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eltronix

Apple™ computer

Apple HT™ Plus
with 48K RAM
SPECIAL
$1545
Apple disk drive
with controlier

Apple drive without
controller $700

“ We provide our own 120 day warranty

i 4
EXCB’CI'O'"X compu

computer

!
atable prices
- 1 -30 1 3

7-1067 92

Monitors

Zenith Monitors complete with housing
and power supply ready-to-use with any ™ -
composite video signal 12" green sgpeciol
phosphorus screen switch selectable for

40 or 80 characters. 90 day warranty,

quantity discounts available. 5159

92
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EPROM PROGRAMMER FOR

APPLE™ special $99. — A&T
120 day warranty Normal price $150.

Plugs into the Apple, and is capable of programming or
copying EPROMS. (Can take any slice of memory, and
copy it into EPROM).

Has on board DC to DC inverter to generate 25 volts, and
also comes with a ZIF socket. Programs: 2716, 2732,

2732A and 2764. Disk with software & documentation in-
cluded.

80x24 VIDEO BOARD
FOR APPLE
Made by Multiflex Tech, this video board is based on 6845

CRT controller, and switches automatically between
80x24 and 40x24, composite video out. Designed to work

with CPMTM, PASCALTM, DOS™
(good stock) 120 day warranty. A&T. s";;;a'

AMDEK 13°° COLOUR MONITOR Speclal $399

AMDEK 310 — A AMBER MONITOR $249
90 day warranty

Multifiex Disk Drives
for your Appler™

Compatible with Apple computer.

This attractively packaged disk drive, ready to plug
in an Apple disk drive controller card, or equivalent
controller is now available at a sale price, which

you can not afford to miss. 5349

Drive (no controller)
Drive with controller, (Shamrock™) which can han:

dle up to 2 drives 5429

Drive with controller, (RanaT™) which can handle up to 4 drives.

$489 90 DAY WARRANTY

16K RAM CARD FOR,
APPLE™

16K RAM card made by Multiflex Inc. for your Apple
allows you to expand your 48K Apple to 64K, assembl-
ed & tested with 120 day warranty (good stock)

$75  Normal Price $99 _
sPECIAL DISKETTES

WABASHS5'.” Single Sided Double

Density................ $33.95 boxof 10
VERBATIM Single Sided Double

Density « c e cc...S48.95 boxof10
DISK LIBRARY CASES $3.95 ca
Also Available: Maxell and CDC

MAIL ORDERS

ney Or A
ied cheque of MO ¢ ship-
S} g ce'“r:ﬂ“enimum order is $10 p‘u,s ss'gvincim
send cash). Mintim 1 add 7% p'e;press
110 ican

png o'l'av.sa.”‘“"' ! " reeu iy pat
sales "ad'. send card NO.. signature.
accepted:

and name LELLS

T
319 COLLEGE STREET, TORON
ALL PRI

der (do not

Circle No. 70

OSBORNE COMPUTER
New model on sale now 52289
52395 With 12" Zenith green

screen + adapter

hat 3
Remember 1

negotiabte for qua
attord iarge @
starting a Co0P-

0. ONTARIO, CANADA, M5

CES ARE IN CANADIAN FUN

n Reader Service Card.

MULTIFLEX SUPER
PACKAGE

Price KiIt $1195

A&T $1389

The basic package
includes:

1. Multifiex Kit
Consisting CPU and Motherboard. CPU has ZB80A, 2732 (EPROM with out
monitor) and all the circuitry. Has 4 sockets for EPROM/RAM (2732, 2764, 61 16)

855 parallel port and 8253 timer. Also piggyback board is available for this
CPU with 2 serial ports, real time clock and much more.

2. 64K RAM (3164)
On CPU Board.
3. Video Board Kit

Featuring 80x24 screen with programmable attributes (using Its own Z80A, 8275

CRT Controiler and 8267 memory manager and 8K of static RAM). On board
ASCII keyboard Interface.

4. Floppy Disk Controlier

Based on the 1793, can handle up to four 8" or 5%", SS or DS, SD or DD disks
Shugart compatible. Provision for DMA.

5. SAGO0L Shugart Disk
5%" single sided, single or double denslty.
6. Motherboard

Holds all the above boards (with space for one more). Plus EPROM program-

mer, HEX control keypad, 6 digit 7-segment display (drives Multiflex monitor).
Parallel and Serlal ports, Wirewrap area.

7. CP/M 2.2
and custom BIOS on 5%" disk

* BASIC EXTRA OPTIONS KeyboardCase ........... $35
Multiflex Keyboard $120 (for either of above)
ul eyboard . ... ... g
i ; . PowerSupply.......... ... $99
f(\z;:,r;d)d“p"camd NUMENc oy sa, +12V 1A, — 12V 0.5A)
(Power supplies with higher cur-
Keyboard .. ........ ... ... $99

rents for more drives and op-

(without numeric keypad) tions available)

PRICE POLICY

1 Exceluoni;. all prices are

not
nity purchases. " youwc:;réom
uantities on your own. ho

T 152 (416) 921:529°

DS. 9% FEDERAL SALES




SURPLUSTRONICS

_ we will not be vndersoid
o o el s We buy, trade and sell

ABS 6502 POWER SUPPLY PARTS ON SALE

po—— 2114(2000S) . ... ... ....$1.95
CASES sreciaL o g - $109 Many new IBM A116(15008) ... L st
\ S will be available Special:6otabove . . .............. ... $25.95
; , 5V 5A, +12V 2UP TO 3A PEAK, : 2732 e ...........5885
N T —5V %A, —12V %2A soon along with Special3ofabove ........................$21.85
> 8088 board. 55020 AN ) M s T A i .$6.89
Made to fit power supply. P.C. board Our power supplies are All sockets. Super qualit 1¢ per pin

and keyboard pertectly. pretested and Hydro approved. ® (Quantity d.isc:ung avaiylab.lei creeee..o Y perp

Quantity Discounts 3\
are available and |DISK DRIVES 99

{This month only) |
are unbeatable $249

° New Shugart SA400L
If you find a better Disk Drives

s 1 Disk Drives {all drives are brand new and fully pre-
price with equal tested). 5% Single side single or double density.

qua|ity anywhere in | !deal for modifying (for your 6502 board)
Canada, tell us and DRIVE CASE $14.95

the chances are
we’ll equal or bet-
PR.NTERS (ADDlTlgL';I.Bg:FOEF"aﬂONAL) l ter it. ASCII KEYBOARD j

Flts aluminum case perfectly. ready to plug into 6502
OVER 25% LESS THAN THE BEST SELLING COMPETITOR. o board. Assembled & tested with ALC documentation 9
® Standard and Italic character sets ® Proportional character set sg

available ® Two graphics modes - 480 Dot Pitch - 960 Dot Pitch @ Op- We guarantee fast, {Keyboard uses EPROM, which makes it very flexible.
tional serial interface ® Bidirectional printing ® Subscript and Combination at special

VIDEO CARD 80x24
BARE BOARD : $17.95

Assembled & tested ready for use {Auto switching between 80x24 and
40x24) Fully compatible with CPM, Wordstar, Pascal, DOS 3.3. 589

—Note again that to build this card it will probably cost you more than
to buy it assembled & tested.

Floppy cont bd. which has provision for
2716 EPROMS (350ns) $17.95

superscript ® Double strike ® Emphasized print ® Double width ® efficient and Aluminum case & Keyboard. 51 39

Underline ® Compressed characters ® 10, 12, 17 CPl - Software g

s honest m.all order ASCII KEYBOARDS
GEMINI 10 GEMINI 15 SERIAL CARD service. This keyboard is ready to plug into your 6502 board

$595.00 $769.00 $109.00

and fit your case perfect. SPECIAL

16K RAM CARD VIDEO MONITORS (024 12* Brand

For your 6502 board allowing you to expand your [ SA39° new, ready to plug in 5119

48K system to 64K fully assembled and tested Drives APPLE™ COMPATIBLE DISK

ready to plug in ONLY 569 s‘ 95 DRIVES Attractively packaged, and ready to plug in
BARE BOARD $16.95 nclucasionty — SAQ00L $345 (cxtremely reliable)

NOTE: We believe that to buy the parts for your bare 16K board mechanism and s"amroc'( controner 589

may end up costing you more, than to buy the finished product. speed control. After many tests we have found that moditied SA200's are

(also no debugging headaches.) not reliable and we have withdrawn them.

'“.Sf“zf\"s%vi THIS SUPER 6502 BOARD ra; on board |

provision for: 64K RAM (using 8-4164). 80x24 Video, floppy con-
(on peripheral boards) troller (using 2716), five slots for additional boards.

APPROX) ssoo ORDER A COMPLETE PACKAGE NOW,
PAY ONLY §649

: New case with keyboard
including numeric keypad
$249
Powerful Power Supply
5V 5A, + 12V 2 UP TO 3A PEAK,
— 5V %A, - 12V A 5115
New Super 6502 rc board (blank) 551

Parts for above board including all options
i i he old/ch .
é;ig;:;skzzi?a:::_t o " (note eproms are included but are blank) 5255

BUY COMPLETE PACKAGE FOR $649 and get a FREE 280 blank PC Board

NOTE: This board in all honesty far exceeds our expectations, and demand for this product is simply spectacular!
Buy this package and get a 10% discount on our moditied, compatible drives.

310 College Street, Toronto, Ont. M5T 1S3 (416) 925-8603



MULTIMETERS
The Best Buys Available

$ 159.00 $ 120.00

GO FOR QUALITY!! --- GO FOR THE BEST VALUE!

Circle No. 11 on Reader Service Card.
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Columns, News and
Informeation

Still Lite With Fruit: The Franklin

Ace 1200, the Surplustronics 6502,
and the Orange Peel computers |
strut their stuff starting on page
39.

Graphic Equaliser Project: a pro-
fessional quality unit for equalis-
ing problem acoustics; see page
13.




Use the POWER within your reach!

A new and unique magazine for the world’s
most popular personal computer

e fssuye
only 82
Save $6.00!
Plus receive
free
software
cassette!

The best add-on
value for your ZX81 or
TIMEX SINCLAIR computer

Now that you’ve got a TIMEX SINCLAIR
computer make sure you get the new
magazine that helps you to get the most
out of it. .. TIMEX SINCLAIR USER! And
take advantage of our special bonus of a
free software cassette ($15.00 retail
value) with each subscription.

TIMEX SINCLAIR USER is published
monthly. It keeps you totally up-to-date.
It helps you make full use of the power
of your computer.

TS1000
ZX81

TIMEX SINCLAIR 1000: the price and
technology breakthrough that finally
made computers affordable.

TIMEX SINCLAIR USER: the magazine
that helps you use the power of this
revolutionary computer.

*U.S. dollars

9.95

spectrum of user interests.
Business applications. Home manage-
ment. Games and family entertainment.
And TIMEX SINCLAIR USER does it in a
easy-to-understand style that’s
authoritative yet friendly.

Each issue is packed with articles and
information that help owners make use
of the power of their computer. News
about software releases. Reviews. Hard-
ware developments. Reader question
and answer column. Eight pages of pro-
gram listings in every issue. New and
unique user applications. How. to pro-
gram. Interviews. Special money saving
offers to readers.

In fact, all the latest ideas and informa-

tion to ensure that new owners and ex-
pert users never tire of their computer.

FREE BONUS WITH YOUR
SUBSCRIPTION

“Packrabbit"”
Retail value
$15.00

A good reason to order now! Receive a
software program cassette of an ex-
citing, new arcade game! ‘‘Packrabbit”
is a regular $15.00 retail value. Free with
subscriptions for a limited time only.

Education.

For any age
or experience

Remember: the TS1000 was designed
precisely for you. Whatever your age and
experience in computers, TIMEX
SINCLAIR USER can help you use the
power of your computer.

SUBSCRIBE NOW and take advantage
of our special offer. Only*$29.95 for 12
monthly issues postage paid. This
represents a $6.00 saving over regular
newstand prices. And remember, you
receive a FREE BONUS with every
subscription, a ‘‘Packrabbit” software
cassette ($15.00 retail value).

To order call

(513) 729-4300

Ask for Operator 243.

These numbers are for orders only. Have
your VISA, Mastercard card ready.

— . . D . s A I G I G T G S MY G D I I I IS SIS S GG Swe

Mail to TIMEX SINCLAIR USER, 49 La Salle Avenue, Buffalo, New York, 14214

{ )YyVisa ( ) Mastercard

Number

Name

Address

City State Zip

{ ) Check { ) Money order. Or charge to

Expiry

Signature

( ) Yes, | want to subscribe to TIMEX
SINCLAIR USER at the special rate of $28.95
for 12 issues delivered to my door. In addition |
understand | will recelve the FREE software
cassette with my first issue.

ETS
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New 20 MHz Scope

The Model 2988 oscilloscope from
Brunelle features 20 MHz band-
width, a video sync filter, TTL
level Z-axis modulation, and very
low power consumption (20 W). It
also includes a component tester
which works in or out of circuit.
Contact Brunelle Instruments, 826
Belvedere St., Sherbrooke, Quebec
J1H 4B8, (819) 569-1335.

ETl Magazine is Published by:

Electronics Today International
Editorial and Advertising Offices
Unit 6, 256 Overlea Boulevard,
Toronto, Ontario, M4H 1B1
Telephone {416) 423-3262

Publisher
and Editor:  Halvor W. Moorshead
Assistant Editor: Steve Rimmer

Editorial Assistant:  Bill Markwick

R. Allan Ryan
Production Manager:Ann Rodrigues
Production: Cindy Baker

Erik Blomkwist

Subscription Department: Bebe Lall

Diane Neill

Accounts Department: Pirjo Dunphy
Advertising

Manager: Senga Harrison

Advertising

Representatives: Omar Vogt
Rick May

Advertising Services: Carolyn Wyatt

COPYRIGHT

All materlal is subject to worldwide
copyright protection. All PCB patterns
are copyright and no company can sell
boards to our design without our permis-
sion.

LABILITY

While every effort has been made to en-
sure that all constructional projects refer-
red to in this magazine will operate as in-
dicated efficiently and properly and that
all necessary components are available,
no responsibility whatsoever is accepted
in respect of the failure for any reason at
all of the project to operate efficiently or
at all whether due to any fault in the
design or otherwise and no responsibility
is accepted for the failure to obtain com-
ponent parts in respect of any such pro-
ject. Furtber no responsibility is accepted
in respect of any injury or damage caused
by any fault in design of any such project
as aforesaid.

EdRorial Queries

Wrltten queries can only be answered
when accompanied a self-addressed,
stamped envelope. These must relate to
recent articles and not Involve the staff in
any research. Mark such letters ETI-
Query. We cannot answer telephone
queries,

IBM Canada Ltd. Ex-
tends Computer Line

IBM Canada Ltd., has introduced
the IBM Personal Computer XT,
extending the performance range
and storage capacities of the com-
pany’s personal computer line.
The base system, which is
priced at $7,545 at IBM Product
Centres, features 131,072
characters of user memory, a dual-
sided diskette drive with a 368,640
character capacity, and an integral
Fixed Disk Drive with a capacity of
more than 10 million characters.
The IBM Personal Computer XT

Miniature 4-Pole Slide
Switches

A new series of miniature PC
mounted slide switches designed
for 4-pole, 2-position switching
has been introduced by Swit-
cheraft,

PC mounted on standard .100
X .220 inch centers, Series C6000
slide switches are especially suited
to switching mA at up to 30 V DC.
Applications include instrumenta-
tion, test and ground support
equipment, computers, data-
communications and medical elec-
tronic equipment.

also includes an Asynchronous
Communications Adapter to
enable the system to communicate
with outside information sources,
including other IBM Personal
Computers, and larger IBM
systems. The new product also in-
cludes eight expansion slots, three
of which are used for the already
installed communications adapter,
diskette and fixed disk drives.
Also announced recently were
a high resolution IBM Colour
Display and Expansion Units
which dramatically increase the
storage capacity of both the XT
and the IBM Personal Computer,

ZX 81 Keyboard

The Memotech line of ZX8I
peripherals now includes a conve-
nient keyboard. It plugs directly
into the back of the computer via
cable and does not require solder-
ing or opening up the ZX81. It also
does not get in the way of stacking
the other Memotech peripherals
such as the Memocalc, a type of
spreadsheet. From Orion Elec-
tronics Supplies Inc., 40 Lancaster
St. W., Kitchener, Ont. N2H 4S9
(519) 576-9902.

a new, more powerful Disk
Operating System (DOS) and ap-
plication software.

The IBM 3290 Information
Panel, also announced, is a state-
of-the-art flat plasma panel using
advanced technology to display up
to 9,920 characters of data on a
10.7-by-13.4-inch screen.

The 3290 can simultaneously
display combinations of character
fonts, line drawings, charts, sket-
ches, letters, or photographs, as
well as still frames from television.

The 3290 attaches to IBM
System/370, 30XX, or 4300 series
computers, and the 8100 informa-
tion system, via a 3274 control
unit. Its thin-profile, flat display
panel has a distortion-free screen
that can display graphic images
and up to 9,920 characters of
alphanumeric data.

The 10.7-by-13.4-inch screen
is made up of a sealed sandwich of
two flat glass plates, less than 4
mils — 1/70th of an inch — apart.
The space between the plates is fill-
ed with neon/argon gas which can
be made to glow as electrical
charges are selectively applied onto
737,280 intersections of a wire grid
to create high-resolution orange-
on-black images. An etched bronze
glass filter reduces glare and resists
fingerprint smudges.

Power Line Filters

If your computer or other sensitive
equipment gets the hiccups
whenever there’s a flicker on the
power line, you may be interested
in the new Tycor Power Line
Filter. Tycor Electronic Products
claims that the unit nicely cleans
up the power waveform, decreas-
ing operating errors, minimizing
parts failure, and decreasing ser-
vice calls. The protection is said to
be superior to parallel filters or
isolation transformers. They can
be contacted at Tycor Electronic
Products, 208 Yorkland Blvd.,
Willowdale, Ontario, or at Simon
Fraser Marketing Inc., 6011 East
Hastings St., Vancouver, B.C.

Continued on page 10
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S Sinclair ZX81 Computer Etc . . .

The ZX81's advanced
capability.

The ZX81 uses the same rast
microprocessor (Z80A), but in-
corporates a new, more power-
ful 8K BASIC ROM the
“trained intelligence” of the
computer. This chip works in
decimals, handles logs and
trig, allows you to plot graphs,
lMand builds up animated
j displays. And’ the ZX81 incor-
M porates other operation
ll refinements — the facility to
load and save named programs
on cassette, or to select a pro-
gram off a cassette through
the keyboard.

.ORION ELECTRO

New, improved specification.

*Unigue ‘one-touch’ key word
entry: eliminates a great deal
of tiresome typing. Key words
(PRINT, LIST, RUN, etc.) have
their own single-key entry.
*Unique syntax-check and
report codes identify program-
ming errors immediately. *Full
range of mathematical and

Assemblied $99.95

to eight decimal places.
*Graph-drawing and animated-
digplay facilities. *Multi-
dimensional string and
numeric arrays. ‘Up to 26
FOR/NEXT loops. ®Randomize
function. *Programmable in
machine code. *Cassette
LOAD and SAVE with named
programs. *1K-byte RAM ex-
pandable to 16K. *Full editing
facilities. *Able to drive the
new Sinclair ZX Printer (to be
available shortly).

If you own a ZX80. ..
The new 8K BASIC ROM as us-
ed in the ZX81 is available as a
drop-in replacement chip.
{(Complete with new keyboard
template and operating
manual). With the exception of
animated graphics, all the ad-
vanced features of the ZX81
are now available on your ZX80
— including the ability to drive
the Sinclair ZX Printer.

16K Memory Expansion Kit
{No P.C. Board)

Sinclair's new 8K Extended Basic offers features found
only on computers costing three or four times as much.
*Continuous display, including moving graphics. *Multl-
dimensional string and numerical arrars. “Math and
scientific functions accurate to 8 decimals. *Unique one
touch entry of "key words" (i.e. basic and system com-
mands). * Automatic syntax error detection. *Randomize
function. *Built-in interface for ZX Printer. *Connects to
standard TV and cassette recorder. *164 page manual
included. “Power supply (9V at 650 ma) optional for

ZX81

$149.00

Designed exclusively for use with the ZX81 (fand ZX80
with 8K basic ROM), the printer ofters full
alphanumerics and highly sophisticated graphics.
08PY command prints out exactly what is on screen. At
last you can have a hard copy of your program listing
and results. Printing speed is 50 characters per second,
with 32 characters per line and 9 lines per vertical inch.
Connects to rear of ZX81 — using a stackable connector
s0 you can use a RAM pack as well. A 65 ft paper rolj, in-
structions included. Requires 9 volts, 1.2 amp power
supply (option extra).

Machine Language Software

ZXAS Machine Code Assembler. A full specification Z80
assembler. Standard mnenonics are written directly into
your BASIC program $19.00
ZXDB Disassembler/Debugger. Perfect complement to
ZXAS, also provides single step, string search, block

..COMPUTER ROOM

scientific functions accurate $49.00  $14.95. *1K of memory Is Included. transfer, hex loader. $19.00
o MPLET 1 BASIC COURSE - inc. 2
= GAMES (Arcade, Adventure, Strategy) %:‘,%EE:T(?::RE&EVSRD CELLENGE: 19.95 ;2gi2HOLE%$US‘NESS ?a?us g i y 39.95

KRAKIT - Win $20,000 $24.95 SHELL GAME, NUMBER MAZE - challenging EM NOT ONLY 30 PROGRAMS: 1K 16.95
(@] 1K GAMES PACK. 1 games tor 1K 281 1395 puzzies 13.95 BUSINESS PACK #1 - Cash, Breakeven and MACHINE LANGUAGE MADE SIMPLE 19.95

GOBBLEMAN - Famous arcade game. 19.95 TRADER - fully animated game 24.95 Depreciation Programs & Int Aate Aeturn 39.95 2X81 ROM DISASSEMBLY PART A & PART®  24.95
m ZX GALAXIA - SYNC said this ZXB1 version SUBSPACE STRIKER - a new dimenslon In BUSINESS PACK #2 - Project Scheduler, UNDERSTANDING ZX81 ROM 19.95
o o e pest 19.95 P R G 19.95 Proj Proposal 19.95 IS 1000: PROGRAMS, GAMES and

ZOMBIESISWORD OF PEACE STARQUEST - discover a New Earth among PEASONAL FINANCIAL PLANNING PACK GRAPHICS 16.95

w0 exciting games 1995 disaster 19.95 2tapes & manual 39.95 LEARNING T/S BASIC 2395

w GUNFIGHTER/AD TIC TAC TOEALIFE -3 For 1 15.95 2ZOR - mediaeval jousting by two robots 19.95 PERSONAL STOCK MARKET PLANNING - 2 THE BASIC HANDBOOK 29.95

RUN THE COUNTRY - What would you do If ENCOUNTER - a UFO sighting turns into a tapes & book 39.95 49 EXPLODING GAMES 16.95
] . were inpower? 1595 nlghtmare 19.95 PROPERTY MANAGER - 3 must for landlords  29.95 COMPUTER FOR KITS SINCLAIREDITION 895
[T¥] MOVIE & SUPERHERO HANGMAN - Guess the 30 MONSTER MAZE - great graphics: highly INVENTORY CONTROL & STOCK ANALYSIS MASTERING MACHINE CODE ON YOUR ZX81 24.95

names before the hangman comes 1395 rated 19.95 -for businesses 24.95 T/S 1000 USERS GUIOE (Vol 1) 16.95

PLANET OF FEAR - Find your kidnapped CATACOMBS - unlimited number of game VUCALC - Financlal Spreadsheet 29.95 EXPLORERS GUIDE TO THE ZX81 16.95

spaceship 19.95 levels 19.95 VUFILE - Information Retrieval System 29.95 2X81 POCKET BOOK 16.95

INCA CURSE - Get the gold oul of BACKGAMMON 19.95 GETAWAY GUIDE 16.95
P4 inca Temple ¢ 19.95 FLIGHT SIMULATION 19.95 EDUCATION & FAMILY GEYTING AQUAINTED WITH YOUR ZX81 16.95
o ALIEN SPACESHIP - Free your ship from an CHESS GAMES ENTERTAINMENT

Alien Crulser 1995

SIGNALS & CODES - learn Morse Code 19.95
::3::'[3[:3,“0"5 WD IR be fete = BIORHYTHMS - Track your up & downcycles  15.95 "a’dwa’e
BBt e ———— 1K CHESS (2X81) 13.95 FLASHCARD - Memory Aid and lesting device 15.95
o 2K CHESS (T$1000) 19.95 SOLAR SYSTEM FILE - a databank of solar
:g;(;rm Enter 1he exciling music 1998 DUCHES Slhatec 1K) 0 prstem nes gﬂvﬁi 133-33
?,‘ﬂgf:ic,( : " ZX CHESS Il (Enhanced - 16K) 29.95 :?ggzzm OF DAYS - trivia and famous 106 SRR e metech) Sarn
] ) Up 1o 5 players against a - 32K RAM (Memotech) 179.00

computerized dealer 19 PROGRAMMERS AIDS & LANGUAGES B e e I 16K RAM (Memotech) 8900

SLOTS . Beat the one armed bandits 1395 BLogismiin des.booklel - 16K RAM (Sinciair) 59.00

2ZX SCRAMBLE: Fast moving space scenario  19.95 “ MATHEMATICS - GRADE ONE 20y 16K RAM (Kit no PC board) 48.00
o GALAXY tNVADERS - Repel fieets ol hostile ZX AS: ER - Two pass tor MATHEMATICS - GRADE TWO 29.95 Power Supply (650 M.A.) 14.95

invaders 1995 MC programs 19.00 MATHEMATICS - GRADE THREE 2985 Pawer Supply (1 AMP) 19.95
[@] 1€ KEYS TO GONDRUN - 2 magical kingdom 2X BUG - MC monitor and disassembler for MATHEMATICS - GRADE FOUR X y - 47 Keys. A
o e ity 0 MA;HEMATICS - GRADE FIVE 29.95 osamering voa) 119.95

MARINE RESCUE - rescue divers from a TOOLKIT - 9 new BASIC commands for MATHEMATICS - GRADE SIX 29.95 Metal Case for above 29.85

sunken sub 1295 the ZX81 ; . f Memopak High Res. Graphics Pack 199.95
[# & £SPIONAGE ISLAND - survive on a secret Dfng:m 263 ) Sl GO LIE All Mathematics series includes two Memobak Centronlcs Ty‘;e Paraliel Printer

:::;T;ON B ORCERTh 19.95 language 3995 tapes, holder & workbook. Intertace 159.95

e ultimate space ZAID 1.0+ A must for MC programmers 18.95 B
ame! 18.95 . Intertace tor any serlal printer & 4 cesaetls
=) e s e T e lc1s0s/clcon{foniation ‘;:‘s;'-o‘n LOAD programs up to 6 times 248 ADDITIONAL SOFTWARE FOR racorders; Includes plugs, cords and a detalled
siralegy 13.85 T™ . SINCLAIR AVAILABLE. manusl.

MEMOPAK CENTRONICS TYPE
PARALLEL PRINTER INTERFACE

Main Features — @ Interfaces ZX81 and parallel
printers of the Centronics type ® Enables use of a
range of dot matrix and dalisy wheel printers with ZX81
® Compatibte with ZX81 Basic, prints from LLIST,
LPRINT and COPY @ Contains firmware to convert ZX81
characters to ASCI

Memopak...

MEMOPAK 32K $179.00 and 16K $89.00
MEMORY EXTENSIONS

These two packs extend and complete the Memotech

code @ Gives lower-case
RAM range (for the time being!) A notable feature of the characters from ZX81 inverse characterset  $159.95
32K pack is that it will run in tandem with the Sinclair POWER SUPPLY 500ma  $14.95
1 i i AM I :
6K memory extension to give 48K R. total POWER SUPPLY 1A $19.95 (FOR PRINTER)

MEMOPAK HIGH RES GRAPHICS PACK

HRG Main Features — ® Fully programmable Hi-Res
(192 x 248 pixels) ® Video page Is both memory and bit
mapped and can be located anywhere in RAM @
Number of Video pages Is limited only by RAM size
(each takes about 6.5k RAM) @ Instant inverse video
onfoft glves flashing characters ® Video pages can be
superimposed ® Video page access is similar to Basic
plot/unplot commands ® Contains 2K EPROM monitor
with full range of graphics subroutines controlled by tra. Write for our FREE FLYER.

machine code or USR function $199.95 Prices subject to change without notice.

COMPUTER ROOM.....ORION ELECTRONICS..... COMPUTER ROOM .

TRONICS .....COMP

MEMOPAK 64K MEMORY EXTENSION

The 64K Memopak extends the memory of the ZX81 by
56K, and with the ZX81 gives 64K, which is neither swit.
ched nor paged and is directly addressable. The unit is
user transparent and accepts commands such as 10
DIM A(9000).

Breakdown of memory areas ... 0-8K Sinclair ROM.
B-16K-This area can be used to hold machine code for

Orion Electronic Supplies Inc.
40 Lancaster Street West
Kitchener, Ontario N2H 4S9
(519) 576-9902

ON ELEC

Master Charge & Visa, COD, Cheque, Money
Orders accepted. COD's, shipping & Insurance ex-
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16-64K-A straight 48K Tor normal BASIC use.

ORION ELECTRONICS

$249.95

OR
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EXPANDER s1775.00

Disc Controtler Card up to four Double sided, Double Density Disc Drive $475.00 v
prysicar Wl ivterFace S o
B Dimensions: 17% " Wide. 4%~ High. 16 %" Deep. W RS-232 Serial Interface W 4 slots for expansion m
B Shipping Weight: 321bs. W Centronic-style parallel intertace for /O B Realt clock progr for 64 msec. 10 4 mil
sec.
DISPLII V KEVBOARD @ Interrupt driven keyboard, reai-time clock, serial port 8
and cassette interfaces.
CHIIRII CTERISYICS B 80-key fayout @ 5 additional prioritized |n|enup|s_ available . o
8 Black and while mode 24 x 80 character display. W 62-key \ypewr_llev style B Addressable up to 16 mBytes using bank switching
m 128 f case control keys. @ 18-key numeric caiculator-style keypad g
® Option: expandable 10 256 charclers. 8 Auto repeat
W Black/whit t 160 horizontal x 72 ver- B User-selectable for 4 funciion keys. .
grap .
ical: [ :f:/:oi:apal:ble ith mands tor loading and saving d
- jlonifor with commant or A4 O
® Color graphlcs resolution 80 x 72.
B 64 colors. each with 4 intensitles for a total of 256 col- GENERAL OPERATING mncasSe"e to and from memory and for program execu- o
ors. ; :
W Simulianeous use of all colors FEA runEs I'I;luns on any Z80-based CP/M compalible applications
B 40 characters x 24 lines in color mode B 280 A (3.58 MHz) CPU Softyare.

B Video output standard NTSC televison compatible. ® 64K RAM memory.

A PROFESSIONAL COMPUTER
for the price of a personal computer

At last, a professional computer that doesn't cost more EXPANDER HELPS YOU TAKE CARE OF BUSINESS EXPANDER IS EASY TO UNDERSTAND

than a personal computer. It's called the Expander, and The Expander can heip you with all your business needs: The Expander has been designed for easy use, because a
it's easy for beginners to understand, yet capable of the Speed up customer service. Avoid hiring extra clerical computer is only as useful as your ability to understand it.
most complex tasks for your business needs. As a help. Set up close inventory controls. Produce accurate, The Expander is very easy to understand, with an easy-to-
business computer, the Expander can also be used as a timely and complete management reports. Make billing read instruction book. You will start learning how to pro-
word processor, can display graphics in 256 colors, and easier. Monitor receivables and payables. Tap gram in BASIC within 10 minutes. Try it for yourself. You’ll
handle numerous program languages. The Expander ac- underdeveloped profit centers. Free staff from routine be surprised!

commodates many existing peripherals, making it the tasks for more important jobs. The Expander can help you

most flexible professional computer on the market today ~ make dramatic improvements in all these areas! EXPANDER DOESN'T NEED A TERMINAL '

... and all for the price of a personal computer. The Ex- The Expander, unlike other more expensive professional
pander may well be exactly what you are looking for in a computers, doesn’t need a separate terminal. This gives,
computer, but, until now, you haven’t been able to find. EXPANDER COMPATIBLE WITH MANY PERIPHERALS you important advantages: faster operation, less cost, and

The Expander is a S-100 (IEEE-696) compatible computer, less space.

and gives you the widest choice of boards and peripherals EXPANDER AND ALL THIS

available. As a result, the Expander can be used for many  High quality typewriter-style keyboard. Built-in separate
applicatlons not previously considered for small com- calculator keypad. 2 user-programmable function keys wi4
puters. For example, controlling very large inventories, functions. 4 cursor control keys. Screen format: 80
communicating intensively with other computers, and  Characters/line-24 lines. Characters in both upper and
monitoring a sophisticated burglar alarm or heating/air  Jower case. 4K ROM operating system. 64K RAM memory.
conditioning system in several different locations. Parallel printer interface (industry standard). S-100 Bus
EXPANDER DISPLAYS GRAPHICS IN 256 COLORS (IEEE-696) wi4 slots. CP/M compatibility. Z80 A processor
The Expander can display your graphics in any orall of 256  EXPANDER CAN USE MANY LANGUAGES (P gulabeh labalilin etk (Rah il (Mieiee,
colors, all selectable in either BASIC or the system The Expander can use many ditferent program languages: el ers NCHERE: YD QUi &.COIO' EEEEO
monitor, making It easy for a programmer who wants  BASIC, PASCAL, FORTRAN, COBOL, APL, ALGOL, C, ZF @il CEmEEHene gene;rator #nlealiseegher:
graphics in many colors. S$-100 boards are also available to MACRO and many more that run under CP/M format. If you EEREEEE (9 GRS €l mEmers/!

plug into your Expander for very high-resolution graphic use a special program language, the Expander is likely to
needs. fit your needs. Includes 64K of RAM

WOWIE! LOOK AT THIS! 6502 BOARDS & ACCESSORIES
|

EXPANDER CAN BE USED FOR WORD PROCESSING
The Expander also warks as a word processor, with a high
quality typewriter-style keyboard. Any experienced typist
will feel comfortable with the Expander. It's as simple as
working with an ordinary typewriter! There are several dif-
ferent word processing programs available for use with
the Expander.

WOOH H3LNdWOD ' "SJINOH.LO313 NOIHO

AZC-1 $143.00 @}
Fully Assembled, 100% soft and hardware Apple ZBOA (CPM) Card o o]
It plus compatible computer APC-1 $129.00 2
(AMB-1 + Keyboard + Case + Power Supply i;’é’!:e' grgtercard $129.00 g
and Speaker, fully assembled & tested) Serial Printer Card
. . ALC $99.00 [p])
Above computer with 1 drive, 1 controller, and 16K RAM (Language) Card m
12" green Electrohome Monitor . ... ...$1300.00 AGCA1 $219.00 [g)]
Electrohome Monitors Graphics Parallel Printer Card s10aBs C_)'
AKB-1 !
& Accessories Keyboard; replacement for APPLE 1l n
AC-1 $85.00
EDM926/B&W 150.50  ABB-2 $55.00 . o
9" Black & White monitor < Has on-board provision for 64K RAM 80x24 Video, Flop- E‘;‘g‘; APPLE 1l Case (No keyboard) 5 agloonrEA
EDM926/P31 $169.50 g:ﬁsg{_%lfrpgnwi,snﬂ%s' $2.25 Switching Power Supply for APPLE Il; +5V @ 5 amps, 6
9” P31 Green Monitor AMB-1 $399.50 +12V @ 1 amp, -5V @ 1 amp, — 12V @ 1 amp o
EDM1226/B&W $179.50 Mother Board, APPLE Il Compatible, Assembled & APS-2 s 35"’9-00 y
12" Black & White Monitor Tested c/w Basic ROMS, 48K RAM, Made in Japan SetchinglRoweniSupnlyitolgARREENL I SV E ST
EDM1226/P31 $189.50 ABB-1 $ 49.00 +12x @ IZ‘ar:ngs, -5V t@ Y2 qmp, —-12V @ Y2 amp; ciw B
1 N - i 1. on-off switc connecting wires -
12" P31 Green Monitor QS%ZLBED:gT(eraUDIe, Motherboard (no componir;;g.uu AAA-2 (Siemans) .3395.00 4
ECM1302-1 $499.50 Includes all parts Disc Drive, 5%", APPLE Il Compatible, Excluding Con- fe]
13" Color RGB Monitor PDA-232C $149.00 X([))Ilce:Card — with controller S;g{;gg o)
ECM1302-2 $850.50 Serial interface RS232C Card for APPLE |l ciw Cable & - o :
13" Color RGB Monitor Hi Rez. Manuat, Three Operating Modes: I/O, Terminal, Remote Dlsg Drive Controller Card for two drives; Apple || Com- g
111302 $ 69.50 AEB-1 $149.00 patible 2
NTSC Interface for ECM1302 for Apple Il Com-  Sroon Burmer Card PR APPLE Il is a registered trade mark of Apple Computer [
puters Integer Card Inc. m
MP-1302-APL $249.50 AEC- $149.00 . o)
RGB Card for Apple |l or Franklin 100 8 Column Card OR|°N o s )
Electronic SuppliesInc. 8
ALL MONITORS SOLD WITH A 1 YEAR WARRANTY FROM ELECYRONOME. e R et Lt =

Circle No. 6 on Reader Service Card.
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Electrical/Electronic
Imports

According to the Electrical and Electronic
Manufacturers Association of Canada, in
conjunction with Statistics Canada, we
imported $583 million worth of electronic
oods in December, 1982, the last month
or which statistics are available. This
compares with exports of $328 million for
the same period. The top six imported
items in order of dollar value were
semiconductors, tape players, electronic
components, integrated circuits, commer-
cial communication equipment, and radio-
phonographs. No mention is made as to

fFor your information

how they decide the difference between
integrated circuits, components, and
semiconductors.

Digital IC Tester

A new digital IC tester provides semi-
automatic, fast, reliable, functional testing of
digital IC packages of up to 20 pins.

The IST Model 370A provides a single,
four-digit absolute ‘‘go-no go’’ indication for a
combination of tests which examine truth table
functions, threshold levels, input and output
currents, noise immunity, and total current
drain.

A non-technical operator can test up to 35

TV TosHIBA

EVERYTHING YOU WILL EVER NEED
from $1,295.00

ICs per minute. The IC to be tested is placed in-

L, (R T
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OJ Flexible memory construction
(64K RAM standard)

[J Easy system extension
capability

(0 High graphic processing
function

Hardware Specifications:

cAL Z-B0A (4MHz)
Memary ROM: 32KB MASK ROM
RAM 64KB (standard equipment)

IOM pack BKB — 32KB (optional)
RAM pack 4KB — 32KB (optional)
Video RAM 16KB

Keyboard

Number of keys 90
Screen configuration 80 characters harizontal X 25 lines
or 20 lines  verticat

Letter configuration: 8 %X 8 dots

A high performance personal computer
for home and business

PEER a—*"

[J High capability with external
memory units

O Popular languages and CP/M
operating system

[J Dependable maintenance and
after care

Color display: 8 colors (black, blue, red, purple, green,
Iight blue, yellow, white)
640 X 200 dots
(Fine graphtc mode)
160 X 100 dots
(Graphic mode)
Dimensians (W X H X D): 165" X 39" X 10” {420 X 995 X 253mm)
Environmental conditians: Operating temperature 32°F — 95°F
°C °C

Graphic displays

Operating humidity 20% — 80 %
Design and specihications are subject 1o change without notice.

NOW AT AN UNBEATABLE PRICE

[PT)

COMPUTER GROUP LTD.

10—MAY —1983—ET!I

Call or write tor a colourful brochure. Mail orders accepted. Ontario residents add 7% P.S.T. Price
quoted is F.O.8B. Toronto.

4521 Chesswood Drive
North York, Ontario
M3J 2V6 (416) 636-7715

DEALER INQUIRIES INVITED

to a ZIF (zero insertion force) socket. The test
cycle starts automatically and displays when
complete. The operator then checks the display
and removes the IC to a ““‘use’’ or a “‘discard”’
container.

No software or special training is required
since all programming is done with plug-in pro-
gram modules. Each program module is shared

by various types of ICs having the same pin-out
pattern. Thus just a few program modules can
handle many commonly used ICs.

Two program modules labelled A and B
provide a complete self test of all internal func-
tions of the instrument. These are included
with the 370A.

Additional program modules available
from the factory at $5.00 each cover a program
library of over 350 IC types, including 54/74
standard TTL, 54/74LS low-power Shottky
TTL, 54/72S Shottky clamped series, 54/74L
low-power TTL, 54/74H high-speed TTL,
54/74 ALS advanced low-power Shottky and
CMOS logic families.

Contact Information Scan Technology,
487 Gianni St., Santa Clara, California 95054,
(408) 988-1908.

Enduring Lo-Tech

A British firm is still making gramophone
needles - and exporting them by the
million. Brian Shaw, marketing director of
the Bradford Steel Pin Manufacturin

Company in northern England, expresse

mild surprise at the phenomenon in an
age of stereo and digital recording and
laser discs. The needles were originally
manufactured as a diversification from
textile pins, and the output has now
grown to six million units per year, most of
them exported to New Zealand, South
Africa, Australia and the United States.
The assumption Is that they are going to
collectors of antique gramophones. The

needles themselves are much the same as
always; only the manufacturing process
has been updated for better Eroduction. It
would be possible to make a better, harder
needle, but they would likely cause
damage to old records.
Gramophone collectors with a needle
oblem may wish to contact the Bradford

teel Pin Mvtf' Co., Dick Lane, Laisterdyke,
ngdford, est Yorkshire, England BD4
8J3.

Circle No. 19 on Reader Service Card.

Continued on page 78
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Fast Power Rectifiers
At one time, rectifers with very fast switching
times tended to be a special order item, or else
you went with standard power diodes and very
Okay, so the bottom’s fallen low efficiency. Now the high speed diode is
out of oil. Start making much more readily available, perhaps due to
personal computers. Try the proliferation of switching supplies in per-
cloning UNIVAC’s, anything, sonal computers.
just make money, okay? Motorola’s MURSO0O series features
ratings from 50 to 200 volts at 8 amps, and the
MURI1500 series 50 to 200 volts at 15 amps.
both series have 35 nS recovery time.

If you’d prefer a dual diode with common
cathode, the MUR1600 series handles 16 amps
from 50 to 200 V, and is also available from
RCA as the RUR-D1600 series. The Motorola
diodes are in TO-220 plastic packages, and the
RCA in TO-204 steel cases. From Motorola
and RCA dealers.
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Do-It-Yourself Censorship
Lurid scare stories of the damaging effect
of TV on children accompany the informa- 2
tion on the Censorview unit, a program- R i o WATCH FOR THIS
mable timer which allows you to T e A
automatically cut oft any TV show b ¢ GET READY 10
0 593-6502/03/04 — Computer Dept.
entering the time and the day of the wee ele(t . Itd 593-9653/54/55 — Electronic Dept WINI
on which you'd like the program or pro- fONICS
rams suspended. The small box, a cross
tween a calculator and a channel con- P
verter, is installed with only a screwdriver THIS MONTH S 1 0 GAMES/BOOKS
and gives control over video recorders and Tresa fsts are
games as well. No mentlon is made ot an AR e SOFTWARE BOOKS
optional ball and chain in case your kids Evereadl fE1 40
take 0" to watch TV at their friend's p|ace. ‘1. 4. AE Broderbund 41,95 1. Apple Graphics & Arcade Game Design Book Company. 2595
» . 2. 1. Anec Datasoft 54.95 42 Book Of Apple Sotiware 83 Book Com 25.95
0.E.M. Marketing Group Ltd., Unit 12, 3561 P, 3. 6. Repton Sinus 5295 | *3. Apole Il User's Gude oarre 2295
Steelcase Rd. w, Markham, Ont. L3R 3W1. 4. 2. Choplifter Broderbund 47.95 4. Beneath Apple Dos Quality 26.95
c‘pp Q 'g. |g Wavy hzlavy Sirius 4595 | 5. Apple Tech. Notes AC 89.95
. Miner 2049er Microfun 49.95 96. Elementary Appie Datamost 19 95
. g : 7. 5. Chns Mountain  Synergistic 47.95 7. Nibble Express I Ninbrews 19.95
Slmp'e OVerV0|‘lage PrOtectlon ‘8 Evolution Sydney Corp.  49.95 8. Cuslom Apple & Other Mysteres 1J.G 32.95
9. B. Wuardry Sir-Tech 68.95 9 Bag O! Tricks w/Disk Qual 54.95
Bﬂ] Markwick 10 Sea Dragon Adventure Inf. 47,95 10. What's Where in The Apple Atlas 2nd Ed Micmy 32.95
i : i SOFTWARE BOOKS
The circuit shown will protect computers, e wnevczo:&',ev i’ e B 1. Compute’s Second Book of Atari Compute 19.95
A 3 - 4 izard of Wor oklan isk-50.95 m-58.95 2. Atan G &R 1 P
audio equipment, etc., from excessive voltage 3. 5. Frogger Onlne 04795  Taped7.95 Sl R pranice bl 1898
if the power supply should fail. The transistor ¢4 — Font Apocolypse  Synapse Oisk-44.95  Tape-44.95 4. Atan Basic Ref. Manual Atari Ing 15.95 i
is any large Darlington, such as the TIP141 B = A o) AR HIRIED S CiEJ @i i d TR Osborne 2% ATARI
* 2 A 6. Snooper Troops #1  Spinnaker Disk-59.95 46. The Book D! Atari Software 83 Book Company 25.95
plastic or 2N6282 metal case. The resistor is 7. — Astrochase First Soft. Disk-41.95  Tape-41.95 7. Technical Notes Atan Inc 4395
100 ohms, quarter watt, and the zener diode is H - Sl Syp-citiom SO9s IR Hape 185 8. Understanding Atari Graphics Allred 3.95
g i . — Gor! oklan isk- om-58.95 9. Kids & The Ata Dat d
a 400 mW type with a voltage rating equal to 10. 2. Canyon Climber Datasoft Disk-41.95  Tape-41.95 10 C:a;\puxereror K'iIaS< - Atar C?e::?v?( Zggg
(or near) the power supply output voltage; a 5
V supply would use a 4.7 V zener, for instance.
The fuse should be a fast-acting type with a SOFTWARE TRS-80 BOOKS
™ [}
FUSE €1. 7. Frogger Cornsott Tape-20.95 Disk-25.95 €1. Machine Language 1/0 1J.G 38.95
B s g W :2, % }I)Vet:‘m g:q' Five }ape-27.95 Disk-27.95 2. Custom TRS-80 1.9.6 38.95
. y uthouse oftsector ape-20.95  Disk-25.95 3. TRSDOS 2.3 Decoded 10.6 38.!
+V FROM T0 LOAD 4. 3. SeaDragon  Adventure Ini. Tape-34.95 Disk-34.95 44, Learming Basic i?r :he TRS-80 (new) Compusoht 27 gg
5. 4. Penetrator Melbourne Tape-32.95 Disk-32.95 5. Microsoft Basic Decoded 1.4.G 38.95
POWER SUPPLY
6. 8 Flight Simufator Sublogic Tape-32.95 Disk-42 .95 6 TRS-80 Disk & Other Mysteries 1LJ.G 2995
7. 5. Panik Fantastic Tape-23.95 Disk-29.95 7. Softside Sampler Hayden 14.45
8. 6. Caterpillar Softsector Tape-20.95 Disk-25.95 8. Basic Faster & Better 1J.G 3895
‘% ‘g E(elleroislcnun z:qafge }ape-%;.gf; gisk-2g.95 9. How To Write A TRS-80 Program Datamost 19.95
aser Delence  Med Systems ape-25. isk-32.95 10. “Interface Project TRS-80 Prentice Hall 16.95
100
SOFTWARE BOOKS
™ LM
= *1. 1. Grid Runner Hes 59.95 Rom 1. Compute’s First Book Dt Vic Compute 19.95
I . & ‘2. 9. Skibbereen UM $4.95 Rom 2. Kids & The Vic-20 Dalamunst 25.95
current ratmg shghtly greater than the rated 3 ; gr?:al:l’: F:alaevs grou'evnuna 2;.35 TRaoe 3 Getting Acquainted With The Vic-20 Creative 131.95
. i . i E -
load current. Normally, the circuit will have no 2 o Uocetel  mm R | 4 greesctaesooduss | S Sis BICEM]
effect on operation, but should the power sup- g 1g ls)eaaly Duck ?nius gggg ?om g ‘T/nezilememary Commodore Oatamost  19.95
3 s g warm TonIX 3 ape c-20 Progra 's Ret. Guidl Sam’ 23.50
ply malfunction, the rising voltage will cause 8.mi3 [Ciotefie Ontine 2295 Tae | B Programming Tne PeiiCeM Rel. Encyl Compute 3995
the zener to conduct and turn on the transistor. 9. 7. River Rescue Tnorn Emi 5295  Rom 9. Vic-20 Program Writing Book Arcsalt 6.95 %
The output voltage will now be held down, and 10 == Sefpenine ey 29908 _RAonm b 10 Y20l sgriscu e Csborie 10193 S
the excess current drawn should blow the the HERE'S HOW TO ORDER A
fuse. The transistor should be on some sort of Send Certified cheque. money order. Visa. fdigss, P\
reasonable heatsink (the supply chassis, for in- .M"’f'f,' Caf‘d- :mef'czn Express number fﬁfw ébﬁ“JS&';‘%ﬁms INC.}
: s Tech f s nclude expiry date and signature. (We also -
stance) because it will be dissipating a fair B, o St Baany A 409 Queen SI. West, Toronto,
amount of heat until the fuse blows. If the | $1.50 shipping & handling. Ontario residents om;;m M%vsg;%”
] g : g | add 7°, sales tax. Phone orders accepted or (416) 593-6502/03/04
poxer sy s et ver ez ot | (N
3 isplay.
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thandar measures up to your

expectations
Performance, Reliability & Value

Counters  1r 200

Multimeters 1w 451

EIL‘DEC
e

& thandar " ﬁ[tL:DL Q

Bench/Portable » Battery life 200 hrs. (included)

» Audible continuity test
Frequency range 10Hz — » Timebase accuracy 0.3ppm 4%/ digit 0.4’ LCD » Complete with battery and
200MHz » 8 digit Liquid Crystal Display 0.03% basic accuracy

test leads
Sensitivity 10mV rms $485 00 Full auto-ranging or manual

$495.00
PFM 200A Led Hand-Held $195.00

TF 040 40MHz Freq. Meter $385.00 TM 351 LCD 3Y2 digit DMM $309.50
TP 600 600MHz Pre-Scaler $121.00 TM 353 LCD 3V digit DMM $264.00
TP 1000 1GHz Pre-Scaler $225.00 TM 354 LCD 3 digit Hand-Held

Single Trace Bench/Portable Generators
Oscilloscope sc110 a )

Bench/Portable

10MHz (% 3dB) Bandwidth

1Hz to 100kHz Function Generator » TTL output
Bright 2 ** CRT Dispiay External triggering Sine,square triangle waveforms  »  External sweep mode
10mV/div Vertical Sensitivity Trace Rotation Variable 600 ohm output
Economy mode

Calibration Output $281 5 00
Disposable Rechargeable Battery,

4V-10VDC & AC operation $480 ) 00 TG 102 Function Generator

$511.00
TG 105 Pulse Generator $275.00

X-Y operation

One year guarantee Circle No. 22 on Reader Service Card.
Full range of accessories available

Write on letterhead for FREE colour catalogue
DEALER ENQUIRIES INVITED
ALSO: LOGIC ANALYZERS, THERMOMETERS Order direct from:

GLADSTON LECTRONDIGS

1736 Avenue Rd., Toronto, ' Ont. M5M 3Y7 (416) 787-1448



Is your listening room/concert
hall dull and lifeless? Or does
it echo and ring with a
multitude of sounds long after
the last note has died away? If
changing the environment is
unacceptable or too expen-
sive, then this graphic
equaliser will likely effect a
distinct improvement. For ob-
vious mechanical reasons,
this is a mono unit; two are re-
quired for stereo.

SINCE THE Series 5000 preamplifier
and power amplifier were published
(during 1982) we have had many re-
quests for this project. The inherent
reliability and superlative perfor-
mance of the MOSFET power stage
makes the 5000 power amp ideally
suited for use in professional applica-
tions. Unfortunately many of these
applications are in difficult or ‘pro-
blem’ listening environments such as
large halls or simply rooms with poor
acoustic properties. Listening en-
vironments with too little damping
lead to resonances and reverberation
that can seriously degrade the in-
telligibility of music or speech. By
contrast, rooms with too much damp-
ing lead to muffled and lifeless
acoustic performance due to ex-
cessive attenuation of certain bands
of the audio spectrum. To a certain
extent these problems are
unavoidable, at least with present
technology. It is impossible to com-
pletely cure a listening environment
of inherent problems such as
resonances Or excessive reverbera-
tion. The latter phenomena can cause
feedback resulting in oscillation of
the sound system. The problem is
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that the amplitude of an oscillation is
not related in a simple way to the
amount of excitation. The maximum
amplitude is a function of several
variables, one of which is the damp-
ing of the listening environment. This
converts sound evergy into heat and
prevents it from being reflected back
into the room to further excite the
resonance. The time taken for the
resonance or oscillation to reach its
maximum is also a function of the ex-
citation level, i.e: the volume at which
the sound is being reproduced. Pro-
blems associated with overdamped
listening environments are slightly
easier to correct, although a com-
plete cure is again almost impossi-
ble, especially in bad cases.

The equipment used most often
to correct faults in the listening en-
vironment is the one-third octave
graphic equaliser. This divides the
audio spectrum into roughly one-third
octave intervals and allows effective-
ly independent amplitude control

g

over each of the frequency bands. To
meet the demand for a full one-third
octave equaliser we have designed
the Series 5000 unit offering noise
and distortion performance that will
not seriously degrade the perfor-
mance of a high quality system. It
should be noted however, that the
use of any one-third octave equaliser
will affect the performance of the
system simply because it is in circuit.
Each of the filters has a relatively
high Q and will therefore cause
significant modification to the overalli
phase linearity as well as the frequen-
cy response when cut or boost is ap-
plied. | have seen many otherwise

ETI—MAY—1983—13



high quality systems degraded
significantly by the excessive use of
one-third octave equalisers and we do
not recommend the incorporation of
these units into a high quality system
uniless a specific need is apparent.
Nevertheless, when modification of
the frequency response is required,
no matter how drastic or how modest,
a one-third octave graphjc equaliser
is an almost ideal way of doing this.
Each channel of the equaliser is
controlled by a separate slide poten-
tiometer so the array of pots gives an
approximate indication of the
response inserted by the device. Fur-
ther, the relative ease of operation en-
sures that setting up can be ac-
complished in a reasonable time.

Design

Each filter is formed by a series reso-
nant network incorporated into the
feedback loop of a high quality opera-
tional amplifier. In this case we have
used the NE5534N, the same op-amp
used in the Series 5000 preamplifier.
The advantages of this device are
covered in the series of articles
describing that project.

‘Gyrators’ are used to simulate
the inductors necessary for the series
of bandpass filters so there are no
coils to wind. The gyrator is covered
in more detail in the How it Works
section, but the main problem
associated with this approach is
caused by phase shifts occuring in
the op-amps used in the gyrators. The
basic principle of a gyrator is to invert
the phase response of a capacitor to

simulate the characteristics of an in-
ductor. The problem is that all
amplifiers Introduce a phase shiti
which increases towards the ex-
tremes of the frequency response.
For this reason, care must be taken
when choosing op-amps for use in
gyrators at the top end of the frequen-
cy spectrum. This problem is accen-
tuated when the Q of the filters con-
cerned is. increased. Since the Q of
the filters must be higher in a one-
third octave equaliser than in a one-
octave equaliser, an op-amp with
greater phase finearity at high fre-
quencies must be used. Fortunately,
op-amps with the desired
characteristics are not difficult to ob-
tain and we are using the TLO74 or
UuA774. These are both quad FET op-
amps with almost identical perfor-
mance and are capable of excellent
results in the circuit, even at the top-
most filter.

OouUTPUT
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In order to illustrate the principle of opera-
tion of the graphic equaliser we first need to
consider the operation of a simplified ver-
sion of a single stage, as illustrated in
Figure 1. Here, the input signal is fed to the
non-inverting input of an op-amp through a
10k resistor. A potentiometer is connected
between the non-inverting and inverting in-
puts with its wiper going to signal common
(ground) via a network represented by Z.
Here, a series-resonant circuit is employed.
Feedback is provided between the op-amp
output and the inverting input.

INPUT
o . ouTPUT

—Al EFFECTIVE POTENTIOMETER
IMPEDANCE NETWORK IMPEDANCE DUE TO
SERIES RESONANCE PARALLEL CONNECTIONS
CIRCUIT OF SLIDERS

The input resistor forms a potential
divider with part of the potentiometer
(from the op-amp + input to the wiper)
and the impedance Z to common. The ffed-
back resistor also forms a potential divider
with the end of the pot from the inverting
input and the impedance Z to ground.

If the wiper of the pot is set to mid-
travel, the attenuation of the input signal
due to the potential divider is compensated
by the gain of the op-amp and the overall
gain from input to output is unity. If the
pot -‘wiper is now moved toward that end of
the pot connected to the op-amp’s inverting
input, the gain of the stage is increased as
the feedback ratio is reduced owing to a
reduction of the impedance from the op-
amp’s inverting input to common. At the
same time less attenuation of the input
signal occurs as the impedance from the
non-inverting input to common is decreas-
ed. The stage will have gain, maximum gain
being ‘determined by the impedance of the
series resonant network. If this is low, gain
will be high. Series resonant networks ex-
hibit very low impedance, rising either side
of the frequency.

When the wiper of the pot is moved
toward the non-inverting input of the op-
amp, the attenuation due to the input
potential divider is increased. The gain of
the op-amp is decreased at the same time as
the feedback ratio is increased because the
impedance from the inverting input to com-
mon is increased. Once again, the overall
gain .of the circuit is a function of the im-

pedance of the series resonant circuit, but
this time the gain is at a minimum — in
fact, attenuation occurs.

By choosing a suitable Q for the series
resonant network, the bandwidth can be set
to cover a desired frequency range. The
potentiometer then sets gain or attenuation
of the stage at the centre of the chosen fre-
quency band.

The technique just described above can
be used whenever it is desired to incor-
porate a relatively large number of filters
into the signal path as in graphic equalisers
or tone controls. The filter networks need
not be bandpass or notch filters; simpler
bass and treble controls can also be used.

Once this basic configuration is set up,
all that remains is to design the filter net-
works. As mentioned before, series reso-
nant networks were used since these give the
required characteristic of low impedance at
the resonant frequency. In their simplest
form these networks consist of an inductor,
capacitor and resistor in series. At the reso-
nant frequency, the impedance of the cir-
cuit is equal to that of the resistor, asuming
a perfect inductor and capacitor were used.
To eliminate the inductor an op-amp circuit
has been used to simulate the characteristics
of an inductor. Such a circuit is called a
‘gyrator’.

The gyrator circuit can provide both
the inductance and the series resistance re-
quired in the network so this can simply be
placed in series with the capacitor to form
the required resonant circuit. This is shown
in block diagram form in Figure 2.

Lo

; GYRATOR

Fig. 2. Fig. 3.

EQUIVALENT CIRCUIT OF
GYRATORIN FIG 2

Fig. 5 Simplifled dlagram of the equaliser.

Figure 3 shows the general circuit of
the gyrator used in this project. The
amount of inductance ‘generated’ by this
circuit is given by the simple equation:

L =1k x 220k X C; in Henries

where the value of C; is in Farads.

The equivalent circuit of the gyrator is
shown in Figure 4. The series resistance is
equal to the 1k resistor while the 220k
resistor becomes the parallel resistance of
the coil. This value is high enough not to af-
fect circuit operation drastically. The reso-
nant frequency of this filter is given by the
standard formula:

F= in Hertz

2 yiLC

The general circuit, simplified, of the Series
5000 third-graphic equaliser is shown in
Figure 5. IC1 is simply a variable gain stage
which also provides some input buffering.
IC2 is the filter stage with a group of 28
gyrator circuits, all connected in parallel, in
the feedback circuit. Commencing at a cen-
tre frequency of 31.5 Hz, each gyrator filter
has a Q chosen such that its bandwidth
covers one-third of an octave. Thus the up-
per and lower 3 dB points of adjacent filters
‘touch’. A total of 28 filters are required to
cover the audio frequency band. Filters are
not placed on the band limits of 20 Hz and
20 kHz as they are not really required. To
reduce the IC count a set of seven quad op-
amps (TL074s or uA774s) are used for the
gyrators.

Slide pots are used to set the gain or at-
tenuation inserted for each third-octave
band as it is easy to see, at a glance, how
much gain or attenuation has been set and,
as all the pots are lined up in parallel across
the front panel, one can instantly see the
total modificatin made to the audio
system’s frequency response.

Construction

The one-third octave equaliser
divides the audio frequency band into
28 segments, so a total of 28 slide
pots are used. Cutting the required
slots in a front panel is an extremely
difficult task so this is one project
that is probably best built from one of
the kits, supplied by various outlets,
which incorporate a pre-punched
chassis and front panel. For those
with the necessary equipment to con-
struct their own chassis we have sup-
plied detailed drawings fo the metal

work required. Assuming that the pro-
ject is constructed from a kit, most of
the work is restricted to assembling
two pc boards. One of these holds the
bulk of the components while the
other holds the slide pots and the
‘power on’ LED and its associated
current limiting resistor.
Construction of the main pc
board is not difficult. The usual
precautions should be taken with the
orientation of all polarised com-
ponents such as electrolytic
capacitors, transistors, diodes and
ICs. Note that the two voltage

regulator ICs are not mounted in the
same direction. Check the compo-
nent overlay for the correct orienta-
tion. 1t is probably wise to leave the
insertion of the quad op-amps until
last since these are FET devices and
are therefore more sensitive to static
electricity than the other components
in the unit. Be careful when handling
these devices before insertion on the
board. Use a grounded soldering iron
and discharge yourself by touching a
grounded metal appliance before
handling the ICs. The inputs are pro-
tected and should therefore be
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reasonably safe from damage by
static electricity.

Construction of the second pc
board is not difficult either, although
some care should be taken to ensure
that the slide pots are mounted so
that their shafts are as close as
possible to forming a right angle with
the pc board. Probably the easiest
way to do this is to first solder one pin
of the slide pot and adjust the posi-
tion of the slider while heating the
joint with a soldering iron. When the
pot position is satisfactory, solder
the remaining pins and proceed to the
next slider. The single resistor can be
soldered on at this stage but | found it
easier to leave the mounting of the
LED until after the pc board is attach-
ed to the front chassis.

Mount the RCA sockets on the
rear panel. Note that these sockets
are insulated from the chassis. The
same technique is used for this as
was used in the Series 5000
preamplifier. First insert a rubber
washer of the appropriate inside
diameter into the holes drilled in the
rear panel, then mount the sockets. A
photograph has been included with
the construction details to illustrate
this.

The chassis of the unit is not
connected directly to the power supp-
ly earth. A 100n capacitor is soldered
between the OV point on the power
supply DIN sockets and the chassis
to provide RF shielding to the rest of
the circuitry but no dc connection
should be used. This is consistent
with the grounding principle of the
entire Series 5000 range of com-
ponents and is a good general princi-
ple to adopt to ensure freedom from
ground loops. If you are constructing
the unit for operation in systems not
including a Series 5000 power
amplifier you will need a small
transformer to supply the necessary
30 V centre-tapped ac supply. There is
sufficient room to allow mounting of
the transformer on the back panel
above the centre section of the pc
board. When using a transformer in-
gide the chassis the mains must of
course be connected securely to the
chassis using a- solder tag bolted
directly to the chassis. Do not

however connect the chassis directly .

to the signal; use the 100n capacitor
as mentioned before.

When the rear panel has been
completed, the main pc board can be
roughly positioned in place and all
flying leads soldered to it, allowing
sufficient length to run to front and
back panels. The connection between
the slide pot wipers and the main pc
board is best done with tinned copper
wire. The rest of the wiring should be
done with insulated wire.

Resistors (all V2 W, 5%)

R1,5,6 15k

R2 47k

R3,9,11,13,

15,17,19,21,

23,25,27,29,

31,33,35,37,

39,41,43,45,

47,49,51,53,

55,57,59,61,

63,65-80 1k

R4 100R

R7 100R

R8 100k

R10,12,14,

16,18,20,22,

24,26,28,30,

32,34,36,38,

40,42,44,46,

48,50,52,54,

56,58,60,62,

64 220k

R81 1k5

RV1 rotary pot, 10k log

RV2-29 45 mm slide pots, 100k
or 50k linear.

Capacitors

C1,10 470n

C2,7 47ul25 V electro

C3 3p3 ceramic

C4,6 33p ceramic

Cc5 4p7 ceramic

c8 680n

C9,18 180n

C11,20 150n

C12 390n

C13,22 120n

C14 330nm

15,24,64 100n

C16 270n

C17,28 68n

C19 56n

C21,30 47n

C23,32 39n

C25,36 27n

C26 82n

C27,38 22n

Cc29 18n

C31,40 15n

C33 12n

C34 33n
C35,44,69-77 10n

C37,48 6n8

C39 5n6

C41,50 4n7

C42 12n

C43,52 3n9

C45,56 2n7

C46 8n2

C47,58 2n2

C49 in8

C51,60 1n5

C53,62 1n2

C54 3n3

C55 in

Ccs7 680p ceramic
C59 560p ceramic
C61 470p ceramic
C63 390p ceramic
65,66 2200u/25 V electro.

C67,68 4u7/16 V tantalum

Semiconductors

I1C1,2 NE5534N
1C3,4,5-9 TLO74

1C10 7812

IC11 7912

D1-4 1N4001

LED1 any T-13/4 LED
Transformer

If used without Series 5000
preamplifier, requires 30V center-
tapped transformer, about 150 mA,
such as Hammond 166 E30.

Misceilaneous

a & b pc boards; SW1 DPST toggle
switch; chassis and panel as per draw-
ings; two 3-pin DIN sockets; knobs for
slide pots; SW2 — SPDT toggle switch;
nuts, bolts, wire, etc.

The most difficult part of the
construction is the mounting of the
front panel components. The two
switches are mounted directly to the
front panel, behind the slide pot pc
board. All wiring to these switches
should be done before mounting
since it is not possible to solder to
these once the switches are in place.
Shielded cable should be used for the
three cables going to the equaliser
infout switch. Two of these must be
sufficiently long to go to the input
and output sockets on the rear panel,
and the other must go to the input on
the main pc board. The shields of the
three cables going to this switch can
be connected together using the
unused half of the switch. Put a shor-
ting link between the three unused
contacts on the back of the switch
and use this as a tag point. Now
solder four wires to the power switch.
Two of these must go to the rear

panel and the other two to the power
input points on the main pc board.
Check the construction diagrams if in
doubt about these connections.

The slide pot pc board is secured
to the front panel by eight bolts that
are screwed directly into eight of the
slide pots. Countersunk bolts are us-
ed and the heads of these bolts are
used and the heads of these bolts are
concealed by the front panel. The two
switches should first be placed in
their respective holes and secured by
nuts to the front of the chassis. These
nuts must be removed later when fit-
ting the front panel but are used at
this stage to hold the switches in
place while the front pc board is
mounted.

The easiest way to mount this pc .
board is to pass all of the bolts
through the chassis front securing
them in place with a small piece of
adhesive tape placed across the front
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on the head. Slide brass spacers over
the bolts, tilting the chassis up if
necessary to keep these from sliding
off the bolts. Now position the pc
board in place, passing the slide pot
shafts through their respective slots.
One at a time the pieces of tape can
be removed and the bolt screwed in
the slide pots.

Mount the main pc board on
spacers and carry out the necessary
\interconnections using the flying
leads already secured to the board.

Finally, mount the front panel to
the chassis. First remove the switch
nuts. Secure the front panel with four
2 BA nuts and bolts. Use a washer
between the front panel and the
switch nuts when securing the swit-
ches to the front panel. This helps
prevent the possibility of scratching
the front panel when tightening the
nuts. Push a LED mounting washer
through the front panel. The LED can
now be mounted. Be careful to insert
the LED the correct way around.

B

Place the leads through the pc board
and then push the LED into the
washer from behind. You may have to
bend the leads a little to get them into
the holes in the pc board. Finally,
solder leads. All that remains is to
secure the cover. Use self tappers
passed through the cover into the
main chassis. Since the pots are
mounted on half inch (12.5 mm) spac-
ings there is not enough room for the
usual slide pot knobs. We used small
rubber covers supplied originally for
use with small toggle - switches.
These are very common and are
available in a variety of colours.

To avoid having to mail the PC art
work to readers, we are publishing
the main PC in two sections. They
can be fitted together for reproduc-
tion. Since there are many variations
on slide pots, we inciude a 45 percent
reduction of a typical mounting
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Power up

Once construction is complete, check
all power supply wiring before power-
ing up. This is especially important if
a transformer has been included in-
side the chassis. In the latter case,
make certain all 120 V connections
are secure and check the chassis
ground. If all is correct, power the unit
up. The LED should light to indicate
that the unit is on.

An equaliser infout switch has
been provided to ensure that a flat
response can be obtained easily and
without the necessity of changing the
equalisation that may have taken
some time to set up. The equaliser is
intended for use immediately before
the power amplifier. If used in this
position the level control will pro-
bably not be used. In this case turn
the control fully counterclockwise.
The overall gain of the equaliser with
the controls set at centre will be ap-
proximately unity. If the equaliser is
intended for use from a typical line
level output, the gain control can be
used to supply the output levels need-
ed by the power amplifier input.

G

Arthritis Facts:

* More than three
million Canadians
have arthritis.

e More than
30,000 arthritis
victims are
under 15.

¢ Nearly one milion
arthritis victims
are between
30 and 45.

e 200,000 arthritis
victims in Canada
suffer every day
with long-term
disabilities.

Arthritis is

everybody’s problem

and it’s time we took
it seriously. Contact
The Arthritis Society
office nearest you
for the facts

about this terrible

disease.
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Co-inventor of the transfer-
resistor.

SHOCKLEY, Bardeen and Brattain
are three names that ring across the
post-war years like a summons to a
new age. And a new age is just what
they started, with their invention of
the bipoiar transistor in 1948, but
there were years of painstaking
research before that triumphant an-
nouncement in the journal, “Physics
Review”. Shockley was one of the
men who changed the 20th Century
more abruptly than anyone else, and
this is how it happened ...

William Bradford Shockley was
born in London in 1910 but was
educated in the US where his family
had moved. He started work, after
university, at the Bell Telephone
Laboratories in 1936. This, in itself,
must have been a remarkable ex-
perience because of all the research
laboratories around the world, the
Bell labs were foremost in telecom-
munication research, nourished by
the profits of the Bell Telephone Cor-
poration. Yes, it’'s possible to have a
telephone system which offers low
prices to the user and still make pro-
fits for the provider — but don’t tell
Ma Bell!

Solld States

Throughout the 30s, the Bell labs had
pursued a lot of very fundamental
physics research which in this coun-
try is normally carried out only by
universities. Solids, you see, are
rather remarkable and when you look
at their electrical properties, they
seem even more remarkable. Why
should one solid element be a metal,
bright and lustrous, conducting elec-
tricity well, and another solid element
be a non-metal, dull and shapeless
and an insulator? The nature of gases
was dimly understood in the 17th
Century, and our understanding
greatly increased during the great
years of discovery in the 18th and
19th Centuries. The liquid state was
being unravelled by theorists in the
19th and 20th Centuries, but the-solid
state remained very much of a
mystery. The main problem was that
the atoms of a solid are packed
together so tightly that they affect
each other much more than happens
in gases and liquids. Any theory that

¢ "‘

Seated is Dr. Wlitlam Shockley, who Initlated and directed the Transistor Research pro-

'Pior\e.e_r’s af
Eledr’onia;
g e.r’ie.;

gram at Bell Laboratories. Standing are Dr. John Bardeen, left, and Dr. Walter H. Brat-
tain. The photo was taken in 1948, when Bell labs announced transistor gains “as high

as 20 dB’".

took account of the effect that atoms
have on each other was likely to
become too complicated to solve.
The big breakthrough came early in
the 20th Century, as a result of work
by the great theoretical physicists
Planck and (later) Dirac — and the
steady follow-up to their work con-
tinued in laboratories all around the
world. Bell Telephone Laboratories
were concentrating on the electrical
aspects of solid materials, in the
hope that something of importance
would emerge. Research is like that;
providing that it’'s genuine scientific
research, then there's always some
useful outcome, even if it's years
later or in some quite unexpected
way.

In particular, Bell labs were
following up the work on hole conduc-
tion in crystals, which had been
discovered at the turn of the century,
and on the properties of semiconduc-
ting materials; it was in these
materials that the effects of im-
purities on conduction (an important
clue to what was going on) were most
marked.

Foundatlon Stories

The foundations for the invention of
the transistor were being laid, then,
all through the 30s. There was no

great pressure for spectacular
results, but there was a steady
stream of publications which map out
for us how much progress was made.
When war broke out, Shockley, along
with most of his research team, was
seconded to the US Navy to become
Director of Research in the Anti-
submarine Warfare Operations
Group. He worked on all aspects of
submarine detection and the effect of
depth charges, returning to the Bell
Laboratories early in 1945 to resume
his research on semiconductors.

By this time, the work was begin-
ning to bear recognisable fruit. The
importance of purity was recognised,
and the method of re-crystallising
germanium by zone refining was
developed, leaving the way clear to in-
vestigate the doping of the material
without the complicating effect of
other, stray impurities. It was with
such a doped sample that the team,
following work which had been done
in the 20s with copper sulphide
crystals, was able to produce the
point-contact transistor.

We should rememuwver that the
principles which were being followed
were quite old. All the way through
the 20s, the crystal-and-catswhisker
had been used as a sensitive detector
(demodulator) for radio waves. The
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principle was that certain types of
crystals, of which metal sulphides
were the most useful, conducted;
when a fine wire contact, the
catswhisker, was allowed to touch
the surface of the crystal, a rectifying
contact or diode was created. These
early detectors used natural crystals
and their behaviour was unpredic-
table and unsatisfactory. You could
be listening (using headphones) to a
broadcast when it would suddenly
vanish until a new sensitive spot was
found on the crystal. The problem
was that the material of the crystal
was never pure and the rectifying ac-
tion, caused by the material of the
catswhisker doping the crystal,
would eventually overdope the crystal
and stop the action.

There had been reports, too
many of them to ignore, of amplifying
action obtained by using more than
one catswhisker on such crystals,
and Shockley's team were hoping
that their thoroughly purified
materials would allow more consis-
tent results to be observed. They had
produced some N-doped germanium
crystals and were making contact to
them with fine metal wires spaced
very close together, in the hope of fin-

ding some amplifying effect. The
results must have been most gratify-
ing. Those first point-contact tran-
sistors were unreliable and had either
too little gain for practical use, or so
much that they were unstable — but
they worked, and worked well enough
to allow their characteristics to be
studied.

Naming Names

The crystal of germanium was dubb-
ed the “base”, because it was on this
slab of material that the fine wires
were located. One wire was called the
“emitter”’, because it appeared to be
emitting holes into the base; the
other wire was called the ““collector”,
because it appeared to be collecting
the holes emitted by the emitter,
rather than allowing them to be car-
ried into the base. The circuit was
what we would now call a common-
base amplifier, and it was this circuit
that dominated early transistor
technology. The action, by the way,
seemed to be that of a resistor which
could transfer current to a third con-
nection, so it was called a transfer-
resistor, and it was no time at all
before someone shortened that to
transistor.

The importance of the invention
was recognised at once and
Shockley, now head of the Transistor
Physics Research Dept, initiated a
new programme of research to im-
prove the primitive point-contact tran-
sistor design. The faults were obvious
— instability when used as an
amplifier, manufacturing difficulties
and unreliable operation. By this
time, the reasons for transistor ac-
tion, which had been worked out in

the long years of research, were in-
creasingly better understood and the
team was able to turn to better
methods of creating the junction bet-
ween P-type and N-type material,
which was so crudely achieved by the
point-contact method. It's a matter of
history that they succeeded, using
the well-documented method of mak-
ing a sandwich of N-type crystal
wafer with contacts of P-type impuri-
ty on each side and then heating the
sandwich so that the P-type impurity
diffused into the germanium, creating
regions of P-type germanium on
either side of the N-type. This ‘“‘diffus-
ed junction” technique was to
dominate transistor construction un-
til the advent of silicon transistors,
bringing new techniques that were

A 1947 point-contact transistor assembl-
ed by the inventors. The contact type has
been replaced by today's junction tran-
sistors.

readily useable only with silicon.
Shockley was appointed visiting

Professor at California Institute of

Technology, Pasadena, in 1954, and

. was further honoured by the Nobel
e Sk abel prins i Prize for Physics in 1956. He had, by
physics from King Gustav this time, left Bell Laboratories. From
VI ‘Adolph of Sweden. The there on, his career turned in a more
award was shared with academic direction as he became, in
Brattain and Bardeen for 1958, a lucturer at Stanford University
thelr work on the inventlon and in 1963, the first Poniateff Pro-
of the transistor. fessor of Engineering Science. In
these latter days, he has been more
noted for outspoken comment on the
topic of genetics and inheritance
than on the subjects which made him
one of the most illustrious of our
Pioneers of Electronics.

Gd



PLUS!
Tanover (sunburn) timer!
Iinfrared Proximity Detector!
Audio Overioad Indicator!

*

Crappy ¢

728 tin POT
"+ CENTRE TAP veF
.ccmmt cuick 10

O




A brand-new -Special Publication from

ZX81 Update o Selecting o Printer
- Modems ¢ Hex Notation
ulletin Boards o CP/M for Appie 11

A bumper issue containing reprints of the Computer Reviews from recent ETI
issues plus several features such as choosing a printer, the best from our Com-
puting Today column, and software information.

Our last special publication, Circuits File, was extremely successful; we
have even more confidence in Personal Computing Guide.

$3.95

cover price
Available from your newsstand, component and computer store or
by mail from ETI, #6, 25 Overlea Blvd., Toronto, Ont. M4H 1B1. Please add $1.00
for postage and handling. Cover date Spring 1983

24—MAY—1983—ET!I



Using BIFET &

3 -

The availability of BiFET and
BiMOS op-amps has revolu-
tionised circuit design since
they appeared on the scene
five or so years ago. While
we’ve used devices like the
CA3140 op-amp in projects
we’ve not got around to
describing practical applica-
tions circuitry. This ‘Lab
Notes’ fills that gap.

THE AVAILABILITY of BIiFET and
BiMOS devices in various packages
with one to four operational
amplifiers per package has revolu-
tionised the operational amplifier
market. Apart from the relatively ex-
pensive hybrid FET input devices,
other FET input operational
amplifiers had been available for
some considerable time, so why
should BIiFET and BiMOS devices be
so important?

The first point to note is that
amplifiers 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 of the order of 1M
and a maximum input bias current of
500 nA. The use of bipolar 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 in-
put impedance of 70M and an input
bias current of just under 1 nA. These
values may be compared with those
of some of thg economical BiFET and
BiMOS devices, where typical input
impedances are of the order of 1
Tera-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 aimost any circuit, it will
impose a very small load on that cir-
cuit. This can be a vital consideration
when one is designing such high-
impedance circuits as those used in
pH meters or in ionisation chamber
smoke detector circuits, whose out-
put current is inadequate to drive
devices such as the 741.

Sl

Amp

Modern BiMOS and BiFET op-amps come in both can and DIL packages.

INTRODUCTION TO THE BIMOS AND
BIFET OP-AMP

The first BIFET products were an-
nounced by National Semiconductor
in 1975 (the LF155, LF156 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 amplifier. Although
hybrid operational amplifiers with
FET input stages had been available
for some considerable time previous-
ly, all of these hybrid devices contain-
ed the jJjunction 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 perfor-
mance if adequate trouble is taken in
their design, but the extra labour
costs involved in the testing of the
separate chips for appropriate mat-
ching characteristics and in connec-
ting the two chips in a single hybrid
package inevitably resulted in a price
tage far above that of modern BiFET
devices. The general type of construc-
tion of a BiFET device is shown in
Figure 1, the channel between the
source and the drain electrodes of
the FET input devices being
fabricated by ion implantation.
Although National Semiconduc-
tor produced the first BiFET products,
it was not long before other manufac-
turers entered the BIiFET market, and

ION IMPLANT

Fig. 1 Construction of a BiFET device.

such products are now available from
Advanced Micro Devices, Analog
Devices, Fairchild, Harris Semicon-
ductor, Motorola, Intersil, Precision
Monolithics, Raytheon and Texas In-
struments, although National
Semiconductor still offer the widest
range of BIFET products, 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
amplifier. 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 replace-
ment for the 741 when a higher perfor-
mance is required. More recently the
CA080 series has been introduced as
pin-for-pin replacements for the
Texas Instruments series of TLO80
BIiFET types.
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If one considers the very early
types of monolithic FET input opera-
tional amplifiers (such as the Fair-
child uA740), they do have the desired
high input impedance, but their disad-
vantage is that their input offset
voltage and its temperature coeffi-
cient are so high that they do not ap-
proach the high standard of perfor-
mance required by the modern pro-
fessional engineer. Modern BIiFET
and BiMOS devices provide a very
high input impedance with relatively
good stability and temperature per-
formance — although the input im-
pedance 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 com-
parable performance. If anything,
BiMOS devices tend to offer the lower
input blas currents and BIiFET pro-
ducts the lower noise levels.
However, premium devices of both
types are available with perfor-
mances far above the average for the
type of device concerned.

Half-Hertz oscillator

Figure 2 shows the use of the
economical TLO81 device in a simple
0.5 Hz square wave oscillator. The
TLO81 is a 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 compen-
sation being employed so that no ex-
ternal compensating capacitor is re-
quired. 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/(27RgCp)

or about 0.5 Hz with the values
shown. The high input impedance of
the circuit enables a relatively high
value of feedback resistor, R, to be
employed, so the value of G can be
reasonably small for a given frequen-
cy 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
capdcitor G, charges and discharges
through Rg according to whether the
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GENERAL PINOUT  SINGLE OP-AMP

TLO60,TLO61,TL.O70,7L.071,TLO8O,TLOS1,
CA3080,CA3140,CA3160.

Fig. 2 Half-Hertz oscillator using a TL081
— pinout below.

state of the output voltage is ‘high’ or
‘low’ at the time concerned.

The circuit of Figure 2 generates
square waves which are approximate-
ly symmetrical. However, if a circuit
which generates waves with an une-
qual 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 Rg. The
direction in which the diode is con-
nected determines whether the out-
put 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 prividing two outputs
which are 90° out of phase with each
other. Although the TLO81 is perfectly
satisfactory for use in this circuit, it is
more convenient to use the dual
TLO72 low noise version device so
that this one device is all that is need-

ed. The connections of the 8-pin dual-
in-line TLO82 device are shown in
Figure 3; it employs internal frequen-
cy compensation, but has no external
offset adjustment facilities.

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 fre-
quency 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 DA3140
shown, but in this case a frequency
compensating capacitor (about 56p)
must be connected between pins 1
and 8, since the CA3130 is not inter-
nally 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 bet-
ween the output of the CA3140 and
the output CA3080 device. The
triangular wave output level is deter-
mined by the four 1N914 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
capacitance in this circuit by careful
layout.

Notch filter

The circuit of Figure 5 shows the use
of a TLO71 low-noise amplifier in a
notch filter circuit. This is the normal
‘twin-T’ fliter in the input circuit, in
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GENERAL PINOUT
DUAL OP-AMP
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Fig. 3 Quadrature oscillator producing two outputs 80° out of phase, using a TL082 dual

op-amp — pinout at right.
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Fig. 5 Notch filter using a ‘Twin-T’ filter
section on the input of a TLO71 op-amp.

Fig. 4 Function generator circuit. Sourcing or sinking current from pin 5 of the left hand
CA3080 will vary the frequency.

h h f h T B0O0SY (EIANSESAR) cur
which one of the ‘T’ sections consists 470 240k M 260k
of R1, R2 and C3 and the other part of balsa e P
C1, C2 and R3. It is designed to reject !
signals of one particular frequency >—‘L e o
(the notch frequency), whilst passing - =
signals of any other frequency virtual-
ly unattenuated.
For optimum performance; when al
a sharp notch in the frequency >
response is required, the components I-m,,
should have matched values (to T Fig. 6 Baxandall type
within 1% or 2%). When the values B i ey tone control circuitry,
shown are employed, the notch fre- (LINEAR) with unity gain (flat
quency occurs at approximately 1 POOST,__MFaLe L CuN position).
kHz. An advantage of using a high in- T SRONTIOCN TR CpK FOR DUAL SUPPLIES
put impedance device such as the AND CUT AT 100 M3 AND 10RHE |
TLO71 is that relatively large values il el
may be employed for R1, R2 and R3 EEEAT T e RO
and, therefore, for any given frequen- GO TG >H
cy, C1, C2 and C3 can have a relative-

ly low value. Large value, close
tolerance capacitors are expensive,
so the ability to employ devices of
low value is important.

FOR SINGLE SUPPLY +30V
M2
Tone controls g 1 L
an?

Two tone control circuit using the 3 > e
CA3140 are shown in Figures 6 and 7. w1 i P =alE
Figure 6 is of the Baxandall type, >_wl- i
which provides a gain of unity at the r
mid-frequencies and uses standard Bo0sT
linear potentiometers. The high input ] 120 (37‘553?) o R "
impedance of the CA3140 enables — 4 15V
low-value (and therefore cheap) w2 = o
capacitors to be employed in a circuit J 1008 =
which has an impedance great [
enough to avoid excessive loading of 1
the stage feeding this circuit.

Bass/treble boost or cut are
about +15 dB at 100 Hz and 10 kHz n2 ""12"2
respectively. Full peak-to-peak audio Y | I £-L'°"E°°'""°L"m°“"]
output is available up to at least 20 Y W 1K
kHz, since the CA3140 has arelatively ot PR
high slew rate (about 7 V/us). The gain el R e
falls by about 3 dB at a frequency of o AR
around 70 kHZ *15 4B BASS AND TREBLE BOOST AND

The circuit of Figure 7 provides BVOLTS PP OUTUT AT 20k
similar boost and cut facilities, but IS
the gain of this circuit is about Fig. 7 Tone control circuit with 20 dB of gain, flat position.
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eleven. The input impedance is
basicaily equal to the resistor from
pin 3 to ground.

A tone control circuit using the
TLO6O low-noise BIFET devices is
shown in Figure 8. The TLO60O i5 not
internally compensated and therefore
requires the 10p external frequency
compensation capacitor shown con-
nected in the circuit of each device.
Similar circuits can, of course, be
made using the TLOBO devices at the
expense of a higher power level. A fur-
ther alternative is the use of TL066
programmable BIiFET device without
any compensating capacitors, but
with a suitable value of the program-
ming resistor between pin 8 and the
negative line (about 1k, depending on
the trade-off between bandwidth and
power consumption which is re-
quired). Figure 9 shows the response
of the Figure 8 circuit.
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iC PREAMPLIFIER RESPONSE CHARACTERISTICS

25
o PV AL
i

it
10— -+
b NI A
0 4 ‘

1

15

VOLTAGE AMPLIFICATION — dB
b |
-

T T
| |
|
R, t 1 -
- i TREBLE
wwoass || [T
20 70 200 __ 700 2% 7k 20k
40 100 300 1k 4k 10k

{— FREQUENCY — Hz

*Vee = 215V Ta=25C

Fig. 9 Response characteristics 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 com-
pensated is employed in this circuit.

Fig. 8 An RIAA preamp and tone control circuit using TLO60 devices. (Same pinout as

TLO70).

Distribution amp

The Texas Instruments series of
BIiFET devices is also available with
four separate amplifiers in a single
14-pin dual-in-line package. Figure 11
shows the connections of the TLO64
low-power BIiFET quad amplifier,
together with a circuijt for an audio
distribution amplifier 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
TLO74 have the same pin connec-

tions, whereas the TL0O85 and the low-
noise TLO75 devices are quad types
with connections similar to the
RC4136. There is no TLO65 at present.

Offset Nutling

Tolerances within the amplifier cause
a small DC error voltage to appear on
the output. This can usually be
neglected for most applications, but
may cause problems in sensitive DC
circuits such as meter drives. The cir-
cuit shown in Fig. 12 includes a
potentiometer for trimming the out-
put to zero volts.

™ TLO64

p——0
OUTPUT A 14 13 12 11 10 9 8

100k

= GAIN=11

OuTPUTB

'

- V+ I;
L‘JUUULSJU

2 3 4

GENERAL PINOUT

QUAD OP-AMP
TLO64,TLO74,TLOBY.

Fig. 11 An audio ‘distribution’ ampllf'ier for ‘slaving’ several pieces of equipment from a
single source. Pinout for the quad op-amp is shown at right. Circuit is for single — supp-

ly operation.
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10k

100k

i

TREBLE =

Fig. 10 Moving-coil mic preamp with tone controls, using an internally compensated

TLO61 device (same pinout as TLO71).
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ice warning

The circuit of Figure 13 employs three
of the four amplifiers of the TL0O84
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) falis below 0°C.
When the temperature of the
thermistor falls, its resistance rises
and the current flowing through the
thermistor decreases. Thus the inver-
ting input of the TLO84 connected to
this thermistor receives less current
from the positive supply line and its
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Fig. 12 Offset adjusting using the TL080.

output voltage tends to rise. This out-
put voltage is fed to the TL0O84 output
amplifier and produces a voltage
across the LED, which lights, pro-
viding the required warning.

Vaar +12V

THERMISTOR 15k

20k

ADJUST R IaEs

FOR LED
ON AT
32°F

10M

10M

Fig. 13 An ice warning indicator.

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
varlable resistor can be used to
balance the output at any particular
value of light level.

+15V

4

outeuT

=15V

Fig. 14 Low-level light detector using
FPT100 or similar phototransistor.

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% har-
monic 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 adjusted by R1, followed by
an adjustment of R2. The final slope
is established by adjusting RS,
thereby adding additional segments
that are contributed by these diodes.
Repetition of the adjustments may be
necessary, since there is some in-
teraction between the adjusting
potentiometers.

Wien bridge "B

A CA3140 BiMOS amplifier is used in
the circuit of Figure 16, together with
a CA3019 diode array, to form a Wien
bridge oscillator. One of the package
diodes is used as a zener diode to
shunt the 7k5 feedback resistor and,
as the output signal amplitude in-
creases, the zener diode impedance
rapidly decreases so as to produce
more feedback, 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
temperature coefficient for this
regulating system.

As the output circuit contains no
RC time constant, there is no lower
frequency limit for operation. If C1 =
C2 = 1u (polycarbonate) and R1 =
R2 = 22M, the operating frequency
can be about 0.007 Hz. At high fre-
quencies, as the frequency is increas-
ed 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/ius when the
output voltage amplitude is about 16
V peak-to-peak.

+15Vv
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OF CA3019

05

CA3019
OIODE ARRAY

ouTPUT
19VP-PTO 22 VP-P
THD<0.3%
7k5 ~
TO WIDEBAND
ouTPUT
AMPLIFIER L =
CA3019
1
10k ]
EXTERNAL 3
ouTPUT DI0OE
|ARRAY
5 z: |4
430R
50 Hz, R = 3M3
100 Hz, R = 1M6 e
R2 1kHz, R = 160k
2 1k 10kMz, R = 16k
I 30 kHz, R = 5kt
] 500R

Fig. 15 A triangle-to-sine waveshaping circuit employing a CA3140

op-amp and a CA3019 diode array.

Fig. 16 A Wien bridge
via the zener action fr

oscillator featuring amplitude stabilisation
om the CA3019 diode array.
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Meter

The high input impedance of BIiFET
and BiMOS devices has led to their
use in many voltmeters of high input
resistance and also in meters to
measure very small currents.

The circuit of Figure 17 was
designed by Texas Instruments for
the measurement of voltages in the
range *=0.6V to *600V, where the
source resistance may be quite high,
and to measure currents from 6 nA to
6 uA. The instrument was required to
accept inputs of either polarity and
be inexpensive, robust and reliable. It
also had to have a long battery life, so
a TLO61 low-power operational
amplifier device was selected. An in-
expensive centre zero meter is con-
siderably cheaper than a liquid
crystal display and would provide
adequate accuracy for the purpose.

When the switch is in one of the
positions A to D inclusive, the instru-
ment is set for the measurement of
voltages. The amplifier has a non-
inverting gain of 10 and range selec-
tion is achieved by a simple potential
divider network with a fixed input im-
pedance of 1000 megohm. A panel-
mounted ‘centre zero’ control is in-
cluded in the circuit to facilitate cor-
rections for the mechanical move-
ment of the meter zero and for the
change in the operational amplifier
input voltage offset (for example, with
temperature).

In the current measuring mode of
switch positions E to H inclusive, the
amplifier operates as a current-to-
voltage converter. For the most sen-
sitive range of 6 nA, a tran-
simpedance of 1 Gigaohm is required
to produce a fuli-scale deflection of
the meter. Rather than use a resistor
of such a high value, a resistance
multiplier arrangement was devised
with a 100M feedback resistor for the
most sensitive range.

The two diodes across the input
of the operational amplifier in con-
junction with R6 provide protection
against any gross overloading of the
instrument. A suitable arrangement
incorporating a fullwave rectifier into
this circuit would allow alternating in-
put signals to be measured, but ar-
rangements would have to be made
to allow for frequency roll-off of the
response at high frequencies.

3 pA meter

A CA3160 and a CA3140 are used in
the circuit of Figure 18 to construct a
picoammeter with =3 pA full scale
deflection (one picoamp = 1012
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'Fig. 17 A multi-range voltmeter with high impedance input plus multi-range low-current

meter.

amps). Pins 2 and 4 of the CA3160 are
connected to ground, so the input pin
3 between them is effectively ‘guard-
ed’. If slight leakage resistance is pre-
sent between terminals 3 and 2 or 3
and 4, there would be zero voltage
across this leakage resistance and
this would reduce the leakage current
by a large factor.

It is preferable to operate the
CA3160 with its output pin 6 near the
ground potential, so as to reduce the
dissipation by reducing the device
supply current. The CA3140 serves as
a x100 gain stage to provide the re-
quired plus and minus output voltage
swing for the meter and feedback net-
work. A 100:1 voltage divider network
consisting of a 9k9 resistor in series
with a 100 ohm resistor sets the
voltage at the 10 kMohm resistor to
+30 mV full-scale deflection. This 30
mV signal results from +3 V appear-
ing at the top of the voltage divider
network, which also drives the meter
circuitry.

It is possible to switch the 9k9

and 100 ohm network in the output
circuit so that current ranges from 3
pA to 1 nA can be handled using the
single 10 kM resistor.

The writer has seen circuits us-
ing BiMOS devices published for use
in measuring currents down to 100
femtoamps (0.1 pA), but obviously ex-
treme care is required to ensure the
insulation is adequate when such
smali currents are being measured.

'Voltmeter

A further voltmeter circuit covering
the range 10 mV to 300 V is shown in
Figure 19, which also uses a CA3160
device. The range switch SW1 is
ganged between the input and output
circuitry to enable the proper output
voltage for feedback to terminal 2
through the 10k resistor to be
selected.

This circuit is powered by a
single 8.4 V mercury battery, the
power supply current being

S500R

- 500-0-500 uA

Fig. 18 This circuit will measure very low currents — full-scale deflection is + three

picoamps!

Continued on page 75
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Digital

Capacitance

Meter
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It’s fast, accurate and not too
fancy. This Month’s Digital
Capacitance Meter is easy to
build and will become one of
the most used items in your
workshop.

A GLANCE through an electronics
catalogue soon shows that most of
the cheaper multimeters do not
measure capacitance. A few may
measure values in the microfarad
range, but not many measure in the
nanofarad or picofarad ranges. This
low-cost meter will, therefore, be very
useful; it covers values from 100pF to
9900uF with two digit accuracy and
it's cheap and easy to build. It also
provides a good indication for values
in the 10-100pF range but, in general,
the main ranges will satisfy the re-
quirements of most hobbyists.

Many types of capacitors are
manufactured to about 10%
tolerance, yet for building filters, tun-
ed circuits, timers and the like, it is
often important to be able to know
the precise value of a capacitor. Elec-
trolytic capacitors, for example, are
notorious for having very wide
tolerance and for changing
capacitance with age and use. Then
there are all those look-alike
polystyrene capacitors, which are
marked in ink that seems specially
prone to rub off at the first handling
(their physical size is no real guide to
their value, by the way). Finally, there
are the bargain packs, containing an
assortment of imported capacitors
whose markings bear no
recognisable relationship to any
known classification system. When
using these, the perplexing question
is: “What have we here?”. So, a
capacitance meter is a distinct asset
for these and many other cir-
cumstances.

The Circuit

The circuit uses the 556 dual timer IC
in two common configurations. One
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half, IC1b is an astable multivibrator
used to produce a square wave at
elther of two fixed frequencies. The
pulses from the astable are counted
by IC3, which contains two complete
decimal counters. The first counts
units and its output carries over to
the second, which counts tens. The
display drivers, IC4 and IC5, convert
the BCD (Binary Coded Decimal) out-
puts from the counters to provide the

MULTIPLIERS

SCALE DISPLAY

I X
n SO0FF  xi00n

outputs required for driving the
7-segment displays. i
The counting action is controlled
by the other half of the timer, 1C1a,
connected as a monostable
multivibrator; when triggered, this
s HOW 1T WORKS _
TRIGGER
; ASTABLE
= MONOSTABLE i
D
TEST
CAPACITOR { ' 1 y
TENS COUNTER UNITS COUNTER
L
= Ja=0 Y l

The DCM measures an unknown capacitor
by counting the number of clock pulses
which occur during the period of a gating
pulse, produced by the monostable. The
pulse is triggered by operating a push but-
ton switch (the trigger circuit ensures a
clean start to the pulse) and its width is pro-
portional of the value of the test capacitor,
which is connected into the RC timing net-
work of the monostable.

The gate pulse ‘enables’ the display
drivers and the counters, which then begin
to register pulses from the astable

DISPLAY DRIVER DISPLAY DRIVER

! !

DISPLAY o p

l“
U
-—
-

multivibrator. At the end of the monostable
gate pulse, the display drivers are locked
and a two digit number is displayed. The
counters are reset to zero, ready to begin a
new count.

The DCM has eight ranges, produced
by changing the frequency of the astable
multivibrator and by controlling the width
of the monostable pulse by using different
resistors in combination with the test
capacitor. This is described more fully in
the text.




gives a single positive pulse. As the
pulse begins (rises), the counters and
display drivers are ‘enabled’ and
pulses from the astable are counted.
As the pulse ends (falls), the display
drivers are latched to ‘hold’ and the
count is displayed. The counters are
reset to zero at this time, ready to
restart the count at the next high
pulse, but the display ‘holds’ the
count. The display is returned to zero
by the enable pulse at the beginning
of each run and counting begins im-
mediately.

The length of the pulse from the
monostable, IC1a, is proportional to
the capacitance of the test capacitor;
the greater the capacitance, the
longer the pulse and, therefore, more
pulses from the astable are counted.
The two-figure display is read accor-
ding to the format indicated by the
range-setting knob.

The period of the monostable is
set by the test capacitor and
whichever resistor, R3, R4 or R5, is
selected by SW2a. The frequency of
the astable, IC1b, is set by the timing
capacitors C2, C3 or C4 and resistors
R6, PR1, R7 and PR2. By selecting the
appropriate combination of timing
components, the meter provides
eight decade ranges from 100pF up-
wards.

Construction

Most of the circuit is accommodated
on the printed circuit board. It is best
to begin construction with the display
circuit. The two 7-segment LED
displays are soldered to the board
first; make sure the iron is hot and
work quickly, so as not to overheat
the LEDs. It is better to solder a few

pins, then wait a few minutes for the
heat to escape before continuing; the
decimal point pins (dp) do not need to
be soldered. Next, mount R9-22 (or
you could use two 14-pin DIL resistor
arrays, if you wish).

When you have mounted the
displays and resistors, make the bat-
tery connections and test the display.
Temporarily join the positive line to
each of the resistors in turn and
check that the correct segments light
up on the display. WARNING — the
current must go through a resistor
before it goes to a segment.

The two segment-drivers, 1C4
and IC5, are wired in next. The
counter, IC3, completes the display
section of the meter. To check its
operation, connect a pulse generator
to pin 1 of IC3; the displays should
show a regular count up to 99, return-
ing to 00 and repeating. If you do not

> g 0
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R6 —
120k
b »p
SW2a SW2b OFF
o PRI NOTES
ATk IC1 IS NESS56
o ic2 IS 4011
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Fig. 1 The circuit of the Digital Capacltance Meter.
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pigital Capacitance Meter

SW2b

WLy
TEST SOCKET SW2a

Fig. 2 The component layout; note that R9-15 and R16-22 can be either Individual resistors (as shown) or 14-pin DIL resistor arrays.

have a generator, youcan use the out-
put from IC1b which, with its
associated components, is the next
section of the circuit to be completed.
When the pulse generator (or
astable) circuit is complete, connect
the power supply. When pin 4 of IC2c
is taken low (to 0V), the display
should count rapidly at about. 1 kHz.
When it is taken high, the count
freezes at its current value. The rate
of counting is too fast to see properly
(the display will appear to show a
steady ‘8’), but you can slow it down
by temporarily wiring a large value
capacitor (say, 10uF) in parallel with
C2. This will let you check that the
counters are working properly.
Finally, complete the
monostable and trigger circuits, IC1
and IC2, and the remaining com-
ponents. You will need to make off-
board connections to SW2, PB1 and
the capacitor test sockets before this
part can be tested. It is probably best
to mount the panel components and
complete all the off-board wiring now.
Determine the orientation of SW1 and
SW2 and drill the registration holes
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The foll side of the printed circuit board.
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Digital Capacitance Meter

accordingly. If PB1 and the negative
capacitor test socket are correctly
positioned, the tag of the socket can
be soldered directly to one of the lugs
of PB1. The power comes from four
pen-lite cells in a battery holder,
which can be held in place by double-
sided tape. To test the complete cir-
cuit, mount a capacitor in the test
sockets; it is useful to have a pair of
test leads, with 4 mm plugs at one
end and crocodile clips at the other,
for short-lead and otherwise ‘difficult’
capacitors. Remember to observe
polarity, when testing electrolytic or
tantalum capacitors.

You are now ready to switch on
and. .. the display should immediate-
ly show a value. If nothing happens
when you switch on, check that the
trigger circuit, which normally has a
high output (IC2b, pin 11), goes low
for an instant (about 1 mS) when PB1
is pressed. The output of IC1a (pin 5)
should normally be low, going high
for an instant when PB1 is pressed. If
you use a 100 uF test capacitor with
SW2 at X1n, the output should stay
high for about 10 seconds and, during
this time, the display will run from 00
to 99 several times.

PARTS LIST

Calibration

IC1a is a monostable oscillator that
controls the period for which the
display counts pulses from IC1b. The
period, t, is equal to 1.1RC, where C is
the value of the test capacitor and R
Is the value of whichever resistor (R3
to R5) is switched into circuit. For ex-
ample, if the test capacitor is 10 nF
and we use R4 (100k),t = 1.1 x 100
x 10* x 10 x 106 = 1.1 mS. During
this brief period the counter has to
count 10 pulses from IC1b so that the
display shows ‘10’ at the end of the
counting period. Now 10 pulses in 1.1
mS is equivalent to a frequency of
9.09 kHz, and this is the frequency to
which IC1b Is set when PR1 and R6
are short-circuited out of the timing
chain by SW2b. If the test capacltoris
100 nF, the period becomes 11 mS;
the display must again count 10
pulses, to show ‘10’, so the frequency
of 1C2 must be reduced to 0.909 kHz
by switching PR1 and R6 into circuit.

To calibrate the instrument we
simply have to adjust PR1 and PR2 to
glve frequencies of 9.09 kHz and
0.909 kHz. The easiest method is to
use an oscilloscope. Switch SW2 to
position 1, bypassing PR1 and R6;
monitor the output from pin 9 of IC1b
and adjust PR2 until the period of the
signal is 1.1 mS (9.09 kHz). Now
switch SW2 to position 2 and adjust
PR1 until the period is 11 mS (0.909
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| SW1,2; 2x 14-pin, 3 x 16-pin DIL

TO BOARD R7

c3

c4

{ ASTABLE }
“IC1b PIN8
B1(+)}

+6V TO BOARD

CAPACITOR

SOCKETS
PINTON IC1a

> 0V

TRIGGER INPUT
- 1C2a PIN1

Fig. 3 Wiring diagram for the panel-mounted components. Check against the circuit to

ensure all the wires go to the right place!

Resistors (all %W, 5% except where
specified)

R1 10k

R2 1k0

R3 1k0, 1% or 2%

R4 100k, 1% or 2%

R5 10M, 10%

R6 120k

R7,8 4Kk7

Rg-22 150R (or two 14-pin DIL

thick film resistor net-
works)

i’otentiometers '

PR1,2 47k sub-miniature
horizontal trim pots.

Eaaacltors

c1 ~ 1u0 35V tantalum

C2 10n polyester

Cc3 1u0 polycarbonate

C4-6 100n polyester

S:mloonductors_

IC1 556 dual timer

1C2 4011B quadruple 2-input
NAND

IC3 4518B dual decade
counter

IC4,5 4511 7-segment

decoder/ drivers

Miscellaneous

PB1 push button switch
SWi1,2 2-pole 6-position rotary
switches.

PCB, two 7-segment LED displays
{(common cathode 0.5”); ABS case 190
mm x 110 mm x 60 mm; knobs for

sockets, 4 mm terminal sockets (1 red,
1 blue); battery holder for 4 x AA cells;
1.0 mm terminal pins; self-adhesive
feet; connecting wire; solder, etc.

Fig. 4 Internal view of the completed DCM.

Continued on page 86



New from NRI!
The first at-home training in
videocassetie recorder repair

with exclusive videota

" o

You can get specialized audio -

Learn Video/Audio
Servicing...includes RCA
state-of-the-art VCR, NRI

Action Video lessons, plus
full training in color TV
and audio repair.

Now, you can learn the hottest, most
wanted skill in home entertainment elec-
tronics. .. servicing and repairing videocas-
sette recorders and video disc players. Well
over 2 million units have already been sold
and the demand is just starting! Already,
qualified VCR technicians are in short sup-
ply...people are waiting up to a month for
VCR repair. Good jobs at good pay are
going begging. And NRI can get you in
on the action with convenient and effective
at-home training.

Choice of Specialized
Training

NRI offers you three Master Courses
in Video/Audio Servicing, each complete,
each with equipment and training for the
specialty you want. Each course thoroughly
prepares you for color TV plus audio and
video equipment. Then, you take the spe-
cialized hands-on training on the equipment
you select.

Learn as you work with equipment
you keep.

experience as you build your own {8
AM/FM stereo system complete with J&8
speakers. Or gain real bench ex- '
perience with hands-on TV
training as you build a 25”
(diagonal) fully-computer-
ized, programmable color
TV and professional test
instruments. Or train with =58
your own RCA video- =4
cassette recorder and NRI's &

exclusive Action Video ser- =

vicing lessons on videotape. 75 =%

State-of-the-Art VCR

This modern VCR features high-tech-
nology design with electronic pushbutton
tuning, remote control, three recording
speeds with up to 6-hour capacity, high-
speed visual search, built-in clock/timer,
memory rewind and audio dubbing capa-
bility. Direct drive motors and azimuth
recording give outstanding picture
reproduction.

It's yours to keep, as part of your
training. You'll not only use it to learn
operation and servicing techniques, but to
play the absorbing NRI Action Video lessons
that come as part of your specialized train-
ing. In word and picture, you’ll learn
theory, construction, and service proce-
dures, see them explained in graphic
closeups. And you get this unique training
only with NRI!

Learn at Home

at Your Convenience

No need to quit your job or tie up
your evenings at night school. No time
away from your family or expensive travel.
NRI comes to you. You are a class of one,
getting both theory and practical hands-
on training backed up by our staff of ex-
perienced educators.

NRI the Pros’ Choice

More than 65 years and a million
and a half students later, NRI is still the
first choice in home-study schools. A na-
tional survey of successful TV repairmen

_ ed lessons.

shows that more than half have had home-
study training, and among them, it's NRI
3 to 1 over any other school.

That's because you can't beat the
training and you can’t beat the value. Only
NRI combines exclusive fast-track training
techniques with modern state-of-the-art
equipment to give you the skills you need
for success quickly and easily. Only NRI
offers such complete training with so many
timely options for specialized bench exper-
ience. Send for our free catalog and get all
the facts on these exciting Master Courses
in Video/Audio servicing.

Rush Card
for Free Catalog

Mail the postage-paid card today for
your free copy of our 100-page look into
tomorrow. It shows all the equipment you
get, describes each lesson in detail. And it
tells you about other important career op-
portunities in Microcomputers and Micro-
processors, Digital and Communications
Electronics, Electronic Design Technology,
and more. Send today and get started on a
big new future for yourself. If card has
been removed, please write to us.

N i
C“ o Scarborough, Ontario M1P 275

‘}O
l ] n | or telephone 416-293-1911
We'll give you tomorrow.

NRI SCHOOLS

McGraw-Hill Continuing
Education Center

330 Progress Avenue
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6502 Mmother Board
(Bare) with z-80, 80
column, 16K, Disc Ctrl.

Due to the advent of improved 6502 boards
with peripherals laid out on the board we
have decided to include the above 4
peripheral cards with our proven Parts
Galore 6502 board. You will now retain full
access to all 8 slots plus have all the
features that the newer boards provide. All
boards are G-10 epoxy with full screening
and plate through. Whats more these
boards are a known and proven commodity
with full compatibility with all Apple™ pro-
ducts and other types of 80 column cards
and software.

6502 Board + 4 Peripherals ........ $57.95
Wired and tested motherboard with aii

parts, including blank 2732's
{without peripherals) ... .......... $325.00

PARTS KITS
For those in need we have these parts kits.
{a) Tin IC sockets, 8,14,16,20,24,40 . . .$13.00

{b) Gold IC Skts 8,14,16,20,24,40. . . .. $26.00
{c) ¥2-v2 IC Skts, gold, 40,24 rest tin . . $18.00

(d) Edge connectors, setof8 ... ... $25.00
(e) Resistors, all the %aW resistors. .. .$1.00
{f) SIP resistors, 3-0.1w1Kx9. ........ $2.00
{g) Capacitors allthe .1 +others .....$7.00
(h) Transistors & diodes . ........... $2.00
{i) Crystal, trimcaps, trimpot, RCA jack

audio jacks, header pins, coil .. .. .. $6.00
()ANTTL parts . . 5
(k) All linear parts .

(W6502CPU .. ...,

(M) RAMS 244116's . .............. $36.00
(M2716’S6PCS .. ... ..o $27.00
{0) 2716 character gen programmed . .$8.00
(PY2732'S3PCS . .. $25.00
{q) Complete kit, noIC's . ..$57.00
{r) Complete kit, alliC's .. .. .$160.00
(s) Complete kit, all IC's, goid .. . . .. $170.00

NEW. A high quality channel 11 in-
terference free modulator with computer/TV
switch and connector to fit inside case and
plug right onto video peripheral pins. Made
just for the 6502 board.
New Modulator

DISC DRIVES

(a) Siemens full helght 5% drive, fully
enclosed with cable ready to plug in to your
Apple™ or similar computer. Fully software
compatible, Apple is now using Siemens
drives instead of Shugart for that good old
German precision. 6 month warranty

with controller
(b} SA-200 style %" height low profile 5%
disc drive fully enclosed with cable ready to
ptug in, etc. 6 month warranty. Saves a lot
OfSPace ...............ccoiias $369.00
withcontroller .................. $458.00
(c) Bare SA400L DISK DRIVE all set for you
to modify with an analog board to make into
yourownsystem ................ $249.00

Analog card, bare. . ..$12.00
Analog card, stuffed .$35.00
CaseforSA400L.................. $16.00
Cable forSA400L ............... ..$9.00

(d) Bare SA390L DISK DRIVE. Mechanism
only, no PCB on back a lot easier to modity.
Comes with speed controller on board.

3 .+$219.00
Analog Card bare . .. ...$20.00
Analog Card Stuffed ... ........... $70.00

ABS CASES

New ABS case with numeric pad cutout.-to
the right of regular keyboard.. . . ... .......

$99.00

For those who wish to copy the ‘original’ as

closely as possible we have the followlng

enclosures, both fit the PCB's, power sup-

plles, and keyboards exactly.

(a) Beige case, ABS, all hardware, close
colour match to the real thing

(b) Ivory case, ABS, all hardware, to many
a nicer colour for the home .

Regular ABS Case $79.00

ASCIl Keyboards

Some of you wiil get your PC boards runn-
ing with surplus keyboards but some will
not and if you want the ‘original’ look try
one of these two keyboards. Both are ASCII

and can Implement aill the ‘original’

keyboard functions.

a) Standard keyboard,

with headercable ......... $99.00

b) With numeric pad ... ... $109.00

SMALL PARTS

16 PIn header .$2.00 | 14.318Mnzxtal .. ... .$3.00
50PItrimcap .......$0.75 | 17.430Mhzxtal. . .... $5.00
250-chm trimpot ... .$0.50 | 27Uh coil $0.
RCA Jack ....80.75 | Audiojack . ... 0.75
Header pins (10). . .35 | Header (S pin) 0.50
1K by 8SIP .75 | Power, male 0.75
1K by 9 51P .$0.75 | Power, female 0.75
Kby 7SP .. ..$0.75 | Speaker, 3", 8ohm .. .$1.50
10Kby9SIP. ... .. .50.75 | Ribboncable8' ..... $3.00

PERIPHERAL BOARDS

P qaion  Rie, i am @—— =
D e S ]

A variety of printed circuit boards that allow
you to add various capabilities to your 6502
board. All the bare boards are $10.00 each,
alone or in quantity. The wired and tested
peripheral boards vary in price with their
capabillity.

(a) Z-80 A very popular board that atlows for
the use of CPMM and Z-80 programs on the
6502 PCB. Wired and tested . ... .. .. $89.00
() 80 Character. Another popular board
that displays 80 characters of text on a nor-
mal screen. Wired and tested . ... . .. $89.00
{c) 16K, or-language, allows an extra 16K of
memory to be used and avoids the need for
a ROM card on disc based systems, one of
the most popular. Wired and tested. . $65.00
(d) Floppy disc controller. A must it you
want a disc drive. You must buy a DOS to
run with the card. Wired & tested . . . .$88.00
{€}) ROM card, when populated with a few
2716's can hold another language. Does not
come with a language. Useful until you get
adisc. Wired & tested ........... .. $59.00
{f) RS-232 Another very useful card that lets
you communicate with printers ect using
serial data flow. Has RS-232 serial capabili-
ty. Wired &tested . . ............... $86.00
{g) Printer card ailows you to talk to parallel
printers, such as the very popular EPSON.
Wired &tested .................. ,$86.00
{h) Prototype. A card that does nothing but
lets you wire wrap any kind of circuit you
can imagine. All holes no annoying power
busses to eat up all the space. Bare Board
On| VARSI B $10.00

REMEMBER ANY BARE BOARD IS ONLY
$10.00

GREAT DEAL

Want a great deal? Want a winner? Well
here's one for you. We made a big buy on
the power supplles (Black Beauty), ABS
cases, ASCIl keyboards and the famous
Parts Galore 6502 bare board and we now
offer this special deal. All four of the above
foronly ........ ... ... .. ... $299.00
Includes Z-80, 80 col, 16K, Disc PCB's.

Great Deal with numeric pad Includes
numeric pad keyboard and numeric ABS
case with Z-80, 80 col, 16K and disc

foronly ...... .. ... ...l $319.00

AMAZING QUALITY
AT LOW COST

At last, a high gquality, 3%z digit, LCD, DMM
with all the teatures of the higher priced
American brands at an affordable price.
Check these specs.

Voltage, DC

0.2, 2.0, 20.0, 200.0, 1000.0

Voltage, AC

0.2, 2.0, 20.0, 200.0, 750.0

Current, DC

200ua, 2ma, 20ma, 200ma, 2000ma, 10A

Current AC

200ua, 2ma, 20ma, 200ma, 2000ma, 10A

RESISTANCE

200, 2K, 20K, 200K, 2000K, 20M Ohms

ACCURACY 0.25% =+ 1 DIGIT

LARGE LCD DISPLAY
LOW BATTERY READOUT]

HI-VOLTAGE FOR

v A

OVERLOAD PROTEGTION

ON ALL RANGES
$89.00

EXTRA FEATURES

® Diode test circuit ® Lo voltage ochms,
0.5v ® Lo battery indicator ® Auto-Zero ®
Auto polarity ® Overload protection, all
ranges ® ABS case (will not crack} ® One
hand push buttons.

RECESSED INPUT)
JACKS

MONITORS

- id

(a) Zenith 12" green phosphor, with 40/80
column switch, ideal for the Apple™ or
similar video output systems .. .. .. $159.00
(b) Electrohome, a-true 12" green phosphor
professional monitor in a shielded metal
enclosure for RFl rejection. Made in
Ganadai. tige Wl =R $165.00
Samewith9"CRT ............... $139.00
{c) Electrohome RGB colour monitor, 13"
screen an excellent monitor for showing
what an Apple™ can do in HI-Res mode.

SWITCHING POWER
SUPPLY

We only stock one power supply, the best
and highest power of all. We found out that
almost everyone wanted high power and
not the weak effort that the original com-
pany puts out. So we found the one that had
the best construction internally as well as
the best output. Our "Black Beauty” puts
out 5 amps at 5V, 2% amps at 12V and % an
amp at -5 and - 12. We went one step fur-
ther and obtalned Ontario Hydro inspection
for them so that you know they are OK.
“BLACK BEAUTY POWER SUPPLY" $115.00

............................... $459.00
(d) Electrohome RGB signal extractor card.
Needed to drive any RGB coiour monitor
from an Apple™. Plugs into any slot takes
little current, and works very well. . .$169.00

Prices

Prices are rapidly changing in the 6502 PCB
game. If by chance we are higher in price
than someone eise (due to magazine lead
times, etc) we will equalize our price to
theirs. Just tell us as you order what page in
ETI they advertise on or where their store is
and you get the break.

PARTS

ELECTRONIC

COMPUTER

316 COLLEGE ST., TORONTO. M5T 1S3 (416) 925-8291
Min Order $15.00 Visa, MC, American Express,

All Ont. Residents add 7% Sales Tax. Add 5% delivery

charge; we ship Canpar or Canada Post, or Purolator

GALORE

PROJECT BOARD

Have you ever tried to get an economical
protoboard and had a shock? Well look at
this, a good quality protoboard at a 30-40%
saving. The KH-408 has 1560 holes on a std
0.1" grid for IC's and a sturdy plastic base
with two binding posts for power, an ex-
cellent buy for the student.

Circle No. 15 on Reader Service Card.
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Johnny Appleseed would be
proud: the industry has spawn-
ed plenty of Applerw compati-
ble computers, and Steve Rim-
mer looks at three: the
Surplustronics 6502, the
Franklin ACE 1200, and the
Orange Peel.

| FIGURE THAT in about twelve mon-
ths or so it’ll be impossible to register
a fruit as the trademark of a micro-
computer product without infringing
on somebody’s trademark. We now
have Apples, Grapes, Peaches,
Pineapples and Oranges. | myself
have considered introducing my own

variety. It's a toss up between Pas-
sion Fruit and Green Banana ...
possibly the Mango. This wouldn’t be
a complete copy of the popular 6502
system. For one thing, it would
eliminate the need for expensive flop-
py disks by utilizing exorbitant
magnetic tape vacuum drives.

Back in the real world, there are
a lot of types of fruit, or fruit by any
other name, rolling around in the bot-
tom of the basket. The first of the so
called Apple clones were just that . . .
more or less exact copies of the Ap-
ple computer. However, one of the
facets of the Apple system which is
rather less than splendid is the fact
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that it's extremely old, and much of it
is obsolete. For example, it has a for-
ty column screen which lacks lower
case characters. It can only support
48K of RAM on board, and its
language in firmware is a dog. Its
high resolution graphics facility is
also a bit of a newt’s doorknob, what
with highly limited choices of colours
available to the aspiring video artist,
and things like sprites and complex
drawing functions a thing of the
mind.

Since modern technology now
knows how to cure these thihgs at
birth, the designers of the clones
were faced with the very real

//TheSurplustronics 6502
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possibility of creating systems which
could actually out — Apple the Apple
itself. With a bit of work it was possi-
ble to create computers which could
run all the Apple’s software, handle
all the hardware peripheral gizmos
that have been flanged out on the un-
suspecting universe for it and, at the
same time, overcome many of the
limitations of the original design.

The modern Apple clone is an
amazing creation. It has 64K of RAM,
the maximum the 6502 processor can
address without bank switching. It
supports lower case characters from
its shift key, making it useful for word
processors. Note, though, that this
does not mean that you can program
in Applesoft in lower case. As such,
these systems generally feature
caps-lock devices. One of the ones
that we’ll look at here has its disk
controller right on board, as well a
switchable forty and eighty column
screen. The addition of an extra pro-
cessor card avails the system of
CP/M, a second disk operating
system, and the whole range of
languages available for it. This in-
cludes a pair of custom Microsoft
BASICs, one which emulates the
graphics functions of Applesoft.

In fact, none of these systems do
anything that can’t be done with a
regular old Apple Il. However, in most
cases, they do it more conveniently,
much more economically and with
vastly fewer bits and pieces to fool
with.

If you've been following the ex-
ploits of the great fruit farm in Cuper-
tino, the Apple Corporation, you may
have noticed the arrival of the Apple
lle system, an enhanced Apple Il that
carries official sanction. One may, in
fact, wonder how this compares with
the clones, or if a wave of cloned lle’s
are about to supplant the cloned lls.
In fact, the Apple lie has basically the
same features as the clones we’ll be
looking at here, although its keyboard
is rather nice, and adds a few pro-
grammable keys. However, it has
been designed with a number of
custom LS| chips, making it all but
un-cloneable. However, it adds vir-
tually no additional features above
what the clones now offer.

There are a number of clones
which are built in the Orient and im-
ported into Canada, and others that
are either built here or in the States.
The three in this article fall into the
latter class. Two are, in fact, native
sons, and represent some very clever
bits of technology.

Just as we were going to press Patrick
Heenan of Shamrock Computer Inc.
wandered by with a cloud of his latest
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clone drives, which turned out to be quite
nice. They are Shugarts with a custom
designed controller board and extremely
quiet in all directions. The controller
features a very low parts count for
enhanced reliability, and intense green-
ness . .. what a shame you can’t get these
thlngs with transparent covers. The con-
troller card will work with most systems
using Apple-like firmware although, as we
discovered, it does make some calls to the
ROM, so it's uncool on highly mutated
systems The drives are assembled in
Canada, which is a good trip for service.

One of the problems with this system
is that it lacks a name. That’s about
all it lacks, though; it has its im-
pressive blts It is available through
Surplustronics ... across the street
from Exceltronix, down the road from
Parts Galore, a skip away from Super-
tronixs, and so on. It is an extremely
flexible system, and, above all, dirt
cheap... if you own a soldering iron.

The system ...
BD ... comes in kit form for $649.00.
This buys you the main mother board
and all the parts you need to stuff it.
At the moment you also get a blank
Z-80 card to go along with it. This in-
cludes a case and keyboard, the lat-
ter with a numeric pad.

So, ho hum, another mother-
board deal. Well, actually, this isn’t
just another motherboard. It has been
completely redesigned, with a real
high tech digital layout and
everything. It has 64K of RAM on
board, using eight 4164’s, an eighty
column feature built right in there, as
well as an onboard disk controller.
This has reduced the need for
peripheral slots considerably
there are only five now. However, the
best bit can be found in the lower left
hand corner of the keyboard.

It has real actual genuine total
lower case!

Yes, friends, for the first time on
this or any other planet you can see a
fully Apple compatible system in
which the shift key actually runs the
lower case function. No more CTRL-A

. it's still there but you don’t need it.

Well, | thought it was neat.

The lower case feature works in
both eighty and forty column modes,
and can be switched out with a caps
lock button for those times when
you’re just programming in BASIC.

Now, there are a few catches to
this thing which may sneak up on you
if you aren’t looking. The first thing is
that there are basically the same
minor interactive hassles involved
between this board’s eighty column
circuitry and the basic 6502 drivers as
one encounters with an Apple and an
eighty column card. To wit, the HOME
function from BASIC doesn’t clear
the screen ... it just homes the cur-
sor. You can go from forty to eighty

how about 6502 |

NN

H'Hltvrr\i\\\\\ \\
'+ 8358 %
.|'1l|||\\\\\

The Franklin ACE 1200 with an AVT
monitor.

easily enough ... just IN#3 ... but
reversing the procedure requires a
CTRL RESET, something a bit more
drastic. There are, of course, no high
resolution graphics allowed when
you'’re in the eighty column mode . ..
you can’t have everything.

There is one serious problem as
well. Because the eighty column card
switches the video from forty to
eighty in software, everything goes
through it. If it gets confused, you're
sunk. Unfortunately, some copy pro-
tected game disks load chunks of
their programs into unusual places in
the computer to confuse would-be
pirates. Some seem to be bent on us-
ing a block of RAM that the eighty
column card is fond of. As such, you
can’t actually run these games. One
example of this phenomenon is
David’s Midnight Magic, the pinball
simulator.

There is an on board jumper
which switches the eighty column cir-
cuitry out entirely for this sort of
situation, which, yes, will cure the
problem. This can be brought out to a
switch if need be. As far as | could
tell, this will affect about ten percent
of the available game software at the
moment.

The big catch, however, involves
the EPROMs. When you get the board
it comes with a full set of EPROMSs . . .
many of which are blank. These are
the proprietary ones . . . the folks who
are flogging this system are taking no
chances with the heat, so y