00
$0.90

Values may be mixed

| ____HEATSINKS ]

High Thermal Capacity Black Anodised
100 500
10-49 50-99 499 g3
s . $ H

5-9
HS1 —
HS2 -
HS3 — 150mm
HS4
HSS —300mm

150
250
490
710
790

135
200
380
590
650

"00
200
290
450
490

090
150
270
430

460
Unanodised
HS11 — 38mm
140 120

H§12 — 75mm
50 220

HS13 — 150mm
490 450

8o
125
245

100
190
400

090 070
120

240

BLANK
CASSETTES
T.D.K.
TOK ADC60
TDK DC60
TOK 0DC60
TOK SAC60
TOK SAXC60
TOK DC90
TDK ADC 90
TOK SAC 90
TOK 0DC90
TOK SAXC90
10K DC120
TDK AOC120

10 tor $26 0
for $1

10 for $31 00
10 for $31 00
10 for $46 00
10 tor $21 00
10 for $30 00
10 tor $39 00
10 tor $45 00
10 for $49 00
10 tor $37 00
10 tor $46 50

1 for $3.60
1 for $2.10
1 for $3 50
1 for $3.50
{ for $5.70
! for $2.40
1 for $3.50
1 tor $4.20
1 tor $4.70
1 tor $5.50
1 tor $4.50
1 for §5 40

Post & Pack $2.50 smalikits, heavier kits add extra postage.
Prices subject to change without notice. Send 60c and SAE for free price list and

inclusion on all tuture mailing lists.

MAIL ORDERS: PO Box 235, Northcote, Vic 3070. Min P & P $1.00.
Ph: (03) 489 8131. ERRORS AND OMISSIONS EXCEPTED

ROD IRVING ELECTRONICS

425 HIGH STREET, NORTHCOTE 3070, MELBOURNE, VICTORIA. Ph (03) 489 8131 Telex No, 38897
48-50 A’BECKETT STREET, MELBOURNE (03) 347-9251




NEW STORE
* %% GHEGK

WE ARE PROUD TO ANNOUNCE THE OPENING OF
HURSTVILLE. TO CELEBRATE THE EVENT, WE ARE HAVING A GIANT SALE!

» _Robot Turtle ,l“o 0\. A

ebot 11  qoue

The HEBOT 11 turtle is not just 8 fun device, it is a positive aid to education, It takes programming out into the real 3 dimen

sional world instead of the flat two dimensional world of the VOU. When connected to the 1/0 ports of your computer and

given a DC supply of 915V the turtle runs around under camputer control moving forwards, backwards, right and left with

independent control of each wheel, it has blinking eyes, will bleep with achoice of two tones and when ordered by the computer,

presses down a pen 10 chart its progress and provide hard copy of the results of the program. When set free 1o run around the {
turtie discovers its enviroment. When the turtles shell bumps into an unmovable obstacle touch sensors send back data to the

computer for it to calculate evasive or exploratory action

It the computer has no 1/0 ports It doubtless has an expansion bus and the turtle ean be controlled and listened to using this bus

together with the universal computer interface board. This board enables the turtle 1o be treated as a memory mapped 1/0
device,

COMPLETE “HEBOT II”” UNIVERSAL INTERFACE $3950
KIT INCLUDING ALL CARD KIT cat xRr1022
HARDWARE, DOME,

WHEELS etc. cst xR1020 SEPTEMBER ONLY

$399-... *319

R e WEEE LIS
o cahAPL
14 Qo5 SLENSATION

Amazing Quality

Jaycar has done it again — for all of the Hi Fi buffs who have professional
NAB centre reel-to-reel tape recorders — a superb METAL spool complete
with either 2500° or 3600’ of quality tape. Both tapes are priced the same,
the only difference between tape lengths is the thickness of the tape itseif.
The 3600 tape is 1.0 mil thick and the 2500 tape is 1.5 mil thick. You
make your choice from these two superb bargains

The spool size is 10%” O“&J a bew eebu

EA PHOTON TORPEDO
KIT

E A ‘Photon Torpedo” Kt — NEW LOW PRICE
Ref: EA September 1981
This great kit comes complete with Jiffy box and tront pa ne

EXPERIMENTER’S MAGNET KIT

Magnets never cease to amaze — yet most of us know very little
about them,

With this in mind Jaycar has had a special “Magnet Kit* produced.
The kit contains: 2 very powerful Ceramic magnets, flux concentra-
tor, pole pieces and a short manual written by experts in magnetism.

featuring “Deeg Space’* backgro W
: i 1 $29.95 — NOT ¢
Magnet experiments are also shown as well as 8 technique to actually ONLY $19.95 Be auick. Why It, and give it
make your magnets stronger!! a5 8 gift 10 8 young one?
Cat. KJ6512 Cat. KA-1370 §19.95
MAGAZINE Low IMPORT $19.95

Heavy gauge and richly chromed metal _I SEPTEMBER ONLY
fittings, Cat B8B7000

onLy 495 396 LESS 20% $3 95 SAVE
4 up $4.60 ea $360 SEPT.ONLY vean a $1

SYOng,
.Q 244%“
L)

BINDER PRICE g ONLY
Keep your precious (and expensive) t‘m§ L

magazines in order for easy references. R

Smart blue colour with gold lettering. '




US OUT! *

OUR NEW SHOWROOM AT 121 FOREST ROAD
YOU CAN GRAB THESE BARGAINS AT ANY O

SPEGIALS-

%* ¥

F OUR STORES THOUGH!

lowcost -
hifi 41998

That's right a 3 — WAY HI Fl speaker kit from only $19.9811

Each kit contains a massive 10* {250mm) woofer, cone midrange and
DOME tweeter!! You also get, at no extra charge, the speciat cross-
over capacitors!

The system is rated at approximately 20 watts RMS so It is ideal as
an economical but reasonabiy powerful main Hi Fi unit or as a second
system for another room or outdoors.

Each 3-way kit comes with a recommended enclosure design which you
can buiid yourself easilyl

You would normally pay well over S60 for the equivalent from major
kit speaker suppliers so this Is an outstanding bargain. Sensitivity of
system 93dB/1m/1 watt. Cat. AK3700
HURRY LIMITED STOCKS and they are made in JAPAN!

Woofer not to
same scale as

other components

3-WAY SYSTEM
$24.95 a set

2 SETS FOR STEREO (6 spkrs)
ONLY $39.95

codemaster|low cost IC inserters

Up until now these have cost a fortune!l

Many of you know the clever parlour
game that uses coloured tokens to stretch
the brain to work out a hidden code in a
minimum number of moves.

The people that came up with the game
used a descriptive name which no-one
else can use. It is a popular game and is
well known under this name. Our game
is similar to this game but - naturally
Its electronic!l And, what’s more, you

Features:

Exclusive bent pin
handie . 8 to 40 pins.

— One hand operation.
INSERTERS

Cat. No Model
can play, against the machine - alone. TH1810 CiT820
Each XM7015 Codemaster measures @ 141842 CIT22
140()x85(w)x25(d) looks similar to a @ T 14814 CiT2428
pocket calculator and runs off a standard TH1816 C1T3640
9V cell. Provision is made for a mains
adaptor as well. EXTRACTOR

The Codemaster once sold for $29.50
but Jaycar has made a huge scoop
purchase. You save a fortunel

Grab one now for only'$4.98

* (For a further clue to the origin of
this game read this page carefully)

device,
constructlon. 8-40 pins

w
TH1818 ET480 $2

— CMOS SAFE conductive plastic

— Ground strap can be connected.

Deceptively simple looking
One pilece metal

AND

EXTRACTORS

IMPORTANTI!

Don‘t be conned into
buying a non conductive
Inserter/extractor. The
possible static damage to
your MOS I.C.’s could
cost you a fortunel!

-

alignment guides in

Description Normally Sept. Only
8 — 20 pin $5.95 $4.95
22 pin $6.50 $5.50 -
24 — 28 pin $6.95 $5.95
36 — 40 pin $8.96 $7.50
-! ,l
,___fsg:*::“—-:;:%' E— 5

now
.95 $2.50

HEAVY DUTY MAINS FILTER

There are an enormous number of Desk-top micros now having
§ h mains borne interference. Our MS4004 filter has
been invaluable where mains interference is a problem. When a free
standing unit Is required the MS4004 is ideal. 1t will pass 2 amps
{conservative) at 240V AC. This unit Is a grey painted metal case
that plugs into a standard mains socket, On one end of the case is
an unswitched 240V outlet. Virwally the only thing that comes out
of this socket is mains. All frequencies above 50Hz are very heavily

MOTOROLA
SILICON
RECTIFIER
MANUAL

This totally underated book of around 500 pages & 17 chapters

attenuated. Ideal for problem areas.
Cat. M§-4004

o

VOYAGER CAR COMPUTER
ICE WARNING UNIT

ONLY
SAVE $10! $1 995

Mundreds of 'Voyager’ Car Computers are now operating all over Australia. A feature of the
European model was an ‘Ice Warning’ unit. This device, fitted in the engine bay near the radiator
grille, detected conditions that led to icy roads — particularly dangerous ‘black ice’. We felt that
the extra cost of this unit was not justified in the standard Australian model. Many people have
asked for it however

We should have advertised these 3 months ago in the winter but we forgot!! Now its almost
summer and Voyager users in the colder areas probably won't need one for another 6 months!{
So we've slashed $10 {or 1/3rd) off the normal price 10 encourage you 1o buy Now.

Normally $29.95. This month $19.95 — instructions included. Easy fitting ‘Can be used as basis
tor ice warning system without VOyager car computer.

Cat. XC- 2028 $19.95

describes diode and rectifier theory in great detail. Typical chapter
headings include; Basic Electrical Characteristics of Diodes, Basic
Thermal Properties of Semiconductors, Rectifier Specifications &
Ratings, Rectifier Filter Systems, Rectifier Voltage Multiplwer Ccts,
Transient Protection of Rectifier Diodes, Selector Guide, Data Sheets
and more. A must for the serious electronic enthusiast as well as the
design engineer. Cover dimensions: 235 x 177mm
Cat. BM-4208

$99.00

SONLY $5.95

IS TINE I I I G =
[ Jaycar e

SYDNEY sHowroom

125 YORK STREET - PHONE: (02) 264 6688
TELEX: 72293

HURSTVILLE s+owRoom

121 FOREST ROAD - PHONE: (02) 5707000 ¢

CARLINGFORD sHowroom
Cnr. CARLINGFORD & PENNANT HILLS ROAD
PHONE: (02) 872 4444

MAIL ORDERS & CORRESPONDENCE

BOX K-39 HAYMARKET, SYDNEY 2000

POST AND PACKING CHARGES

$6 .- $9,99 {$1,50) $10 — $24.99 ($3.20)

$265 — $49.99 (54.50) $50 899(,29 (56.50)
$100 — $198 ($8.00) Over $199 (510) 1

~Free Insurance for Road & Reglstered post over $200” Mail Order By
SHOP HOURS CARLINGFORD & HURSTVILLE

Mon — Fri 9am — 5,30pm: Sat — 9am — 12pm: Thurs night 8.30pm

BANKCARD
YDNEY
a9 Via Your Phon
- .. -

Mon — Fri 8.30am --6.30pm: Sat — 8.30am — 12pm: Thurs night 8.30pm
N Emn GEE s ISR -




BACK ISSUES,

SUBSCRIPTIONS
BINDERS AND

PHOTOCOPIES

Send orders to: ETI Reader Services, PO Box 227, Waterloo,
NSW 2017.

[JBACK ISSUES  $2 50 each, available from Nov 197

Month ........ Year............ I i |

Please attach a fist if more than three required l

[J PHOTOCOPIES  $2.50 per article per issué

Project No ......... Month ........ Year............ v A |
|

Project No ........... Month......... Year............ .

Project No .......... Month ........ Year........... -

Please attach a list if more than three required

[J susscrirTiONS

$23.88 for one year (12
issues) in Australia $

$32.00 for one year (12
issues)in New Zealand $.............
Other rates on application.

Noiyddn @ $7.10in
in New South Wales D s

@ $8.50
in other states B gl L |

TOTALS
All prices include postage and packaging.

Tick box to indicate payment:

A E RIOAN

American Expressf(] Bankcard{d Cheque*O

tMinimum credit card order, $10
*Please make cheques payable to the Federal Publishing Company Pty Lid.

|
I
|
|
|
|
|
|
|
Credit Card No: ||
|
I
!
|
|
I
I
I
|
[
g

Card Expiry Date:
Name
Address
Postcode

Signature

Unsigned orders vannot be accepted.
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KEITHLEY

The better buy.

Superior design.
Superior performance
begins at the design stage.
Our Model 129, like ach

| Keithley DMMs, was

| designed to provide

| reliability and long life in
| industrial use. Extensive

i understand your needs

and provide optimum

| capabilities without

ll unneeded features that

il add to cost and

| increase the chances of

failure.

10A current range.
Unlike most
handheld DMMes, the
129 has a fuse

rotected 10A range.
.8% basic DCV

accuracy and five
functions make it
ideal for most field

service needs.

Field service strong.

Ruggedness is important in field service. The 129 features

a 2.5mm thick, impact-resistant case, scratchproof LCD

and faceplate, and cushion-mounted LCD display.

Easy to use.

The 129’s unique package was designed to make Keithley

handhelds the easiest to use DMMs available.

The 129 has a large LCD, rota

with either hand, a color code

accessible fuse and battery.

switches that can be used
faceplate and externally

When you consider other practical niceties like auto zero,
auto polarity, one-year warranty and local service, you
realize that the 129 was designed to be the better buy.

A full line of accessories,
including test leads, probes and
carrying cases, is available to
enhance the usefulness of your
Keithley DMM.

available ex-stock

-~

<=I>
Q)’ welcome here

SCIENTIFIC DEVICES AUSTRALIA PTY. LTD.
2 JACKS ROAD, SOUTH OAKLEIGH, VICTORIA, 3167.

TELEPHONE: 579 3622

P.O. BOX 63, SOUTH OAKLEIGH, VICTORIA, 3167. TELEX: AA32742
CABLES: DEVICES MELBOURNE

31 HALSEY ROAD, ELIZABETH EAST, S.A, 5112

TELEPHONE: (08) 255 8575

35-37 HUME STREET, CROWS NEST, N.S.W., 2065.

TELEPHONE: (02) 43 5015




NEOTRONICS MARKETS

HIGH-PERFORMANCE 'SCOPE

eotronics 0S620 high-performance oscilloscope,
just released on the market, features dual-trace
operation and incorporates a 150 mm square CRT

with internal graticule.

The acceleration voltage of
the South Korean-made unit,
specially built for Neotronics, is
2kV.

Ideal for television work, the
trigger circuit incorporates a
line and frame synch separator,
allowing both frame and line
pulses to be displayed.

The component tester is a
special circuit which checks
components either in or out of
circuit without the need for
external voltages. The results

are displayed on the screen.

A sensitivity of 5 mV/cm and
a maximum input voltage of
600V p-p allows a large range of
voltages to be measured. Also
featured are an add mode, which
can be used to add or subtract A
and B input signals, and a
Z-modulation mode.

For further information, con-
tact Neotronics P.O. Box 289,
Newport, NSW 2106. (02)
918-8220.

MULTI-RAIL POWER SUPPLY

ower-supply specialist firm

Scientific Electronics has
two new multi-rail power
supplies, the five-rail SM80AEI
and the four-rail SM80AE2.

Designed and manufactured
by Scientific Electronics to
meet Telecom specification
1302, the new multi-rail switch-
mode supplies offer 80 W total
output and high reliability in
small packages.

Standard output voltages are
available, as well as output rails
to customer specifications.

The five rails on the standard-
model SM80AEL are +5 V at 8
A continuous, +12 V at 25 A
continuous, +24 V at 0.2 A

continuous, —5 V at 05 A
continuous and —12V at 1.0 A
continuous.

The four rails on the

standard-model SM80AE2 are
+5V at 8 A continuous, +12 V
at 2.5 A continuous, —5V at 0.5
A continuous and —12 V at 1.0
A continuous.

All outputs on both units are
short-circuit protected, and the
+5 V and the +12 V outputs
have overvoltage protection.

Total allowable output power
is 80 W continuous, 100 W peak.
Isolation is greater than 3.5 KV
and efficiency greater than 60%
at full load.

The units measure 108 x 240 x
45 mm and are fully supported
by a five-year warranty and
complete local technical back
up.
For further information, con-
tact Scientific Electronics, 6
Holloway Drive, Bayswater
Vie. 3153. (03)762-57717.

Equipment INIE’ WS

POWERFUL TWO-CHANNEL
FFT ANALYSER FROM SD

enu-driven with full anno-

tation facilities, Spectral
Dynamics’ new SD375 two-
channel FFT analyser can be
used as a signal correlator for
time, amplitude and frequency
up to 100 kHz.

The SD375 FFT is also a
transfer function analyser for
mechanical, electrical, acoustic
and hydraulic measurements,
while Modal Analysis Engineer-
ing software programs can util-
ise it as a processor.

Options available are a digital

v

translator (up to x100 zoom),
1/3 and 1/1 octave analysis,
digital I/O and a synchronous
signal generator for external
system or network excitation.

Vipac Instruments provides
full service support for the
SD375 and training and appli-
cation support is readily avail-
able.

For further details, contact
Vipac Instruments, 30 Clare-
mont Street, South Yarra,
Vic. 3141. (03)240-8471.
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Sparhaite sx2000

A Reactive Discharge System

combines all features of the SX500 plus

® Reactive Discharge electronics combining all the

d ges of both Ind and C
Dlscharge tor maximum spark performance.

. ® Gives the most-thorough combustion of air/fuel
ratios especially current lean mixture emission
controlied engines.

® Voted "Accessory of the Year and the best as tested
by Popular Motoring Magazine.

@ Patented chip-to-cotl fitting

® Systems Function Light as well as Static’TIming Light

® The ultimate brand leading conlact-breaker

triggered system,
T —

.

Very compact and reliable
Self-starting one second stepping motor has strong torque
Powered by 1.5V AA battery that lasts for a year
Supplied with two sets of hands, one short and one long
215 second/month accuracy
S6mm square, 15mm deep
Complete with data sheet, instructions and wall hanger bracket.

IEC Cable ’
Connectors

2
&

X ';0
\\~\°Q.\>

fMost imported equipment these days now uses |EC-320 style AC
sower inlet connectors. Indeed, the electronics mags will soon be
kpecifying these connectors on many aof their mainspowered projects
o simplify {(and therefore make safer) mains wiring Jaycar now
ktocks a range of ELECTRICITY AUTHORITY APPROVED mains
ine cords. We have them in straight entry, left and right entry with
ond  without standard 240V mains moulded plud Each cord is a
penerous 2 metres long and is rated at 7.5 amp continugus.

Cat. No  Description Price
PS4302 LINE CORD STRAIGHT ENTRY 2M $3.95
PS4304 LINE CORD R/HAND ENTRY - 2M $3.95
PS4305 LINE CORD L/HAND - 2M $3.95
PS4306 LINE CORD STRAIGHT ENTRY WITH

240V PLUG - 2M $4.95
PP2302 1EC 320 CHASSIS PLUG §2.95
WM4530 2 PIN 240V PLUG MOULDED TO 2M FIG. 8

7.5 AMP CORD - BLACK IN COLOUR $2.95

(Note: the first 5 [tems are grey in colour)

50V/5A laboratory
power supply

e —————
Ref: EA May/June 1983

By far the most exciting high power supply.we have seenl Using the
latest switch mode principle, very little energy is wasted with high
dissipation in the regulators — a cause of considerable heat dissipa
tion and high hardware costs.

The Javcar kit comes with every originally specified component
down to the last nut and bolt. Also included are special Scotchcal
meter scales. Beware of inferlor kits that de not supply such compo-
nents. iNot for sale as a separate item).

Cat. KE- 1520 $149,00

This handy 200 gram spray enables you to do all manner of things.
You can spray sheets of Styrene foam and make them suitable for
storing your MDS IC's. Far cheaper than other methods!! You can
make conducting screens inside plastic boxes to shield RF. You can
re-coat the back of CRT's. You can make conductive parts of equip-
ment cabinets to reduce static. The paint dries to a hard vamish like
film. Non-inflammable and Non toxic. Grab a can now. You never
know when you will need itl Cat. NA-1010 - $6.95

SPRAY ON

Digital Delay

400ms VERSION

Line
KIT

The Digital Delay Line is designed to produce a huge variety of
electronic effects. It works very well but the amazing thing Is the low
low price! The effects depend on the time delay selected and some of
those Included are: Phasing, Flanging. Chorous, ADT {Automatic
Double Tracking), Echo, and Vibrato. The delay time can be varied
from 0.32ms to 1.6 seconds! Because the signal is stored in digital
form there is, unlike analog systems, no degeneration of the signal
with time and unlimited repetitlon is provided by use of the freeze
controk

All the controls mount directly upon PCB's to eliminate wiring

and to further simplity construction the main board is ‘plated
through’ i.e. there are no wire links of link-through pins. The whole
of the memory whether for the basic 400ms machine or the fully
expanded 1.6 second model all fits on the main board, The cabinet
which is free standing but also sultabie for 19°" rack mounting. Is
tully finished to a very high standard. The panel is deep biue whiist
the cover is psrayed with a durable black enamel. The kit is avail

able for only $449 — compare that with inferlor uints that can cost
over $2,00011

Cat. KJ6621 $449.00

~'s44

COMPLETE

CONDUCTIVE
PLASTIC. ..

{LECTRONgy

HAPHITY
000

Mot EA March 1983 | This mont)
Aimost

Aot worth i c.
2010
changen
This k%, fully imporied from the UK
s 0PV 08 cumom

end colous ful teont.
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s BV barrary
e reauireal

Set of test

FM Transmitter Module

We have been working on this one for years|!

Basically we wanted something skin to the $6.50 kit “‘wireless microphone

signal strength and far, far greater frequency stability.
WE NOW HAVE IT!
Basically the {potted) unlt measures a small 90 x 22 x 15mm and has

input An AC signal between 20 and 15kHz will modulate the transmitter. The signal can be coded single

or multiple frequency tone bursts etc
FEATURES

® Uitra low noise output {-60dB or better
attainable with a suitable uner
® Excellent frequency stability
® Not g kit - ready for immediate use
® Connections required
{a) Power supply or battery
{b) Antenna
{c) Audio input
® Full instructions supplied
® Syits any application where a stable low noise
FM link is required

® Frequency

® Supply

® Dimensions

Evervady 216 {red|
9V Battery Cat. $82370

transmitter but with greater ONLY $1.40

connections for power, antenna and

* ’ ONLY 545
SPECIFICATIONS SPECIFICATIONS
88 - 108MHz adjustable Function a4 Resolution
Useable range — 50 metres Valts
6 10 9V at 20mA fd.e.} v 1mv
® |nput sensitivity - adjustable — maximum 30mV v :“;""v
® Pre-emphasis — 5Qu/second standard 5002[\( ‘3
90x 22 x 15mm (approx) Current  2mA  twA
tde) 20mA  10uA
$ 95 200mA  100uA
2000mA  TmA
49 Cat DT5450 Volts (0.c) 2V mv
20

varydsy we sre magd 107 & multimeter
RIT Up until now we thought et it wes just

* DP2010 kit Cat. KJ70 10

A 995

SAVE
OVER
$5.00!

AC VOLTAGE AND CURRENT RANGES

wren $3a i Tone e UTT Trom eimer the
vollsgs sTtenuMior o cusrenl unt 4 fed thiough C1 to
remove any g component.

Accuracy  Protection
200v 100mv S diget
1%21 digit 500V for 500V w 2%25 digrt
one munute  Cureent 2mA 1uA Z%15 digt 1A/250V
%2 1 digit lae 20mA  10uA
%21 digiy 200mA  100A 4%
1%2) dign 1A/250V 2000mA  ImA TS5 digit
1%21 dign Resisance 2K 1 111 digt 260V
3%:1 digit 20K 10 1% Tdigt r.ms.
5%:21 digt 200K 100 1% 1 dgit
2%:26 digit 500V for 2000K w 1% 1 diget
Z%:5 digt one minute  Diode Test 2V mv 1% 1 digit 260V r.m.s,




NEW “A

A professionally-engineered electronic {"breakerless”} contact breaker system
Yes, only Jaycar has a complele Hatl-effect triggerhead assembly designed 10 adapt to an extensive number
of cars. Each kit contains the following:
HALL EFFECT TRIGGER HEAD
MCGNETIC ROTORS FOR BOTH 4 & 6 CYLINDER CARS
- : OVER 6 CAM-LOBE ADAPTORS
distributor cap OVER A DOZEN DIFFERENT ADAPTOR PLATES FOR YOUR PARTICULAR DISTRIBUTOR
OTHE R HARDWARE (i.e. SCREWS etc.)
YOU CAN REMOVE THIS SYSTEM AND RE-EQUIP YOUR CAR WITH THE ORIGINAL
BREAKER POINTS WHEN YOU SELL THE CARI
95 AS EASY TO INSTALL AS A SET OF POINTS!
INSTRUCTIONS {SIMPLE-TO FOLLOW) INCLUDED!
This set Is designed to fit most European and Japanese cars. In fact it will also fit many Australian cars
fitted with Lucas, Boxch, Motorcraft. AC Delco of Autolite electrics. If you wish 1o check tirst, please
send SAE for car/distributor fist.
Because we have no way of knowing, you get the fitting set for ALL of the distributors available Basicalty
you end up with a jar full of parts that you don’t need to use! (Perhaps for your next car?}
Quite frankly, we are amazed that we can supply such g comprehensive kit for this price. To produce a

NO“" " kit that will adapt 1o the dozens of different distributors around is amazing
ASE ued w Remember, once you have installed a breakerless system It wifl never wear out and that part of your system
rotor arm "\-:m st B 2 yonie will remain In une FOR EVER.
s s‘l‘\m witn 3é‘“ec\ e 4 We expect this kit to seil well. To ensure that you receive one. check with us early}
e et pree Cat. KJB655
\ e
LW

magnetic rotor

cam adapter

istributor cam

NORMALLY $699

Magnificent 80 Character/Second Matrix Printer! — WITH GRAPHICS CAPABILITY
INCREDIBLE PRICE BREAKTHROUGHH
We DARE you to compare with other units selling for well over S900!H

. WHERE ELSE wil! you buy an 80 column (142 compressed mode} printer for under $700? Check
‘ the specs below and you must agreel!
. FUNCTIONAL SPECIFICATIONS
202

Printing method Serial impact dot matrin
LIS SPECIFICATIONS - Printing format Alpha-numeric - 7 x 8 in 8 x 9 dot matrix field
ROM 16K By wm ' 54K OF RAM SUPPLIED STAN Semi-graphic {character graphic) - - 7 x 8 dot matrix
L DARD LY a N : :
ot R :‘_“l;:nh_!“_' o m"m"" ot yailaguyeier fkety Bit image grap.h-nc Vertical 8 dots ?avalleL horizontal 640 dots serial/line
= - it e o A S * Toatt, Lo and M comohison grepbEs Character size 2.1mm {0.083"): W x 2.4mm (0.09"'}- H/7 x 8 dot matrix
ooy Mode Yont, 10w veeatution gaonica. NP SHSNOARD Character set 228 ASCH characters, Normal and italic alphanumeric fonts, symbols
revois tion graphics (3 modss ere mined) ;;‘;"Na::’o“' Lo and semi-graphics ]
Sc F B0 ch 124 v 40 cotumnal
c.':"'?‘" ..,.,'2. T ASCH 64 chamoron " Eamr-toum mamusl mchucnd in e Printing speed 80 CPS, 640 dots/line per second
. » 7 do1 metrin + 248 oy
r,.;..'n:: c.!,:.. 1320 biocun (low resaiution] I8 w,- a s :.,.:, .,;,., .,,;.‘,:., s $ Line feed time: Approximately 200msec at 4.23mm (1/167) line feed
erray, 53760 a0t Migh realutiond in STANDARD Pri ] i
et o SR " o o imrtce T ermiasd B S stod G i
b o STANOARD c k

Cormte tavrtocs by e ot tos oa careiages " Mudmen BASIC i comosstie Oot graphics density:  Normal - 640 dots/190. 5mm (7.5”) line horizontal
Sottwaere as aets storage unit with APPLE 1( BASIC. Most e g
Printes Connects 10 ..w-'.v..m Contonics I/F A.::Lt' lolvw-n“-‘tlll un oo e Compressed characters — 1,280 dots/190mm (7.5”) line horizontal

n et . o rot. . p o
o A M i oI g o e p a
Spasrer 8 ohm, S8mm, 0.2% i Progranmable in increments of 0.35mm {1/72°°) and 0.118mm (1/216™)
Lo e e Columns/line Normal size -- B0 columns
. - R e hiagas Double width — 40 columns

Compressed print — 142 cotumns
P t/double widih — 71
The above €an be mixed in & line

MICRO—

P R O F ESSO R l I Paper feed Adjustable sprocket feed and triction feed
b Paper type Fantold. Single sheet. Paper width — 101.6mm {4°') to 254mm (107}
OUTSTAN Dl N Gl Number of copies Original plus 3 copies by normal thickness paper
' MECHANICAL SPECIFICATIONS
Ribbon Cartridge ribbon {exclusive use). black
LOW cost colour com.pt.J.ter. MTBF 6 million hines {excluding print head lite)
with APPLE compatibility Print head life: Approximately 30 mittion characters {replaceable)
INTERFACE SPECIFICATIONS
NO rm al | y $658 2 / Interface Standard Centromics parallel
. /A Data transfer rate 4,000 CPS max.
Synchronization By exnternal supplied STROBE pulses
SAV E S ey Handshaking By ACKNLG or BUSY swnals
Logic fevel Input data and alt interface control signals are TTL level

$159 SUPPLIED WITH 48 PAGE MANUAL
3 AND 13 DIFFERENT PRINTING MGDES
6 0/0///3’ e.g. normal, condensed, enlarged, emphasised, underlined. italic, etc. And remember -~ GRAPHICS
*Most Apple Soft || BASIC as we ]

& E
programs will run on the MPF 11 Cat YC1300 Cat. YM2400 < i g

SEE PAGE77 FOR JAYCAR ADDRESSES AND PHONE NUMBERS



Need a CRO?

Check oui Neotromcs

$495 ;AR /

Probes included

TENSITY

S
SWEEP TIME /D
SWEEP YIME MRI

SLOﬂ
T wsnsc?o

CH-B POSTTION (PuLL INVER
00E SEcecTon
CAL

NG SELECTOR

B OR X INPUT

t .m ONEN TESVER
/OLTS/DIV VAR

CH-A COUPL!
CH-A OR ¥ INPUT
TRACE ROTATOR
WER SW
POWER mm“AYOR
OUND
COMPONENT TEST RM!NAL

Vlrtually everyone mvolved in elec-
tronics needs an oscilloscope. The pro-
blem is that it's hard to get the
performance you need at a price you
can afford.

Introducing the Neotronics OS620. The
0S620 is a powerful 20MHz dual trace
'scope with features and performance
you'd never expect at the price.
Compare the features

® 150mm flat screen internal graticule
screen.

covered by full parts and labour service
for one year from date of purchase.
Probes included

The Neotronics 0S620, includes two
guality probes in the basic price. When
you buy a Neotronics CRO, you buy a
complete CRO.

Compare the value

Before you buy an oscilloscope, check
it against the OS620 checklist. You'll
find it hard to beat Neotronics for
quality and price.

® 2kV acceleration potential. 0S620
® 20MHz bandwidth on both channels. 20MHz bandwidth................... M
® Inbuilt component tester tests resis- Flat screenCRT ................ ... .. %
tors, capacitors, zeners, diodes as well Internal graticule ................ ..., M
as ‘rouble shoot solid state circuits. Component tester .... ... P M
12 month warranty 2 probes included in price ........... v
Your Neotronics oscilloscope is Price including tax & two

e R $571.30

AN cOTONICS

FOR HIGH TECHNOLOGY ELECTRONICS

Phone on the Hoffine

(02) 918 8220

Avoid disappointment. Order your
0S620 by Bankcard or American
Express on the phone. Just call up,

314 Lower Plateau Road, Avalon NSW

reverse the charges and we'll take

2107 Australia| PO Box 289, Newport
NSW 2106. Phone: (02) 918 8220 BUYDIRECT |  your order.S At~ oo
Telex: AA 70842 packing and insurance.

AND SAVE

DELIVERED ANYWHERE
IN AUSTRALIA FOR $5.00

Prices correct and goods expected in stock at time of going to press.




LOW-DROPOUT DUAL
VOLTAGE REGULATOR

released the LM2935 low-dropout dual regulator,

National Semiconductor’s linear products group has

the first dual-output regulator of its kind to provide

up to 750 mA.

The LM2935 regulator oper-
ates with extremely low input-
output differentials (less than
0.6 V to 0.5 A) and maintains a
low quiescent current of 3 mA or
less when supplying 10 mA
loads from the standby regulator
output.

The LM2935 is equipped with
two regulated 5 V outputs. The
first output is capable of regulat-
ing 750 mA and the second
provides standby low-current of
10 mA. The device has an on/off
switch for the high-current out-

ut.

Other features include short-
circuit protection and thermal
overload protection.

Suited for applications in the

automotive industry, the regu-
lator safeguards against reverse
battery installations and two-
battery jumps, and provides
60V load dump and —50V
reverse transient protection.

During line transients, the
L.M2935 will automatically shut
down to protect both the
internal circuit and the load
while the standby regulator con-
tinues to power any standby
load. The device cannot be
harmed by temporary mirror-
image insertion.

For more information, con-
tact National Semiconductor,
Cnr Stud Road and Mountain

En
—aop
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ULTRABRIGHT INDICATOR

LAMP FROM SLOAN

loan of Switzerland has re-
leased its new Series 176
indicator lamp range.

The indicator’s front-panel
presentation has a machined,
chrome-plated body and bezel
with high-dome plastic lens.
The lens, designed with Fresnel
Rings, allows 180° visibility and
the ultrabright version offers
brightness levels of up to
500 mcd.

The standard terminals are

Highway, Bayswater Vic.
3153. (03)729-6333.
&
A
0.6 mm square-section wire

wrap, though insulated stran-
ded-wire variations are avail-
able to customer specification.

The operating voltage is
nominally about 1.7V to 2V,
‘built-in’ resistor versions can
be obtained for a range of
voltages from 5V to 28 V.

For further information, con-
tact C&K Electronics, 15
Cowper Street, Parramatta
NSW 2150. (02)635-0799.

Component N—E W—g

MICROWAVE SCHOTTKY
BEAM LEADS IN PAIRS

icrowave Schottky beam

leads in pair configuration,
with a guaranteed maximum
capacitance of 0.10 pf, are now
being offered by Hewlett-
Packard.

The low capacitance enables
the designer to achieve a low-
noise figure (7.0dB maximum
at 16 GHz) for systems operat-
ing at high frequencies.

The Hewlett-Packard beam
leads utilise a tri-metallisation
process that produces repeat-
able, reliable diodes capable of
operating within a temperature
range of —60 to +20Q°C.

Exceptional beam strength is
achieved without sacrificing ca-
pacitance, using a glass-fill pro-

cess that produces beam-pull
results of six grams (typical).

Intended for use in balanced
and double-balanced mixers, the
HSCH-5500 series beam-lead
pairs are designed to address the
needs of the high-performance/
high-frequency mixer market-
place.

Some typical applications in-
clude satellites, microwave re-
ceivers, EW wide-band signal
processing and guidance con-
trol.

For more information, con-
tact Hewlett-Packard Austra-
lia, 31-41 Joseph Street,
Blackburn Vic. 3130. (03)
890-6351.

HIGH-SPEED DIGITAL
SPEED CONTROLLER

A new digital motor speed-.
controller circuit designed
to maintain brushless three-
phase dc motors at their re-
quired speed with an accuracy of
0.1%, and to bring them up to
that speed at maximum torque,
has been announced by LSI
Computer Systems.

The circuit’s voltage range is
10-28 V, covering the range of
most popular brushless dc
motors, such as those used in
rotating memories.

The new chip, designated the
1.S7263, is optimised for motors
operating at 3600 rpm when
psed with a 3.58 MHz crystal.

By using a 2.6 MHz crystal, it
can be used to control motors
operating at 5400 rpm.

The chip is also mask pro-
grammable for a wide range of
loads, speeds and motor drive
characteristics.

The LS7263 is an ion-
implanted PMOS integrated
circuit in an 18-pin dual-in-line
package. It is available in a
plastic (0° to 70°C) or ceramic
(—25 to +125°C) package.

For more details, contact
Daneva Australia, 66 Bay
Road, Sandringham Vie.
3191. (03)598-5622.
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Component NEW'S

COMPACT
DIP SWITCH

merican Research and En-
gineering has incorporated
three new patent designs, rep-
resenting 40% less parts, into its
eight-position K40 DIP switch.

The K40, which is the same
size as an ic, has slide contacts
that make a full wipe, aiding
low-current contact.

The slides are split, with two
separate slides for each contact
point. This doubles the contact
reliability, as there are two
independent contacts at each
switch point.

The slides are made from
berylium copper, heat-tempered
to a full hardness, spring-
formed, plated in a 100 ml
nickel bath and then spot gold-
plated 30 m! deep at all contact
points. All the switch contact
surfaces on the main lead frame
are plated with 30 m! gold and
more than 50 ml nickel.

For more details, contact
Mayer Krieg and Company,
49/61 Brodie Street, Rydal-
mere NSwW 21186.
(02)684-1900.

FAIRCHILD’S
JK NEGATIVE
FLIP-FLOPS

Fairchild’s new 74F112 flip-
flop contains two indepen-
dent high-speed JK flip-flops
with direct set and clear inputs.

Synchronous-state  changes
are initiated by the falling edge
of the clock. Triggering occurs
at a voltage level of the clock
and is not directly related to the
transition time.

The J and K inputs can
change when the clock is in
either state without affecting
the flip-flop, provided they are
in the desired state during the
recommended setup-and-hold
times relative to the falling edge
of the clock.

For more details, contact
Fairchild Australia, 366
Whitehorse Road, Nunawad-
ing Vie. 3131. (03)877-5444,

ELECTRONIC
HOBBYIST!

DO YOULIVEIN ...
Ringwood  jifgale
80" Wangipn,
ayswatel .. ydon
Moorooibark eftc....

We carry a comprehensive
range of electronic
components at very keen
prices.

lan J. TRUSCOTT
ELEGTRONICS

CNR EASTFIELD
& BAYSWATER ROADS,
SOUTH CROYDON, VIC.

TELEPHONE (03) 723 3860
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YUSINESS

For Superior
Communications

RECREATION —
" l: I ; 1l
| S
F w7

167 RODEN STREET. WEST MELBOURNE . VIC. 3003
PHONE: (03) 320 $43)  TELEX. AA3T7S3 IMARKO




Project 421

These compact three-way
speakers are easy to build
and provide a wide-range

response

Since we published a number of economical hi-fi amplifiers over
the past few years, we have had increasing requests for
speakers to suit. With the cooperation of Dick Smith Electronics,
here is a three-way design that is compact and gives good
performance at an economical price.

Roger Harrison

NOT EVERYONE likes the loudspeakers
of a stereo hi-fi system to dominate the
loungeroom furniture. Indeed, ‘bookshelf’
and ‘compact’ loudspeakers have long been
popular, particularly amongst those who
live in units or townhouses. While these
speakers are certainly compact, they aren’t
quite as small as many bookshelf models on
the market. They stand two-thirds of a
metre tall and measure a little over 300 mm
wide by 230 mm deep overall.

Tiny bookshelf loudspeakers may have a
significant drawback. It is extremely
difficult to achieve reasonable bass response
in a small cabinet. Since much popular
music, and certainly much classical music,
has a great deal of bass content, a bass
response extending below 100 Hz is import-
ant.

Design aspects

This loudspeaker employs a ‘pressure box’
or ‘infinite baffle’ design. That is, the box is
completely sealed. It is sometimes called an
‘acoustic suspension’ system, too. Such an
enclosure prevents sound radiated from the
front of the drivers being coupled to the
sound radiated from the rear of the drivers
and causing constructive and destructive
interference which produces big peaks and
dips in the frequency response.

Why use three drivers? Well, a loud-
speaker of the type used here — that is, the
moving coil type — will only operate over a
limited frequency range where the cone acts
as a ‘piston’. Below a certain frequency, the
area of the cone will not move enough air to
create audible sound waves. At the other
end of the range, the sound commences to
travel out along the cone, which no longer
acts as a piston and the sound output drops
off because compression and rarefraction
waves are generated which tend to cancel
each other.

Ideally, in designing a loudspeaker, any
driver should be used only over its ‘piston

operating range’. The problem is, all but the
most expensive and/or specially con-
structed drivers only have a piston operat-
ing range of three to four octaves (an octave
is a 2:1 frequency range). You can use a
driver over a greater range if some com-
promises are accepted — otherwise you'd
end up with a speaker having five drivers to
cover the 10 octaves of the audio spectrum!
Expensive.

A popular technique is to use three
drivers (hence ‘three-way’); one to cover the
bass end (the ‘woofer’) below 1 kHz, one to
cover the mid-range from 1 kHz to 4 kHz or
5 kHz and one (usually called the ‘tweeter’)
to cover the top end above that. Acknowl-
edging that the most sensitive portion of
the ear’s frequency response is in the mid-
range, three-way designs generally concen-
trate on using the mid-range driver over its
piston operating range and accepting com-
promise operation with the other two
drivers. That’s what has been done with
this project — and it achieves quite an
acceptable result.

The bass response in a pressure box
design is very dependant on the internal
volume of the box. The bass driver, the air
contained within the box, and the box’s
volume and shape all interact in a very
complex way and it’s a bit of a juggling act
to make the best of things.

Basically, a sealed box with a driver in it
atts like a high-pass filter. That is, the
frequency response drops off rapidly below
a certain frequency — the ‘rolloff’ or the
‘corner’ frequency. The greater the internal
volume of the box, the lower the corner

NOMINAL SPECIFICATIONS ETI-421 3-WAY SPEAKERS

Nominal impedancCe.......ccceeueeiiiiensenencnneceeennees 8 ohms

FreqQuUEeNCy reSPONSE........cocevemerrenseenesesssssessens 45 Hzto 17 kHz (—6 dB)
45 Hz to 19 kHz (—10 dB)

Nominal power handling

BOX VOIUME.....oeeereetniiiinnintreeinnnntiressssnaneesesaeenies
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Woofer. The piston operating range extends over at least three octaves. The
‘dip’ near 700 Hz does not show up in the overall response.

Vertical scale: 1 dB/increment.

frequency — and vice versa. But there's a
limit to the size of the speaker enclosure
that “... s/he who must be obeyed” will
accept in the loungeroom. Another compro-
mise — but this one’s easy to satisfy and
still get good bass response.

The enclosure dimensions settled on for
this project result in quite a compact box
having an internal volume of near as damn
to 30 litres which, together with the
200 mm bass driver selected, delivers a bass
end which extends to 60 Hz. Not a bad
result. Many compact and bookshelf
speakers barely make it to 100 Hz.

The mid-range and tweeter both have a
sealed rear so that sound pressure inside the
box, from the bass driver, does not interfere
with their operation.

The piston operating range of the mid-
range driver chosen appears to extend from
about 1kHz to 4.5 kHz or thereabouts.
Hence, this determines where the operation
of the other two drivers has to ‘cross-over’,
from bass to mid-range and mid-range to
tweeter. A filter system is used to effect this,
rather than just connecting all the drivers
in parallel. This filter is called the
‘crossover network’.

The response of the bass driver is ‘roled
off’ at the frequency where you want it to
cross-over into the mid-range. Thus, a low
pass filter is employed. In this case, a simple
inductor (1.2) has been used connected in
series with the bass driver. A series
capacitor (C2) ‘rolls in’ the mid-range in
the same region. A simple inductor-
capacitor high pass filter (L1-C1) rolls in
the tweeter at around 4.5 kHz.

A fairly simple crossover network like
this avoids difficulties with phase response
and driver-network interactions, resulting

E:!

S 155132 I !

about 1 kHz to about 4.5 kHz.

in no ‘little surprises’ in the general
response of the loudspeaker.

The resistors connected to the mid-range
and tweeter are there to attenuate their
output levels so that the three drivers have
generally equal output. The mid-range and
tweeter are more sensitive than the bass
driver employed.

The capacitors used are ‘bipolar’ electro-
lytic types. That is, they are manufactured
so that they are not polarised — no positive
or negative terminal. This allows them to be
used in purely ac applications.

Construction

The box supplied by Dick Smith Elec-
tronics is generally constructed of 15 mm
chipboard with a base made from 18 mm
chipboard — the base is likely to take more
punishment during handling! The outside
faces are covered in plastic wood veneer.
The front panel, with the three cutouts for
mounting the drivers, is set flush with the
front of the cabinet and the front surface is
covered in black vinyl, for appearance’s
sake.

Four ‘sockets’ are set into the front panel
near the corners. The grille cloth is
stretched over a polycarbonate moulding
which has four pins projecting from the rear
that set into the sockets on the front panel,
providing a simple, yet effective, method of
securing the front grille.

The rear panel is recessed slightly. The
crossover network pc board is screwed on
the inside to this and speaker connecting
terminals pass through from the outer rear.

As Dick Smith Electronics will be
providing precut box panels, construction is
quite simple. Fold the top-bottom-side
panels around the rear panel, running

i -ﬂ_——

e
1N 1T =—
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108 -

Mid-range. lts piston operating range extends from Tweeter. This shows reasonable

response from about 5-15 kHz.

generous quantities of PVA glue
(Aquadhere, or similar) in the folds as you
go. Position the rear panel so that it’s
recessed about 10 mm (not critical) from
the rear of the box and run a bead of glue
around the joint on the inside of the
cabinet. Small ‘chocks’ are used to
strengthen the rear panel and these should
be positioned around the joint on all four
sides and thoroughly glued in place. Lay the
box on its back to do this and leave it there
while the glue cures.

When the box is ready to handle again,
take some sealing or caulking compound
(Silastic is very good) and run a bead
around all the joints. All joints must be

———PARTS LIST ETI-421———
Resistors................ all5 W, 10%
R1, R4.. ....4R7
RO RO e i 15R
Capacitors
(] ="y e =R 2u/50 V non-
polarised electro.
(O ==, 8u/50V non-
polarised electro.
Inductors
LYo 180 uH air-cored
(A 900 uH Iron-cored,
open-end
Miscellaneous
S R — 8 ohm, 64 mm
tweeter (parg of
D.S.E. C-2046)
SRl 8 ohm 100 mm mid-
range (partof D.S.E.
C-2046)
SP8 samiie. e 8 ohm 200 mm
woofer (part of
D.S.E. C-2046)

ETI-421 pc board for crossover; box to
dimensions in drawings; speaker terminals;
wire, speaker box lining, etc.

o] ] R1
2u/50v 4R7,5W
—_—e ]
i sP1 L2 !
4 ]
PROK L TWEETER L5 ik '
AMPLIFIER 180 uM ] - $ 180 uk =
FROM . '
i INPUT TO WOOFER,
TERMINALS ‘ SP3
-4 ® - —»
R3 + %
c2 spP2 - B
gusov  'SR.5W 100 mm
MID-RANGE RA4AT. 5 W ., .
8 OHM . TO MID-RANGE,
1
: o4 RISR.SW .. .. 5
B0 — 4 i
B sP3
) 200 mm .. —
WOOFER TO TWEETER,
8 OHM Component overlay. 2 SPY
Assemble the crossover pc 2u 50V ! ot

Circuit. How the drivers and crossover are connected.
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board and wire up the driv-
ers as shown here.
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The result. No speaker has a truly ‘flat’ response and this speaker is no exception! But, the result is very good,

achieving a frequency response from 45 Hz to 17 kHz (-6 dB from average).

airtight if the pressure box is to work
properly.

Now, run a generous amount of glue
around the rabbet at the front of the box,
where the front panel will set in. Make sure
it's generous as this will have to seal the
front panel. Run more glue around the
edges of the front panel and then set it in
place. Wipe off any excess glue that may be
on the outside faces of the box. Allow the
glue to cure before proceeding.

Stand the box on its top and assemble the
base, carefully gluing it in place. Run the
glue on the mating surfaces of the base
pieces. Leave the box while the glue cures.

Now for the crossover. This is assembled
on a small pc board. The overlay diagram
shows the general layout. It can be con-
structed in any order, but I'd suggest you
start by mounting the resistors and capaci-
tors first. Stand the resistors a few milli-
metres off the board so that heat can
escape. The resistors will sure get hot at
party time!

Mount the inductors last of all. Both are
supplied prewound. The 900 uH inductor
has a set of ‘E’ laminations to obtain the
inductance required on the small bobbin.
This inductor is secured to the board
passing the lugs through two holes drilled in
the board for them, and bending over them
at the rear. The other inductor is simply
wound on a bobbin which can be glued to
the board in the place indicated.

Solder pc stakes in place for terminating
the input and speaker wires.

Now, back to the cabinets. The speaker
terminals need to be mounted. Two holes

are drilled in the rear of the cabinet
somewhere near the middle. The lugs of the
speaker terminals will pass through these.
But first, solder a 400 mm length of red
insulated hookup wire (heavy duty, 24 x
0.2 mm, wire is best) to the terminal
marked with a red spot. This is the
“positive” terminal (marked with a plus on
the circuit). Solder a 400 mm length of
black insulated hookup wire to the other
terminal.

Pass the wires almost right through the
holes in the cabinet rear and then put
caulking compound in the holes to seal
them. Press the terminal strip in place and
screw it down. Go to the inside of the
cabinet and caulk the holes again just to be
sure.

Wires should now be soldered to each
driver. Use heavy duty hookup wire (24 x
0.2 mm, at least). Each driver will have the
positive terminal marked in some way —
maybe with a ‘+’, with a red spot or with a
red-coloured insulating washer. Attach a
400 mm length of black insulated hookup
wire to each driver's negative terminal.
Then, attach a 400 mm length of coloured
wire to each driver’s positive terminal —
using a different colour for each driver. (say,
white for the tweeter, yellow for the mid-
range and blue for the woofer).

Next, place the crossover pc board on the
inside of the rear panel, opposite the
woofer’s hole (it's easier to get at through
the large hole). Screw it in place. Solder the
input wires to the two input terminals on
the board. Be careful to observe the correct
polarity. Place each driver on the front face,

"’ Cabinet details. All the cabinet dimen-
sions are shown on the left and an exploded
view of the assembly is shown at right.
Dick Smith Electronics supplies precut
panels with kits, which makes the assem-
bly job a breeze. The front grille is an open

b 7 - o 230~ el
dpa-r A — bo-27 10 —ife
SECTIONAA
wl| [[F o &
(4 OFF) 7
70014
561 T i i

)oo DIA

weave biack cloth stretched over a poly-
carbonate frame.
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3-way speakers

adjacent to its mounting hole. Pass the
wires from each driver, through its mount-
ing hole, and solder them to their respective
terminations on the crossover board. Be
careful, once again, to observe correct
polarity.

Now, completely stuff the inside of the
cabinet with innerbond.

Before screwing each driver in place,
attach adhesive foam tape (available from
hardware stores, used for sealing cupboards,
etc) around the lip of each driver hole so
that a good seal is made. Then screw the
drivers in place.

Powering up

Before connecting the speakers to an
amplifier, take a single 1.5 V cell and briefly
touch its terminals to each speaker’s input
terminals — positive to the terminal
marked with a red spot. The woofer cone
should move forward as you do this, and the
loudspeaker should make a loud thump. Do
not use a battery any larger than a 1.5 V cell
for this test or you could damage the
woofer.

If all is well, connected the speakers to an
amplifier, select your favourite record or
tape, turn the volume up slowly and sit back
and enjoy the satisfaction of having built
your own speakers'

A word of caution. These speakers should
be able to comfortably handle 40 W of
power. This is not a peak rating. In fact,
transients up to 100 W should cause no ill
effects. The most dangerous condition for
using any speaker is when the amplifier is
clipping heavily. Under these conditions,
the amplifier’s output approaches de¢ and
even a 20 W amp is capable of doing
irreparable damage if clipping operation is
prolonged.

For safety’s sake (and to save the expense
of replacing drivers), you might add our
Signal-Powered Loudspeaker Protector,
ETI-494, published in the October 1982
issue. This will protect your speakers from
both overpower abuse and from amplifier
faults that might apply dc to the speakers.

Good listening.
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ALTRONICS KITS

COST MORE

REASONS » PREMIUM COMPONENTS USED eg. MOTOROLA, FAIRCHILD etC. * QUALITY INSTRUMENT
CASES SUPPLIED WHERE INDICATED » EVERY LAST NUT AND BOLT SUPPLIED, EVEN SOLDER = IC
SOCKETS SUPPLIED WHERE INDICATED.

Your finished product will 100k so good your friends won't believe you built it.
PROTECT YOUR VALUABLE CAR AND CONTENTS

CURRENT
TRIP
CAR ALARM

Exit / entry delay
No false alarms
State of the Art
Design by ETI

Protect Your Valuable Car and Contents
Circuit detects minutest voltage drop across
vehicle's battery earth strap, tripping the
alarm  * uses Milspec LM394 # Quality
diecast box « genuine fujitsu relay = auto-
matic reset after pre set time period * installs
in minutes * includes dash mounting LED-
flashes to deter thieves.

Ka330.. ...............$29.50

CAR ALARM
ETI 084

A staggering number of
cars are stolen each
year. Install an Altronics
Alarm Kit and yours

won't be one of them,
—

Circuit operates by detection of voltage
drops In the electrical system and features
a flashing LED for dash mounting as a
deterrent to would be vandals and thleves.

KA084. .. ... ............ . $12.00

MONITOR AND IMPROVE VEHICLE PERFORMANCE

TWIN RANGE LED TACHO

(SEE ETI AUGUST 1980}

B s
AN

Unit suitable for 1, 2, 3, 4, 6 and 8 cylinder
vehicles, 2 stroke or 4 stroke * fully
compatible with conventional, CDI and
transistorized Ignition systems * includes
protection circuitry to prevent noise and high
voltage spikes from the polnts and coil
circuit damaging the electronics, *

Oisplay fiashes when over-reving occurs
* only 3 connections required to electrical
system.

Check The Performance of Your Vehicle
At A Glance!

.$24.50

TRANSISTOR ASSISTED IGNITION
WITH DWELL EXTENSION

2 p
\;__ B e
The Altronics Kit includes all components
for the modifications, detailed by Electronics
Australia Feb. 1983,
Yes, it’s bad enough paying $2.00 a gallon for
petrol without wasting a fortune on an out of
tune engine. Fit this transistor assisted ignition

kit in minutes and start saving money from
the very next petrol stop. Easy to build!

K4010

Around
$1
more

See EA November, 1982

POWER
UP

A MUST
FOR YOUR
COMPUTER

SYSTEM

This great new Project from EA is the answer
to a Maidens Prayer,

What Does it Do?

A single 240v mains plug and lead feeds one
unswitched master 240v outlet plus 4 switched
240v outlets, With say a hi-fi system plug
your main equipment item {e.g. Amp) into
the master outlet and whenever you ‘‘switch
on” your amp — presto mains power is
applied to the other 4 outlets i.e. simply
“turning on”’ yorr amp turns on your tape
cassette, tuner, furntable, graphic equaliser
without mains spikes, plops etc.

Just the shot for your Computer System.
The Altronics Kit includes case and all outlets.

MICROWAVE OVEN
LEAK DETECTOR

=} AR 2]
eti 724 \""::‘:%4.
= TEST
MICROWAVE OVEN
LEAKAGE DETECTOR
ALF.SCALE BEWARE  FULL SCALF HUN’
1

ETI PROJECT

Completely passive project recelves microwaves
via an antenna which develops a voltage across a
detector dlode driving the meter

Monitor your microwave oven with this easy to
bullg kit. All components mount on single PCB
Inciuging the meter.

Cenuine Hewiett Packard Hot Carrier Diode

supplieg
K1724. (still only) $14.50

THE EVER POPULAR MUSICOLOUR IV EA PROJECT

MUSICOLOUR IV
e @

Combination Colour Organ and Light Chaser.
Four channel colour organ. Internal micro-
phone or connect to speakers for colour organ
operation, (The lights connected to each
channel pulse in beat to the music proportional
to portion of frequency spectrum concerned.)
Four chaser modes forward and reverse. Out-
put lamp load capacity a massive 2400 watts

that's 100 party globes. Full instructions
and every last nut and boit included. Great
for parties, shop signs, display windows etc.

STOP PRESS
STOP PRESS

BANKCARD HOLDERS
PHONE YOUR ORDER TOLL FREE

008 999 007

FOR NEXT DAY DELIVERY*

*All Capital Cltles and Suburbs —
Country areas allow extra
24 hours. Offer applies to
Altronics JET SERVICE.

e ALTRONICS

SEE FREE PEN WATCH OFFER PAGE &1

ALTRONICS o

® FORDESPATCH P& P CHARGES AND ADDRESS DETAILS PLEASE REFER TO OUR AD. ON PAGE &




ALTRONICS o
POWER DOWN

MAINS APPLIANCE TIMER

{ETI JULY '82)

® ALTRONICS o

Clever new design from ETI, mains appliance s
turned on at the press of a button and automatic-
ally turned off some preset time later
Use for electric blankets, bathroom heaters, patlo
light. If your inclined to fall asleep while watching
TV late at night — this is the kit for you

SEC Approved Transformer .- Screened Front.
Panel .. Complete Kit as per ET| article, includes
every last part.

SEE FREE

EA’'s BRILLIANT

EN WATCH OFFER PAGE

LABORATORY
POWER SUPPLY

L}

See Ea May and June 1983

Over the last 2 or 3 years we have had literally
dozens of requests for a universal 5 amp Bench
Power Supply Kit. Naturally we passed this on to
the design team at Electronics Australia and at
last it is now a reality. Just look at the design
concept! A fully mains transformer isolated
supply with a very clever “Switch Mode'’ low
voltage circuit

Most Importantly it's dead easy to build {ours
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ALTRONICS o

@® FOR DESPATCH P& P CHARGES AND ADDRESS DETAILS PLEASE REFER TO OUR AD. ON PAGE

onty $32.50

ALCOHOL

q\\&‘;‘ BREATH TESTER

[

K1583
ONLY

$29.95

(SEE EA
MAY 1983)

This Great new Kit from EA wlill be a smash hit with
all the smashed people at your next party. Fun to
bulld, Fun to callbrate and Fun to use. More
serlously, this unit could save Hves.

7 DIGIT
FREQUENCY COUNTER

UNBELIEVABLE 0.005% ACCURACY

Frequency and Period measurement t0 500
MHZ (with optional prescaier) - High Input sen-
sitivity. Professional unit at a fraction of the
cost of bullt up units.

IC sockets provided throughout « Low age rate
10.000 MHZ XTAL « Quality ABS plastic case with
deluxe Front panel « Specified LSI.

K2500. ...$119.50
PRESCALER $26.00

K2501
DECIMAL POINT
...$2.50

K2502.

worked first timel}

Specifications
Input 240V SOHz
Output Variable 2 — 50V at up to § amps

$139.50

10 TURN VOLTAGE CONTROL OPTION

ony . .. $10.00

HANDY + /- 12V OPTION (SEE EA JULY 1982)

WHY PAY OVER $250 FOR AN INFERIOR COMMERCIAL UNIT?

0-40 VOLT/5 AMP LAB SUPPLY

(SEE ETI MAY & JUNE 1983)

FUNCTION
GENERATOR

Q& — @,runcnosu GENERATOR

The most essential plece of test gear (second only
t0 a good muitimeter} on any hobbylst's bench Is
some kind of audlo signal generator. This design
utllizes the latest clrcuit techniques to produce
stable, low distortion waveforms.

A truly versatile unit at a bargain price.

« 4 digit frequency readout {eliminates tiresome
diai callbration) — typlcal accuracy + 2% « 3 over-
lapping ranges x1, x10, x100 « OHM Nominal
Output — continuously varlable 3MV — 2.5V p-p
« Distortion — sinewave : less than 0.7% @ 1KHz
« Linearity — triangle wave: better than 1% @
1KMZ = Squarewave rise time — 6V/uz maximum
output » Amplitude stabllity — better than 0.108
on all ranges.

With the exception of the display all components
mount On a single PCB making this kit sultable for

all constructors.
...$85.00

A Laboratory Supply requires specifications

second to none. This Supply has themt!

0-40 V, variable
0-0.5 A, variable imiting
0-5 A, vanable limiting
<50mVatupto2.5A
<100mVuptoSA
Maximum output power 200 watts
Metering Voltage 0-40 Vin 1 V divisions
Current 0-0.5 A in 20 mA divisions
0-5 A1n 200 mA divisions
Serles regulator desjgn enables oesign and deve-
lopment of sensitive high gain audlo and RF Cir-
cultry free from hum ang nolse sometimes associ-

ated with other techniques.
$175.00

Output voltage
Output current

Output regutation

DIGITAL
CAPACITANCE METER

with Detuxe Instrument Case

NEW DELUXE FINISH

We are pleased to announce the reiease of the
Digital acltance Kit housed in our Deluxe
H0O4B0 ABS Instrument Case.
This superb Test Instrument Kit now compliments
our top selling Digitai Frequency Counter and
Function Generator Project Kit. Electronics Aus-
tralla Project. Measures capacitance of both
polarized and non-polarized capacitors from 1
picofarag to 99.99 microfarads In 3 ranges
Check values of unmarked capacitors, especially
those little trimmers that are never coded
Select precise values for fliters and timing net-
works within ease,

7 EXCLUSIVE TO ALTRONICS
Each kit Includes precision measured capacitors
for accurate calibration of each range.

® ALTRONICS e

BANKCARD JETSERVICE DELIVERY NEXTDAY e ALTRONICS

ALTRONICS o




I 220
“‘ ® AMAZING

ACCURACY ATA
LOW PRICE!
hat's the Sabtronics

cou NTE R Features:

This Amencan -developed Sabtronics 9 digit ® 9 digit resolution for more precise readings
) 4

OOV rcauiney Couprr .5 o cunty @ Excelen 30 semity oGS
nstrume! wil more features an etter :
accuracy than any other comparableuniton the @ 13:‘;1;;"“"' controlled time base for great s 00
marke! loday. And & costs surpnsingly less! @ 3'saparate inputs tor added versasiity

@ Front panel sensitivity contr

Cat Q-1300

TOP

';'HORITY
ELECTRICI."!'RYAAU RMERS QUALITY

' : MULTICOR
APPROVED Nsig" stringent Australian standard so LD E R

P tested and appro ; ith non-approved 1.25mm {18g) 200 grams
= Dick Smith Powet Transformers 31  Don't take chances with n n o]
\ A|S3126 and the materials used in !:e"r‘“;" ,AS:”OO a8a ,4-,_5 catn-1619 $5.50 HAVE YOU
wansformers: your life could depend o 7 4‘0" 71mm (22g) 200 grams TRIED

J) cat n-1623 $5.50 o
g = LOSS 2
T 4 i .
DSE-0144 A i . TY WICK:
Now for the big guns! \Iﬁ The handiest trans- ’ Du K d all
Over 100VA rating with X former for the hobbyist. DSE-6672 A . lhv;ovg'\c:‘nvt\z/:\;( ar:hi: | 2
With 6 taps between The second handiest! 50 ohm spacially treated copper

28V per side @ 2A. DSE-0150 H
oot i ifiers. 6.3 and 15V anincredible Sl_nghllv higher voltages. il “that oI luseg_to
or amplifiers And the reallybig guns: 57 gitferent voltages with 6 taps between 15V &c URBT7 | ermove ol om e ONLY

£

), i
DSE-2155

Cat M-0144
300VA with 2 x 47V @ are available — includin:

: s Q8 34 windings 2x15V@  (c ot appei A) 15175V, 20, 24.275. & RG8U | & Tee: 5245
0.5A — for high power used in countless 30v Ideal for long run feeder

X amplifiers AND you get magazine projects, max 20 diferent voltage systems due 10 1ts very low L
the preamp voltages tool sec current 1A combinations loss. lEnsures ma'ximum - -
ratin range of trans-

Cat M.0150 iz isPe hgloR e | o457 2 e - ingulbtion 15 “ 3

15V @ 1A $ joured black and h
95 Cat M-2155 ’60 S

7 y
s 90 ' Cat W-2095 .I 5”55% M;ﬂKfEé,?’ /
VALUE . VALUE'S ~ VALUE sq75 [\o WA VI

GREAT VALUE FULLY APPROVED | plicaline
PANEL METERS -. 9V DC Power | Long Life

A high quahty range of mowing coil meters with a full scale supp’y Dick’s own long life
accuracy better than 2%. Pre-cahibrated and easily adapted to _ | quality made in Japan
suit virtually any requirement with shunts and body matie Extra high power and guaranteed lresh
biack. All meters have a fine needle for optimium accuracy in 1aeal for 9 voit as a daisy! Come in

b Y] equipment which blister packs of Two

Cwmam-~

reading, and alt have 2er0 ad)

s olis [mounied on meter body with Auts and wash: “ - needs more than the battenes-and look at

supphed| low power-plug our bargamn price |
pdcks can provide Cat S- 1

0-20V (100 ohms) {such as cassette
recorders elc.)
Cat Q-2040 9 5 Cat M-9560 s 50
' = A\ ONLY |°156*° -y

THE COMFORT OF
YOUR ARMCHAIR

WITH OUR LIGHTNING
FAST, FULLY
COMPUTERISED, NEW
MAIL ORDER SYSTEM.

JUST CALL
(02) 888 2105

Just quote your Bankcard No. &
tell us your requirements,
we will do the rest!

INCORPORATED IN NSW
bankenrg

Also in Auckland. New Zealand, Re-Sellers across Australia &
NZ
Check with tocal store for store hours,
Any terms offered aie to approved, persona' appiicants
through HFC Finance. Terms not available by Mail Ordes

A A A A a




1000’s of enthusiasts rely

on the
DICK SMITH
Variable 9V DC

A very popular power su Dé;ly that features a vanable voltage

range from 5V to 15V

continuous, 3 amps shor term or 4 amps peak pulse. Also
included 1s a curent limit protection switch with two

simply plugs into a 240V AC power AF section 18Hz to 220kHz, Qd‘
point. sine ot square
$ 50 positions:over two amps with the switch on, and just overd Cat M-9514 Output Sine 10V P-P,
amps with the switch off X Square 4V P.| 3
Cat M-9546 ‘ RF section 100kHz to S50MMHz

HATA
Envll!OR MANCE :

- is ideal for the service technician, developmental laboratory, (8 ’.
" we r s u I Power su pply the amateur and hobbyist. Solid state compact and lightweight § ?
it gives you a selectable sinewave or squarewave 3t any fi ’
frequency from 18Hz to 200MHz. Supplied with coax cable. § .' ,‘-?
For all equipment requinng 9V DC
The current ratings are 2 amps transistof type battery. Eiminator module Frequency 18Hz to 220MHz

\
PIEZO AMA‘-v‘" ) N‘

TWEETER

We dont have to tell you the advanlages ot
prezo tweeters. But you'd expecttopay $t0or
more lor a good'un. Here's a beauty. $3$$ less
than normal! The suppher need the money -

we bought them for a song. Figaro. Figaro.
Cat C-2006

LINE PLUG |

Want to make up 3
cable for your VCR? A
lot of them use BNC
plugs for sure conn-
ection! This line plug is
easy to connect. suits

both 50 & 75 ohm
systems
s 785 corazo

and Socket

Rs232 at for any
o T

BLUG - Cor p-2600 $3.95

SOCKET - Cat P-2691$4 75

(CANNON 3 PIN )
PLUGS & A~
ESsh &

Mains Rated] Don't take
chances with mains! If you
haven’t got room for normal 3
pin plugs/sockets, these
genuine, Cannon brand fittings
are the ONLY sate way to gol

UINE PLUG Cat P-1627 § 6, O5
QNEL SOCKET Cat P-16308 5 Q8

with teatures only found on the more

25 pnné)lug and socket for / plete with spare ﬁp.and element.

port and Sorcerer real !ov anv seniceman or hobbyist!

expensive irons. Supplies heatin an
amazing 6 secands. Stainless steel
non cornosive barrel. Comes com-

Great for servicing PC boards
the advantages ol bigger wons

| A ¥

M l N I ‘BMC’ Brand, units marked with code BM12ES only

scopE We have been advised that winng in a small number of these

size makes 1t easier 1o handle Flnger hp control

Signal Generator [

Two instruments in one! This new wideband signal generator ;

Range On 6 fundamental
bands, 50MHz to
200MHz on
harmonics

l Cat 01305

URGENTPRODUCT
SAFETY NOTICE

RE: High Resolution Green Screen Monitors Cat X-1200
{marking on identification plate on rear of monitor).

monitors could develop a fault which, in conjunclion with incorrect

etc. Has all mains power point wiring could make them potentially dangerous.
and s small

of ge and tp p
spare Ilp element.

ron

> =
su pe rs peed iﬁlA L u E uso ggrisar::hilflnecessary. arangements will be made for modification.
This iron has a huge 150wan capacity AT o N LY

with If you have purchased a monitor as described above please retum it
10 the point of purchase where a free safety examination will be

aith code BM12ES on the rear panel are affected.

A rugged all metal construc-
won solder sucker complete

sweeper as well. A top quality
impont from Dick Sonth,
Cat T-2660

TOP QUALITY g
IMPORT

$2995

SOLDER SUCKER|

with Teflon tip and a nozzle s1 350

FM  HANDHELD

WIRELESS MIC

\‘\‘I FN‘\
NOW I ivling and pos
995 )l o‘\ ce\\l / | D:c;mv?:ue ;ele"s‘cogn':amenna

supplied.
/

L SR G70 om_v/

WAS

Rainbow Cablé

12 colour coded strands of insulated conductor
bonded together in a flat cable. Ideal for
wiring looms or intercoms etc. Can be lad
under carpets. Can be sphit and the individual
wires used.

Cat W-2045

Speaker Cable

Ideal cabie lor use with Hi Fisystems lor speaker
connections or with wtercoms.  Twin plastic
nsulated conductors, insulation marked with a
wace 1o keep speakers correctly polarised.

Cat W-2010

ONLY

90¢

NOW

18¢

NSW Parramatta Rd & Melton St AUBURN
T55 Terrace Level BANKST. sQ.
613 Princes Hwy BLAKEHURST
Oxtord & Adelaide Sts BONDI JUNCT.
818 George St BROADWAY
531 Pittwater Rd BROOKVALE
147 Hume Hwy CHULLORA
162 Pacific Hwy GORE HiILL
315 Mann St GOSFDRD
Elizabeth Dr & Bathurst St LIVERPDOL
Lane Cove & Waterloo Rds ~ NORTH RYDE
George & Smith Sis PARRAMATTA

The Gateway” Shop 1c

4 Horence St HORNSBY

HEAD OFFICE AND MAIL ORDER CENTRE P 0. Box 321 NORTH RYDE 2113. TEL (02) 888 3200. TELEX AA20036. CABLES DISKMIT SYDNEY.

648 0558 NSW Cnr High & Henry Sts PENRITH 323400 QLD 293 Adelade St BRISBANE 229 93717
707 4888 6 Bridge St SYDNEY 27 5051 166 Logan Rd BURANDA 391 6233
545 7744 125 York St SYDMEY 2679111 Gympie & Hamilton Rds CHERMSIDE 359 6255
387 1444 Tamworth Arc & Kable Ave  TAMWORTH 66 1961 Bowen & Ruthven Sts TDOWOOMBA 38 4300
211 3117 173 Mattland Rd TIGHES HILL 61 1896 Ingham Rd & Cowley St West EndTOWNSVILLE 72 5722

93 0441 263 Kiera St WDLLONGONG 28 3800 SA  Wiright & Market Sts ADELAIDE 212 1962
642 8922 ACT 96 Gladstone St FYSHWICK 80 4944 Main South & Flagstatt Rds DARLINGTON 298 8977
439 5311 VIC 260 Sydney Rd COBURG 383 4455 Main North Rd & Dadington St ENFIELD 260 6088

25 023% Nepean Hwy & Ross Smith Ave FRANKSTON 7839144 WA  Whart St & Albany Hwy CANNINGTON 451 8666
600 9888 VIC 205 Melbourne Rd GEELONG 78 6766 William St & Robinson Ave PERTH 328 6944

88 3855 399 Lonsdale St MELBOURNE 67 9834 Centreway Arc. Hay St PERTH 321 4357
689 2188 Bndge Rd & The Boulevarde RICHMOND 428 1614 TAS 75 Bamack St HOBART 31 0800

Springvale & Oandenong Rds  SPRINGVALE 547 0522

477 6516




Project 736

Print weather maps
with your Microbee
using our “picture plucker’’
facsimile decoder

Be the first on your block to have your own weather maps! This
project allows you to decode the signals of shortwave stations
transmitting ‘radio facsimile’ weather maps and satellite pictures
and then reproduce them on your dot-matrix printer.

MAY 29, 1983, was the day the drought well
and truly broke in Tasmania. The rain
poured down from dawn till dusk. The roof
leaked and the lawns became mudholes.
The farmers rejoiced and everyone else
grizzled about their ruined weekend. If
they’d had some weather charts they could
have grizzled with more authority ... the
charts told the whole story in graphic
detail!

The accompanying series of charts was
received on an ordinary home-style short-
wave receiver, a Drake SSR-1 to be exact.
The audio was processed by a phase-locked
loop decoder and a Microbee computer into
graphics print data which was fed to a
C-ITOH 8510 printer.

- LEan P v e

Tom Moffat VK7TM

39 Pillinger Drive, Fern Tree, Tasmania 7101

The transmission process is called
‘fascimile’, which we’ll call ‘fax’ for short.
Now I've spelled that once, I won't do it any
more times. Let’s call it fax, like the
cogniscenti do.

As far as I know this is the first time the
world of fax has been opened to the
electronics-computing enthusiast. The
secret, of course, is the computer.

Traditional fax methods are mostly
mechanical, and to home-brew a decent fax
machine would require access to a lathe and
a lot of time and trouble. They appear to be
non-existent on the disposals market. The
mechanical fax systems now in use are so
well made they seem to last forever. Maybe,
when more electronic systems appear . ..

Believe it or not. Believe it or not, satellite pictures too! (See later.)
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but we're getting ahead of ourselves. Before
we go much further we'd better get down to
the bare fax.

Facsimile explained

The object is to send pictures over a
distance. Written data can be transmitted
by teletype, but for pictures, or written data
in one’s own handwriting (such as signa-
tures), fax is the only way to go. Fax is really
veeerry sloooww television. If the data rate
is slow enough you can squeeze an ex-
tremely sharp and detailed picture through
the restricted bandwidth of a telephone
line, or a radio transmitter. Television
delivers a complete picture in 1/25th of a
second. Fax can take more than 20 minutes
for one picture.

Both television and fax work on a system
of scanning lines; only the speed of the
scanning and the density of the lines is
different. Television, with its wide
bandwith of 5§ MHz or so, is restricted to
the line-of-sight coverage of VHF. But
since narrowband fax can be transmitted on
HF, the range is world-wide, and it makes
for some interesting viewing.

The traditional method of fax trans-
mission is shown in a much simplified form
in Figure 1. The system consists of two
metal drums, one at the transmitter and the
other at the receiving end. The two drums
are rotating at (hopefully) the same speed.
Near the top of the transmitting drum is a
lamp illuminating the whole surface.

Above the drum is a ‘telescope’, a system
of lenses, feeding into a light dependent
resistor (LDR). The light falling on the
LDR is only that from the image of the
tiniest pinprick portion of the drum,
directly at the focal point of the telescope.
The whole telescope is connected to a
leadscrew arrangement that moves it slowly
along the length of the drum.



The breaking of the drought. Wide-angle view of the southern hemisphere, Africa and Madagascar to the left,
Australia to the right. The low that broke the drought has just passed east of Tasmania. Printout shown actual size.

The receiver has a similar telescope over
its drum, although there is a lamp in place
of the LDR. The receiver lamp is connected
via a pair of wires to the transmitter LDR,
via a battery to power the lamp.

To the transmitter drum we will attach a
piece of paper with some wavy lines drawn
on it which is held in place with a piece of
black electrician’s tape. To the receiver
drum we will attach a sheet of photographic
printing paper (first turning out thelight).

Now we can start the drums rotating in
unison. As the telescope at the sending end
‘sees’ the white paper, the LDR will pass
maximum current from the battery via the
pair of wires to the lamp at the receiving
end. The lamp, through its lenses, will
expose at any instant a tiny portion of the
photographic paper.

When the first of the wavy lines appears
under the sending telescope, its black colour
will cause less light to fall on the LDR, less
current will pass, less light will fall on the
photographic paper, and the image will be
reproduced.

As the process continues, lines of white-
ness or blackness will begin to build up on
the paper, a new line for each rotation of the
drum. If the drum turns 1000 times, there
will be 1000 lines, quite a high resolution
picture, which is better than the television’s
625 lines. (Purists will note that since
photographic paper is negative-working,
the resulting picture will have its blacks and
whites reversed. But it illustrates how the
system works.) Also note that the image of

the black electrical tape will be reproduced.
This is important, as we'll see shortly.

Now that we are instant experts on the
basic fax system, we can see the problems it
generates. If the drums aren’t running at
exactly the same speed, the picture will
slant one way or the other, like on a TV set
with misadjusted horizontal hold control.

If the drums don’t start rotating from
exactly the same angular position, the left
of the picture will be on the right and the
right will be on the left and the edge will be
in the middle. What a muddle!

If the transmitter sends 1000 lines and
your receiver needs 1500 lines to cover the
paper, your image will be squashed into the
upper 2/3 and the lower 1/3 will remain
unexposed.

Let’s tackle the problems one by one,
beginning with the matter of getting the
transmitter and receiver to start together.
Most fax systems transmit what are called
phasing pulses; bursts of white against a
black background, before the actual picture
begins.

One pulse is sent for each line, and the
end of the pulse, the white to black
transition, says, ‘the next line starts here!’.
At the receiving end the machine adjusts its
motor speed faster or slower until the edge
of its paper coincides with the finish of each
phasing pulse. Normally about 30 seconds
of phasing pulses are provided, and if the
receiver doesn’t ‘lock up’ in that time the
picture is going to be a mess.

Figure 1. The basic
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Now to the problem of keeping both
drums going at the same speed, once
phasing has been achieved. There are
several ways of going about this, and they’re
all currently in use.

The simplest method of ‘sync’ is to use
synchronous motors at each end. This
method is common in simpler fax machines
for use on "phone lines. It assumes that both
transmitter and receiver are running from
the same power grid, so their mains supplies
are synchronised.

A more elegant way of going about it
involves driving both the transmit and
receive motors from power supplies derived
from crystal oscillators. If the oscillators are
stable to within 0.001% good fax pictures
will result, and there’s no dependence on
mains frequencies. So reception is possible
aboard a ship, for instance. This is
currently the most common sync method.

A third and slightly older system involves
the transmission of sync pulses at the start
of each line, just like in television. The
receiving motor is set to run slightly fast
and when it reaches the end of a scan line
it slows or stops until told to go ahead by a
sync pulse. Sync pulses show up as a black
line down the left hand side of a picture (or
the right side if it's been sent upside down).

The faithful reproduction of shape is
determined by the system’s index of co-
operation. This is the product of the length
of a line measured in some unit and the
number of lines per the same unit. Confus-
ing? Yup.

Let’s try again. Assume that our trans-
mitter drum can take a picture 38.4 cm
wide. Assume that it sends 15 scan lines for
each vertical centimetre of picture. The
system’s ‘index of co-operation’ is 15 X
38.4 = 576.

Now assume that our receiving system is
only 18 cm wide (which just happens to be
the width of our computer graphics
printout). If we still went for 15 lines per em
the resulting picture would be very tall and
narrow. To stay with the transmitter’s
index of co-operation of 476, our line
density must be 576/18 or 32 lines per cm.
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If this is so, a circle from the transmitter
will look like a circle on the receiver. For
various reasons the computer receiver index
of co-operation isn’t exactly 576, and the
resulting circles are slightly ‘tall’.

One fact that emerged from researching
this article is that there is no single
standard for fax transmission. Scan speeds
can range from 68 lines per minute (one a
second) to 360 lpm. Scan densities can be
Jjust about anything.

Radio fax can be sent as AM where the
amplitude of the carrier varies with the
picture, or as FM where the frequency
varies. A picture may run for seven or 10 or
20 minutes and it seems some stations
transmit non-stop strips of picture and
never any phasing pulses. Pictures may be
black and white only (binary), or they may
contain many shades of grey (analogue).

From observations on the shortwave
bands, certain systems seem popular. Every
one [’ve got printable pictures from seems
to use an index of co-operation of 576,
which certainly makes life easier. About
80% scan at 120 lpm, about 18% use 60 Ipm
and the remaining 2% use some weirdo
system. All seem to use FM with white as
the higher frequency, and most seem to
shift their carriers about 800 Hz between
white and black.

So, the computer system described here
is set up for the most likely signals: 1.0.C.
of 576 {or thereabouts), 120 lpm, ‘sync
pulse’ synchronisation, FM with shift in
the 800 Hz region, and a picture time of
nine minutes which is plenty of time to
receive a ‘right-way-around’ picture from
station AXM.

Station AXM

AXM was the inspiration for this whole
project. You've possibly heard mention of
AXM regarding radio-teletype (ETI, April
1983) which it generally transmits during
the first half of every hour. For the rest of
the time it sends fax.

I first encountered AXM fax during a trip
to the Antartic last summer aboard the

—— HOW IT WORKS — ETI 736

There are two basic parts to the project: the
decoder itself, and the pitchpipe tuning aid. A
shortwave receiver, set to receive the upper
sideband mode, is tuned to a station transmit-
ting radio facsimile (see main text). The
pitchpipe Is used to tune the receiver so that
the ‘high’ tone is around 2300 Hz. The receiver
output is then recorded on tape. The tape is
played back and the decoder inserted between
the tape recorder’s output and the Microbee’s
8-bit port. The computer does the rest.

The decoder is built around a 4046 CMOS
phase-focked loop [C. The incoming audio
consists of two tones 800 Hz apart. These
tones are around 2300 Hz (high) and 1500 Hz
(low). They are applied to the PC1 phase com-
parator input of IC1. The output goes via a low |
pass filter to the voitage-controlled oscillator
(VCO) control input (pin 9). The VCO output
goes to the other PC1 input so that the incom-
ing frequency and the VCO frequency are com-
pared. The ‘lock’ range Is determined by R2
and R3. The VCO's free-running frequency is
‘pulled’ according to the incoming high and
low tones.

The ‘error’ signal generated at the output of
PC1 is buffered (after conditioning by the low-
pass filter R4-C3) and appears at pin 10. The
buffer output at pin 10 is passed to a voltage
comparator, IC2, which generates high and
low pulses for the input port at pin 13 of the
DB15 connector (DATA OUT). Resistors R7-R8
set the non-inverting input of the comparator,
1C2, to about 1.8 V. C4-C5 are bypasses.

Supply for the decoder is derived from the
Microbee’s 8-bit port. Note that the ARDY and
ASTB signals are tied at the connector {pins 7
and 15).

The pitchpipe circuit consists of a 555 con-
nected as an astable multivibrator. The osciila-
tion frequency of IC3 is determined by R12-
R13 and C8. R11-C6 form a low-pass filter so
that a relatively "pure’ tone is issued from the
loudspeaker. The output level is low, but then
you don’t need watts of power to do the job.

Nella Dan. In the ship’s chart-room is a
large Japanese-made fax machine that uses
a flat bed recorder instead of a rotating
drum. Two or three times a day an officer
would press a few buttons and the machine



would emit from its top a large weather map
which was then posted on the wall. As well
as serving in more traditional roles, these
weather maps would allow the ship’s
company to estimate how seasick they were
going to be the next day.

The fax decoder

To be the first in your block to have ‘fax-in-

the-home’ you're going to need a few items

of equipment:

. A singlesideband shortwave receiver.

. A good quality cassette recorder.

. An ETI-736 Fax Decoder and
Pitchpipe circuit.

. A 32K Microbee computer.

. AC-ITOH 8510 printer (or Epson

MX-80).

. Lots of patience.

I won’t launch into a long technical
description of the Fax Decoder here. It’s a
good old phase-locked loop, very similar to
the ETI-733 Radio Teletype to Computer
Decoder (April ’83). This new circuit has
been optimised for fax data rates and
frequency shifts (both very large) and it is
working its poor little guts out just to stay
in lock.

Considering what is being asked of it, the
decoder works very well and it can recover
lockable pictures even in the presence of
noise or multipath distortion. With the
comparator circuit, the decoder will even
decode analogue pictures and turn them
into binary along the way; just right for
feeding to the Microbee.

The ETI-736 Fax Decoder is made up of
two independent circuits, the Fax Decoder
and the Pitchpipe tuning aid. If your
receiver is in one room and the computer
set-up in another, you can separate the two
circuits with a hacksaw so the Pitchpipe
stays with the receiver.

The software for the Microbee is one of
those big bit-shuffling programs that’s a
natural for machine code. It provides for
the collection and storage of precisely
637 200 bits of fax information. That is
1080 lines with 590 dots per line. Actually
we compress three adjacent fax lines into
one, with each vertical group of three dots
logically ORed together.

So, after compression 212 400 bits are
stored in 26 550 bytes. They make up 360
lines for the printer. Before a picture starts
the program locks onto any one phasing
pulse and shows the remainder as a
continuous black bar. So it’s best to wait till
they’re nearly finished before running the
program. During the run, the program waits
for a black sync pulse before it inputs the
next fax line.

The printer, running in the graphics
mode, uses its eight dot-matrix print wires
to ‘paint’ eight lines of fax (24 before
compression) onto the paper in one sweep
of the print head. A smaller than normal
line feed is given so each sweep just touches
the one above it. In a byte sent to the
printer under the graphics mode, each bit
controls the action of one of the print wires.

With 590 dots per line, the software must
first do 590 bit zeroes, then 590 bit ones,
etc, until all eight bits in each byte are set
high or low as required.

S A W
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With a serial printer you cannot send the
material out while it is being brought in, so
the computer has to store the entire picture
until it’s finished. Then it releases the
whole lot to the printer, 590 bytes at a time.

Between each sweep of the print head the
printer comes out of graphics mode for a
carriage return, a line feed and a new
command back into the graphics mode.

The DATA items near the end of the
program are the commands needed to make
the C-ITOH printer do its tricks. The
Epson MX-80 uses the same general
principle in its graphics mode, so substitut-
ing its control codes in the DATA area
should make it work the same as the
C-ITOH.

If you'd like a ready-to-run cassette of the
software (set up for the ITOH printer), send
the usual $12 to the author for a speedy post-
paid return. If there’s a demand I might even
be able to cook up an Epson version.

Construction

This project is very simple to assemble.
First thing to do, no matter whether you’ve
made your own pc board(s) or bought a kit,
is to check the board(s) to see that there are
no broken tracks, copper bridges (especially
between IC pins) and that all holes are
correctly drilled. Separate the Pitchpipe
board from the Decoder board before
assembling the components.

Start construction by installing the
resistors and capacitors on the Decoder
board. Then install the link at the end of
the 4046. Last of all, install the two ICs,
making sure you get them the right way
round. Now wire the DB15 plug to the
board, not forgetting to link pins 7 and 15.

Now tackle the Pitchpipe board. Solder
the resistors and capacitors in place first,
making sure you put the electrolytic in the
correct way. Then solder the 555 in place,
taking care to orientate it correctly, also.
Finish by wiring in the pushbutton, speaker
and battery clip. »

+ |

9V BATTERYI

wire, shielded cable, nuts, bolts etc.

PARTS LIST — ETI 736

Reslistors................. all UW, 5% unless
noted
R1 .. "
R2 ..
R
R4 ..
R5
R6
R7.,10,13
R8
R9 ..
R11 ...
R12
Capacitors
[Coi] e T 7/ S— 10n greencap
Cc2.. ...22n greencap
Ca.. ...4n7 greencap
OB gt - .« 4u7/10V single-
ended electro.
OB g st 77 6n8
Semiconductors
IC1...... 40468
Ic2.. ...LM311,uA311
$C3 b i . uA555, LM555,

NES555

ETi-736 a and b pc boards; DB15 plug:
50 mm 8 ohm speaker; No. 216 9V battery;
jifty boxes to suit; audio connectors to suit;

Estimated cost: $25-$30
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Plcture 3. Satellite picture from AXM, actual size, rotated 90 degrees.

Picture 5.
Doctored US
satellite picture,
transmitted from
New York.
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If you've got a frequency counter — you
only need an audio frequency counter
accurate to a few Hertz — then check that
the Pitchpipe output is close to 2300 Hz. If
you haven’t got an audio frequency counter,
then turn your Microbee into one! Details
were given in the Microbee Column on page
56 of the July '83 issue.

Get the picture

Now here’s how to collect your pictures:
Connect a speaker, nine-volt battery and a
press button switch to the pitchpipe circuit.
It should beep at 2300 Hz when you hit the
button.

With pitchpipe and cassette recorder at
hand, tune the receiver until you hear that
chorus of crickets called fax; 11 030 kHz is
a good place to start. Switch to ‘upper
sideband’. If a picture is already running,
wait for the next one.

The start of a new picture is-signalled by
a loud blurt, actually five seconds of carrier
modulated by 300 Hz. Start the recorder.
Next, you’ll hear the lower tone, punctuated
by some ‘pip ... pip ... pips’ from the
higher tone. Push the button on the
pitchpipe circuit and tune the receiver until
the pips sound the same pitch. This might
sound like a rough and ready method of
tuning but it’s really quite accurate.

Some 30 seconds or so after the pips
begin the picture itself should start, with
the high tone becoming more dominant.
Hold down the pitchpipe button and check
the tuning pitch again. Now let the
recording continue, checking the tuning
from time to time. When the picture is
finished the receiver will blurt again; switch
off the recorder and take it to the computer.

Now rewind the tape and cue it up so it
is sitting just a few pips (phasing pulses) in
front of the picture. Set the recorder’s
volume near where you would to load a tape
into the Microbee. With the decoder
plugged into the computer’s parallel port
and the audio line plugged into the cassette
‘earphone’ jack, roll the tape and then run
the program. Turn the printer on and wait.
Nine minutes later the computer will beep
and your picture will begin painting onto
the printer. Two minutes after that you’ll
be hooked on fax.

About the pictures

All the Australian pictures were received
from the Bureau of Meterology’s broadcast
station, AXM. The ‘studios’ are located in
the Weather Bureau’s Melbourne office,
although the actual transmitters are in
Canberra, operated by the Navy. There’s a
sister station, AXI, in Darwin.

AXM transmits continuously on four
frequencies: 5100, 11030, 13920, and
19 690 kHz. Its index of co-operation is 576,
scan speed is 120 lpm, frequency shift is
800 Hz and transmission is binary, black
and white only, with no shades of grey.

AXM depends on the ‘crystal lock’
method of sync. It doesn’t transmit ‘official’
sync pulses. But there is something similar
to the black electrical tape mentioned
earlier . . . a black line that always appears
on the left harid edge (or the right, if the



Set to go. The completed decoder and pitchpipe,
before housing in Jiffy boxes.

picture 1is sent upside down). As far as the
Microbee'is concerned, it's a sync pulse, and
it locks up with ease.

Picture 1 is a standard weather chart
just like you see on television every night.
Note the big nasty low just south of
Tasmania. There’s also a cold front sweep-
ing in from the southwest.

Picture 2 is much the same thing, only
showing the isobars at 20 000 feet instead of
sea level. The low is still much in evidence.

Picture 3 is not a weather map, it's a
proper satellite picture transmitted from
AXM. Since it’s a binary fax system the
shades of grey are lost but it’s still a pretty
smashing view of mother earth, or at least
part of it. The picture was too big for all of
it to fit in the computer. Rotate it 90
degrees to get the writing the right way up
and you’ll see the picture in the proper
perspective. According to AXM it's the
‘southern half of the earth disc as seen from
the Japanese satellite GMS’. (That means
‘Geostationary Meteorological Satellite.’)

Picture 4 is a ‘Nephanalysis’ . . . a study
of the cloud situation in the southern
hemisphere. The raw data is a satellite
picture which is interpeted and re-drawn by
meteorologists, with special symbols
indicating the cloud types. Again, that big
low blots out Tasmania. Obviously this type
of chart would not have been possible
before the days of satellites.

Now to Picture 5. You can say you're
amazed and astounded now, or later. This
one originated from one of America’s
NOAA satellites and was transmitted from
space to the USA where it was souped up

fax-computer decoder
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Picture 2. Similar to Picture 1, but isobars at 20 000 ft; 2.30 pm same date.
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Picture 4. Nephanalysis, 11.45 am 29 May ‘83, AXM 11 030 kHz.
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The rest of Australia is gloriously clear!
with state borders and the like. Then it was
sent back out on HF radio many thousand
more kilometres into my humble cassette
recorder. In other words it’s ‘fax DX'. It is
an analogue picture that was forced into
binary state by the decoder’s comparator. It
has also had its video inverted in the
computer.

Picture 6 is a ‘Significant Weather
Prognosis’, designed especially for pilots. It
shows high altitude wind trends and jet
streams, and significant cloud areas. The

word ‘CAT’ means ‘clear air turbulance’ to
be avoided if at all possible. This particular
example looks like it was put out by the
Queensland tourist bureau. It shows Tas-
mania smothered in cloud (that low again),
and New Zealand is about to cop it as well.

Those ‘mostly black’ satellite pictures,
like Picture 3, play merry hell with printer
ribbons, so we’'ve turned Picture 8 into
‘mostly white’. It still looks OK, huh? That
is, if you like black clouds. To invert the
video on any picture change the data at
0426 (hex) from 38 to 30.

Picture 6. One for the pilots, another AXM picture.

Housing. Two small jitty boxes served admirably to
house the decoder (left) and pitchpipe (right). The
ribbon cable goes to the DB15 plug which plugs into
the Microbee user pont.

So now you know all about fax, as do
thousands of other enthusiasts throughout
Australia. Perhaps home fax will join home
video and compact disc and all the latest
electronic pastimes.

Maybe AXM will even join the ratings
race, “Hey folks! You're on AXM! 5000
watts of picture power! And tonight a
request from Melbourne listener Randy
Oldfellow! Randy asks us to drop tonight’s
nephanalysis and play a picture of Bo
Derek instead. OK, Randy, this one’s for
you!”

Seriously, though, fax can be useful, and
it's certainly a lot of fun. Faxinating. I'd like
to thank all those people at the Bureau of
Meteorology who suffered my silly ques-
tions and helped with the preparation of
this article. ®

PROGRAM LISTING 8444 COOCBE 08400 cALL 800CH  )BEEP WHEN FINISHED
284180
ADDR COOE LINE LABEL MNEM OPERAND 80420 15end out the picture to the printer:
99108 jFacsimile Receiver Program by Tom Moffat: May 20, 1983 80430
80110 0445 218904 084480 LD HL ,DATA1
0400 80120 DEFR s 844C 110408  @8450 LD DE, &
0400 8130 DRG 2400 844F CO7E@d 08468 caLL PRINT  jSET LINE FEED PITCH
88148 8452 942D 08478 Lo B,20H 145 GROUPS OF B LINES
30159 {Clwar Whie daEMEto 0454 210018 88480 LD HL,1008 ;START OF DATA STORE
F 0487 €9 20658 LPS PUSH HL
6400 218818 00179 Lo HL,18@@ ;START OF PICTURE STORE 0458 218Fe4 00700 Lo HL ,DATA2
8463 118116 00180 LD DE, 1001 8438 1E88 ee71e LD E;8
0404 91B&S7 80198 Lo 8C,67B6 CLEAR 24550 BYTES 843D CD7E@4  @0728 cALL PRINT  jCR/LF AND GRAPHICS INIT.
0499 3400 ee2ee Lo (HL) ,@ 8ase El 88730 POP HL
0408 ES 80218 PUSH HL 8as1 114E82 00740 Lo DE,24EH 1598 DOTS PER LINE
940C EOBO 06220 LOIR 8444 CD?EQ4 00750 cALL PRINT ;8 LINES OF PICTURE
et 0447 10EE 08760 DJNZ LPS JIF NOT 43 GROUPS
88240 ;Synchronize the computer with a phasing pulse: 0449 218F04 89770 Lo HL ,DATA2
20250 046C 1£02 29760 Lo E,2
240E CD7Se4 00240 LP1 caLL SAMPLE 844E CD7E0d 20790 CALL PRINT  jCRLF
8411 36FB 20270 JR NC,LP1 jwAIT FOR WHITE 8471 2aA2e0 00808 LD HL, (8A2) ;PICTURE FINISHED,
9413 CD7504 808288 LP2 cAaLL SAMPLE 0474 E9 28818 JP (ML) 1JUMP TO MONITOR
0416 38FB 80298 JR c,LP2 jWAIT FOR BLACK ee820
20300 0473 3E43 20830 SAMPLE LD a,63 1SET DELAY TIME BETWEEN DOTS
20318 ;Start of picture: @477 30 200948 DEC A 1847 uS PER DOT
oo 24768 20FD eense JR NZ -1
2418 Ef 80330 POP HL {POINT TO START OF STORE €474 08060 20860 IN A,(8)  BET A PIXEL
2419 114E82 080348 LD DE,24EM 3;59@ DOTS PER LINE 047C oF ees7e RRCA 1SHIFT IT TO CARRY
841C 810120 080350 Lo BC,2081 jLINE COUNTER AND ROTATING BIT 247D C9 00880 RET
841F CS 00340 LP4 PUSH BC 80898
0420 0403 28370 LD B,3 13 Fax LINES = 1 PRINTER LINE 847€ 7€ 80900 PRINT LD A, (HL)
8422 CD?S64 80380 LP3 caLL SAMPLE 047F CO?FAB 00910 cALL BAB?FH 11200 bd SERIAL PRINT ROUT INE
9428 7E é0396 LD A, CHL) @482 23 ee92e INC HL $GET NEXT BYTE
8426 3801 80400 JR C,9+3  {SKIP NEXT IF WHITE 2483 18 ee93e DEC DE 1BYTE COUNTER
0428 B! 80410 OR c JPRINT A DOT 0484 7A 80940 Lo A0
0429 77 00420 LD (HL) ,A 24835 B3 08930 OR E
842a 23 80430 INC HL 0484 20F§ 00940 JR N2 ;PRINT
8428 18 808440 DEC OE 0488 C? 008970 RET
842¢c 7a 08438 Lo A,D 00980
@420 B3 08460 OR € 8489 1BS4 @998 DATAl DEFW S41BH  jESC T
842E 20F2 20470 JR NZ,LP3 $FOR ONE COMPLETE FAX LINE 0486 3136 e1ee8 DEFW 3631 i 6 sLINE FEED PITCH
8430 DBBO 90480 SYNC N A, (8) 0480 1898 81810 DEFW SBIBMH  JESC { §INCREMENTAL HODE
9432 oF 8B 4ve RRCA 84BF BDBA 01920' DAaTaz2 DEFW BAGDH $CR LF
0433 38FB 2050¢ JR C,SYNC jwalT FOR BLACK 8491 1853 81036 DEFW 83184  ESC S
0435 114E02 00510 LD DE,24EH {FOR S98 WORIZONTAL DOTS €493 3033 elede DEFW 3330 8 8
0438 EDS2 00520 SBC HL ,DE 0495 3930 e1e5e DEFW 3e39 i e
8434 10ES 20530 0JNZ LP3 eeee 21060 END
843C C! 20540 POP 8c 28908 Total errors
243D CBe1 20950 RLC c {ROTATE THE BIT
843F 3eDE 80340 JR NC,LP4 ;60 TO START OF LINE DATA2  e48F LPS 0457 PRINT 847E DaTAlL 8489
0441 19 80570 ADD HL ,DE SYNC 8430 LP3 0422 LP4 841F LP2 8413
9442 1008 [ZELT] DJIN2 LPa SAMPLE @475 LPy 848E
2444 0407 e859e Lo 8,7
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Power MOSFETS — the
technology, the techniques

Brian Dance

IN 1976 Siliconix startled the semi-
conductor world with a new type of
power MOSFET device. Recently other
manufacturers have produced many
other types of MOSFET products which
are challenging power transistors and
Darlingtons.

The name MOSFET stands for Metal
Oxide Silicon Field Effect Transistor.
Field effect transistors (FETs) are
essentially voltage controlled devices,
unlike conventional transistors in
which the small base current controls a
larger collector output current. FETs
have very high input impedances so
that very little input current is required
to control their output current.

The input impedance of MOSFETS is
especially high because they have an
insulating film of silicon dioxide be-
tween the input gate electrode and the
channel through which the output
current flows. The gate electrode is
therefore essentially completely insu-
lated and virtually no input current can
flow.
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Various types of small MOSFET de-
vices have been available for many
years. Internally they contain a very
small silicon chip on the surface of
which the MOSFET device has been
fabricated. Any current passes through
these devices in a horizontal direction
through the very thin surface layers
and therefore the maximum current is
quite low; maximum power dissipation
in such devices is not normally over 1W.

VMOS devices

In the so-called VMOS devices, de-
veloped by Siliconix about eight years
ago, the current flows vertically
through the semiconductor material —
hence the name VMOS. This name is
also associated with the V-shaped
groove formed in the surface of the
semiconductor material of such devices.
Figure 1 shows a cross-section of a
VMOS transistor.

If the gate electrode is connected to
the source and the drain contact at the
bottom of Figure 1 is made positive rela-
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Figure 1. Structure of the VMOS device developed by Siliconix. With the gate biased positive with respect

to the source, current flows from the drain region to the source via the channel region indicated. As the
gate is biased more positive, the channel region increases, increasing the drain-source current. VMOS
FETs are majority-carrier devices and can switch current in less than 10 ns. Bipolar transistors cannot
compete as they suffer from minority carrier storage in the base region.
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tive to the source, no appreciable
current will flow from drain to source
since the internal diode formed between
the p and n type materials will be re-
verse biased. If, however, the gate
electrode is made positive with respect
to the source, the electric field produced
by the gate potential creates a channel
in the position shown in Figure 1. A
current can now flow upwards from the
drain through the channel to the source.
As the gate becomes more positive, the
width of the channel increases and the
current from drain to source increases.
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Figure 2. Zener protection of the gate.

If small changes in the gate voltage
are to produce the required channel
depth, the insulating layer must be
extremely thin, which results in an
appreciable gate input capacitance
(typically some 50 pf). The thin layer
also imposes a limit to the maximum
voltage which can safely be applied to
the gate without the risk of breaking
down this thin layer and thus destroy-
ing the device. As the gate input
resistance is so high (often of the order of
a million megohms), it is very easy for
small stray electrostatic charges to be
picked up on the gate and produce
voltages which can puncture the insu-
lating film.

In some devices a small zener diode is
connected between the gate and the
source, as shown in Figure 2. If the gate
to source voltage exceeds the zener vol-
tage, the zener conducts and shorts out
the voltage, protecting the MOSFET.
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Figure 3. The U-groove device, introduced by Intersil, reduces problems
associated with the intense electric field at the edge of the V-notch in VMOS
devices. The polysilicon layer prevents migration of sodium impurity ions
through the gate oxide layer, a source of chip failure in VMOS.

However, the maximum zener current
is quite small, so the zener can easily be
damaged. The maximum input voltage
‘in circuit’ should not exceed the zener
voltage so that the zener is used to pro-
vide protection against electrostatic
charges only.

If the gate becomes more than a frac-
tion of a volt negative with respect to the
source, the zener will conduct in its for-
ward direction. If one wishes to operate
a MOSFET with the gate voltage nega-
tive with respect to the source at any
part of the duty cycle, a device not con-
taining a zener should be selected, but
then one must take precautions to avoid
electrostatic charge pick up.

The first VMOS devices marketed
were n-channel devices, with an n-type
channel formed in the p-type material
shown in Figure 1.

Comparison with bipolars

As the early VMOS devices could not
handle so much current or so much
applied voltage as conventional tran-
sistors, yet were more expensive than
the latter, they obviously had some ad-
vantages or their manufacture would
not have been a viable proposition.

Ordinary bipolar transistors suffer
from the disadvantage of minority
carrier storage in the base region.
VMOS products are majority carrier
devices and can therefore switch a
current in less than 10 nanoseconds and
operate up to several hundred mega-
Hertz. For example, the 2N6657 can
switch 1 A on or off in less than 4 ns,
this being, 10 to 200 times faster than a
comparable bipolar device.

‘Secondary breakdown’ is another
problem with bipolar transistors. If the

/ SOURCE

POLYSILICON
GATE

current density increases at one point,
the temperature rises in this region,
leading to a still greater current density
— a positive feedback effect which can
lead to the rapid destruction of the de-
vice. In VMOS devices, an increase in
the current density in the channel pro-
duces an increased temperature which
results in a lower current density in that
region, so that the current density auto-
matically equalises itself throughout
the chip without the formation of hot
spots.

It follows that it is possible to connect
two or more VMOS devices in parallel
(often without any additional compon-
ents), since the total current is
automatically shared equally between
the devices. Any device passing more
current than the mean will become
hotter and this will reduce the current
somewhat in that device.

Apart from their higher cost, one of
the disadvantages of VMOS devices is
that their saturation voltage (typically
2V, maximum 4V for some devices
when passing 1A) is much greater than
for bipolar transistors. Although the V-
shaped groove utilises the silicon area
quite efficiently, the relatively sharp
bottom of the groove is a disadvantage,
since a strong electric field can be de-
veloped at this point between the gate
and the drain where the insulating
layer tends to be thinner than else-
where. This results in a limited
operating voltage capability owing to
the possibility of gate to channel
breakdown.

A perfect switching device would
have an infinite resistance in the off
state, but the drain current of many
VMOS devices is in the nA region when

N+ p
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SOURCE METAL

RECESSED CHARGE
CONTROL RING

EDGE
N- EPITAXIAL DRIFT REGION OF CHIP

DRAIN CONTACT

Figure 4. Having Introduced power MOSFET technology, Siliconix have gone
on to improve the devices. The tri-planar construction shown here allows
much higher packing densities on the chip, the smaller size resulting in
lower on state resistance. Polysilicon gates are buried in the oxide layers
allowing source metallisation to cover a greater fraction of the chip area.

in the off state with gate and source
voltages equal. The resistance in the
conducting state is normally a few ohms
instead of the zero resistance of the per-
fect switch. This on-resistance is greater
for devices with higher voltage ratings.

U-groove devices

The problem of the relatively intense
electric field at the edge of the V-shaped
notch of VMOS devices has already
been mentioned. Intersil, followed by
some other manufacturers, reduced this
problem by producing devices with the
structure shown in Figure 3, where the
bottom of the groove is flat. Note
that there is an additional layer of
phosphorus-doped polycrystalline sili-
con between the gate and the insulating
layer of silicon dioxide. This overcomes
another problem of the early VMOS de-
vices, namely the migration of sodium
impurity ions through the gate oxide

layer, which can cause reliability
problems.
Other VMOS products

In 1980 Siliconix announced an im-
proved triplanar VMOS process with
the device structure shown in Figure 4.
The source, the gate and the drain are
each fabricated in a different plane. It is
stated that this type of structure allows
much higher packing densities on the
chip and the smaller size will enable
lower on state resistances to be ob-
tained. Polysilicon gates are buried
under the oxide layers so that the source
metallisation can cover a greater frac-
tion of the chip area.

Another major improvement from the
triplanar structure arises from the use
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of thin low-resistivity doped layers and
from a re-arrangement of the V grooves
for optimum use of the epitaxial layers.

Vertical DMOS

Although the modified VMOS processes
are very good for devices rated up to
about 150V, they are not ideal for
higher voltages. The vertical DMOS
structure shown in Figure 5 has been
found very suitable for high voltage de-
vices. The current flows upwards from
the drain into the n-epitaxial layer, but
then flows horizontally for a short dis-
tance through a channel to the source.

Supertex of California originally used
this technique to make devices with rat-
ings of up to about 500 V, but somewhat
higher voltage devices of this type have
since become available. Figure 5 shows
how the main junction region is
surrounded by a concentric second junc-
tion which is in turn surrounded by a
third junction. Apart from high voltage
capability, this process can produce de-
vices with a very low on-resistance
(down to 0.05 ohm). In addition the de-
vices are very fast, owing to the low gate
capacitance. For example, a 1 A device
can operate at about 2'GHz and a 10 A
device at about 500 MHz.

The Ferranti Company of Oldham,
England has co-operated with Supertex
to develop vertical DMOS devices, both
n-channel and p-channel, with ratings
up to 650 V and drain currents up to
16 A continuous.
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Figure 5. Iin the vertical DMOS device, current flows from the drain (N+) into the n-epitaxiai layer (N—)
then flows horizontally through a channel into the source. The concentric rings of p-type material around
the main junction help improve the current capability and reduce the on-resistance. This form of
construction achieves significantly higher voltage and current ratings compared to prior power

MOSFETs.

Hitachidevices

Hitachi has developed a MOSFET de-
vice with the structure shown in Figure
6. The gate oxide layer is designed to
handle only 20 to 30 V, so a field plate is
provided to prevent high electric fields
from forming near the gate. This type of
device is most suitable for audio fre-
quencies and for operation at up to a
maximum of a few MHz. Both p-channel
and n-channel types are available with
ratings of up to 200 V and 8 A.

GATE OXIDE

CHANNEL

= s
- -~
Photomicrograph of an actual

HEXFET surface

Figure 7. Construction of the HEXFET device introduced by the International Rectifier company in
mid-1980. The hexagonal source cells (hence the name) are connected by a common silicon gate.
Claimed advantages include high voltage and current ratings plus very low on-resistance.
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Figure 6. Hitachi MOSFET construction.
HEXFETY devices

In mid-1980 International Rectifier in-
troduced a range of devices named
HEXFET after the hexagonal structure
of the source cells which are connected
by a common silicon gate (see Figure 7).
The density of these source cells is over
half a million per square inch.

HEXFET devices are available in
both p-channel and n-channel polarities
and can handle high power levels. They
have voltage ratings of up to 500 V and
continuous current ratings of up to
25 A. Values of channel resistance as
low as 0.05 chm can be obtained in the
on state.

Some of the main applications for
HEXFETS include servo motor control,
RF induction heating, welding control
equipment, audio amplification and
other uses where the control of high
power is required.

SIPMOS

The latest technology to emerge in the
power MOSFET field is SIPMOS from
Siemens of West Germany, which is an
extension of the vertical DMOS tech-
nique. Siemens has used this technique
to fabricate the first 1000 V MOSFET
device, the BUZ 54, which can handle
5 A. It has found wide uses in switching



80 us 1% DUTY CYCLE PULSE TEST |
20 4~ et ke :

w e i
-4 -+ +—+11Ves w0V

4 o+ 4+ —

0.8 |—

Ip — DRAIN CURRENT (AMPS)
~
T
|

Z
Y
P

R \\\\‘r\
NARN

¥

& 3
2
0 L
0 1.0 2.0 30 4.0 5.0

Vps - DRAIN TO SOURCE VOLTAGE (VOLTS]

The saturation characteristics of a VMOS device (left) and a HEXFET (right)

e 7 1T
/uv/
90 o
{ /",
T ey
T
€
60
50 BY - i

~VDson * IV @ 1p =234

DRAIN CURRENT |AMPE RES)

e

v
2 o TV L =

t .

65 10 15 20 25 30 35 40 315 50
DRAINSOURCE (VOL TAGE)

Typical Transfer Characteristic For 100V, IRF150 HEXFET. *

mode power supplies.

Other SIPMOS devices have ratings
in the range of 50 V to 500 V, all being
n-channel types. SIPMOS transistors
can switch loads of up to 5 kW using
inputs to the gate of less than 1 mA
at 5 V. Maximum drain currents of up
to 30 A can be handled, while on-
resistance values can be as low as 0.03
ohm.

Applications

Power MOSFET devices can be used as
alternatives to power transistors and
power Darlington devices in many ap-
plications, but they are generally more
expensive than the latter and the circuit
designer must decide which types of de-
vice are most suitable for his own
application.

The use of power MOSFET products is
particularly attractive when one can
take advantage of their high switching
speed or their high frequency capa-
bility. Although they may be somewhat
more expensive than other transistors,
the use of these new devices may simpli-
fy circuitry and reduce the overall costs.
For example, a conventional power
transistor requires a considerable
current at its input and one or more
driver stages may be required to provide
this current, whereas the high input
impedance of the power MOSFET en-
ables the latter to operate with such
small input currents that power driver
stages can usually be eliminated.
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Figure 8. Simple touch switch.

Simple touch switch

The circuit of Figure 8 shows how the
very high input impedance of a VMOS
power MOSFET can be employed in a
simple touch switch. When the circuit is
first switched on, the capacitor C1 is
normally fully discharged, so the
VN46AF VMOS device passes negli-
gible drain current.

When the upper pair of contacts is
touched, current flows from the +12 V
line ,through the person’s skin and
charges C1. The VN46AF device is thus
biased to conduction and the relay
closes. If a finger is now placed across
the lower touch contacts, C1 discharges
and the VN46AF is turned off, opening
the relay. The diode D1 is used to bypass
the transient voltages formed when the
current ceases to flow through the relay

coil — such voltages can destroy
MOSFETs.
N 9 538
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Figure 9. Capacitive touch switch.

Capacitive touch switch

The gate circuit impedance of VMOS
devices is so high that circuits can be
designed as touch switches in which no
part of the circuit is actually touched. In
Figure 9 (designed by ITT Semiconduc-
tors), the presence of a finger just above
the plastic material at the point of sepa-
ration of the electrodes under the plastic
is sufficient to cause current to flow in
the load.

The capacitance between each of the
electrodes and the finger allows a small
alternating current to flow through the
2M2 safety resistor to the gate circuit of
the small BS170 or the larger BD522
n-channel device.
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Figure 10. Capacitive fouch switch will cycle on
and off if finger is held on the sensor.
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Figure 10 shows another touch switch
designed by ITT Semiconductors, only a
single touch point being used for on/off
operation. When power is first switched
on, T1 will conduct and T2 is kept
non-conducting. Touching the sensor
contacts will cause T2 to conduct and
feedback from the drain of this device
through the 4M7 resistor to the gate of
T1 will keep the latter device in the
non-conducting state. The 470n capaci-
tor now becomes charged.

If the sensor is touched again, the
positive potential from this capacitor is
transferred to the gate of T1 and the
latter device is switched to conduction,
whilst T2 is turned off. If the sensor is
touched for longer than about one
second, the circuit will operate as a re-
laxation oscillator which changes its
state about once per second. The load
impedances employed in this circuit
need not be identical, any values from
about 10 ohm to 10k being suitable.

CMOS interfacing

The 4000 series of CMOS logic devices
can provide only small output currents,
but sometimes one wishes to use the
output from such a device to control a
relay or other load which requires a
relatively large current. A VMOS de-
vice can conveniently be employed to
match the high output impedance of a
CMOS device to a relatively low load

+5 v?

4-16 OHM
SPEAKER

d

==

STROBE
(LOW = OFF} esv

YW oNn

Figure 11. Audio alarm.

impedance such as a tungsten filament
lamp.

An example is the audio alarm circuit
of Figure 11. Two of the four logic gates
of a CD4011 device are connected as a
standard 2 kHz oscillator. Any appreci-
able current taken from the output of
this oscillator affects the operation of
the circuit, but the VN66AF requires
negligible current and forms an ideal
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interface device between the CMOS os-
cillator and the loudspeaker.

When the upper input of the left hand
CMOS gate is connected to the +5V
line, oscillation takes place, but when
this input is connected to ground,
oscillation ceases. Thus a high im-
pedance logic output can be used to
switch the oscillator on and off through
the use of this input to the left hand
gate.

Figure 12 is an interesting variation
of the circuit of Figure 11 in which the
four gates of a 4011 device are used to
form two oscillators. The two left hand
gates form a sub-audio frequency
oscillator which modulates the audio
oscillator formed by the two right hand
gates of Figure 12. Thus one obtains a
much more impressive two-tone alarm
sound than with the simpler constant-
note circuit of Figure 11.

The timer circuit of Figure 13 is
another example of VMOS interfacing
between a CMOS device and a relay. In
the quiescent state, the upper input to
the left hand gate will be low and the
output from this gate high. Thus the
output from the right hand gate will be
low and the relay will remain open.

If the start switch is momentarily
closed, the high input applied to one in-
put of the left hand gate will cause the
output from this gate to go low, while
the output from the right hand gate goes
high and switches the VN46AF to con-
duction. Thus the relay closes.

The capacitor between the two gates
charges slowly through the fixed and
variable resistor from the positive
supply line. When the inputs to the
right hand gate become sufficiently
high in potential, the output of this gate
goes low and by feedback to the left
hand gate the circuit switches back
rapidly to its quiescent state in which
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Figure 13. Simple iner has a variable range from a
few seconds to a few minutes. The 1M pot sets the
time the retay holds in.

negligible current passes through the
relay. The length of time for which the
relay remains closed can be set by the
1M pot or by altering the value of the
capacitor connected between the two
gates. When the values shown are used,
times obtained range from a few seconds
to a few minutes as the variable resistor
is moved.

Delay switch

A simple VMOS delay switch is shown
in Figure 14. When the switch is closed
for a moment, the capacitor becomes
fully charged and the VN46AF passes
current thr. .gh the load. The capacitor
slowly discharges through the 10M re-
sistor, so the gate voltage of the
VN46AF will eventually fall to a value
where very little current can pass
through the load.
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Figure 14. Simple delay timer. The load could be a
lamp, relay or whatever.

Auto devices

The fast switching ability of MOSFET
devices renders them very suitable for
use in vehicle electronic ignition sys-
tems. Timing pulses from a magnetic or
other contactless pickup may be fed to
an IC which provides a voltage output
for the control of a MOSFET device. The
latter switches the current through an
ignition coil to provide the required
high voltage.

An automobile circuit using a
SIPMOS transistor as a power switch is
shown in Figure 15. As in so many
applications of MOSFET devices, the
high input impedance of the SIPMOS
device is utilised here, since it can be
voltage driven by a suitable IC. This
circuit is for an automobile alternator
voltage regulator and has been de-
signed for a SIPMOS device rated at
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Figure 15. The latest power MOSFET
development, SIPMOS, has already
found application in automotive elec-
tronics. This circuit is an alternator
regutator and employs a SIPMOS de-
vice rated at 500 V/8 A and an on-
resistance not greater than 0.2 ohm,



INPUT

—

Q
21 80812
1 PARALLEL

15 OnM
SPEAKER

Lo R10 —
%uo- 220R noo‘T
| .
—¢—O0ov
e

el

Figure 17. Class ABC amplifier circuit from ITT Semiconductors is simple but has 3%% distortion at

1.75 W and is only sulted to generai applications.

about 500 V maximum drain-to-source
voltage, 8 A current and an on-
resistance of not more than 0.2 ohm.

Simple audio applications

The excellent linearity of VMOS
devices has attracted considerable in-
terest in their possible use in the audio
field but the relatively high price of
these devices and their previously
limited power handling capability re-
tarded their adoption until recently.
They may be used in simple, low-power
circuits, but moderately high power
ultra-low distortion circuits have also
been designed using VMOS devices.
The very fast switching ability of VMOS
devices also makes them very suitable
for Class D pulse width modulation
circuits.

To operate a VMOS device as a simple
class A amplifier, it is only necessary to
provide a bias network so that the de-
vice operates in its linear region
without cutoff. The gate is connected to
a tap on a resistive potential divider
across the power supply lines and the
input signal is capacitively coupled to
the gate. The gain will be approxi-
mately equal to the mutual conductance
of the device multiplied by the load re-
sistance; gain values of over 30 dB are
obtainable, and this gain extends well
into the MHz region.

A circuit of this general type is shown
in Figure 16. The bias level of the
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Figure 16. General circuit of a simple class-A
audio amplifier using a power MOSFET.

VMOS device is stabilised by means of
negative voltage feedback from the
drain to the gate circuit.

Figure 17 shows a particularly
interesting circuit from ITT Semicon-
ductors which they call a class ABC
amplifier, since it is basically a Class B
amplifier, but one of the transistors is
more in Class A, while the other is defi-
nitely in Class C. It is a simple circuit
not designed for particularly low dis-
tortion.

The output stage is unusual in that it
comprises two BD512 p-channel VMOS
devices in one part and a complemen-
tary BD522 single device in the other
part. This is because hole mobility in
the p-channel BD512 is only half that of
the electron mobility in the n-channel
BD522s so two p-channel devices are
required to obtain about the same
mutual conductance as that provided by
the single n-channel device. As ex-
plained earlier, MOSFETs can be
connected in parallel without extra cir-
cuitry because they automatically
share the current.

As the drain electrodes of the VMOS
devices in Figure 17 are connected to
the device tabs, all of the tabs can be
bolted to the same heatsink without the
need for insulating washers. The nega-
tive feedback circuit compensates for
any variations in the biasing require-
ments of the particular VMOS devices
employed. Both ac and dc feedback are
employed, but there is heavier dc feed-
back through R11 and R10 to stabilise
the quiescent dc output voltage at half
the supply potential so as to ensure a
maximum available output voltage
swing.

This circuit provides a voltage gain of
30 and a bandwidth extending from
35 Hz to 125 kHz at the —6 dB points.
Distortion increases at ultrasonic fre-
quencies above about 25 kHz (as with
most audio amplifiers). When a 25V
supply is used, the distortion is a
minimum of about 0.4% at about 0.5 W,
risinig to about 0.8% at 1 W,2%at 1.5 W
and 3%% at 1.75 W.
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High fidelity

In 1976 Siliconix published a circuit for
a high quality 40 W amplifier using
VMOS devices, but each half of the out-
put stage required three VMP12 (now
designated 2N6658), 90 V TO-3 devices
in parallel. Thus, twelve of the devices
were required in a stereo amplifier
providing 40 W per channel. Rather
cumbersome — and costly. However,
distortion at the mid-frequency range
was only about 0.04% at the 40 W level
and about 0.025% at the 1 W level. Only
22 dB of feedback was needed to obtain
a response flat to 4 MHz and the slew
rate was 100V/us!

One of the advantages claimed for
VMOS amplifiers is the lack of transi-
ent intermodulation (TIM), because the
power bandwidth exceeds the small
signal bandwidth. For any frequency
below 500 kHz, the amplifier simply
overloads before TIM appears.

Taking things a step further, the cir-
cuit in Figure 18 is a simple power
amplifier first published in the Hitachi
MOSFET application notes. The
2SK133 and 2SJ48 have an on-
resistance of roughly two ohms, so that
at 7 A peak output current you can ex-
pect a voltage drop of about 14 V across
each device. With the power supply vol-
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Figure 18. Circuit of a 50 W hi-fi amplitier from the Hitachi MOSFET application notes. Performance is

quite good but dependent on the driver transistors.

tages shown the circuit is capable of
around 50 W.

Transistors Q1 and Q2 form an input
differential pair that compares the in-
put signal with the output signal of the
amplifier. The difference between these
two signal voltages is fed to a second
differential pair, @4 and Q5. This en-
sures that the open-loop voltage gain of
the amplifier is high and allows a fairly
high feedback factor when negative
feedback is applied. A relatively large
amount of negative feedback is essen-
tial when using MOSFETs like this in
audio amplifiers to linearise the
MOSFETcharacteristics which have,on
average, 10 times the distortion of a
typical bipolar transistor of similar
power capabilities.

The transistors forming the driver
stage, Q3 and Q5, have been specially
designed by Hitachi to drive MOSFETS.
They’re superb devices, having a V...of
100 V and a typical gain (hgg) of around
500. With these transistors the distor-
tion characteristics shown in Figure 19
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can be expected. Unfortunately, these
transistors are not available in
Australia at the present time and
substituting  alternative available
transistors degrades performance con-
siderably. A BD139/BD140 comple-
mentary pair for instance, with typical
hrg of around 50, is not capable of pro-
viding the necessary open-loop gain,
especially at high frequencies. An ex-
perimental circuit we built with
BC177s and BD139/BD140s gave less
than 0.02% at 1kHz at full power,
rising to as much as 0.1% or more at
20 kHz. So, MOSFETs with all of their
advantages have disadvantages too —
mainly due to the fact that the forward
transconductance is only a fraction of
that of a good bipolar transistor.

In order to design an extremely high
quality amplifier employing MOS-
FETs, we are really faced with a new set
of problems to solve, but with the
promise of performance that makes it
worthwhile. ‘This section on Figure 18
inserted by David Tilbrook . . . Ed.).

I
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50 100 Figure 19. Distortion characterls-
tics of the circuit in Figure 18.



VFETS for
everyone — Partl

Wally Parsons looks back to valves to explain VFETSs.

A DIODE VALVE emits electrons from
a heated cathode and these are then
attracted by an electric field to the
positive anode. Since only the cathode
is heated, current can flow in only one
direction. The diode will thus act as a
rectifier, conducting only on alternate
half-cycles of an AC voltage (see Fig. 1).

If a grid structure is placed between
these electrodes, it can be used to
control current flow. A negative
potential will repel electrons, opposing
their flow to the anode, and by placing
the grid close to the cathode, a small
change in grid potential will have the
same effect on anode current as a much
larger change in anode potential. There-
fore, the device will amplify. Since the
anode current is controlled by the
electric field in and around the grid, the
triode is, in a sense, a field effect device.

The action is direct, and electron
flow responds rapidly to changes in
control potential. Moreover, in switch-
ing applications it can switch an
inductive load rapidly, because the back
EMF sees an extremely high impedance
and no reverse current flows.

Figure 2 shows the relationship of
anode voltage, grid volts, and anode
current for a triode. It can be seen that
anode current can be controlled by both
anode volts and grid volts. If a load is
inserted in the anode circuit, current
changes will cause voltage changes
across the load. These can be plotted in
the form of a load line as shown, and
also as a transfer curve for the specific
load.

The amplification is quite linear, but
gain and output are limited — as shown
by the semi-vertical slope of the curves.

Inserting a second grid between the
control grid and anode and applying a
fixed positive voltage somewhat lower
than on the anode further accelerates

CATHODE

ANODE
(PLATE)

Fig 1. Basic diode tube construction and
operation.
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Fig 2. Triode construction, circuit and
characteristics.

electrons, but because of the grid’'s open
structure, most of them continue on to
the anode. Note the screen voltage takes
precedence over the anode in controlling
current. And we can swing the anode
voltage further for more output, and get
higher gain too.

The addition of the second grid with
a fixed high potential results in a
current flow essentially independent of
anode voltage, but still subject to the
action of the contro! grid. (Figure 3).
Trouble occurs, however, when we try

PLATE CURRENT (MA)

PLATE VOLTS (V}

to produce an anode voltage swing
lower than the screen voltage. Electrons
are moving so fast that when they strike
the anode they dislodge other electrons,
which are attracted to the higher poten-
tial screen grid, thus reducing current
tbrough the load.
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Fig 3. Series output arrangement.
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Fig 4. Single ended output with current
source.

This problem was overcome by
adding a third grid between the screen
and plate and tied to the cathode.
Because it is at cathode potential the
grid pushes the secondarily emitted
electrons back to the anode, resulting
in a family of curves as in Figure 4.

Distributed loading is also possible
by dividing the load between screen and
anode, and results in Figure 4a. This
kind of flexibility makes it possible to
design circuits of exceptional linearity.

Problems

So far so good — except for a few prob-
lems. To begin with, the valve, like a
light bulb, converts more eIectncntv
to heat than to useful work. It’s very
inefficient — for example the author
{who is associated with the Canadian
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version of ETI) uses two 75 watt output
class AB valve amplifiers to keep his
studio at 25° C. without any additional
heating in a Canadian mid-winter!

Also like a light bulb, a valve's per-
formance deteriorates from the moment
power is applied. Thus, direct coupled
circuits can give real headaches in main-
taining correct operating characteristics.

And then there’s the output trans-
former. In order to match the thousands
of ohms impedance to a low impedance
load such as a loudspeaker, a transformer
is virtually a necessity. With the
inefficiencies already involved we can't
afford  the resultant impedance
mismatches if we try to eliminate
transformers. And we can’t use gobs
of feedback to reduce the resulting
distortion. It's bad enough that, if we
don‘t opt for a delicately balanced
direct coupled circuit we have a low
frequency roll-off and 90° phase shift at
every R-C coupling point, but we have
in any case the additional phase shift
and internal resonances of the trans-
former. In practice, we are limited to
between 20 and 26 dB of overall feed-
back. Obviously, a high level of open
loop linearity must be designed into
such an amplifier.

A great deal of engineering energy
was spent designing output transformer-
less amplifiers, but few were successful,
and those that were often created more
problems than they solved.

Some legendary amplifiers were built
using tubes. The Williamson, (I have one
in daily use and it still sounds great),
Quad, Leak Point One, Maclntosh Unity
Coupled. The Quad, for example, deliv-
ered all of 15 watts — and was rock
stable driving an electrostatic {Quad, of
course} at live performance levels. Mac’s
drove a lot of disc cutters {at 60 watts)
to produce discs which still sound
spectacular.

But many were anxious to do some-
thing with the new-fangled transistors,
and we did.

Fig 8a. Basic lattice structure
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Transistors

The bi-polar transistor is composed of
three materials, either a p-type semi-
conductor between two n-types, or an
n-type between two p-types, (Figure
7a). A semiconductor such as silicon or
germanium has a crystalline structure in
the form of a diamond lattice with
each atom having four adjacent neigh-
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bours, held together by co-valent bonds,
each bond involving a shared pair of
electrons. These electrons are not avail-

able for conducting current, so
conduction is very semi. Indeed,
resistance being around 100 million
times that of copper.

However, if we introduce an

impurity such as phosphorus or arsenic
which has five valency electrons four of
which form bonds while the fifth is
only lightly held and is available for
conduction. This is an n-type material
(negative as it has an excess of electrons).
If we add an impurity such as
aluminium, only three valence electrons
are available. Therefore, one of the
valence bonds is not completed, result-
ing in a vacancy or hole in the lattice
structure (Fig. 5). An electron from an
adjacent electron pair bond may absorb
enough energy to break its bond and
fill the hold. This is a p-type material.
This doesn’t look like much of a big
deal, but the result is quite dramatic.

Note that the atomic structure is
in equilibrium — there is no net
charge. However, if a free electron breaks
its bond, it leaves behind a positive net
charge; if it completes a bond by enter-
ing a hole, a negative net charge results.
Current flow is produced by bringing
about this carrier mobility. What was
originally a very high resistance is now,
under the right conditions, able to
conduct substantial current, just as a
small impurity Je.g. sulphuric acid)
added to non-conductive pure water,
makes electrolytic conduction possible.

When p and n-type materials are
joined together, a p-n junction is formed
(Fig. 6). Some of the free electrons
from the n-type material diffuse across
the junction and recombine with holes
of the p-type material. The opposite
process takes place with holes from the
p-type material, producing a space
charge or depletion region on either side
of the junction, giving the p-type
material a slight negative charge, and the
n-type a slight positive charge. This
process is finally limited by the resulting
potential gradient.

If a battery is connected, as shown in
Figure 6a, free electrons from the
n-type material are attracted to the
positive terminal, while holes from the
p-type material are attracted to the
negative terminal, widening the space
charge region and increasing the
potential gradient until it approaches
that of the external battery. There is
now little or no voltage difference
across each region and little or no
current flow. The junction is reverse
biased.

If we reverse these polarities (Fig. 6b)
electrons in the p-type material break
their bond and enter the battery

-

NP} { COLLECTOR (C)
M Piny | sase @ § o
N(P) | EMITTER(E)

H——Hi—

CURRENT FLOW IN NPN TRANSISTOR
REVERSE CURRENT AND BATTERY POLARITY FOR PNP

REAL CIRCUIT

Fig 7a. Current flow in a semiconductor and
circuit diagram.

creating new holes, while electrons
from the battery negative terminal
enter the n-type material and diffuse
toward the junction. The space charge
region narrows and the energy barrier
becomes insignificant, so that excess
electrons from the n-type material can
penetrate the junction and move via the
p-type holes to the positive battery
terminal, for as long as voltage is applied.
The junction is now forward biased.

Work!

In the device shown in Figure 7, the
forward-biased emitter-junction injects
electrons into the base region. The
impurity or doping levels chosen are
such that almost all the emitter current
is composed of these electrons, and very
few holes are injected into the emitter.
The base region is very thin so that
nearly all injected electrons diffuse to
the edge of the depletion region of the
reverse-biased base-collector junction
where the field sweeps them across the
collector bulk. Since for an equal
current more power is developed across
a high resistance than a low resistance,
amplification occurs as a result of
current being transferred from the low-
resistance emitter-base junction to the
high resistance collector junction.

The curves show that, as with the
pentode tube, current is controlled
mostly by the control electrode {base),
but in this case the controlling parameter
is current, not voltage. We have an
inherently low-impedance device, and
since it requires current into its input
impedance, its signal source must be
capable of delivering power. An ideal

transistor requires input current, unlike
an ideal vacuum tube. This reduces
efficiency but we don’t have to heat up
a cathode to shake a few electrons loose,
so our overall efficiency is vastly greater.
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Fig 7b. Output and transfer characteristics
of the 2N3054.

Disadvantage
The major disadvantage of this type
of device lies in the nature of the
depletion layers at the junctions, parti-
cularly the emitter-base. When current
flows in a transistor, excess charge is
stored in the base region. |f the base-
emitter junction is changed from a
forward to reverse bias state, as in the
negative swing of a class B or AB stage,
or when a class A stage is overdriven,
the junction cannot immediately switch
to the reverse blocking state due to the
presence of these excess charge carriers.
They have the effect of allowing current
to flow in reverse as if forward biased,
until these charge carriers are removed.
In addition, there is capacitance
effect associated with the barriers of a
reverse-discharge time. The result is a
switching transient during part of a
cycle, sometimes erroneously referred
to as crossover distortion (the latter
occurs in any device in push-pull and
is due to a discontinuity in the transfer
function, usually caused by incorrect
bias). This can be reduced by reducing
the junction area but this reduces the
dissipation capability. In fact, a trans-
istor design favouring one characteristic
usually does so at the expense of others.
Also, as temperature rises in the
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device {due to current flow, for example)
carrier mobility at the junctions
increases, causing further increase in
current. The current increase further
raises temperature, which raises current
— which further raises temperature —
and so on. The resulting thermal
runaway can quickly destroy the device.
In milliseconds!

In large area transistors, current
tends to become nonuniform in distri-
bution. The temperature rise in the high
current region leads to localized thermal
runaway until equilibrium is reached by
a sharp drop in collector voltage, (called
secondary  breakdown) frequently
destroying the device. This is more true
at high voltage and low current than the
reverse, and frequently means that rated
dissipation cannot be reached. This
leads to overdesign, unnecessarily high
voltage and dissipation ratings (and
remember, a design which favours one
characteristic often does so at the
expense of others) plus elaborate
protective circuits.

High levels of feedback are generally
used to control distortion, and this in
conjunction with the excess charge
condition in the base, leads directly to
transient overload, and resultant trans-
ient intermodulation. Output is delayed
during this charge/discharge, which
delays application of feedback. It
simply isn’t available. The input signal is
not immediately reduced by feedback,
and passes through at high initial level.

The millenium has not quite arrived
after all!

The FET

Since a semi-conductor is precisely that,
a battery connected across the ends of a
p-type or an n-type bar will cause
current to flow through the material,
just as it does through a vacuum tube.
We discussed earlier the characteristics
of a pn junction. If, for example, a
p-type material is joined to the surface
of an n-type bar, located between the
battery terminals, a pn junction is
formed, and if this junction is reverse
biased, a space charge or field is produced
of opposite polarity which will inhibit
current flow, just as the control grid
inhibits current flow in a vacuum tube.
Changing this reverse voltage causes a
large current change, and amplification
results.

A simple junction FET is shown in
Figure 8. With a given drain-source
voltage, maximum current flows at zero
gate voltage, and at some reverse voltage,
determined by device geometry and
doping levels, no current will flow. Also,
as in the vacuum tube, load character-
istics are not reflected to the input
circuit, because current is not controlled
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MOSFET construction and symbol.
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Fig 9B. N-channel enhancement horizontal
MOSFET construction and symbol.

by carrier injection as jn bipolars, but
by voltage levels.

A variation is the Metal Oxide Semi-
conductor Field Effect Transistor.
(MOSFET) (Fig. 9) a far more versatile
device whose technology is virtually the
cornerstone of modern computer tech-
nology, although it has had less use to

date in linear applications such as audio
amplification.

MOSFETS come in two basic types.
In both the gate consists of a metal
electrode separated from the channel
by a thin oxide layer. In the depletion
type current flow is controlled by the
electrostatic field of the gate when
biased. When a depletion MOSFET is so
biased the device may be driven on both
sides of the zero volts point as with
vacuum tubes. Unlike vacuum tubes,
under these conditions, the gate draws
no current, therefore does not require
the driver to deliver power.

The enhancement type MOSFET
shown in Figure 9b, is more widely
used. The source and drain are separated
by a substrate of opposite material, and
under zero gate volts no current flows.
However, when sufficient forward bias
is applied to the gate the region under
the gate changes to its opposite type
{e.g. p-type becomes n-type) and
provides a conductive channel between
drain and source. Carrier level, and con-
duction is controlled by the magnitude
of gate voltage.

Although MOSFETS are handy
devices they are not capable of handling
high power levels. The channel depth
available for conduction is limited by
the practical limits on gate voltage. The
lower current density has been the
primary limitation due to the horizontal
current flow.

VFETS

Recent years have seen the introduction
and commercial use of Vertical Channel
J-FETS, notably by Sony and Yamaha
(Fig. 10). The vertical channel permits a
very high width-length ratio, permitting
a decreased inherent channel resistance
and high current density. Unfortunately
it suffers the same disadvantages as the
small signal J-FET, plus, in currently
available devices, a very high input capa-
citance, ranging from 700 pF to around
3000 pF, limiting high frequency
response. In addition, since they must
be biased into the off condition, bias
must be applied before supply voltage
and removed after the supply if it is
to be operated anywhere near its maxi-
mum ratings. This problem doesn’t
exist with vacuum tubes because of
heater warm-up time, although some

GATE SOURCE GATE

Sl Py g
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Fig 10. Vertical junction FET construction.



“instant-on’’ circuits impose heavy turn-
on surges.

This necessitates a complex power
supply, and Yamaha, for example, uses
more devices in the supply than it does
in its amplifier circuits. However, the
construction does make possible the
design of complementary types and
both Nippon Electric and Sony have
high power devices available.

However, the Vertical MOSFETS by
Siliconix are readily available, at reason-
able prices, and the manufacturer most
generous in providing data. The follow-
ing information is extracted from their
application note AN76-3, Design Aid
DA 76-1, plus device data sheets.

The device

Notice in Figure 11, that the substrate
and body are opposite type materials
separated by an epi layer (similar to
high speed bi-polars). The purpose of
this structure is to absorb the depletion
region from the drain-body junction
thus increasing the drain-source break-
down voltage. An alternative would
have involved an unacceptable trade-off
between increasing the substrate-body
depth to increase breakdown voltage
{but increasing current path resistance)

SOURCE

GATE

DRAIN

Fig 11. Vertical MOSFET construction
{Sificonix).

and lengthening the channel. In addition,
feedback capacitance is reduced by
having the gate overlap n-epi materiai
instead of n+.

In manufacture, the substrate-drain
and epi layer are grown, then the
p-body and n+ source diffused into the
epi layer, in a simiar manner as the base
and emitter of a diffusion type transis-
tor. A V groove is etched through the
device and into the epi layer, an oxide
layer grown, then etched away to
provide for the source contact and an
aluminium gate deposited. This type of
device allows current flow in one
direction only; this is not always so with
a similar type of horizontal FET, where
source and drain may be identical in
structure and of the same material.
Therefore, no reverse current flows (we
hope) when wused in switching
applications, as was also the case with
vacuum tubes.

id DRAIN CURRENT {4)

In-circuit operation is refreshingly
simple: Supply voltage is applied
between source and drain, with the
drain positive with respect to the
source, under which conditions no
current flows, and the device is off. This
is an enhancement type device, and is
turned on by taking the gate positive
with respect to the source and body.
The electric field induces an n channel
on both surfaces of the body facing the
gate, and allows electrons to flow from
the negative source through the induced
channel and epi and through the
substrate-drain. The magnitude of
current flow is controlled almost
entirely by the gate voltage, as seen in
the family of curves (Fig. 12) with no
change resulting from supply voltage
changes above 10 V. [

Advantages

The vertical structure results in several
advantages over horizontal MOSFETS.
1) Since diffusion depths are controll-
able to close tolerances, channel length,
which is determined by diffusion depth,
is precisely controlled. Thus, width/
length ratio of the channel, which deter-
mines current density, can be made
quite large. For example, the VMP1
channel length of about 1.5, as against
a minimum of 5u in horizontal
MOSFETS, due to the lower degree of
control of the shadow masking and
etching techniques used in such devices.
2) In effect, two parallel devices are
formed, with a channel on either side of
the V groove, thus doubling current
density.

3) Drain metal runs are not required
when the substrate forms the drain
contact, resulting in reduced chip area,
and thus reduced saturation resistance.
4) High current density results in low
chip capacitance. Also, unlike horizontal
MOSFETS, there is no need to provide
extra drain gate overlap to allow for
shadow mask inaccuracies, so feedback
capacitance is minimized.
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In comparison with Dbi-polars,
especially power devices, the advantages
are even more impressive.
1) Input impedance is very high,
comparable to vacuum tubes, since it
is a voltage controlled device, with no
base circuit drawing current from the
driver stage. A 7 V swing at the gate, at
virtually OA, represents almost OW of
power, but can produce a swing of
1.8 A in output current. This represents
considerable power gain and will inter-
face directly with high impedance
voltage drivers.

2) There is no minority carrier storage
time, no injection, extraction, recom-
bination of carriers, resulting in very
fast switching and no switching transient
in class B and AB amplifiers. Switching
time for a VMP1 is 4ns for 1A,
easily 10-200 times faster than bi-polars,
and rivalling many vacuum tubes.

3) No secondary breakdown, and no
thermal runaway. VMOS devices exhibit
a negative temperature coefficient with
respect to current, since there is no
carrier recombination activity to be
speeded up with temperature. Thus, as
current increases so does temperature,
but the temperature rise reduces current
flow. It is still possible to destroy the
device by exceeding itsmaximum ratings,
but a brief near-overload does not result
in an uncontrollable runaway condition.
Usually, simple fusing and/or thermistor
protection is sufficient for maximum
safety, and even this may be unnecessary
with conservative design. Absence of
secondary breakdown means that full
dissipation can be realized even at
higher supply voltages. In this respect
they resemble vacuum tubes.
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VFETS for
everyone — Part i

In the first part of this article we examined the structure and
features of a new type of semiconductor, the vertical channel
power metal oxide semiconductor, Vertical MOSFET, or V-MOS,
introduced by Siliconix. The second part of the article covers the

actual use of V-MOS.

V-MOS POWER FETS like signal
MOSFETS, may be used to perform
many different functions. However, no
matter what the circuit, certain condit-
ions, common to all applications, must
be provided. These are supply power,
loading, drive signal, and establishment
of appropriate operating points.

The electrical characteristics of the
VMP1, VMP11, and VMP12, are shown
in Fig. 1, and Fig. 2 shows them in
graphic form. Since these are uni-
directional devices, the source and drain
are not interchangeable, and as they are
n-channel devices conduction can occur
only if the drain is positive with respect
to the source, and high enough to
ensure operation in the linear region —
as with a vacuum tube, bi-polar transis-
tor, or signal FET.

Like the vacuum tube, the absence of
secondary breakdown allows full dissi-
pation at any voltage supply up to
maximum voltage and current ratings.

Thus, where two different designs
require the same dissipation but differ-
ent voltage/load current, no derating is
required. This is shown in the “safe
operating area’’ curves. The only bi-polar
transistor possessing this characteristic
is the single-diffused type, which is also
the least suitable for any application
requiring wide bandwidth and/or high
speed.

This characteristic also simplifies
the establishment of suitable load-lines
allowing greater safety margin in driving
reactive loads where the load-line may
be elliptical to the point of leaving the
safe-operating area. Designers accustom-
ed to using high voltage high dissipation
devices to assure adequate safety margins
at relatively low power levels need not
therefore be too disconcerted at the
25 watt rating of these devices.

A 10 watt class A amplifier suitable

Wally Parsons

for driving a tweeter in a bi-amped
speaker system, for example, need not
suffer excessive dissipation except per-
haps with an electrostatic unit where
such a power level would be inadequate
anyway, unless it were operating at a
very high cross-over frequency.

Output

These devices may use any of the
types of output circuits in general
use with tubes and bi-polars, including
transformer coupled (Fig. 12) where
the benefits of the absence of charge
carrier storage become apparent in the
absence of severe ringing at the cross-
over point, conventional series output
such as in Fig. 3, which is a straight-
forward transformation from a bi-polar

Fig. 2 Typical VMP1 performance curves
{Siticonix).
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Fig. 3 Series output arrangement

VoD

Fig. 4 Single ended output with current
source.

circuit (1), and single-ended output
with current source, also transposed
from an excellent bi-polar circuit (2)
(Fig. 4).

Bias and drive

These series of devices are n-channel,
enhancement type MOSFETS, and may
be biased and driven using methods
appropriate to signal types and bi-polars.
The drain is made positive with respect
to the source and the gate enables con-
duction by being forward biased with
respect to the source, that is to say it is
biased in a positive direction. Unlike
bi-polars, however, they are voltage,
rather than current controlled, and cir-
cuit values are selected to provide the
required voltage. Any current drawn is
by the bias network itself.

Three bias methods are shown in
Fig. 5. Figure 5a shows bias supplied
from a fixed bias supply. It is the
simplest possible method, allows
extremely high input impedances since
Rg may be almost any very high value
desired, and its stability is limited only
by the stability of the bias supply.

The design shown in Fig. 5b has the
advantage of requiring no extra supply
voltage since it is' taken from Vdd.
Disadvantages are low impedance and

114 — September 1983 ETI

stability. Input impedance consists of
the parallel cdmbination of R1 and R2
(disregarding input capacitance of the
MOSFET and the very low input leak-
age.) There are practical limits as to how
high this combination can become; if
for example, we have a 60 volt supply
and require 6 volts bias, we might have
some difficulty obtaining higher values
than 9 megohms and one megohm fot
R1 and R2.

Higher values become more difficult
to obtain, stability becomes less reliable,
internal inductance and distributed
capacitance become problems, and over-
coming these difficulties usually costs
money. In addition, if Vdd is subject to
variation, then bias varies. In a class AB
amplifier this could be quite serious,
since Vdd varies considerably with out-
put level; at high levels, Vdd can be
expected to drop, causing a reduction in
bias.

vdd

Rload

vgg

Fig. 5a. Hi-Z separate bias supply.

Fig. 5b. Moderate impedance supply.

Fig. 5¢c. Hi-Z common supply.

While this may reduce the danger of
over-driving the device, it will be forced
to operate in its non-linear region which
may result in unacceptable performance
characteristics unless taken into consid-
eration in the overall circuit design (e.g.

choice of feedback values). It does
provide some degree of overload pro-
tection, and with correct choice of
values can provide for class AB opera-
tion at low levels, shifting to class B at
high levels. With these considerations in
mind, and/or where moderate imped-
ances are required, it offers a low cost,
simple, and reasonably reliable method
of establishing the operating point.

The method used in Fig. 5c is similar
except that with the addition of R3
higher input impedances are possible.
Its configuration is similar to a noise-
less biasing system frequently used in
low-level bi-polar amplifiers and inte-
grated circuits (e.g. National LM381A)
but its function is somewhat different.
Resistors R1 and R2 form a voltage
divider as in Fig. 5b, but their junction
now forms a fixed bias source as in Fig.
Ba. Resistor R3 can be quite high since
no current flows. Meanwhile, since the
parallel combination of R1 and R2 are
effectively in series with R3 they can be
reduced to more manageable values.
Alternatively R2 can be replaced by
Zener diode for stability comparable
to Fig. ba.

Input protection

Unlike most signal MOSFETS, the gate
of each of these devices, with the
exception of the VMP4, is protected
with an internal 15 volt, 10 mA zener
diode. Most signal MOSFETS, as well
as the VMP 4, are unprotected, or where
extremely high impedances are not re-
quired, are protected by back to back
zeners. | have no information as to why
this different technique is used.

This different technique is used, but it is
obvious that a negative signal swing on
the gate will result in forward current
through the zener. If the device is to be
driven beyond cutoff, the driver must
be capable of delivering current during
its negative swing. Alternatively, a
constant current source can be used, a
series limiting resistor or a driver biased
to the same class of operation as the
V-MOS FET.

A constant current source (we'll
examine an example of its use a little
later) will limit current drive to the
value of the constant current diode
used; a series resistance will drop the
drive voltage as the diode draws current.
In both cases, diode current must be
limited to 10 ma maximum. Higher
currents will damage the protective
zener diode.

In amplifier applications, a class A
driver is commonly used. However, if a
class B output is used, conduction only
occurs during positive half-cycles. There-
fore drive signal is not required during
negative half-cycles. If a source or



emitter follower driver stage is biased
S0 as to pass no negative drive, the prob-
lem does not occur. However, great care
must be exercised in the design of such
a stage to ensure that drive does not
disappear before the output device is
cut off.

This is not too difficult with a class
B or near class B stage; If the output
device is operated at zero bias, then a
small amount of bias on the driver will
ensure conduction during slightly more
than 180 degrees. Class AB operation is
a little more tricky. If conduction is to
occur for 270 degrees, for example,
the driver should conduct for slightly
more than this period.

Two types of drive circuits familiar
to designers of bi-polar circuits are the
Darlington and super beta, commonly
used together to provide a quasi-comple-
mentary circuit. Both circuits are current
amplifiers designed to provide a com-
pound device with very high hfe and
provide base current to the output
device. However, similar circuits can be
used with these devices to provide phase
inversion in a series output stage.

Thermal considerations

As described earlier (Part 1) these
devices exhibit a negative temperature
coefficient with respect to current, so
that as temperature rises, current is
reduced, thus providing a self-inhibiting
actiqn which provides some protection
against overload. However, this is not
an unconditional effect Fig. 6 shows
the relationship between RDS({on) and
temperature (3), based on a worst case
temperature coefficient of 0.7 per cent
per degree C.

Suppose that the device when ‘on’
passes a current of 1 amp which causes
it to heat up. The ‘on’ resistance
increases {which is why current drops),
increasing the voltage drop across the
device and the device dissipation. Now,
if adequate heat sinking is used there is
no real problem but if it isn‘t, the ‘on’
resistance and junction temperature will
rise to the point where extra charge
carriers are generated, thus stabilizing

20 T T T4

E + 4
vgs* 10V AND 15 V

I —

Rps — ORAIN-TO-SOURCE ON RESISTANCE
{NORMALIZED)

40 1] 40 80 120 160
T —~ TEMPERATURE (°C)

Fig. 6 Drain to source resistance against
temperature (Siliconix).

RDS(on). That's great, except for the
fact that this doesn’t occur until the
maximum safe junction temperature of
150 degrees has been exceeded.

You'll remember that we said earlier
that the device was free of thermal
runaway problems because of its negative
temperature coefficient, but it isn’t free
of thermal destruction problems, and in
any case, excessive temperatures will
reduce output conductance. Heat-sinking
requirements are, therefore, similar to
those of bi-polars. The calculations of
thermal  operating conditions are
beyond the scope of this article, but
interested readers are referred to the
Siliconix literature Tlisted in the
references, (4).

Extending the ratings

The current handling and therefore total
dissipation capability may be increased
by simply connecting several devices in
parallel (Fig. 7). No ballast resistors are
needed to ensure proper current sharing
since if one device draws more current
than another it simply gets a little
warmer which causes it to draw less
(assuming adequate heat sinking, of

I

==
@i@i_j

*TO PREVENT SPURIOUS OSCILLATIONS, A 500 '
1K ! RESISTOR OR FERRITE BEAD (FOR HIGHER
SPEED) SHOULD BE CONNECTED IN SERIES WITH
EACH GATE

Fig. 7 8asic circuit for parallel operation
{Siliconix).

course). The only major precaution
needed is to keep lead inductance in the
gate and source connections to a mini-
mum to prevent parasitic oscillations,
unless the devices are driven from a low
impedance source.

It may be advisable to insert what
the British call ‘‘stoppers’” — small
resistors (100 to 1000 ohms) in series
with each gate, wired directly to the
socket, or ferrite beads mounted on the
leads close to the socket terminals. An
additional plus when paralleling several
devices is that the gm is multiplied by
the number of devices used. Mutual con-
ductance gm is specified as the ratio of a
large change in current to a small change
in control voltage. If, for example, a
change of 0.4 volts on the gate produces
a change of 0.1 amp through one device,
connecting two devices in parallel will
give us an output swing of 0.2 amps, but
it will still require only the original 0.4

<100 vV
Ry
R1
™ 39 pF
VMP 1
R2
820K a7 pF
BIxY
. J vMP 1
Vin

Fig. 8 Diagram for series operation (Siliconix).

volts gate swing. Since voltage gain
A=gm x RL, if gm is increased, A is
increased.

In real use, of course, the internal
resistance of two devices in parallel is
less than of one, the optimum load is
less, so in amplifier applications, the
net amplification A is the same. But
notice that the drive requirements have
not changed. With bi-polars current
would have to be supplied to each base,
thus increasing the output requirements
of the drivers. Indeed, with many high-
power amplifiers using multiple output
devices the drivers are also power
devices.

We can also extend the voltage
ratings by series operation of two or
more devices Fig. 8 shows the tech-
nique. Resistors R1 and R2 bias Q2
‘on’. while C1 and C2 ensure fast
switching. The input control signal is
inserted between gate and source of Q1.
Ordinarily the bottom of the divider
chain is at ground potential for signal
frequencies, so that circuit is really a
cascade.

Maximum current and gm are the
same for one device.

Practical applications

An efficient light dimmer circuit as
proposed by Siliconix is shown in Fig. 9.
The 4011 acts as a pulse width modul-
ated oscillator whose duty cycle is
determined by the ratio of R1 to R2,
with R2 adjusted to control the bright-
ness of the W-90 bulb. Of special inter-
est here is the fact that with its fast
switching time, the VMP1 is especially
suited to pulse width modulation at
power levels and suggests it as being
suitable for use in switching, or class D
linear amplifiers.

A DC to DC converter is outlined in
Fig. 10. The VMP1s form an oscillator
with positive feedback provided by
the additional coil in the gate circuits.
In operation the upper V-MOSFET is
biased ‘on’, and the lower V-MOSFET

ETI September 1983 — 115



sive devices for such an application, but
the high reliability, the reduced rf
radiation (due to reduced switching
transients) and the circuit simplicity
t2lisbw easily make up for the cost. The very
high circuit impedance enables running
frequency to be set by the self-resonance

of the transformer.
Single-ended push-pull transformer
coupled audio amplifiers are shown in
s Figs. 11 and 12. Both utilize the bias-
ing system described in Fig. 5b. A load-
line drawn on the output characteristic
will show the optimum load to be 24
ohms. In Fig. 11 gate drive is supplied
by a single junction FET, and voltage
feedback is taken from the output trans-
former secondary and series fed to the
source of the input device. Distortion is
under 2% at full output (try to get that
1 with a single ended tube or bi-polar) and
could probably be reduced even further
by adopting a source follower output

12V "%

HIGH < ON o
Low - OFF

Fig. 9 Circuit of a high efficiency light
dimmer (Siliconix).

=

VMP 1 I
Y T +
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Fig. 10 A d.c. to d.c. converter {Siliconix).

stage.

is ‘off’. When power is applied the
upper device conducts causing current
to flow from Vdd through the upper
half of the transformer primary and
the upper V-MOSFET to ground. The
induced current flow through the feed-
back coil develops a voltage such as to
shift the bias in the upper device ‘off’
(if the winding is connected with the
correct polarity) and the lower device
‘on’. This causes current flow from Vdd
through the lower half of the trans-
former primary and the |ower
V-MOSFET to ground.

The secondary circuit consists of a
single rectifier and filter. The resistor
in the upper gate prevents shorting out
gate bias, and the one in the lower gate
keeps both sides balanced. In addition,
each resistor limits current through
the protective diodes. These are expen-

2 & —=Q +28V
81
LLEH Py 4w
100 Hz—-15 kHz
4 MEG ! 249 45
+
100/35 vV
T s
= 01,.F
;ﬁVMPI =
Vin D0 1,F
1 -_—
£ 680K ©* <
10 MEG

=2

100 ™
AN

%
" 100 6 v
T-

Fig 11 Simple single ended transformer

2 coupled audio power amplifier (Siliconix).
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A push-pull version of Fig. 11 is
shown in Fig. 12 using a differential
input to provide phase splitting, drive,
and a feedback point. Ajthough the
transformer winding ratio implies the
use of a low impedance loudspeaker,
a step-up ratio could be used for direct
coupling to an electrostatic speaker, a
balanced transmission line (both with
some modification of the feedback cir-
cuit) an unbalanced transmission line, or
a 70 volt speaker distrihution line.

Notice in both circuits, and in the
biasing circuits of Fig. 5, that no source
resistors have been used, either for local
feedback or for bias setting. In tube and
bi-polar circuits it’s a useful technique,
and with bi-polars can be used to stabi-
lize bias and control thermal runaway
by using the increased current flow to
increase the voltage drop, thus reducing
base-emitter voltage. However, if used
with these devices, it will actually
impair the self-limiting action of its
negative temperature co-efficient. If
temperature rises due to high current,
current flow is reduced. This would
reduce the voltage drop across a source

resistor, lowering the source voltage and

increasing the gate-to-source voltage,

causing an increase in current flow. The

circuit would work great while it lasted
— which wouldn’t be for long.

Record amp

Figure 13 shows a magnetic recording
amplifier derived from a tube circuit.
Its biggest advantage lies in its ability
to provide equalization for head losses
by incorporating the head within the
feedback loop. Additional equalization
is then required only for gap losses and
tape self-demagnetization. Q1 acts as
a driver for Q2, the output stage, which,
with series resistor R9, provides a high
impedance current source for the record
head, as well as providing a mixing pad
between audio and bias currents.

The record head’s return path to
ground is through R11. The inductance
of the record head results in an imped-
ance characteristic which rises with
frequency. At frequencies at which the
impedance of the head is low in comp-
arison with R9 and R10 in series, load
current is essentially constant. As fre-
quency rises, however, head impedance
becomes appreciable. With appropriate
selection of R9 and R11, depending on
head characteristics, the voltage across
R11 decreases as the head impedance
becomes significant. |f feedback is
taken across R11 it will decrease with
rising frequency, causing an increase in
gain, at a rate of 6dB/octave.

Feedback is applied across R3 via
R10 and C8 (which supplies bass boost
below 80 Hz) C5 and C6 provide
additional high frequency boost for a
total ultimate slope of 12 dB/octave.
This circuit is so effective that no addit-
ional boost is needed at 15 ips, and only
a small amount at 7.5 ips with high
coercivity tape.

The biasing method used is that of
Fig. 5c. The large amount of local
current feedback provided by R2 and
R3 results in a high output impedance

LB =T
& '_i_:,l,- ”_

Fig. 12 Transformer coupled output.
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Fig. 13 Tape recording amplifier.

for Q1, so the biasing network is selec-
ted to provide high impedance with
reasonable values. Capacitors C3, C4,
C7 and C9 bypass bias signal to avoid
overloading Q2, and to prevent atten-
uation of bias current.

Power amp

Figure 14 shows a high quality power
amplifier designed by Siliconix Inc.
(5) and described in their application
notes. Qutput current capability is
increased by using three VMP12's in
parallel, providing for 6 amp current
75 watt dissipation and load optimized
at 8 ohms. Q11-13 operate as a source
follower, while Q8-10 form a quasi-
source follower. This is accomplished
by applying local feedback from drain
to gate via R14, R15, and driving the
gate by a modified current source. This
consists of a cascade circuit with &
constant current diode as the load.

For the benefit of those not familiar
with these devices, a constant current
diode is really a FET connected inter-
nally as shown in Fig. 15. Since current
in a FET is controlied essentially by the
gate-to-source voltage, changes in lgad

or in applied drain-to-source voltage
have negligible effect since gate-to-source
voltage is held constant. This is a
current analogue to the zener diode and
is described in detail in Siliconix
literature (6).

The design is push-pull from input to
output, thanks to differential circuitry
throughout, prior to the drivers. Open
loop distortion is low, bandwidth wide,
allowing satisfactory performance with
only 22 dB of feedback. Lead compen-
sation only is used {via C4), along with
the liberal use of local feedback (R4,
RS, R11, R12,). The result is very low
transient IM and a slew rate of over 100
V/microsecond. THD is quite respect-
able even though the numbers might
not impress the average audiophile
accustomed to amplifiers with great
specs and poor sound.

Incidentally, D8 and D9 illustrate
an excellent method of providing output
current limiting. In this case, 9.1 volt
zener diodes limit drain current to
slightly less than 2 amps. At first one
might be tempted to depend on the
built-in protection diodes to accomplish
this, but it should be remembered that
these devices are for protection against
static discharge. Their zener voltage of
15 volts at 10 mA cannot possibly be
used since the absolute maximum perm-
issable drain current occurs at a gate-to-
source voltage of 10 volts.

Commercial amps

A simplified version of Yamaha's B1
amplifier is shown in Fig. 16, (8). In
this circuit a cascade drive system is
used, but in a differential form with
the constant current source in the

Fig. 14 A high quality 40W amplifier
{Siticonix).
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Fig. 15 A FET as a constant current diode.

common source circuit. This is an
example of all FET design of excellent
performance and received rave reviews
in several publications including ETI.
It's also inexpensive!

The VHF linear amplifier in Fig. 17
will deliver 5 watts peak envelope
with second and third order intermod-
ulation at -30 dB from 144-146 MHz.
It will also prove useful as a receiver
pre-amp with a noise figure of 2.4 dB.
V-MOSFETS show considerable promise
in rf applications because of their linear
transfer characteristic, the high gain
capabilities even with Ft somewhat
above 600 MHz, low noise and (in
receiver front ends) very wide dynamic
range. Although this article has dwelt on
the VMP 1 family, there is also the
VMP 4, designed specifically for rf
applications and which is now available.

Finally, how about something
elegant for its simplicity, such as the
tapered current voltage limiting battery
charger shown in Fig. 18. This is
especially useful with Ni-Cad batteries
which are intended for stand-by use and
are permanently on charge, such as elec-
tronic clocks. Overnight shut-downs of a
few hours are occasionally but irregul-
arly experienced. You know what this
can do to clocks. Especially alarm
clocks which are supposed to make
noises, turn on radios, start the coffee
at a pre-set time in the morning so you
can go to work. Battery operation is
not too satisfactory if the readout is on
continuously, and Ni-Cads should not
be on permanent floating charge.

With this little device current is
supplied to the battery via the VMP-1.
Gate voltage is set at a value equal to
the desired end-of-charge voltage. As the
battery charges, its voltage increases,
reducing gate-to-source voltage, thus
reducing charging current. When the
battery reaches full charge its voltage,
and that of the source, equals gate volz-
age, and charge is terminated. If a load
is placed across the battery it will draw
current, and as the battery voltage drops
slightly below gate voltage, charging at a
trickle rate occurs — automatically.
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Experimentation

The various applications shown are
intended as suggestions for further
experimentation. They are mainly desig-
ned to illustrate various characteristics
of the device under consideration, and
are not necessarily representative of
commercial practice or of finished
designs. In some cases this may be just
as welll But we would be delighted to
hear of any readers’ experience with
any of these or other circuits.

The author’s feeling is that V-MOS
constitutes a genuine breakthrough in
semi-conductor technology, as import-
ant as the silicon transistor and the FET
itself. We’ll be seeing more of these
devices, with higher ratings (a 10 amp
200 volt unit is already under develop-
ment) and specialized characteristics.
They are said already to be in use
commercially as magnetic core drivers.

Digital enthusiasts may be somewhat
impatient with the strong emphasis on
audio applications in this piece but
other literature has placed great emphasis
on digital applications, with little atten-
tion paid to linear techniques beyond
the 40 watt amplifier described here.
The serious reader in all areas is referred
to the references at the end.

Have fun.
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Fig. 16 Simplified Yamaha VFET amplifier

diagram.
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Fig. 17 144-146 MHz linear amplifier

{Siticonix).
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Fig. 18 Tapered current voltage limited

battery charger.
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The junction FET —

its haunts and habits

The first in a whole family of field effect transistors, the junction
FET is found in many and varied applications. If you're new to
electronics, or unfamiliar with the device, this article should
introduce you to the haunts and habits of the JFET.

THE JUNCTION Field Effect Transis-
tor or JFET is a small electronic device
much like a transistor in appearance
which normally has three connections,
although a fourth connection is attached
to the metal case of some types for high
frequency screening. Junction field
effect transistors are one of the two
main types of field effect transistor, the
other type being known as the MOSFET
(Metal Oxide Semiconductor Field Effect
Transistor) or as the IGFET (Insulated
Gate Field Effect Transistor).

Field effect transistors can be used as
amplifiers and oscillators as well as for
other applications for which an ordinary
or bipolar transistor could be employed,
but have particular advantages for cer-
tain applications. Field effect transis-
tors are also used in the internal
circuitry of integrated circuits.

Connections

As in the case of npn and pnp bipolar
transistors, junction field effect transis-
tors can be obtained in two polarities,
these being known as n-channel and
p-channel types. A far wider variety of
n-channel types is manufactured than
p-channel devices, since they tend to
have a better performance, but devices
of both polarities are readily obtainable.

The electrodes and circuit symbols for
the two types are shown in Figure 1. The
current flowing in a channel between
the drain and the source is controlled by
a voltage applied to the gate electrode.
The gate is therefore the input electrode

DRAIN DRAIN
GAT@: GATE
SOURCE SOURCE

(a) N-CHANNEL (b) P-CHANNEL

Figure 1. Symbols for n-channel (a) and p-channel
(b) junction FETs.

and may be compared with the base of a
conventional transistor. Similarly the
drain and source may be compared with
the collector and the emitter respectively.
One of the main differences between
field effect transistors and bipolar
transistors is that field effect tran-
sistors are essentially voltage amplifiers
whereas bipolar transistors are basic-
ally current amplifiers. Thus the field
effect transistor behaves more like the
old thermionic valve in its circuits.
Field effect transistors tend to be
more expensive than most of the com-
mon bipolar types — probably because
the bipolar types are sold in much larger
numbers. The economical 2N3819
n-channel field effect transistor is prob-
ably the most commonly used type and
is very suitable for the readers who wish
to carry out their first experiments with
field effect transistors. This device is en-
capsulated in a black plastic or epoxy
body and has the connections shown in
Figure 2. The 2N3820 is a similar
economical p-channel device.

EPOXY
DRAIN 80DY
GATE
SOURCE
B8OTTOM VIEW

Figure 2. Connections for the common 2N3819
plastic-encapsulated n-channel JFET.

High input impedance

One of the main advantages of a field
effect transistor is that it has a very
high input resistance and therefore
takes very little current from the circuit
which feeds it — typically far less than a
microamp. This means that it has very
little effect on the circuit which feeds it,
even if this circuit has such a high out-
put impedance that it can deliver only a
very minute current.

In order that an n-channel device
shall operate correctly and have a high
input impedance at its gate, it must be
suitably biased with its gate negative

Brian Dance

with respect to the other electrodes.
Similarly the gate of a p-channel device
has a high impedance when it is posi-
tively biased.

APPLICATIONS

Pierce oscillator

In the circuit of Figure 3 the field effect
transistor is employed in a Pierce type
of oscillator whose frequency is control-
led by the quartz crystal shown. The
advantage of using a field effect transis-
tor in this type of circuit is that the gate
imposes only a very small load from the
crystal and therefore the quality factor
or Q factor of the crystal is not appre-
ciably affected, so excellent frequency
stability can be obtained.

+12v

ouTPUT

2N3823/
2N3819

10M

Figure 3. A Plerce crystal oscillator (National
Semiconductor).

National Semiconductor recommend
their 2N3823 n-channel device for use
in this circuit, but the more economical
2N3819, which is made by the same type
of process, is also suitable. The supply
voltage is not at all critical, but the
radio frequency chokes used in the sup-
ply lead should have a high impedance
at the frequency of oscillation.

An advantage of this circuit is that
one can change the crystal over quite a
wide range of frequencies without
making any other changes to the circuit
and still obtain a satisfactory perform-
ance. The exact frequency range over
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which the circuit will operate depends
very much on the choke used and to
some extent on the circuit layout.

This type of circuit is suitable for use
in a crystal calibrator for a receiver. If a
1 MHz crystal is employed, the output
may be fed to a radio receiver to produce
a signal at 1 MHz and at each multiple
of 1 MHz up through the shortwave
bands to provide calibration points.

Electronic attenuator

A junction field effect transistor can be
used as a variable resistor, the value of
which is controlled by the voltage
applied to the gate electrode. As the
applied bias becomes smaller, the re-
sistance between the drain and source
electrodes falls.

This property is used in the circuit of
Figure 4 to design an electronic atten-
uator for audio signals. When the nega-
tive control voltage applied to the gate
electrode is relatively large, little drain
current passes through the device and
the circuit behaves as if the field effect
transistor were not present. However,
as the control voltage falls at the gate
electrode, the drain draws current from
the junction of Rl and R2 so that the
output signal amplitude is attenuated
progressively.

Figure 4.-An electronic attenuator (Siliconix).

R1
INPUT AAAA
SIGNAL
CONTROL E ;
VOLTAGE

+

Tone control

The circuit of Figure 5 is a tone control
circuit with bass and treble boost and
cut facilities. In this circuit the 2N3684
field effect transistor is used to enable
the circuit to have a very high input
impedance. It is used as a source fol-
lower circuit (analagous to an emitter
follower) which provides a low output
impedance signal coupled by a 1lu
capacitor to the tone control network.
This network is in the feedback circuit
of the LM301A operational amplifier
circuit. The 2N3684 enables a good low-
noise performance to be obtained.

Lambda oscillator

A very simple sinewave oscillator is
shown in Figure 6; it is essential that
one n-channel and one p-channel field
effect transistor are used in this circuit.
The two source electrodes are connected
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together and the gate of each device is
connected to the drain electrode of the
other device. This type of connection
produces a negative resistance regionin
the current/voltage graph for the circuit
with a peak in the graph like a Greek
lambda (A ) — hence the name given to
this type of circuit.

It is only necessary to connect the dual
device circuit in series with a parallel
tuned circuit, as shown in Figure 6, to
produce oscillations at the resonant fre-
quency of the tuned circuit used. It will
oscillate at any frequency from the low
audio region up to some tens of MHz, but
the gate capacities of the devices used
prevent operation in the regions above
100 MHz.

It is interesting to note that two sepa-
rate parallel tuned circuits may be con-
nected in series with the lambda circuit
instead of the single tuned circuit shown
in Figure 6. If one of these tuned circuits
resonates at an audio frequency and the
other at a radio frequency, the output
will consist of an amplitude modulated
radio frequency oscillation. This is
perhaps one of the simplest possible
modulated signal generators!

The output voltage from the circuit of
Figure 6 is equal to twice the steady

—— OUTPUT

+12V

2N3684

V+

—{—= ourrur

2N3819

2N3820

Figure 6. Sinewave oscillator using a ‘Lambda’
circuit.

power supply voltage applied to the
circuit. Therefore this type of circuit can
be very useful when one requires an out-
put oscillation whose amplitude is accu-
rately related to a steady applied
voltage.

Complementary pairs of field effect
transistors used in lambda circuits have
other applications apart from simple os-
cillator uses.

High-impedance buffer stage

The circuit of Figure 7a shows a buffer
or isolating amplifier which has a very
high input impedance and low input
capacitance. National Semiconductor
recommend a 2N4416 field effect tran-
sistor for this circuit because it has a low
input capacitance, but this is further
reduced by the circuit feedback. The de-
vice is used as a source follower, so the
voltage gain is about unity.

Although a 2N5139 pnp transistor is
specified for this circuit, the 2N3906
plastic encapsulated type is much more
readily available and is fabricated by
the same process, so it can be used in
this application.

CcuTt
10n BOOST BASS
o 10k 100k 10k
a3n 33n
- 10k
3
7’
—-
OUTPUT
10k
3n3 3n3

100k

BOOST

_ll_AAAH|_'

curt

TREBLE

Figure 5. High input impedance tone control circuit (National Semiconductor).



High-impedance amplifier

The circuit of Figure 7b is very similar to
that of Figure 7a except that the feedback
circuit has been modified so that a vol-
tage gain can be obtained. The circuit
provides a gain of R2/R1 or 10 with the
component values shown. Both the
circuits of Figure 7 and of Figure 8 can
be operated at high frequencies into the
tens of MHz region.

RF amplifiers

Junction field effect transistors are
much used in the radio frequency stages
of HF, VHF and UHF receivers, since
they offer a noise performance equiva-
lent to that of bipolar transistors with
improved crossmodulation and inter-
modulation performance. Crossmodula-
tion is the transfer of the modulation of
one carrier onto the carrier of another
signal. Intermodulation occurs when
two or more signals outside the pass-
band combine in the circuit to form a
signal within the passband which causes
interference with the wanted signal.

The better linearity of field effect
transistors over bipolar transistors is
responsible for this improvement. Mul-
lard have quoted a 12 dB improvement
in crossmodulation in a narrow-band
FM receiver and a 20 dB improvement
in a VHF broadcast receiver as having
been achieved by the replacement of a
bipolar mixer circuit with a junction
field effect transistor circuit.

Figure 8 shows a high-performance
amplifier using two JFETSs connected in
‘cascode’ (series) with automatic gain
control (AGC) applied to the gate of the
upper device. The supply is applied to
the ‘cold’ or/‘ground’ end of L2 via a
feedthrough capacitor. Only the L-C
values need be changed to operate this
stage on other frequencies to the limits
of the JFETS.

Simple voltmeter

The high input impedance of a junction
field effect transistor is used in the
circuit of Figure 9 to produce a volt-
meter with an input resistance of over
10M; in some measurements this high
input impedance is necessary to prevent
the current taken by a conventional
voltmeter from dragging down the vol-
tage being measured.

The input voltage being measured is
divided by R1 and R2 so that a voltage
of +0.2 V is present at the gate electrode
when the full scale input voltage is
applied for the range in question. In
practice R1 should consist of a fixed re-
sistor of a value somewhat less than
that shown in the table, in series with a
preset potentiometer so that the sen-

v+

B 1k

V4
100R 2N43416 2N5139/
A 1k 2N3906
INPUT
2N4416 [ OUTPUT
2N5139/
INPUT 2N3906
’ 1M
10M OUTPUT
M
Figure 7. (a) a unity gain butfer stage with high
input impedance and (b) similar stage, with gain
v {National Semiconductor).
2N4416

2k
2n 2n

AGC RANGE 59 dB
POWER GAIN 17 dB

n ¢

L1 = 700 nH CENTRE TAP
L2 = 700 nH TAP % UP FROM GROUNO

Figure 8. Typlcal high-performance amplifier stage employing two FETs in ‘cascode’. Values given for
200 MHz. A wide yariety of RF FETs may be substituted (National Semiconductor).

INPUT
(+) 500 uA (APPROX.)
R2 - G +9V
e BFW61
’_@: 0A95 680R
¥ S 250R
P b——»S (ZERO ADJUST)
Ri 2k2
0-50 uA
— 120R
¢ &— oV

Figure 9. High input impedance voltmeter. Note that a BFW 10 could substitute for the BFW61 (Mullard).

Table showing the value of R1 to be used in Figure
9 for various ranges.

Meter range R1
250 mV 40M
500 mvV 6M67
1V 2M5
10V 204k
50V 40k
100V 20k
250V 8k
500 vV 4k

sitivity of the range can be adjusted. If
desired, R1 may be switched to provide a
number of ranges.

the 2k2 resistor in series with the meter
enables the full-scale meter current to
be adjusted to allow for the characteris-
tics of the particular device used. The
diode protects the meter from over-
loading.

PhotoFET

Photosensitive field effect transistors
(photoFETSs) can be made which have a
window or a lens, so that any light
falling on this window affects the junc-
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tion and hence the drain current of the
device in much the same way that light
affects a phototransistor. However,
photoFETs are not very common devices.

An application of a Teledyne Crystal-
lonics photoFET as a light-controlled
variable attenuator is shown in Figure
10. The drain-to-source resistance of the

INPUT ouTPUT

R3

R4
1M

™
L3

—

Figure 10. Example of a light-controlled attenuator
(Teledyne Crystallonics).

photoFET is a function of the intensity
of the illumination, so as more light
shines on the device, the output rises.
The negative voltage to which the re-
sistor R3 is returned determines the
range in which the drain-to-source re-
sistance falls. Like other silicon photo-
sensitive devices, the photoFET is
sensitive to the red and near infrared
regions of the spectrum, such as the
radiation from an incandescent fila-
ment bulb.

HOW DO THEY WORK?

An n-channel field effect transistor con-
sists of a channel of n-type semiconduc-
tor material between the drain and the
source surrounded by p-type material of
the gate electrode. Almost all of the de-
vices are made of silicon, but a few spe-
cial devices are produced in other
semiconductor materials. As shown in
Figure 11, the gate normally receives a

| DRAIN
R

DEPLETION

REGION \

GATE

g
+
Sp—
1 E
N N-CHANNEL

+
I SOURCE

Figure 11. Control of channel width in an n-channel
device.
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Figure 12. Structure of a silicon planar device (Mullard).

negative bias relative to the source and
the drain a positive bias.

As the p-type gate material receives a
negative bias, the junction formed bet-
ween this material and the n-type chan-
nel is reverse biased. In any reverse-
biased junction, a region which is de-
pleted of charge carriers (electrons and
holes) is formed. As this depletion
region contains very few mobile charges,
it acts almost as an insulator and has a
very high resistance.

The gate is normally much more
heavily doped than the channel
material, since this results in the deple-
tion region spreading fairly deeply into
the channel and not very far into the
material of the gate. As the drain is
normally made positive with respect to
the source electrode, the voltage bet-
ween the drain and the negative gate is
larger than that between the source and
the gate. The electric field is therefore
greater on the drain side of the gate
electrode and this results in the deple-
tion region becoming deeper on the
drain side and thus producing a nar-
rower channel on this side, as shown in
Figure 11.

If the voltage applied to the gate be-
comes more negative, the depletion
region goes deeper into the n-channel
material untit eventually the channel
becomes completely cut off on the drain
side of the gate. Very little drain cur-
rent can then flow through the device.
As the gate voltage becomes less nega-
tive, the channel opens again and be-
comes wider as the gate voltage
approaches that of the source; the
widening of the channel under the con-
trol of the gate voltage results in the
channel current from the drain to source
increasing.

As the gate-to-channel capacitance
comprises a reverse-biased pn junction,
the gate has a very high input resist-
ance and passes only a very minute cur-
rent (often in the pA region). However,
the gate capacitance is appreciable and
therefore an appreciable alternating
current may flow to this electrode at
high frequencies. Even when the gate
and source potentials become equal,
there is still a small depletion region
and the gate input resistance is high.

However, if the gate of an n-channel
device receives a positive bias of more
than about 0.65 V, current can flow in
the gate circuit and this current may
damage the device.

Structure

The design of a modern field effect
transistor is not implemented in the
form of Figure 11, which has been used
for explanatory purposes, but silicon
planar technology is usually employed
to produce a structure such asthat of the
Mullard/Philips BFW11 shown in
Figure 12. This has a surface or planar
structure which is covered with a pro-
tective layer of silicon dioxide at all
points except where electrode connec-
tions are attached. This oxide layer pre-
vents impurities from contaminating
the surface of the material and thus pro-
ducing unwanted currents.

The aluminium contacts at the source
and drain electrodes allow current to
flow from them into the heavily doped
small n+ regions, which make good con-
tact with the n-channel region. In some
devices a number of n-type channels are
connected in parallel to enable a larger
current to flow at the expense of an in-
creased gate capacitance.

P-channel types

P-channel field effect transistors have
the same type of structure as shown in
Figures 11 and 12, but the p and n type
materials are interchanged. The gate is
made of n-type material and must
therefore be biased positively, as shown
in Figure 13. The drain is normally
biased negatively.

P-CHANNEL

Figure 13. A p-channei device requires suppHes of
the opposite polarity to those used with n-channel
devices.



Limiting voltages

If the bias applied to the gate is taken
far beyond that required for normal
operation, a point will eventually be
reached at which reverse breakdown
occurs. Similarly there is a limit to the
voltage which should be applied be-
tween the drain and the source elec-
trodes. However, junction devices can-
not be damaged by the ordinary
electrostatic charges which can accu-
mulate dn people and clothing and
which can damage MOSFET devices.

Testing JFETS

Itis relatively easy to check that a junc-
tion field effect transistor is able to func-
tion correctly. The circuit of Figure 14
may be used for an n-channel device and
that of Figure 15 for a p-channel device.

If the gate is initially connected
directly to the source (and not as
shown), it will be found that the meter
provides a reading of a few mA. This
current is limited by the 1k resistor in
the drain circuit to a safe value.

If the gate electrode is now connected
to the 10M resistor as shown, the gate to
channel junction is reverse biased. Thus
the channel width decreases and with

6V 6V
|- 1 l 'H
1k
10M
SOURCE \
+
10 mA
GATE DRAIN
N-CHANNEL DEVICE
Figure 14. Testing an n-channel device.
6V 6V
| — |
1k

1M
SOURCE

10mA
DRAIN

P-CHANNEL DEVICE

Figure 15. Testing a p-channel device.

most devices the drain current will fall
to zero in the circuits shown. As the gate
circuit has a very high resistance, the

voltage can be applied to it through a
high-value resistor; indeed, it is inter-
esting to note that the human body can
be used in place of the 10M resistor
shown when testing junction field effect
devices.

If one wishes to test a device and does
not know the connections, one can first
find two connections in which a small
current will pass in either direction.
These are the source and drain connec-
tions.

A current should pass from the third
electrode, the gate, only in one direction
to either of the other two electrodes. If
conduction takes place when the gate is
positive, one has an n-channel device,
whereas if conduction takes place when
the gate is negative, the device is of the
p-channel polarity.

One cannot easily determine which
electrode is the drain and which is the
source, but these electrodes are to some
extent electrically interchangeable. ®

USEFUL BOOKS

Two very useful books, though difficult to obtain,
are: 'FET Databook’ from National Semiconductor
and 'Field Effect Transistors’ from Philips.
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Lb Notes"

Using BIFET and
BiMOS op-amps

The availability of BIFET and BiMOS op-amps has revolutionised
circuit design since they appeared on the scene six years ago.
While we've used devices like the CA3140 op-amp in projects
we’'ve not got around to describing practical applications circuitry.

This ‘Lab Notes’ fills that gap.

THE AVAILABILITY of BiFET and
BiMOS devices in various packages
with one to four operational amplifiers
per package has revolutionised the
operational amplifier market. Apart
from the relatively expensive hybrid
FET input devices, other FET input
operational amplifiers had been avail-
able for some considerable time, so why
should BiFET and BiMOS devices be so
important?

The first point to note is that amp-
lifiers with FET input stages can offer
far higher input impedances than
devices with ordinary bipolar transistors
in their input stages. For example, the
well-known 741 has an input impedance

The first BIFET products were announced
by National Semiconductor in 1975 (the
LF155. LF 156 and LF157 series, where LF
signifies Linear FET device). The main
advantages of these products is that the
junction FET devices used in their input
stages are fabricated on the same silicon
chip as the remainder of the operational
amphfier. Although hybrid operational
amplifiers with FET input stages had been
available for some considerable time pre-
viously. all of these hybrid devices contained
the junction FET devices fabricated on a
separate silicon chip from the remainder of
the operational amplifier. Such hybrid
devices can be made to have a very good
performance if adequate trouble is taken in
their design. but the extra labour costs in-
volved in the testing of the separate chips
for appropriate matching characteristics
and in connecting the two chips in a single
hybrid package inevitably resuited in a price

of the order of 1M and a maximum input
bias current of 500 nA. The use of bi-
polar transistors to obtain a high input
impedance has been pushed to the limit
in devices such as the LM108, using
supergain input devices to provide a
typical input impedance of 70M and an
input bias current of just under 1 nA.
These values may be compared with
those of some of the economical BiFET
and BiMOS devices, where typical input
impedances are of the order of 1 Terra-
ohm (one million Megohms!) and input
currents are some tens of picoamps (pA}
at room temperature.

Thus if one connects the input of one
of these BiFET or BiMOS amplifiers to

INTRODUCTION TO THE BIMOS AND BIFET OP-AMP

tag far above that of modern BiFET devices.
The general type of construction of a BIFET
device 15 shown in Figure 1, the channel
between the source and the drain elec-
trodes of the FET input devices being
fabricated by ion implantation.

JFEY

[l £

ION IMPLANT

DRAiN GAT

Figure 1. Construction of a BIFET device.

Although National Semiconductor pro-
duced the first BIFET products, it was not
long before other manufacturers entered
the BiIFET market, and such products are
now available from Advanced Micro
Devices, Analog Devices, Fairchild, Harris

Brian Dance

almost any circuit, it will impose a very
small load on that circuit. This can be a
vital consideration when one is design-
ing such high-impedance circuits as
those used in pH meters or in ionisation
chamber smoke detector circuits, whose
output current is inadequate to drive
devices such as the 741.

If one considers the very early types of
monolithic FET input operational amp-
lifiers (such as the Fairchild uA740),
they do have the desired high input
impedance, but their disadvantage is
that their input offset voltage and its
temperature coefficient are so high that
they do not approach the high standard
of performance required by the modern

Semiconductor, Motorola, Intersil, Precision
Monolithics, Raytheon and Texas Instru-
ments, although National Semiconductor
still offer the widest range of BIFET pro-
ducts, details of which can be found in their
Linear Databook.

Very soon after National Semiconductor
had announced the first BIFET products,
RCA introduced their first BIMOS product,
the economical CA3130 operational amp-
lifier. This has some similarities to the
BIFET amplifiers, but employs MOSFET
transistors in the input stage rather than
junction FET devices. RCA soon introduced
further BIMOS devices, one of the best
known type being the CA3140, which can
be used as a pin-for-pin replacement for the
741 when a higher performance is required.
More recently the CA080 series has been
introduced as pin-for-pin replacements for
the Texas Instruments series of TLO8O
BiFET types.

124 - September 1983 ETI



18k (SEE NOTE A)

SIN wt 1N4148 -5V
18p 1k
il 18p TOP VIEW
L I ”
o o +
+V 1 — 8
cc iy O n
b AAAA
88k4 88k4 "2xTLOS2 — 2] 7
g COSwt
5
’—4' Beg “Yee LU - sl
18p +15v
18k
]
. el (SEE NOTE Al av [1s

NOTE A: THESE RESISTOR VALUES MAY BE
ADJUSTED FOR A SYMMETICAL OUTPUT

GENERAL PINOUT
DUAL OP-AMP
TLO72,TLO82.

Figure 3. Quadrature osclllator producing two outputs 90° out of phase, using a TL082 dual op-amp —

pinout at right,

professional engineer. Modern BiFET
and BiMOS devices provide a very high
input impedance with relatively good
stability and temperature performance
— although the input impedance of any
of these devices at 25°C is much greater
than over the full temperature range.

In general BiFET and BiMOS
economical devices offer a comparable
performance. If anything, BiMOS
devices tend to offer the lower input bias
currents and BiFET products the lower
noise levels. However, premium devices
of both types are available with
performances far above the average for
the type of device concerned.

Half-Hertz oscillator

Figure 2 shows the use of the econom-
ical TLO81 device in a simple 0.5 Hz
square wave oscillator. The TLO8I is a

Ry 100k

AAAA

1
1 =r~“—' o k1

0.5Hz SQUARE WAVE OSCILLATOR

TOP VIEW

Jc'—j \_L—-js
v O

GENERAL PINQUT SINGLE OP-AMP

TLO6G, TLO61,TLO70,TLO71,TLOSO, TLOBY
CA3080,CA3140,CA3160.

Figure 2. Half-Hertz osclliator using a TLO81 —
pinout below,

Modern BiMOS and BIiFET op-amps come In both can and DIL packages.

e e e e e e e —

single operational amplifier in a dual-
in-line package with the connections
shown in Figure 2; the pin connections
are the same as those of the well-known
741 devices, internal frequency com-
pensation being employed so that no
external compensating capacitor is
required. External offset adjustment
can be made when required by means of
an external variable resistor. The
TLO71 is a similar low-noise device
with the same connections, and is quite-
suitable for use in this circuit, but its
low-noise characteristics are not needed.
The TLO61 is a low-power device with
the same connections.

The frequency of oscillation of the
Figure 2 circuit is given by
f = 1/(2aRCp), or about 0.5 Hz with the
values shown. The high input impedance
of the circuit enables a relatively high
value of feedback resistor, Ry, to be
employed, so the value of C; can be
reasonably small for a given frequency
of operation. About nine-tenths of the
output voltage is fed back to the non-
inverting input to provide positive
feedback to maintain oscillation. The
capacitor Cp charges and discharges
through Ry according to whether the
state of the output voltage is "high’ or
‘low’ at the time concerned.

The circuit of Figure 2 generates
square waves which are approximately
symmetrical. However, if a circuit
which generates waves with an unequal
mark-to-space ratio is required, it is
only necessary to connect a resistor of
perhaps 10k to 50k in series with a diode
across Rp. The direction in which the
diode is connected determines whether
the output spends the greater part of its
time in the ‘high’ or in the ‘low’ state.

100 kHz oscillator

Figure 3 shows the circuit of a 100 kHz
oscillator providing two outputs which
are 90° out of phase with each other.
Although the TLO081 is perfectly satis-
factory for use in this circuit, it is more
convenient to use the dual TLO82 device
so that this one device is all that is
needed. The connections of the 8-pin
dual-in-line TL0O82 device are shown in
Figure 3; it employs internal frequency
compensation, but has no external offset
adjustment facilities.
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Figure 4. Function generator circuit. Sourcing or sinking current from pin 5 of the left hand CA3080 will

vary the frequency.

BiMOS generator

A function generator which produces
square and triangular waveforms is
shown in Figure 4. It employs a CA3140
BiMOS device together with a
CA3080A and CA3080. A particular
feature of this circuit is that a frequency
range of one million to one can be
obtained by the use of a single variable
resistor, or alternatively by the use of
an auxiliary sweeping signal.

A CA3130 device may be employed
instead of the CA3140 shown, but in
this case a frequency compensating
capacitor (about 56p) must be connected
between pins 1 and 8, since the CA3130

BOOST BASS
(LINEAR)

SM

cur

24 240k

240k

FOR SINGLE SUPPLY

is not internally compensated. The
CA3160, which does not require any
external frequency compensation, is
also suitable for use in this circuit.

The high frequency linearity of the
ramp is adjusted by the 7-60p variable
capacitor connected between the output
of the CA3140 and the output CA3080
device. The triangular wave output
level is determined by the four 1IN914
level-limiting diodes in the output
circuit and the network connected to pin
2 of the CA3080.

It is important to minimise lead
length and parasitic coupling capac-
itance in this circuit by careful layout.
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Figure 5. Notch filter using a ‘Twin-T" filter section
on the input of a TLO71 op-amp.

Notch filte)

The circuit of Figure 5 shows the use of a
TLO071 low-noise amplifier in a notch
filter circuit. This is the normal ‘twin-T’
filter in the input circuit, in which one of
the ‘T" sections consists of R1, R2 and C3
and the other part of C1,C2 and R3. It is
designed to reject signals of one particu-
lar frequency (the notch frequency),
whilst passing signals of any other fre-
quency virtually unattenuated.

For optimum performance, when a
sharp notch in the frequency response is
required, the components should have
matched values (to within 1% or 2%).
When the values shown are employed,
the notch frequency occurs at approxi-
mately 1 kHz. An advantage of using a
high input impedance device such as the
TLO71 is that relatively large values
may be employed for R1, R2 and R3 and,
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Figure 6. Baxandall type tone control circuitry, with unity gain (tlat

position).
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Figure 7 Tone control circuit
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therefore, for any given frequency, C1,
C2 and C3 can have a relatively low
value. Large value, close tolerance
capacitors are expensive, so the ability
to employ devices of low value is
important.

Tone controls

Two tone control circuits using the
CA3140 are shown in Figures 6 and 7.
Figure 6 is of the Baxandall type, which
provides a gain of unity at the mid-
frequencies and uses standard linear
potentiometers. The high input
impedance of the CA3140 enables low-
value (and therefore cheap) capacitors
to be employed in a circuit which has an
impedance great enough to avoid exces-
sive loading of the stage feeding this
circuit.

Bass/treble boost or cut are about +15
dB at 100 Hz and 10 kHz respectively.
Full peak-to-peak audio output is avail-
able up to at least 20 kHz, since the
CA3140 has a relatively high slew rate
(about 7 V/us). The gain falls by about
3 dB at a frequency of around 70 kHz.

The circuit of Figure 7 provides simi-
lar boost and cut facilities, but the gain
of this circuit is about eleven. The input
impedance is basically equal to the
resistor from pin 3 to ground.

220

——

off between bandwidth and power con-
sumption which is required). Figure 9
shows the response of the Figure 8
circuit.

Mic preamp

A moving-coil microphone preamplifier
with tone control is shown in Figure 10.
A TLO61 low-power device which is
internally campensated is employed in
this circuit.

Distribution amp

The Texas Instruments series of BiFET
devices is also available with four
separate amplifiers in a single 14-pin
dual-in-line package. Figure 11 shows
the connections of the TL064 low-power
BIFET quad amplifier, together with a
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Figure 9. Response characteristics of the Figure 8
circuit.
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Figure 10. Moving-coil mic preamp with tone controls, using an internally
compensated TL0O61 device (same pinout as TLO71).
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Figure 8. A two-stage tone control circuit using TL060 devices. (Same pinout as TL070).

A tone control circuit using the TLO60
low-noise BiFET devices is shown in
Figure 8. The TLO60 is not internally
compensated and therefore requires the
10p external frequency compensation
capacitor shown connected in the circuit
of each device. Similar circuits can, of
course, be made using the TLO80 devices
at the expense of a higher power level. A
further alternative is the use of TL066
programmable BiFET device without
any compensating capacitors, but with
a suitable value of the programming
resistor between pin 8 and the negative
line (about 1k, depending on the trade-

circuit for an audio distribution amp-
lifier using one of these quad devices.
The input stage acts as an input buffer
and the other three stages act as output
buffers, so that no signal from output A
finds its way into any of the other
outputs.

The TLO84 and the low-noise TL074
have the saméipin connections (which
are the same as those of the LM324 type
of device), whereas the TL085 and the
low-noise TLO75 devices are quad types
with connections similar to the RC4136.
There is no TL065 at present.

14 13 12 11 10 9
OQUTPUT A N 0 n

—C
OUTPUTC

\Ad
T Y9
GENERAL PINOUT

QUAD OP-AMP
TLO64,TLO74,TLO84.

Figure 11. An audio ‘distribution’ amplifier for *slaving’ several pieces of equipment from a single source.

Pinout tor the quad op-amp is shown at right.
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Figure 12. Simple voltage-variable gain amp using
the TL08O.

Variable gain

The simple circuit of Figure 12 is an
amplifier which provides a variable
gain set by the potentiometer. A TL080
device is employed, so the compensating
capacitor C_ is required, since this
device is not internally compensated.

Ilce warning

The circuit of Figure 13 employs three of
the four amplifiers of the TL084 device
in an ice warning detector. It is
especially suitable for use in vehicles to
warn the driver when the temperature
of the thermistor (placed outside the
vehicle) falls below 0°C.

When the temperature of the therm-
istor falls, its resistance rises and the
current flowing through the thermistor
decreases. Thus the inverting input of
the TLO84 connected to this thermistor
receives less current from the positive
supply line and its output voltage tends
to rise. This output voltage is fed to the
TLO84 output amplifier and produces a
voltage across the LED, which lights,
providing the required warning.

+15V

N

-15V

Figure 14. Low-level light detector using FPT100 or
similar phototransistor.

Light detector

The circuit of Figure 14 is a low-level
light detector preamplifier using the
low-power TLO61 device with a TIL601
or similar phototransistor. The variable
resistor can be used to balance the out-
put at any particular value of light level.

Vgay *12V

33K THERMISTOR 15k

ADJUST
FORLED
ON AT
32°F

(d

\

oM 10M

Figure 13. An ice waming Indicator.

Sine shaper

The circuit shown in Figure 15 uses a
CA3140 as a voltage follower device in
combination with diodes from the
CA3019 array to convert the triangular
signal from a function generator into a
sinewave output, which has typically
less than 2% harmonic distortion.

The circuit is best adjusted using a
distortion analyser, but a fairly good
adjustment can be made by comparing
its output signal on an oscilloscope with
that from a good sinewave signal
generator. The initial slope is adjustd by
R1, followed by an adjustment of R2.
The final slope is established by adjust-
ing R3, thereby adding additional
segments that are contributed by these
diodes. Repetition of the adjustments
may be necessary, since there is some
interaction between the adjusting
potentiometers.

Wien bridge

A CA3140 BiMOS amplifier is used in
the circuit of Figure 16, together with a
CA3019 diode array, to form a Wien
bridge oscillator. The zener diode
shunts the 75k feedback resistor and, as
the output signal amplitude increases,
the zener diode impedance rapidly
decreases so as to produce more feed-
back, with a consequent reduction in
gain. This action stabilises the output
signal amplitude. This combination of a
monolithic zener diode and the bridge
rectifier tends to provide a zero temp-
erature coefficient for this regulating
system.

SUBSTRATE
OF CA3019

calpl9
DIODE ARRAY

Figure 15. A triangle-to-sine waveshaping circuit employing a CA3140 op-amp

and a CA3019 diode array.
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Figure 16. A Wien bridge oscillator featuring amplitude stabilisation via the

zener action from the CA3019 diode array.
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Figure 17. A multi-range voltmeter with high impedance input plus muliti-range low-current meter.

As the output circuit contains no
RC time constant, there is no lower
frequency limit for operation. If
Cl = C2 = 1lu (polycarbonate) and
R1 = R2 = 22M, the operating frequency
can be about 0.007 Hz. At high fre-
quencies, as the frequency is increased
the amplitude of the signal must be
reduced to prevent slew rate limiting
from taking place. An output frequency
of about 180 kHz will reach a slew rate
of about 9 V/us when the output voltage
amplitude is about 16 V peak-to-peak.

Meter

The high input impedance of BiFET and
BiMOS devices has led to their use in
many voltmeters of high input resist-
ance and also in meters to measure very
small currents.

The circuit of Figure 17 was designed
by Texas Instruments for the measure-
ment of voltages in the range 0.6 V to
+600 V, where the source resistance
may be quite high, and to measure cur-
rents from 6 nA to 6 uA. The instrument
was required to accept inputs of either
polarity and be inexperisive, robust and
reliable. It also had to have a long
battery life, so a TL061 low-power
operational amplifier device was
selected. An inexpensive centre zero
meter is considerably cheaper than a
liquid crystal display and would provide
adequate accuracy for the purpose.

When the switch is in one of 