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Upgrading Your ROM BIOS
Build A Parallel-Port Printer |/O Interface
An 80287 Socket Rocket
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SHARP - MZ-100 LAPTOP

* Fas! 10 MHz - B088 CPU « High-Definltion Backlit Supertwis! Oisplay
* 640 x 400 Resolution with 4 Shades of Gray * 2 - Intarnal 3.5° - 720K Drives

WE WILL TRY TO.BEAT ANY PRICE ON ANYTHING FROM ANYWHMNERE '
A TRULY PROFESSIONAL STAFF WITH A COMMITMENT TO SERVICE !

COMPUTER COUNTRY

AMAZING
ONLY $ 1699
GOLDSTAR

— 386/20 MHz

VGA - Color Monitor '
ALPHAWORKS

SorTwaRE

Wordprocessor, Spreadsheet, Data Base

40 MB System & Goldstar 8038620 MHz Conputer

40 MB Sesgate Hard Drive - 28 MS

VGA Monitor Card - 16 B

« Battery (incl.)
* 90 Keys

120 Day
On-Site Service

Additional On-Site
Service Available

51

System Includes:;

14" VGA Color Monitor- Model 1425 Plus
with Tit & Swivel: Upgrades Avallable

101 Style Keyboard

DOS 3.3 with Basic

8 - Siots (1-32 Bit, 5-16 BIt, 2-8 Bit}

MB-High Speed DRAM-expands
10 10 MB {Memory Upgrades Avail.}

(Larger Drives Available)

* 840K of Ram - Expands to 1.6 MB

* Paraliel/Serial/Clock - MB-DOS 3.3 & GW Basic 3.22
* Weight 10.8 be. — 1 Year Warranty from Shap
* Shamp Returbished - Brand New Co

LIST $1995.

Options Available! - Quantity Discounts!!

Power Supply - AMI BIOS - ZERO WATT STATE

on the Motherboard - 101 Deluxe Keyboard
8-Slots - Reset and Turbo Buttons - Keylock
3(1/2HT, 5 1/4") and 2 {1/2HT, 3 1/2}

or AC Operation - 100% IBM Compatibie-
with Nurmberic and Cursor Keypads

AMAZING

$549

386SX —
16MHz

2K Instalied - Baby AT Case - 200 Watt

- BO387SX - Socket - Up to 4MB

Drive Bays - Clock/Calendar
1-Year Warranty

.2 MB Floppy Drive ParallevSerlalClock Calendar
200 Watt Power Supply - 80387 Socket

Novell Certied

Manager, Spelichecker and Thesaurus,
Communication Software and Tutorials.

SUPER SYSTEM

8088-1-TURBO
COMPUTER SYSTEM

1-Drive IBM Compatible System
with 256K Memory!!
- 1-Hall Helght, 360K, 5 1/4” Drive INSTALLED

+ Dual Speed - 4.77 MHz and 10/12 MHz - TURBO
Supply * Deluxe Keyboard * Full Size Case for 4 1/2 HT
Drlves « 1 Year Parts & Labor Warranty on Base Unit
NOW 10/12MHz
IMPOSSIBLE PRICENY
Quantity Pricing
ATAT 40 M8 Tape' BaCKl)p Kit- Intermal $199
MINISCRIBE 3675-62MB-RLL-5 14-NEW 3279
“ MINISCRIBE B450-40MB-ALL-3 1/2-NEW $199

+ 256K Installed - B Slots « 8087 Socket » 150 Watt Power
Produced by JCC
Ava.able
MICROSCIENCE 4070-62MB-MFM-
3-1/2°-w/6-1/4" Frame - 1 Year Warranty- NEW  $349
SEAGATE-ST-138R-32MB-RLL-3 12 $199

MINISCRIBE-8438F-JOMB-RLL- VZ-NEW ~ $179 |
SEAGATE-ST-208-30MB-ALL-5 IM™ 2HT  "$179
TANDON-TM-262-20MB-MFM-3 1/ $149

IWARRANTY .

GOLDSTAR TOLL FREE CUSTOMER SUPPORT LINE
Goldstar XT/Turbo and 286/16 MHz Systems are Available - CALL

VOICE COIL DRIVE - 1 Year Warranty

1- Year Parts & Labor

$5900

AWESOME
80286-TURBO 10/16 MHz

Fully IBM Compatible
Zero Wait State!!

Akt & 40ME Drive —

(386/25 and 386/33 MHz Systems >
Available Now — CALL!
SYSTEM OPTIONS

SUPER SYSTEM OPTIONS

Add a 2nd 380K S 174" Drive $ 79 ) Ciock Calendar Carg 29
Add & 10MB Orive — Ind Contoller $145 | Par/Ser/Cl/Garme Card

Acd 8 20MB Drive — ind Conboler $199 | Memory Upgrade to 512K $89
Add 8 30MB Drive — Inct, Controder $249 | Memory Upgrade 1o 640K $99

Inct, Controfler

{Speaal) §233

612K Installed - Fult Size Case - 200 Watt Power Suppily
Award BIOS « 101 Keyboard « Up to 4MB ort Motherboard

Produced by JCC

512K Upgrade for 3865X/286 (1 Fll Meg) § 9%

MEMORY Upgrades Avad. for 1865 X/286 CN.L $0MB — Hard Drive 27
» 8 VO Slote « 802B7 Socket « Reset and Turbo Bution Consolles — Dual HO-FD BOMB — Hard Drive $499
* Keylock HOCKAC. 1.2MB or 360K - 8 1/4° Drive x n 110M8 - Hard Drive- & $399

1 YEA?WAR;’R%%-E-E?C.S f;"g?;s B T20K — 3 /2" Drive 79 | LARGER HARD DRIVES AVAILABLE
Appro o 1:44MB —3 172 Drive - vmluDOSJJl 38 | RN 200 — Tape GackUp Systom 149
20MB = Hard Drive 69 [ ATAT 40 MB Tape Backup Kit $199

3865X/286 SYSTEM OPTIONS

K |” AT Paraliel’S ecial/Game Card

DOS 3.1,32,3.3,4.01
Paraiel of Sena Card
YGA Morstor and VGA Card

Color Gtaghecs w/Prntes Port

MICROSCIENCE MODEL 4090
111MB (Unformatted) 93 MB (Formatted)

Access Speed - 18 MS $ 399

386SX or 286 or SUPER SYSTEM OPTIONS

14" RGB Color Monitor w/Color Card

PIVPENTY
$19

NCR ¥3° GREEN with NCR Card
ATAY 127 Black 8 White TTL and ATAT Card m
12Z° Monoctvome Hi-Res - TTL

$3s38

§149% | Monociwome Graphscs Card wiih Printer Port DD
839 | DRIVE WARRANTIES VARY —

CALL FOR DETALS

COMPUTER PRODUCTS

———— Compiters g
= Ager - ARoe - Appla « Ciizen - Campay - Goidstar « JEC
v Leading Edge «Quadran + Mitsubishi - NEG
* Packard Bell - Panasonic « Samsung « Sharp - Toshba

« Trinky ~ Unisys - WYSE

3-1/2" w/5-1/4" Frame-RLL
* 4 MS Access Track to Track Avajlable!| 8 Bit & 16 Bit —
RLL Controllers Available

SEAGATE ST-4051 $ 1 89

40MB - Full Ht. - 40 MS - Seagate Pulls
- 15 Month Warranty Brand New Condition

Laplops e
Bondwel : Compag » Goidstar » Leading Edge « Mitsubishl
~NEG » Paokard Bell - Panasania+ Samsting « Sharp:
* Texas instruments » Zenth
Monitors
+ Amdek » Apple » ATAT » Goidstar » Hacht « 1BM
= Magnavox « Mreublshi - NCR « NEC » Pacard Belf
+ Panasonic » Princaton Graphics
* Samsung « Seko« Sony « Tatung - Zenith

WESTERN DIGITAL-MFM-XT Cont. wiCabies  *§ 49

RLL Controlats fot XT and AT Avallabie CALLY
MINISCRIBE Warranty - 8 Months - NEW DRIVES
Seagate & Tandon Warranty - 90 Days - OEM Pulls
QUANTITY PRICING AVAILABLE - CALL

MINISCRIBE 30MB HARD CARD

Fits in a 8-Bit siot - No Controller Required $ 2 2 9

Low Voltage - 3-1/2" - Design for PC/XT/AT
Brand New - 15 Month Warranty

————Printers
ALPE « Aphla » Brother « Canan » Citizan » C-ITOH:
« Diablo » Diconix {Kodak] » Epson + Fujitsu « Genicom
* Howlott Packard - HBM+ Mannesmann Talty
» NEC « Okidata « Panasonid - Primropics.
+ Bokosha « Televideo « Texas nstrumards « Toshiba

HOURS: Mon-Thurs 9AM-7PM
Fri-Sat: 10AM-6PM
o s Orders

1086 Sherman Avemue
Hamden, CT 06514

Financing s aiibie’] E| @ e frified Discounters

(800) 678-8585

PAX 203-248-8680
FAX ORDERS AND BIDS ACCEPTED! M

n Y Customer Service & Technical Su?port (203) 287-1976 w VISA

on-Fri 9:00 am - 5 pm ES

WWW.americanradiohistorv.com

30-DAY MONEY

BACK GUARANTEE!
Full Refund of HARDWARE  trpograptecal arvon. Prces me mibgect 10 chimge
Price on all Advertised Products J2ho oocs. Conn medews atd 3% wabestas NY
Calog Sent w.m All Orders

Dealer Inquiries Invited
All Prices imed s Cash Ducountsd. Add 2-1/2% for
MaserCasi VISA, or AMEX Not meponsibie for

Saics - 3O NY Tan Quantities are lsmaind! Prices do
na include fraght. Allow 3 weeks for personal
compemy chack csarsace. Compuobliity s s s
mmwed [BMiss

Busiaess Machizes, Inc

AMERICAN
EXPRESS




AT&TFULL-PAGE
S CA N N E R WE WILL TRY TO BEAT ANY PRICE ON ANYTHING FROM ANYWHERE !!!

MODEL SC-60 Sheet Feed Se;!izir?D A TRULY PROFESSIONAL STAFF WITH A COMMITMENT TO SERVICE !!!

Lists1190 [ SAVE OVER 75% | "y DAC-EASY — BREAKTHRU 2€6

Includes - IBM Compatible Interfa-e Card
— Includes - AT&T PAGE POWER SOFTWARE Make Your 8088 Compuier A 80286 Compuier!!

) Crow scanand o Packege) o] 12 MHz SPEED-UP BOARD

& 1 asrscl Includes - Microsoft Runtime Windows ¢ Resolution F 8088-C
N 200 DPI Full-Page/400 DPI Half-Page or Your 8088-Computer AVE
Half-Tone feature for Photographs - (IBM PC/XT or CompatFl)ble) SA?RZ:’;

— Microsoft
FREE J windows 1YearWarranty  LIst$1190 NEw 1000% FASTER THAN A REGULAR >C [V
3.0 Upgrade AMAZING Replace Your Old CPU with an Intel 80286 Microprocessor
e ONLY Includes a 80287 Math Co-Processor Siot with 16K Cache Memory and Zsro-Wait-Access
Easily Installed in 5 Minutes

Quantity Discounts Available Software Compatbiity is Virtually UNLIMITED. Full M Wanamyamracnmcal Suppon
PRINTER POWER AMAZING m e
GENICOM-5010 LASER st ot Ao e ADCaiig ST $69.98

10 Pages Per Minute — 300 DPI MONITOR MANIA
HP COMPATIBLE - 1.735 MB of Memary PRINCETON GRAPHICS

- Six Resident Fonts + Parallel/Serial « Includes:; Toner
1 Year Warranty From Genicom Ultra Sync 14 Color Monitor
BRAND NEW , / Mga'::;:’ 14" Multisync - Ultra Hi-Res .28 Dt Pitch
AMAZING!!!! arc 800x600

Ouanmy Discounts Speclal Full 90 Day Warranty
Available 7 / from Princeton.

Returbished — Mint Condition List $899

IBM 5182 COLOR PRINTER IBM — VGA COLOR

Heavy Duty - Wide Carriage (132 Cofumn) ]
+ 200 CPS Draft - 110CPS Correspondence * 35 CPS NLQ 13 VleW!r:ghf;‘Ae:d ]6:705’;%%)01 31 Dot P't_Ch
» Prints Black, 4 Colors, and 8 Colors « BiDirectional Dot Matrix BE]%&IID High Perforr%ance Graphics ‘

BRANDNEW  « 9 Wire-Parallel Interface + Tractor included 90 Day Warranty
FRONT - BOTTOM - REAR PAPER FEED List $1,995 UNBELIEVABLE VALUE
Paper Rack Avallable - £l

Esalz;kéh}:rriwgfdc:ratfi:;ég?t:goi;?}\gfanable . Y- AMSTRAD COLOR VGA
90Day W2 il ULTRA-Res-12" VGA-PC-Model 12HR

Quantity Pricing — CALL
SELE Tilt & Swivel-720x480-Anti-Glare Screen

aW  CITIZEN MSP - 50 o5iioan 9 8\ ' YEARWARRANTY

300 CPS 50 NLQ- Narrow Carriage + 9-Wire « Epson/IBM BRAND NEWY

Compatible » Push or Pull Tractor « Zero Tear Oft « Top or Bottom DOT PITCH STB-VGA Extra Card
Feed + Automatic Paper Loading « BK Buffer « Parallel Interface ONLY $148
18 Month. MamBllfaftwgorls Warranty
MSP-50 Options ack or Hi-Res o
Color Kit {7 Colors) gag Hibbers fvallable s 269 800x480 AT&T CRT-327-12" TTL
Serial Interface $49 ouanmy Price: Tilt & Swivel Black & White Monitor BRAND NEW
Font Card Sans Serit/Orator $59 3@$249, 6@$245, 12@%239, 24@$229 { g0 pay Warranty INCLUDES AT&T 1024HP Card m
ist $1

PRINTER POWER LIMITED QUANTITIES!! $ 1 l 9

DIABLO-D8OIF 80 CPS-Lir, Qity-w/Sheet Feeder-Refurbished 6-$115, 12-$109, 24-$105, Over 24-CALL ONLY

PANASONIC KXP-1695 330 CPS - 66 NLQ - Wide Sarriage |
PANASONIC KXP-1624 24 Pin-192 CPS-63 NLQ -Wide Carriage -7 Fonts O [
CENTRONICS-1368 180 CPS - 34 NLQ - Wide - Heavy Duty reen BRAND NEW

IBM 5182-Demos 200 CPS - Wide Carriage - Color Printer Wlth NCR Monltor Card 640X400 $

PANASONIC KXP-1124 24 Pin-192 CPS-63 NLQ- Marrow
TOSHIBA 301(Below Cost) Laptop Printer - 24 Pin - 180 CPS 1 YEAR LlSt

SEIKOSHA SL-80AI 24 Pin - Narrow - 135 CPS -54 NLQ scv‘ over 75 /. Warranty $438

RITEMAN by C.iTOH New $ 119 120 CPS - 60 CPS Exp. -Narfow Carriage

Dealer Injuiries Invited

M T = oge [ ] i
tF-nanc-ngAva-nable'lEledrlhed Discounters ?0iMONEY | Deeiininied |

MasorCard, VISA, & AMEX. Not responsibie for

TR Orers (800) 678-8585 it Snnsrss
3 = Price on all Advertised Products 1> oo P
ordel's c.nmog Sem With All Orders T e T A e

1068 shmmn Averue
Hamden, CT 06514 PIYITYTY] compeny checkcibarasce. Compaiblilty & gasr.
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EAPDLINE 8680 Y Customer Service & Technical Support (203) 287-1976 @ ViSA WSRO o BMu s
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Mon-Fri 9:00 am - 5 p
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Upgrading Your ROM BIOS
By Roger C. Alford

A new, correctly matched

BIOS ROM stretches an older
computer’s capabilities. Here’s
how to go about doing it.

An 80287 Socket Rocket

By Crady VonPawlak
Modification greatly speeds up
an AT-class math coprocessor.

Build a Parallel-Port Printer
1/0 Interface

By Adolph A. Mangieri

Project expands use of a
computer’s parallel port.

APPLICATIONS
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38

50

Build a Talking Logic Probe
By Nick Goss

Lets you keep your eyes on the
components instead of LEDS.

Timing & Counting Circuits
By Hardin Brothers

How the heart of a computer
works as it ticks away.

Single-Board Computers
By Jan Axelson

Introduction to microcontrollers.

BUYING
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72 Joseph Desposito
Flash Memory Cards,
. . Microprocessor Supervisor
A Quick PC Buying Tour Circuilt)s, . P 4
By SF Sparrow
A fast run-through on what to 98 SFSparrow

look for when shopping for a
personal computer CPU section.

Shopping at a Computer
Flea Market

By Peter R. O’Dell

Vendors hawk their wares at
a local computer show

REVIEWS
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60

Evaluating PCB Software
for PCs (Part 2)
By TJ Byers

Evaluating a Cordless Mouse
By Joseph Desposito

COLUMNS

62

70

Forrest M. Mims III
A Laser Update

Ted Needleman

A Fun Game Sequel and
A Computer Sound Upgrade
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Fly through space with the best
3D PC color game to date

DEPARTMENTS

6

10

97

Editorial
By Art Salsberg
Here’s ComputerCraft!

Letters

What’s Happening?
By John McCormick
Latest PC U.S. and world news.

What’s New!

By Peter R. O’Dell

A roundup of new computer
and electronics products.

Advertisers Index

On The Cover: As dedicated
craftsmen, ComputerCraft readers are
comfortable installing peripheral cards,
upgrading and modifying existing hard-
ware.

Photo by Lorinda Sullivan
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Systems 50%-70% Off

| 386 L |
-1 MB RAM - VGA Port “;f:;-g;t
- 40 MB Hard Disk Drive .
- Major Manufacturer s22.Billion | b4
i - ; :* J 3
+ 803865x processor + 16 MHz « 1MB RAM M P/
(Expandable to 2MB) « 40 MB Hard Disk Drive
+ One 3.5" 1.44 MB Disk Drive « VGA Video Port
(640x480 resolution) » Backiit LCD Display 640 x 400 $ 99
resolution EGA/CGA compatible « MS-DOS 3.3
« Serial and Parallel ports « Clock/Calendar
« Rechargable Battery and AC adaptor « Made by a Pls S&H
$22-billion manufacturer 1 yr. Mir. Warranty [Includes FREE Carrying Case |
>
N

-
"Don't settie for an 'SX!

You can have a real 386 /*\ = -.—T | FR E E !
for even less money!" | / | ,
l VﬁA i * FREE Hard Drive

386

- VGA Monitor & Adaptor
- On-Site Warranty Service

The Professional Series 386 Features: Intel 80386 Processor

__ " lll/ |+ FREE VGA Monitor
- |/ | « FREE Software
« 20 MHz —— 7 |+ FREE Mouse
. 1 MB RAM @i =97 |+FREE Technica Suppor
(4 MB Optional) B v,: |+ FREE 1 Yr. On-Site Service
- 40 MB Hard Drive \

Over 150,000 In
Use Worldwide

+ 20 MHz + 80387 Cc-Processor Socket « 1 MB of RAM, LIM 4.0 Compatibie (4 MB optional) + On-Beard
RAM Cache Controller » Expandable o 16 MB on the Motherboard « 5 Expansion Slots « 40 MB (28ms)
Western Digital Hard Drive « 1-3.5" 1.44 MB Disk Drive « Built-in VGA, EGA, CGA, Hercules Compatible
] Video Adaptor « Monachrome VGA Monitor or Optional Color VGA Monttor + 1- Parallel Port & 1- Serial
Pot+ 101 Key Keyboard + Mouse + MS DOS 4.01, GW Basic

Monochrome YGA Monitor Features: 64 Levels of Grey Scale » Paper White Display

+ 640x480 Resolution « Tilt & Swivel Stand + 12* Anti-Glare Screen

Color VGA Monitor Features: 29 Dot Pitch « 256 Colors  640x480 Resolution

- Titt and Swivel Stand « 14" Anti-Glare Screen

-*1199°

In California Fax

213-277-4168

1875 Century Park East, Suite 2633
. Los Angeles, California 90067

SEThI3R  800-338-0939

Monday-Friday 7am-5pm, Saturday 8am-1pm (Pacific Time)

213-551-3143

with: - Color VGA Monitor
s 9
« .29 Dot Pitch « 640 x 480 1399
386 with 8@ MB Hard Drive.......add $2C0
386 with 4 MB RAM.................. add $200
Over 50,000 Satisfied Customers
Free Technical Support
Prompt Shipment
Volume Discounts

Customer Service NO Extra Charge For Credn Cards

213-551-3139 e

4 000491
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International Inc

340 E. FIRST ST.
DAYTON, OHIO 45402

IDLER TIRE KIT

This popular

kit contains

170 of the 1
mostpopular
idler tires (10
eachof17
different

size

save d money by having the right

tire in stock. Also included is a comprehen-
sive cross reference listing over 80 manu-
facturers' assembly numbers and over 200 ‘
model numbers. (All tires are available
individually for reorder.) |

#MD-400-900 $49°%
' VCR REPAIR PARTS KIT |
With this
‘ convenient fES5Has  von REPAR PARTS
kit you can
do most of
your VCR Ep
repair job:
i oil
day:
Ciym gd parts for RCA, Hitachi,

Fisher, Sanyo, Lloyds, Panasonic, Sony,
Sharp, JVC, and more. Over 45 parts in all.
(All parts are available individually for

reorder.)
$8995

#MD-400-950
VCR SPRING ASSMT

A wide
assortment
of springs
usedi
many n
brand V
Clutch springs, idler springs, tension

springs, etc. 11 tension springs and 5 ‘
pressure springs.

#MD-330-300  $1%
' VCR WASHER ASSMT
AW|d o Q &
assor?mem O ‘
| of plastic
washer ‘
used in
clutch as blies and idlers. 150 pieces, |
splitring and regular.
(#MD-430-305  ggo
| ' CALL
TOLL FREE
‘\ FREE CATALOG

ol \
~ 1-800-338-0531

CIRCLE NO. 113 ON FREE INFORMATION CARD
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Editorial

Here’'s ComputerCraff!

We have a new title, as you can see:
ComputerCraft. This change reflects
the growing dominance of micropro-
cessors in electronic equipment, and
the large role that personal comput-
ers and microcontrollers play in the
electronics field. We’ll be covering
both aspects more deeply, as well as
general digital and analog circuitry
whose principles are interchangeable
with that of computer technology.

As our new title indicates, we’ll
continue to be a practical hardware-
oriented publication, although soft-
ware will be addressed, too, when
needed. Equally important, we’re
catering to computer craftsmen—
readers who want to sharpen skills to
apply their technically-oriented in-
clinations to improve and expand the
performance of their equipment.

You’ll still be treated to a wide
range of useful construction projects
that will save you money or make
available to you products not easily
found in the marketplace. Our resi-
dent experts will also try out new de-
vices and show you how to mate them
successfully to your current comput-
er systems. Their hands-on experience
will relieve you of a great deal of frus-
tration in upgrading machines. And
our applied servicing pointers will
hone your electronics troubleshoot-
ing techniques.

Something has to drop by the way-
side, of course, to make room for this
fresh editorial charter. This will be
consumer electronic products, such
as general communications, stereo,
etc., unless they relate to computer
technology in some way, even ob-
liquely. Thus, we won’t write about
the latest stereo music center, but
we’ll discuss audio where it relates to
a computer-related MIDI system,
and so on. Nor will we cover TV sat-
ellite reception, unless it concerns
computerized control; nor the r-f and
i-f aspects of a TV receiver, although
the rest of a video monitor is fair
game since the principles are trans-
ferable from one to the other.

You can see from our editorial
line-up this issue that electronics ex-
perimenting hasn’t been ignored,
with Forrest Mims continuing to car-
ry its banner. Other writers, too,

march in step with this theme, such as
investigating op-amp circuit design
with a computer experimenter lab.
Then there are applications articles
like a clear discussion of Counting
and Timing Circuits, and a neat con-
struction project that shows you how
to build a logic probe that employs a
synthesized voice that tells you if a
digital electronic test point is *‘high,”’
““low”’ or a pulse.

Our computer-oriented articles
run the hands-on gamut, from how
to replace a ROM BIOS for upgrad-
ing purposes to building an enhance-
ment device; from modifying a cir-
cuit to achieve better performance to
working with a wireless pointing de-
vice and computerized printed-cir-
cuit-board design software.

Next month, ComputerCraft will
feature how to choose and use math
coprocessors, construction plans for
the ‘‘ultimate’’ Ni-Cd battery charg-
er, local-area network twisted-pair
wire tests, working with commercial-
ly available single-board computers,
keyboard circuitry, installing a large-
capacity hard-disk drive, building a
parallel-port EPROM programmer
and playing with a terrific computer-
ized golf game, among others.

Naturally, there will be plenty of
new product, literature and book
coverage, late-breaking news and
your familiar columnists to round
out our editorial package. We're
confident that you’ll find Computer-
Craft to be an exciting media ad-
vancement that weds enduring elec-
tronics with the newest computer
technology. All of this will be in easy-
to-read presentations designed to in-
crease your underlying technical
knowledge and show you, step-by-
step, how to put this all into practice

. and save money and have fun
while you’re doing it.

Let me hear from you soon: Which
article(s) did you like best? What
would you like to see us cover in up-
coming issues? What kind of com-
puter do you own or plan to buy?

(4 dettog
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Postmaster: Please send change of address notice to
ComputerCraft, 76 North Broadway, Hicksville, NY
11801.

More for Beginners

®* You have a fine magazine, though I
would like to see more construction arti-
cles. We own the very excellent series of
Modern Electronics books, but more ma-
terial would be welcome—good projects
that could be completed in a few evenings.
I really admire Forrest Mims. He is a
legend to me, and everything he writes is
welcome. Please have him write more.
Nicholas Pearson
Alhambra, CA

ACI Revisited

¢ [ was surprised that Modern Electron-
ics did not print in the December issue the
corrections for the ‘“Computer-Con-
trolled AC Interface’’ that appeared in
the November issue. I am building this
project for my final in school. I do not
know if [ have found all the bugs, but the
BASIC program given on page 42 is obvi-
ously in error. Fortunately, I and some
friends were able to correct the program
listing and, additionally, alter it for com-
piling with TurboBASIC (the published
version is for GW-BASIC). To correct
the original listing, I had to add ‘‘else
BITn = 1’ to the ends of lines 240, 260,
280, 300, 320, 340, 360 and 380. For the
TurboBASIC listing shown, [ had to elim-
inate this statement from these lines. I

also changed line 120 for the program to
run properly under TurboBASIC.
Richard Alexander
Tijeras, NM
The correct listing appeared in the Janu-
ary 1991 issue. In the originally published
listing, characters on the very long lines
you cited (and a few others as well) trun-
cated when run out on our laser printer.
If you compare your fix with the listing
given in the January 1991 issue, you will
see that the author ended the lines you re-
ferto with the values 1, 2, 4, 8, 16, 32, 64
and 128 (the truncated characters re-
ferred to above), respectively. Thanks
Sfor sharing with us your listing for Tur-
boBASIC.—Ed.

Removable Labels

® Modern Electronics is a fine magazine,
but those permanently fixed address la-
bels on the front cover just haveto go. My
suggestion is that you leave blank space
on the cover, or have the address label
placed over the magazine’s title. After
all, [ know the name of the magazine, and
having the label over the title will keep it
clear of other areas [ would like to read.

Name Withheld
A label that can easily be peeled away
without damaging the cover is in the
works.—Ed.

10 ciear: close: key off: cls: dec = 0: out 888, dec

20 byteg = " 0 0 0 0 0 0 0 0"

30 locate 1, 2t: print s

40 LOCATE 2, 21: PRINT "[ PARALLEL INTERFACE PROGRAM ]“

50 LOCATE 3, 21: PRINT " ¥

60 LOCATE 10, 15: PRINT “BIT NUMBER 7 6 5 4 3 2 1 0

70 LOCATE 11, 15: PRINT “ E E E E E E E 4

80 LOCATE 12, 29: PRINT "3 3 3 3 3 3 3 3 "

90 LOCATE 13, 29: PRINT "A A A A A A A A"

100 LOCATE 14, 15: PRINT VALUE "; BYTES$

110 LOCATE 21, 16: PRINT “COPYRIGHT, GEORGE F. STOCKMAN, Iv, 1989~

120 DELAY x = TIMER + 1: WHILE x > TIMER: WEND

130 LOCATE 21, 16: PRINT STRING$(41, 32)

140 LOCATE 21, 11: PRINT "BIT NUMBER TO TOGGLE / [CR] TO RESET / [ESC] TO
EXIT"

150 A$ = INKEYS$: IF A$ = ' THEN 150

160 IF A$ = "0" THEN 240 ELSE IF A$ = "1" THEN 260 ELSE IF A$ = "2" THEN 280
170 IF A$ = "3" THEN 300 ELSE IF A$ = "4" THEN 320 ELSE IF A$ = "5" THEN 340
180 IF A$ = "6" THEN 360 ELSE IF A$ = "7" THEN 380

190 IF A$ <> CHR$(13) THEN 230

200 BYTE$ = " O 0 o] 0 0 0 0 0"

210 DEC = 0: BITO = 0: BITY = 0: BITZ2 = 0: BIT3 = 0

220 BIT4 = 0: BITS = 0: BIT6 = 0: BIT7 = 0: GOTO 430

230 IF A$ = CHR$(27) THEN CLS: SYSTEM ELSE BEEP: GOTO 150

240 IF BITO = O THEN BITO = 1: DEC = DEC + 1 ELSE BITO = 0: DEC = DEC - 1
250 GOTO 390

260 IF BIT! = O THEN BIT1 = 1: DEC = DEC + 2 ELSE BIT! = 0: DEC = DEC - 2
270 GOTO 390

280 IF BIT2 = O THEN BIT2 = 1: DEC = DEC + 4 ELSE BIT2 = 0: DEC = DEC - 4
290 GOTO 390

300 IF BIT3 = O THEN BIT3 = ?: DEC = DEC + 8 ELSE BIT3 = 0: DEC = DEC - 8
310 GOTO 390

320 IF BIT4 = O THEN BIT4 = 1: DEC = DE4 + 16 ELSE BIT4 = 0: DEC = DEC - 16
330 GOTO 390 ,

340 IF BITS = O THEN BITS5 = 1: DEC = BEC + 32 ELSE BIT5 = 0: DEC = DEC - 32
350 GOTO 390

360 IF BIT6 = O THEN BIT6 = 1: DEC = DEC + 64 ELSE BIT6 = 0: DEC = DEC - 64
370 GOTO 390

380 IF BIT7 = O THEN BIT7 = 1: DEC = DEC + 128 ELSE BIT7 = 0: DEC = DEC - 128
390 BYTES$ = BYTE$ = BYTE$ + STR$(BIT7) + " + STR$(BIT6) + b

400 BYTE$ = BYTE$ + STR$(BITS5) + ' + STR$(BIT4) + ° "

410 BYTE$ = BYTE$ + STR$(BIT3) + ' + STR$(BIT2) +

420 BYTE$ = BYTE$ + STR$(BIT1) + + STR$(BITO) +

430 OUT 888, DEC: LOCATE 14, 28: PRINT BYTES$;: GOTO 150

Say You Saw It In ComputerCraft
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My mandate for writing this column is to keep readers of
ComputerCraft posted on the latest trends and develop-
ments as they occur in the PC world. This can be a surpris-
ingly large assignment because of the vast amount of infor-

What's Happening By John McCormick

mation available but, as the Washington Bureau Chief for
Newsbytes News Network, gleaning the wheat from the
chaff is what I do for a living.

Here’s a quick look at some major trends I see.

- et ) b —

Chips. Of special interest to readers of ComputerCraft, DRAM
prices continue to free-fall. In fact, they’re dropping so fast that I
hesitate to list any prices here because they’ll almost certainly be
out of date by the time this reaches you. I look for this trend to
continue, but slowly, because prices are dropping close to the pro-
fit/loss line and they can’t go down much further. Barring a ma-
jor upset, like an earthquake centered in Silicon Valley or another
round of federal intervention, memory prices should remain
relatively low unless they drop so far that some manufacturers
drop out of the business, drastically reducing supply.

If you’re keeping track, European chip manufacturers are do-
ing well as a result of obtaining orders from newly opened mar-
ketsin Eastern Europe, while the Japanese share of the U.S. Mar-
ket has dropped from about 24% last year to 22% at present. The
U.S. share of the Japanese chip market has climbed from 10% in
1989 to 10.4% today.

Of course, these low prices are on older chips. Look for very
high prices on the new 64-bit DRAM chips about to be introduced
by Tokyo-basedNEC. . .. The new 40-ns chip should be available
in small quantities by this summer. However, although no prices
are being discussed, NEC has stated that it has more than
$1.2-billion invested in development costs.

The drop in memory prices is an important trend because if you
want to run Microsoft Windows, you’ll definitely need a large
RAM disk, unless you have lots of spare time. Windows 3 is a fine
product, but it’s still too slow.

New DOS. Also from Microsoft is anew and much improved ver-
sion of MS-DOS. By now, you should be able to buy a copy of
DOS 5.0, a smaller and much friendlier version of the venerable
operating system produced in Redmond, Washington.

As this is being written, there are only beta copies of DOS 5.0
floating around, but look for the following changes in the latest
version of DOS: File-recovery utilities, including one that will re-
cover data from an accidentally formatted disk. ® No more GW-
BASIC—the standard BASIC interpreter will finally be retired in
favor of one based on the QuickBASIC syntax. ® Look also for
much better use of memory above the standard 640K, along with
a revamped DOS Shell and a new editor, although EDLIN will
still be around if anyone can find a use for it.

VDT. In case you missed it, while manufacturers are still denying
any health risks from VDT radiation (although several have said
that they are developing new low-radiation monitors, presum-
ably just for the fun of it), San Francisco has enacted a landmark
law (scheduled to go into effect at the beginning of February). 1ts
aimed at making heavily computerized workplaces more amen-
able places to work. Under the San Francisco regulations, the
first such local legislation in the world, computer operators work-
ing for companies with more than 15 employees would receive
mandated rest breaks and ergonomically designed keyboards and
chairs, as well as better lighting, all designed to reduce stress. Also
included in the legislation is the formation of an advisory panel
that’s charged with making recommendations concerning the
need for VDTs that have reduced-radiation.

Just a year ago, the only low-emission VDTs to be found were

in northern European countries, but by the end of 1990, more
than a dozen companies had announced plans to market such sys-
tems in the U.S. IBM, Phoenix-based Idea Courier, and Califor-
nia-based Megagraphics, Sigma Designs, Sun Microsystems and
Qume use a cancellation coil added to the deflection yoke at the
back of the cathode-ray tube to cancel out the fields generated by
the coil that causes the electron beam to scan across the screen.

The above companies are reducing 15-kHz-to-16-kHz emf ra-
diation, but Sigma, in particular, is also attempting to cancel out
a lower band of radiation that occurs between 3 and 3,000 Hz . . . .
Prices for such devices can be high. Nanao USA Corp.’s Flexscan
9070U low-radiation multi-scanning monitor, a 16-inch unit with
a 14.5-inch image size, provides up to 1,800 by 800 resolution, but
it lists for a hefty $1,779.

All well and good for the future, but if you’re worried about
emf dangers now and don’t want to toss out your present moni-
tor, there’s the grounded wire-mesh screen sold by Santa Monica-
based Norad Corp. Of course, such a screen would eliminate em-
anations from only the front of the monitor.

Look also for an entirely new approach from a company locat-
edin Utah, which claims to be testing an active system that utilizes
secret devices that resonate with and cancel out fields coming
from VDTs.

Laptops. It looks like about 400 models of notebook and lap-
top computers will be on the market by the end of 1991. This tre-
mendous surge of new systems includes a lot of 386SX systems.
But this trend doesn’t appear to coincide with user demand,
which shows that business executives normally use laptops to
make notes or do word processing. Light weight and long battery
life appear to be more important than greater memory and pro-
cessor efficiency.

Due to advance-publication writing, it will probably be old
news by the time you read this, but IBM will almost certainly in-
troduce a 7.5-1b. 386SX-based laptop priced about $5,000 with a
60-megabyte hard disk. This is far from the first attempt IBM has
made to enter the portable/laptop market and, once again, it
looks like the company is out of step. Zeos International already
sells a 386SX notebook weighing just 6 Ibs. and priced at $2,300
for a system with a 20M hard disk.

The International Arena. IBM Japan is set to introduce five new
PCsinthe Orient, one of them to be a new IBM notebook. Japan-
based Big Blue is also loosening licensing requirements for those
who wish to build clones, but the most interesting development is
a joint venture with Sega Enterprises to build a home PC with
dual 80286 and 68000 processor chips. The IBM PC-compatible
and game machine combo is code-named ‘“Terra’’ and looks like
IBM’s PS/1.

If you have suggestions for this column, I welcome letters
either by e-mail or the Post Office. Address your com-
ments to John McCormick, RD #1 Box 99, Mahaffey, PA
15757, or to CompuServe: 76360,44; GEnie: NB. WAS; or
MCI Mail: 321-7108. No phone calls, please.
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Talking Muitimeter. Press a but-
ton on the probe and this meter
calls out the reading while display-
ingiton a high-contrast LC display.
Full auto-ranging, continuity
sounder, diode-check mode. Low-
battery and over-range indicators.
#22-164 ... ... 99.95

““HOTLINE’’ SPECIAL-ORDER SERVICE

Your nearby Radio Shack stocks over 1000 popular electronic parts and can
special-order many items from our main warehouse—ICs, tubes, semiconduc-
tors, phono cartridges and styli, even SAMS® manuals. We can also supply
replacement batteries for cordless phones, computer memory, transceivers,
pagers and more. Service is fast and there is no postage charge.

.
(1) Universal Breadboard. Our
best! Molded 21/ x 62" board on
7x 4" steel base with rubber feet
and three blndmg posts.
#276-169 ... ... .. 19.95
(2) Breadboard Jumper Wire Kit.
Our 140-piece set of ready-to-use
hookup wires. #276473 .. .. 4.95

()

(1) High-Speed 12VDC Motor. Up
t0 15,200 RPM at no load. About 2"
long (with shaft). #273-255 .. 2.99

(2) 12VDC Brushless Micro Fan.
For cooling mobile equipment and
hum-sensitive circuits. Rated 4.6
CFM. 150 mA. #273-244 .. 17.95

~x

o S

%
(%)) ﬁ

1

(1) Adjustable Project Holder. Our extra-sturdy ‘'Helping Hands” holder sim-
plifies soldering, gluing and assembly work. #64-2093

(2) Dual-Wattage Soldering Iron. Go from 15 to 30 watts with the flick of a

switch. 814" long. UL listed AC. #64-2055

(3) Lead-Free Solder. Top choice for fine electronics work 96% tin, 4% silver
composition. .032"-diarreter. 0.25 oz. #64-025 .. 1.

(4) Soldering Paste Flux. #64-021

8.19

9.49

99
.1.79

Dest 8
| iy s

m 2) (3)

Computer/Business Machine AC
Power Cords. 6 ft. HP (CEE-type)
connectors. UL listed.

(1) Extension. #278-1259 .. 4.99
(2) 90° Type. #278-1260 ... 5.99
(3) With Straight CEE Connector.
#278-1257 ... ... ... 3.99

(1) Hi-Precision

C Thermistor. Low-
cost, high-quality

(4] temperature sen-
sor. #271-110, 1.99

= (2) 15-Turn Trim-
mer Pots. 3
watt. 1k, #271-342.
10k, #271-343. 20k,
@ #271-340, Ea. 1.49

Infrared Module.
Ready-to-use
modute for remote-
control projects.
Combines an IR
detector, limiter
and demodulator in
a compact 3-lead
package. 5VDC.
With data

#276-137 ... 3.49

ENERCELL" Bat-
tery Guide. Com-
plete data on all
ENERCELL batter-
ies plus basic bat-
tery information
and tips to help you
choose the right
battery for the job.
Over 230 pages.
#62-1304 ... 5.95

Mini Audio Am-
plifier. Perfect for
use as a test-
bench amp and
for computer
voice/music syn-
\ thesis. Built-in
speaker plus 'f8”
headphone jack,
1fg" input jack, vol-
ume control.
#277-1008, 11.95

#274-734, Set1.59

(2) Package of 10
Jumper Leads.
) 14" long. Mini 'ga-
tor clips.
#278-1156 .. 3.99

- (1) Stackable Ba-
nana Plugs. Jack
for “chain” hook-
up. One red and

o one black.

3

(3) All-Metal
Grounding Post.
Accepts banana
plug or wire.

#274-667 ... 99¢C

(4) Coiled 6-Ft.
Banana Plug Test
Leads.

#278-750,Pr/4.99

=

(5) 4-Conductor

Double-Shielded
() cable. 30 feet

#278-777 .. 7.95

Miniature Piezo
Speaker. Only
131/32” -diameter by
S/s4" thin. Efficient
1200-ohm audio
transducer can be
directly driven by
ICs. Response:
500 Hz to 20 kMz.
273-091 ... 2.49

Modular Balun.
BNC male connec-
tor to standard
modular phone
jack. Lets you use
phone cable in
place of more
costly shielded ca-
ble in computer
network hookups.
#276-1410 . . 16.95

(1) Grid Boards.
[ Qves= Solder-ringed
sl holes with DIP IC
i spacing. Indexed
for easy pin-out
identification.
412 x 65/s8". 2200
holes
#276-147 . .. 3.79
23ax 33" 750
holes.

Crimp-Style D-
Sub Connectors.
With quality gold-
plated contacts.

9-Position Male.
#276-1427 ... 99¢C
9-Pos. Female.
#276-1428 .. . 1.19
25-Position Male.
#276-1429 ... 1.49

25-Pos. Female.
#276-1430 .. 2.49

Since 1921 Radio Shack has been the place to obtain up-to-date
electronic parts as well as quality tools, test equipment and accessories
at low prices. Over 7000 locations to serve you—NOBODY COMPARES

Prices apply at participating Radio Shack stores and dealers. Radio Shack is a division of Tandy Carporation

www americanradiohistorv com

D-Sub Pin Crimp-
ing Tool. This pro-
fessional steel tool
makes it easy to in-
stall D-sub connec-
tors. Accepts #20,
#24 and #28 pins.
Comfortable cush-
ioned handles pro-
vide a firm, secure
grip. 67/8” long.

#276-1595 .. 9.95

#276-158 ... 2.29
12732 x 227/32".
356 holes.

#276-149 ... 99¢
(2) 44-Position
Plug-in  Board.
The perfect foun-
dation for many
projects. With "

it

(2 grids. 4'2x 4"

#276-154 ... 3.49
(3) 44-Position

<S> Card-Edge Con-
nector. For plug-
(3) in board.

#276-1551 . . 2.99

Radlo JThaek
MERICA’S YECHNOLOCY STORE ™

CIRCLE NO. 115 ON FREE INFORMATION CARD



Radio Shack’s Super-VGA SX

Radio Shack’s Tandy 4020 SX
PCisa20-MHz 80386SX-based
desktop computer with super
VGA graphics. The 4020 SX

ler. SmartDrives are available
in either 52M or 105M capacity.
SCSI hard drives and tape back-
up systems are also supported.

comes standard with 2M of
RAM (expandable up to 16M).
With super VGA graphics built-
in, the 4020 SX offers a resolu-
tion of 640 x 400 in 256 colors.
Expanding video memory from
256K to 512K increases resolu-
tion to 640 x 480 in 256 colors
or 1,024 x 768 in 16 colors.
The 4020 SX accepts high-per-
formance, plug-in SmartDrive
IDE hard-disk drives without
the need of a separate control-

Standard features include one
3.5"1.44M floppy-disk drive, a
3.5 "expansion bay, three 16-bit
slots, a 101-key enhanced key-
board, a socket for an 80387SX,
a clock, a 100-watt power sup-
ply and ports for serial, parallel
and mouse connections. Weigh-
ing only 14 pounds, dimensions
are 15.5"W x 15"D x4.25"H.
Price is $2,499.

CIRCLE NO. 134 ON CARD

LaserJet Print
Compression Utility

TreeSaver (Version 2) from
Discoversoft allows LaserJet
printers to print two or four

pages on one sheet of paper, |
thereby saving paper, toner and
time. TreeSaver ‘‘photo re-
duces’’ full-size pages so that
users can fit output on any size
page, such as those for personal
organizers. Soft fonts are sup-
ported, and TreeSaver comes
with two soft fonts. Other im-
provements include finer con-
trol of scaling factors and
placement of text, as well as en-
hanced support for additional
LaserJet models, including the
LaserJet II1. TreeSaver works
with IBM and compatible com-
puters running MS-DOS 2.1 or
later. Price is $89.95.

CIRCLE NO. 137 ON CARD

solid-State Data Drives

Adtron’s  SolidState  Data
Drives offer an easy way to
transfer data and programs be-
tween memory cards (used in
notebook computers) and desk-
top or host computers. The
drives permit direct, effortless
access to memory card technol-
ogy. They are as simple to use as
a floppy-disk drive and can eli-
minate the need for portable-
to-desktop link software. De-
vice drivers can configure the
SolidState Data Drives to use
the MS-DOS file structure that,
in turn, permits use of such
standard DOS commands as
COPY, DIR and DEL. The in-
terface protocol is available for
applications that are not MS-
DOS based.

SolidState Data Drives inter-
face with standard 1/0 ports

What's New! sy peter o'Dell

Embeddable PC Engine

Ampro now offers IBM-com-
patible CoreModules that mea-
sure only 3.86" X 3.6” x 0.6".
In spite of their small size, they
are fully configured PC-com-
patible CPU modules with
memory, solid-state ‘‘disk,’’ se-
rial and parallel I/0 ports, real-
time clock and keyboard and
speaker interfaces. Each Core-
Module can be used alone as a
component-like compatible en-
gine, or it combined with Am-
pro’s MiniModule expansion
peripherals to build complete
systems.

CoreModule/XT is equipped
with a CMOS-enhanced 8088-
compatible microprocessor and
a full complement of PC-com-
patible DMA controllers, inter-
rupt controllers and timers. The
microprocessor operates at 9.82

MHz. On-board sockets sup-
port 256K, 512K, IM or 2M of
DRAM, and the unit supports
EMS 4.0 for full-memory ac-
cess. An AT-compatible version
will be available later this year.
Production-quantity  pricing
for the XT module is $100. A
CoreModule/XT development
kit is available for $895.

CIRCLE NO. 135 ON CARD

Industrial Electronics For Technicians

By Same Wilson

(Tab Books. Soft cover.

318 pages. $16.95)

This is primarily a study guide
for those preparing for a CET
examination. Each chapter pre-
sents a discussion of material
that is likely to be included on
the examination. The student
can judge his progress by taking
the “‘self test’’ at the end of each
chapter. Answers are provided
for instant feedback on the

exam questions. Numerous sche-
matic and block diagrams are
included. Topics covered in-
clude basic electric and elec-
tronic components, switching
components, digital logic and
microprocessors, power control,
power supplies, motors and
generators, robotics, circuit
theory and measurement and
troubleshooting. The writing
style is clear and easy to read.
CIRCLE NO. 136 ON CARD

and floppy-disk controllers, al-
lowing almost any computer to
utilize memory cards. Adtron’s
drives read and write battery-
backed staticcRAM memory
cards and incorporate pro-
gramming logic control for

EPROM/OTP, FLASH and
EEPROM memory technolo-
gies. The drives support the
68-pin PMCIA and JEIDA 4.0
standards.

CIRCLE NO. 138 ON CARD
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BEST PRICING ON GENIUS — GUARANTEED

Includes:

® GM-6000 Mouse (Serial Mouse)
, @ 350-1050 DPI
INCLUDES: ® 2 or 3 Button Mouse Mode
® Genius Tablet (12"x127) ® Dr. Genius Software
® AutoCad Template and Memu File ® Genius Menu Library
® Genius Menu Maker and Menu Library ® User Manuas
® Dr. Halo Ill Software ® Genius Mouse Pocket
® Up to 1000 lines per inch resolution ® Genius Mouse Pad
® Plugs into standard serial po-t ® 9 to 25 Pin Adapter
TABLET with Stylus .... $279.50

+ GM6X - MOUSE 50-800 DPI, w/9 pin Serial & Dr. Halo .. $ 19.50

oumm * GMF303 - MOUSE 350-1050 DPI {top of the line) ..... .. .. 49.50

THE LOGITECHTM SERIES 9 MOUSE G545:)0 - H./thD SC.ANNER 100‘-400 DPI .................. 129.50
AND MICROSOFTE WINDOWS™ 3.0 . GSCADS - Color Hand Seamner st

Bundled .. ........... $149.50 SCANMAN"™

+ 6.00 Shipping

HAND-HELD SCANNER
FROM LOGITECH

» Edit scanned images with advanced
graphic tools in PaintShow™ Plus,
included with ScanMan Plus.

« Scan directly to the MS Windows clip-
board, TIFF or FCX files with
ScanMate ™

A
-

1S

)
LOGITEGH
« Catchword CCR .............. ...
« SERIES 9 SERIAL MOUSE . .. .. ... $69.50 « PS-2 Version Scanman ..............
+ SERIES 9 SERIAL PS-2 MOUSE ... $74.50 *+ 256 Grey Level Scanman ............ 339.50
« SERIES9BUSMOUSE ............................. $79.50 « MAC Versior Scanman ............. 339.50

OPT ! A utility that will speed up your hard disk TRACKMANTM
une and improve its reliability.

A
High Resolution Stationary Mouse -

GET ® combines the scattered file segmants on your disk : K . . LIS
YOUR into complete, sequential files, tiereby increasing TrackMan is a revolutionary new input device ln[}l‘l’[[}"
disk speed and efficiency. This wil allow your hard 1 that combines the advantages of both a |
HARD DISK disk to respond at maximum speed. mouse and a trackball
UP TO ® up to four times faster than befors. ’

® your hard disk will not only respcnd quicker, it will
SPEED. also last longer.
® easy to use. $4950

+ $6.00 Shipping

* Ergonomical cesign for quick,

comfortable a:tion
al l Ip * High speed au tofire on both base and

e handle grip bt ttons

X & Y axi dj
JS-606...51950 ~ T S

® Auto-centering

» Dual port game cgrd' ... $19.50 * 360 degrge rotation for greater accuracy « BUS Trackman .....
+ $6.00 Shipping ® 4 stabilizing sLction cups
9 AM - 6 PM (EST,
LANDMARK UTILITIES V2.0 || oroerune  800-344-2370 MogEr o CAT Reader OCR
Benchmark test software for s
PC XT, AT, 386 & 486 cossadtead B e e Seaners
Determine the effective speeds of: acm 'cal ChCI"anga A * ® Fully Trainable to read any font
y & I'NCO2RPORATESHD R 10 v days iyotpseacedYimonodionsloy
* MATH CO-PROCESSOR N e kerned text List Price
« VIDEO DISPLAY CIRCUITRY 601 Oakwooc Square, East Aurora, New York 14052 1 fif:f‘éz‘r?'::{:s W ® Convert any scanned * $’2'1'
. 2da/Hawa
Speed test is easy to use It incorporates pull- 716/655-040C Puerto Rico additcnal o A_S(_:I.“ format
down menus, keyboard or mouse access, and a $5 00 shipping ® Automatic Tex $6950
complete on-screen manual for the ultimate in ESTABLISHED 1985 . s:;’:g::i:g‘w Con gotjbe Merging
ease of use . = =
List Price $69.00 $24SO | CAl Image Enhacer $69.50
* 9600 Shipping | [ FREE SHIPPING IN NEW YORK STATE! | 60 shippns

MOST ORDERS BEFORE 2 PM (EST) WILL SHIP SAME DAY

CIRCLE NO. 148 ON FREE INFORMATION CARD
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Print-Sharing System

Data Spec’s Para-Link Plusis a
modular printer-sharing system
that enables up to 16 users to
send data to a single parallel
printer over a 1,200-ft distance.
Para-Link Plus configures in a
daisy-chain or backbone topol-

The system transmits data up
to 6,000 characters per second
without sacrificing reliablity.
Para-Link Plus features colli-
sion-avoidance technobogy,
with selectable time-outs for
each PC, to assure peak per-

¢
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- /// Para-Link'+
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- Para-UnH'i’»'— Nimllllll
R [T —
- ! 1 —mmees
G Para-Link 4
wm
T 1]
ogy. Individual transmitters formance at high speeds. The

plug into the parallel ports of
IBM and compatible computers,
and a similar receiving unit at-
taches to the printer parallel
port. An RJ-11 cable (included)
connects the units. External
power is not required.

Low-Profile Enclosures

Enclosure Technologies (ETI)
has three new models of low-
profile computer enclosures in

Model PL3 has all equipment
needed for sharing one printer
between two PCs and sells for
$199. Each expansion kit adds a
single PC and costs $74.95.
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1200 measures 14.75'D X
11.9"W x 2.75"H and accom-
modates everything the Model

its 1000 series. Model 1000 is a
disk or diskless workstation en-
closure measuring 10.75"W x
10.75x D x 1.25"D. The Mod-
el 1100 measures 13.88"D Xx
11.5"W x 1.75"H and holds a
3.5” floppy drive, a hard disk
and other options. The Model

1100 does plus two standard [SA
ISA expansion boards and a
second floppy drive. ET1 offers
custom assemblies up to full-
systemn integration, as well as
custom front panels, colors
and graphics.
CIRCLE NO. 140 ON CARD

What's New! sy peter oDell

“‘Nice to know”’

Digital And Microprocessor Fundamentals

By William Kleitz

(Prentice Hall. Hard cover.
482 pages. $52)

Aimed at the *‘digital novice’
who must be brought up to
speed on microprocessors, this
book provides the fundamental
concepts that are essential for a
solid foundation in digital elec-
tronics and microprocessors.
topics have
been omitted. The text starts
with digital number systems
and moves on to gate opera-
tion, with emphasis on combin-

ational logic circuits and reduc-
tion techniques. Data control
devices, sequential logic, count-
ers and shift registers and inter-
facing to the outside world are
discussed. The microprocessor
chapters use the 8085A micro-
processor and 8051 microcon-
troller to explain the fundamen-
tals of microprocessor architec-
ture, programming and hard-
ware. Microprocessor coverage
is approximately 50% hardware
and 50% software.
CIRCLE NO. 141 ON CARD

CerUIf Design Program

BSOFT is now shipping version
2.5 of CompDes, a computer-
aided circuit-design program. [t
is a menu-driven electronic
cookbook software-design tool
that offers menu selections
from basic electricity through
circuit design. Many new menu
options have been added. The
user’s manual takes a tutorial
approach. Screen displays of
circuits can be printed tfor hard-

Hcrd DISk OnA Ccrd

Western Digital’s FileCard,
which plugs into an empty ex-
pansion slot, is available in two
models: 20M and 30M. This

easy-to-install disk-on-a-card is

copy. Design aids are provided
for making proper selection of
component size. Full input er-
ror trapping simplifies design
troubleshooting. System re-
quirements are an IBM or com-
patible computer with DOS 2.1
or later, at least 256K of RAM
and a color graphics display.
Price is $49.95.

CIRCLE NO. 142 ON CARD

reliable and economical. Both
models are compatible with
IBM XT/ATsand compatibles,
as well as the PS/2 Model 30.
CIRCLE NO. 143 ON CARI)

Free Booklet

Dianachart offers a free 66-
page booklet, “How To Mea-
sure With Your PC,”” to Com-
putercraft readers. The booklet
describes different types of data-
acquisition hardware for PCs
and explains which are best
suited to different applications.
Topics covered include con-
necting thermocouples, RTDs,
thermistors strain gauges and
pressure transducers. Various
programs for analyzing and
presenting data are discussed.
CIRCLE NQO. 134 ON CARD
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Computing By Roger C. Alford

Upgrading Your PC ROM BIOS

How to stretch your older computer’s capabilities by
substituting a correctly matched later-version BIOS chip

ike most PC users, you probably

take the operation of your PC
for granted. You install the latest
program and expect it to operate ac-
cordingtotheravesinrecentreviews.
You copy data files onto a diskette to
give to a friend, expecting him to
have a compatible disk drive.

But as your computer ages, it in-
creasingly falls behind current tech-
nology and lacks capabilities needed
for efficient usage. You find that the
new program you were eagerly await-
ing will not work on your system.
Youinstalla 3%-inch floppy drive for
compatibility with your friend’s sys-
tem, only to discover that it will not
work on your system. With this dis-
covery frustration mounts.

The primary key to IBM compati-
bility and supporting special func-
tions rests with the system ROM
(Read-Only Memory) BIOS (Basic
Input/Output System). While the
hardware design of the system mother-
board must also be correct to ensure
complete compatibility—with the
correct interrupt controllers, DMA
controllers, serial ports and so on—
this tends to be the easy part, and
most systems are compatible hard-
ware-wise. A large majority of the
compatibility and functionality prob-
lems PC users experience come from
the BIOS implementation.

Common problems that can be at-
tributed to your BIOS include an in-
ability to operate a 1.44M 3%-inch
floppy-disk drive, the inability to run
Microsoft Windows and being incap-
able of working with certain hard-
disk drives, among others. Particu-
larly inlight of the growing populari-
ty of 3%-inch drives and Microsoft
Windows 3.0, these problems are ob-
viously very significant. Other frus-
trations may include being unable to
support EGA or VGA video adapters,
no support for a hard drive at all and
or being incapable of using more
than one serial (COM) port.

Fortunately, these deficiencies can
be overcome simply by installing a re-
placement BIOS in your system. Re-
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placement BIOSs are readily avail-
able and are easily installed. Besides
correcting compatibility problems, a
replacement BIOS can also offer
other desirable features, including
SETUP in ROM (for 286 and 386 AT
systems), improved power-up diag-
nostics, extended system diagnostics
in ROM, larger tables of supported
hard drives, a user-configurable hard
drive table and system password pro-
tection. Although installing a re-
placement BIOS is not difficult, the
important thing is to get the right re-
placement BIOS for you.

What Is A BIOS, Anyway?

The BIOS is a special program stored
in ROM or EPROM on your system
motherboard. Essentially, it deter-
mines your computer’s ‘‘personality.’’
Its primary function is to isolate the
system software (your application
programs and even DOS) from its
hardware. Thus, the BIOS is hard-
ware-specific, but it allows your pro-
grams to be non-hardware-specific.

For example, a program can make
a call to the BIOS to get character in-
put from the keyboard. While the
keyboard interface circuitry on an
XT system is substantially different
from that on an AT machine, the
program never knows the difference
because the BIOS call is the same in
either case—the BIOS itself takes
care of hardware-specific details.
The BIOS provides other calls for
such functions as accessing disk
drives and performing certain video
functions. Note that higher-end vid-
eo adapters, including EGA and
VGA, include their own ‘‘video
BIOS,”” which basically acts like an
extension to the system ROM BIOS.

Since, being ROM-based, the
BIOS is always present, it is the first
thing executed by the microprocessor
when the system is turned on. The
BIOS initially performs a Power-On
Self Test, or POST. The POST tests
various system functions for proper
operation and usually spends most of
its allotted time testing system mem-
ory. After the POST is completed,

SOFTWARE

APPLICATIONS

DISK DRIVE

0 6 5 ) 5 U 0 ) R N O 0 R U O !
I 7 VIDEO
Mean— MONITOR
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KEYBOARD

Fig. 1. The BIOS’s main function is to isolate application programs (and DOS)

from hardware-specific details.
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the BIOS boots the system, either
from an inserted diskette or from the
hard drive. BIOS functionality is il-
lustrated in Fig. 1.

In the early days of PC clones, the
BIOS became a focal point of atten-
tion. Early cloners developed their
own system motherboard, the hard-
ware, and simply copied IBM’s PC
BIOS to achieve the desired IBM
compatibility. It didn’t take long,
however, for the courts to agree with
IBM in calling this copyright infringe-
ment and forcing the clone makers to
cease copying the IBM BIOS.

Some clone makers simply closed
their doors. Others, like Compaq,
chose to develop and maintain their
own compatible BIOS. Still other
cloners began looking for a third-
party alternative.

Realizing the sizable market po-
tential, a start-up company, Phoenix
Technologies Ltd., developed an
IBM PC-compatible BIOS in a
“‘clean-room’’ environment for sale
to clone manufacturers. The BIOS
was guaranteed to not infringe on the
IBM copyright. The Taiwan govern-
ment also supported an effort to de-
velop a non-infringing BIOS, which
was made available to Taiwanese
clone manufacturers. The success of
the third-party PC BIOSs, led pri-
marily by Phoenix, paved the way for
several other companies to enter the
market. Now other leading PC BIOS
manufacturers include Award Soft-
ware, American Megatrends, Inc.
(AMI), and Quadtel Software.

How Do BIOSs Differ?

When selecting a replacement BIOS,
it’s important to realize that BIOSs
differ in many ways. You must deter-
mine what your exact requirements
are in order to get the right BIOS for
your system. The most fundamental
differentiation between BIOSs is de-
termined by which microprocessor or
architecture your system has; the
BIOS is different depending on whe-
ther you have a PC, XT, AT or
386AT (including 386SX and 486)
system. Beyond processor type, you
must also know the type of “‘chipset’’
on your motherboard, if any.
Chipsets are high-integration de-
vices that are commonly used to re-
place the peripheral chips and con-
trollogic on a PC motherboard, such

o [VOICE OYNTHESIZER _
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as interrupt controllers, DMA control-
lers and bus buffers. Older mother-
board designs used discrete peripher-
al chips, while virtually all designs
done in the past several years use
either a custom or standard chipset.
Popular chipset manufacturers in-
clude Intel, Chips & Technologies
(CHIPS), VLSI Technology, West-
ern Digital (Faraday), Zymos, Head-
land (G-2) and Suntac. There are typ-
ically between two and five large
chips in a chipset, and they can usual-

ly be easily identified on the mother-
board. Look for large devices (gener-
ally in the area of the CPU) labeled
with one of the names listed above. If
you are not sure, you can usually get
assistance from the company that
sold you the computer or one of the
replacement-BIOS suppliers.

In addition to chipset-specific
BIOSs, most replacement BIOS sup-
pliers offer ‘‘generic”” BIOSs specific
only to a particular CPU or system
type. These work with non-chipset

Say You Saw It In ComputerCraft
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Fig. 2. Methods of identifying pin 1 of
BIOS ROM chips.

motherboards, and work acceptably
with many chipset-based mother-
boards. Most modern chipsets, how-
ever, have configuration registers
that must be initialized to specify
many of the system operating para-
meters, such as memory access tim-
ing, or to enable certain desirable
features, such as shadow RAM (plac-
ing the BIOS in RAM after boot for
faster operation).

Using a generic BIOS with chipsets
designed to be configured usually re-
sults in compromised performance
(slowest memory timing is always the
chipset default) and inaccessible fea-
tures (such as being unable to imple-
ment shadow RAM).

Sometimes BIOSs need to be even
more specific than the particular
chipset you are using. The BIOS may
have to be configured for the particu-
lar speed your CPU is running
or other motherboard-specific func-
tions. To accommodate this, some
replacement BIOS suppliers offer
motherboard-specific replacement
BIOSs for common motherboards. It
is not uncommon for different clone
manufacturers to use the same
motherboard (such as Intel and AMI
motherboards). When looking for a
replacement BIOS, you should find
out if a motherboard-specific BIOS
is available for your system.

How To Select A BIOS

Before replacing your BIOS, you
must decide what features you are
looking for. There will most likely be
a single compelling reason for up-
grading, then several desirable fea-
tures you would like to see in the new
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BIOS. The most compelling reasons
for upgrading are related to compati-
bility. Early IBM PCs, for example,
did not support an optional hard
drive, but available upgrade BIOSs
permit hard-drive support.
Similarly, early PC, XT and AT
BIOSs support only an 84-key key-
board, while later ones can also sup-
port the newer 101- and 102-key key-
board. And while EGA and VGA
video-adapter boards include their
own on-board video BIOS, some
ROM BIOSs do not support these
adapters; so you may have to up-
grade to one that does if you want to
use one of these video adapters.
Many older PCs were designed
around the standard 5%-inch floppy-

disk drives. PC and XT systems, for
example, typically include a floppy
controller and BIOS that supports
only the double-sided, double-densi-
ty (DSDD) 360K floppy-disk drives.
There is no support for the 1.2M
floppy drives or the newer 3'-inch
drives. Similarly, while the floppy
disk controller (hardware) in most
early AT systems supports the popu-
lar 3%-inch floppy drives, in addition
to the 360K and 1.2M 5Y-inch drives,
the AT BIOS often lacks support for
the high-density 1.44M 3!-inch drives.

In the case of PC and XT systems,
you can purchase a replacement flop-
py-disk controller board for your
system that can support all of stan-
dard floppy drives. It includes an on-
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Outlines of the IBM PC (A), XT (B) and AT (C) motherboards show positions of
the ROM BIOS sockets. These are only for true IBM computers.
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board BIOS extension (executed au-
tomatically at power-up) that per-
mits your system to support these
drives. The same controller/BIOS
can be used in AT systems as well, if
the AT ROM BIOS does not already
support the 3%-inch drives. If you
later upgrade your PC, XT or AT
ROM BIOS to support these drives
directly, you can disable the BIOS ex-
tension on the floppy controller.
Note also that DOS version 3.0 or
later is required to support the 1.2M
drives, version 3.2 or later is required
to support the 720K 3}%-inch floppy
drives, and version 3.3 or later is re-
quired to handle the 1.44M drives.
According to the replacement-BIOS
suppliers, 1.44M floppy-drive sup-
port is one of the biggest reasons for
users to upgrade their system BIOS.
Most AT systems use an (MFM)
ST-506 hard-drive interface, as used
by IBM in its original AT. The AT
BIOS includes support for the
ST-506 hard-disk controller and in-
cludes a ‘‘drive type’’ table which
determines the hard drive types or
configurations supported. Each en-
try in the hard-drive table specifies
the number of cylinders, heads, sec-
tors/track and precompensation (pre-
comp) for a drive. When you install a
hard drive, you must specify the
drive type using the system SETUP
utility, which then stores the drive
type in battery-backed CMOS mem-
ory (in the real-time clock).
Unfortunately, the original AT
BIOS included support for a only
handful of drive types. If you try to
install a drive that is not fully sup-
ported by the BIOS, youend up using
a drive type that is close to the one
you’re installing, but usually with
fewer cylinders. As a result, you can-
not use the full capacity of your drive.
Newer replacement BIOSs include
an extensive drive-type table, often
with 35 to 40 entries to choose from.
Some Award BIOSs now include
some user-definable hard-drive table
entries; so you can even specify the
exact parameters for your hard drives
if they are not already present in the
table. So do some Phoenix BIOSs,
one of which has 47 drive entries plus
two user-definable ones that can be
set up by a user. Hard-drive-type
support is a popular reason for mov-
ing up to a newer BIOS.
As | mentioned, support for Mi-

Processor Type

Processor Speed (MHz)

Chipset Manufacturer None

Zymos

Suntac

I Motherboard Manufacturer

Table 1. Replacement BIOS ROM Considerations

8088, 8086, V20, V30, 80286, 80386, 80386SX, 80486

477, 6, 8, 10, 12.5, 16, 20, 25, 33

Chips & Technologies (CHIPS)
VLSI Technology
Western Digital (Faraday)

Headland (G-2)

Intel or look-alike

American Megatrends, Inc. (AMI)

I Compaq

IBM
| BIOS-Supported Functions

Windows 3.0

High-density floppy drives (especially 3%-inch,
1.44M)

SETUP in ROM

| Improved POST diagnostics
Extended diagnostics in ROM
I Multiple COM ports
| Hard drives (in general)
Specific hard drives (must know cylinders, heads,
sec/track, precomp)
| Password protection

crosoft Windows 3.0 is another ma-
jor reason for moving up to a newer
BIOS. In order to do its magic, Win-
dows takes advantage of the pro-
tected-mode operations of 286 and
386 processors. Microsoft developed
its DOS Protected Mode Interface
(DPMI) for coordinating protected-
mode operation with other system
software. Many system BI1OSs, how-
ever, do not handle protected-mode
operation to the satisfaction of Win-
dows and, therefore, must be re-
placed with a newer version for prop-
er support. Replacement BIOS sup-
pliers are doing brisk business in sup-
porting Windows.

All 286 and 386 AT systems come
with some form of SETUP utility to
specify memory configuration, drive
types, real-time clock settings and
other information. While in the past
this has been primarily offered as a
disk-based utility, it has now become
standard practice to put SETUP in
ROM with the BIOS itself. Conse-
quently, make sure your replacement
BIOS includes SETUP in ROM. In
addition, one supplier—Upgrades,

Etc.—even offers extended system
diagnostics in ROM as an option
with its AMI BIOSs.

For folks desiring greater system
security, Award now offers pass-
word protection with its AT BIOSs.
Once the password-protection fea-
ture has been enabled, the BIOS re-
quires a user to enter the proper pass-
word before it will complete system
boot. If the correct password is not
entered, the system will not boot.

Table 1 provides a summary of
what you need to know and what to
look for in a replacement BIOS.

Replacement BIOS

Once you determine what you want
in your replacement BIOS, the obvi-
ous next step is to find the BIOS. Sev-
eral suppliers sell replacement BIOSs
(see Table 2). It is best to contact at
least a couple of them and compare
offerings and prices. Most suppliers
include a money-back guarantee if
the BIOS does not work with your
motherboard. This is highly recom-
mended. In addition to the suppliers
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Suppliers Sampler

Komputerwerk, Inc.
(Award BIOS & some specials)
851 Parkview Blvd.
Pittsburgh, PA 15215
Orders: 800-423-3400
Technical: 412-782-0384

Komputerwerk of Virginia, Inc.
(Phoenix BIOS and upgraded original
I1BM PC)
8133 Forest Hill Ave.
Richmond, VA 23235
| 804-320-8835

Unicore Software

(Award BIOSs)
599 Canal St.
Lawrence, MA 01840
800-800-BIOS

| 800-800-2467

I Fax: 508-683-1630

|

|"Upgrades, Etc.
(AMI, AWARD & Phoenix BIOSs)
15822 NE 165 St.
Woodinville, WA 98072
800-541-1943

| Fax: 206-881-8294

TEST

1CQ*

*Integrated Circuit [KORRNTIINS

Table 2. Repiacement BIOS ]

Which two iny -
Vhi entors ¢
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B. Bob Noyce '

and Jack Kilby

listed in Table 2, many local comput-
er stores and service centers also of-
fer replacement BIOSs for systems
they sell or service.

Depending on particular BIOS,
supplier and target system, replace-
ment BIOSs vary in price from about
$25to about $95. For example, Kom-
puterwerk of Virginia’s ROM BIOS
retail prices are: upgraded original
IBM PC, 1989: $79.95; AT: $89.95.
The company says it has identified
BIOSs for 150 computer brands.

To get the right replacement BIOS,
you must also know what type of
EPROM s used to store your existing
BIOS. Most PC and XT machines
have asingle BIOS EPROM that may
be a 2764 or 27128 ROM. Some XT
machines are developed around the
16-bit 8086 (or NEC V30) processor
instead of the eight-bit 8088 (or NEC
V20) processor. These 16-bit ma-
chines typically include two 2764
EPROMs instead of one, since the
BIOS is split into even bytes and
odd bytes for the 16-bit data bus.
Likewise, 80286-based machines
generally contain two EPROMs

(usually 27256’s) split into even and
odd bytes. This is also true for most
386s even though the 386 itself has a
32-bit data bus. Most 386 chipsets
provide for a 16-bit data path for the
BIOS, since the BIOS is typically
shadowed (placed in a reserved area
of RAM) after boot, anyway. The
supplier can help make sure you
get the right replacement BIOS for
your system.

Though most replacement BIOS
suppliers offer BIOSs from only a
single manufacturer (often Award),
some offer BIOSs from multiple
manufacturers (including Award,
Phoenix and AMI). Some PC users
prefer to replace their system BIOS
with one from the same BIOS manu-
facturer as already used in their sys-
tem. They know it will work with
their system, and they are familiar
with the ‘‘personality’’ of the BIOS—
including the particular error mes-
sages that are displayed and informa-
tion shown on the screen during the
POST. Award, for example, displays
afairly complete screen of test results
as it proceeds through it POST.
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Macintosh users that includes everything required to produce
professional quality Printed Circuit Board artwork.
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with
P.O. to:

Our casy-to-learn menu-driven design system breaks the ‘expert
barrier’-you'll be designing in minutes, not hours. Our
comprehensive tutorials guide you through the program’s extensive

features that take the tedium out of board layout.
¢ Comprehensive library of Through-hole devices

sorum

_____ ¢ Gerber photoplotting and N/C drill tapes
¢ On-the-fly library components creation

o Intelligent Pad to Pad autorouting

W . Switchable Metric/Imperial grid
¢ Auto-panning

¢ PostScript K printing

peRvEsdee

! « Powerful user-definable Macros
« Indepcendent print/plot program
¢ Multi-layer boards of up to 32 X 32 inches.

At Protel, we offer free technical support, 24-hour BBS, and 30-day
money back guarantee. Prices start at

$450

Jeammuw

Free Evaluation Package
Toll Free: 800-544-4186

Protel Technology, Inc.
50 Airport Parkway, San Jose, CA 95110
Tel: 408-437-7771 Fax: 4084374913

CIRCLE NO. 114 ON FREE INFORMATION CARD
Say You Saw It In ComputerCraft

WWW_americanradiohistorv. com




5 sure stepstfo a

fast start

as a high-paid
computer service technician

!
TCOMPUTER
—S

1 m Choose fraining
that’s right for foday’s
good jobs

Jobs for computer service technicians
will almost double in the next 10 years,
according to the latest Department of
Labor projections. For you, that means
unlimited opportunities for advance-
ment, a new career, or even a com- .
puter service business of your own. 1991

But to succeed in computer service today, you need training—
complete, practical training that gives you the confidence to service any
brand of computer. You need NRI training.

Only NRI—the leader in career-building, at-home electronics training
for more than 75 years—gives you practical knowledge, hands-on skill,
and real-world experience with a powerful AT-compatible computer you
keep. Only NRI starts you with the basics, then builds your knowledge
step by step until you have everything you need for a fast start as a

e, high-paid computer service technician.

2001

2- Go beyond
“book learning”
to get true hands-
onh experience

NRI knows you learn better by
doing. So NRI training works
overtime to give you that
invaluable practical experience.
You first read about the subject,
studying diagrams, schematics, and photos that make the subject even
clearer. Then you do. You build, examine, remove, test, repair, replace.
You discover for yourself the feel of the real thing, the confidence gained
only with experience.

3- Get inside

a powerful com-
puter system

If you really want to get ahead
in computer service, you have
to get inside a state-of-the-art
computer system. That's
why NRI includes the
powerful new West Coast
1010 ES computer as the
centerpiece of your F
hands-on training.
As you build this
fully IBM AT-com-
patible micro from

reéisigigEl e ¢ ¢ 3 R0l muw——

ey 5 m—
LU L N SR e ._.“--“:
e 1
the keyboard up,

'l LA ) l'l L= e
L} l'l'l'l‘l' )
&il
you actually see

) § % IJ ]
for yourself how each section of your computer works. You assemble
and test your computer's “intelligent” keyboard, install the power
supply and high-density floppy disk drive, then interface the high-
resolution monitor. But that's not all.

You go on to install a powerful 20 megabyte hard disk drive—
today’s most-wanted computer peripheral—included in your course to
dramatically increase the data storage capacity of your computer
while giving you lightning-quick data access.

Plus, now you train with and keep the latest in
diagnostic hardware and software: the R A.C.ER.
plug-in diagnostic card and QuickTech diagnostic
software, both from Ultra-X. Using these state-of-
the-art diagnostic tools, you learn to quickly
identify and service virtually any computer
problem on IBM-compatible machines.

s Sl

4- Make sure you’ve always got
someone to turn to for help

Throughout your NRI
training, you've got the
full support of your
personal NRI instructor
and the entire NRI
technical staff. Always
ready to answer your
questions and help you if
you should hit a snag,
your instructors will
make you feel as if

N you're in a classroom of
one, giving you as much time and personal attention as you need.

5- Step into a bright new future in
computer service—start by sending for
your FREE catalog today!

Discover for yourself how easy NRI makes it to suc-
ceed in computer service. Send today for NRI's big,
100-page, fullcolor catalog describing every
aspect of NRI's one-of-a-kind computer training,
as well as training in robotics, TV/video/audio
servicing, electronic music technology, security
electronics, and other growing high-tech
career fields.

If the coupon is missing, write to: NRI
School of Electronics, McGraw-Hitl Continuing !
Education Center, 4401 Connecticut Avenue, NW, Washington, DC 20008.
R.A.C.E.R. and QuickTech are registered trademarks of Ultra-X, INC.

Y

il |

:—”ﬁ Schools

McGraw-HiH Continuing Education Center

4401 Connecticut Avenue, NW, Washington, DC 20008
I [ CHECK ONE CATALOG ONLY

[J Microcomputer Servicing [ Computer Programming

[J TV/Video/Audio Servicing 0 PC Systems Analysis

[J Telecommunications [J PC Software Engineering Using C
I [J Industrial Electronics/Robotics [J Desktop Publishing & Design
I 7 Basic Electronics [J Bookkeeping & Accounting

I Name
I Address _

I City

State
Accredited Member, National Home Study Council

Zip

4-041

L
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You need onlythe simpletools shownin photo Atoremove
the BIOS ROM in your computer and replace it with the up-
grade ROM. Once you have thesetools, your next stepisto
power down your computer and remove the cover of the
system unit, as in photo B. Next, locate the ROM chips and
carefully remove them from their sockets, as in photo C.
Make a note of the pin 1 locations. Finally, exercising nor-

Phoenix, in contrast, displays less in-
formation during the POST but typi-
cally boots a little quicker as a result.

Replacing the BIOS

Once you have your replacement
BIOS, the replacement procedure is
fairly straightforward. Keep in mind
that BIOS EPROMs are static-sensi-
tive devices and require normal static

precautions to be exercised (touching
a grounded surface before picking up
an EPROM, for one thing). Ideally,
it is best to wear a properly grounded
ground strap to keep yourself ground-
ed throughout the entire replacement
procedure. Some anti-static spraying
in the work area cannot hurt, either.

Make sure the power to your sys-
tem is turned off before you start.
Remove your system’s cover to pro-
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mal safe-handling procedures for MOS devices, plug the |
new ROM chips into the vacated sockets (photo D). Make
certain that you properly orient each chip and that no pins
overhang the sockets or fold under between ICs and sock-
ets. When you are done, power up your computer to make
sure the ROM chips are working properly. {f they are, re-
place the system unit cover, and you are in business.

vide access to the motherboard. Then
remove add-in boards and/or disk
drives as required to gain access to
the BIOS EPROMs in your system.
These 28-pin devices are generally
easy to identify. They are usually
socketed (which is important for the
replacement procedure) and typical-
ly have a label on top that indicates a
BIOS manufacturer copyright and
BIOS version number.

Say You Saw It In ComputerCraft




More Information

The functionality of your ROM BIOS is
related to its release date. You can deter-
mine the release date of your BIOS in any
of several different ways. A number of

| PC utility programs will display the BIOS
release date, including the SI (System In-
formation) utility that is part of the popu-

| lar Norton Utilities. 1f the DOS DEBUG
utility does not intimidate you, you can
enter DEBUG and type:

| D FOO:FFFO

and follow with an Enter.

DEBUG displays the 16 bytes at loca-
tion FFFO in the BIOS, where the release
date is kept. If you look at the ASCII
translation to the right of the 16 bytes,
you will find a date in the format ‘“05/
09/86"’ (or something similar, depending

on the actual date), which is the BIOS re-
lease date. (You must enter Q and then
Enter to exit DEBUG.) You can also dis-
play your IBM BIOS release date by exe-
cuting the following BASIC program:

10 DEF SEG = &HF000

20 FOR X = &HFFF5 TO &HFFFF
30 PRINT CHR$(PEEK(X);

40 NEXT

Listed in the accompanying Table are
the release dates, and the relative BIOS-
ROM positions for the three basic /IBM
motherboards (PC, XT and AT) are
shown in the accompanying drawings.
Keep in mind that these drawings apply to
only IBM systems, and logic boards from
other manufacturers may have the BIOS
ROM s at entirely different locations.

Common IBM PC, XT and AT BIOS Releases

system to create extensions to standard ROM BIOS. Allowed

support for 256K-bit DRAMs and memory greater than 544KB, as

well as several IBM add-in functions, including the Cluster
Adapter, 3278/79 Emulator Adapter, EGA Video Adapter, PC

System  Date* Additional Support Over Previous Release
PC 04/24/81 (Initial release, 64K motherboard, PC-1)
PC 10/19/81
PC 10/27/82

Network Adapter and hard-disk drives
XT 08/16/82 (Initial release)
XT 11/08/82 PC 3270 Workstation support
XT  01/10/86 Enhanced (101-key) keyboard support
XT  05/09/86 3%-inch, 720K drives
AT  01/10/84 (Initial release, 6 MHz, 20M hard disk)
AT 06/10/85 8MH:z
AT 11/15/85

6 MHz (1)

*This is the BIOS release date.

Using an IC remover or a small
flat-blade screwdriver, carefully re-
move the existing BIOS chips from
their sockets. Note the pin 1 position
of the existing BIOS chips before re-
moving them. This is often deter-
mined by a notch in the chip package,
as shown in Fig. 2. For two-chip
BIOSs, note which socket contains
the even chip and which contains the
odd chip (they may be identified as
“low”’ and “‘high’’ instead of “‘even”’
and ‘“‘odd,’’ respectively).

Once the parts have been removed,

Say You Saw It In ComputerCraft

Support for enhanced (101-key) keyboard, 30M hard drives,

carefully insert the replacement
BIOS chips into the vacant sockets—
again keeping the odd and even chips
in the appropriate sockets. You must
also make sure that pin 1 of each de-
vice is properly oriented. There is us-
ually an orientation mark in the sock-
et itself to identify the pin-1 side of
the socket. If you are not sure, sur-
rounding chips on the motherboard
should also have the same pin-1 ori-
entation. If necessary to install the
new BIOS chips, bend the pins of the
BIOS EPROM s slightly to permit a

www americanradiohistorv com

256K motherboard (PC-2), with support for IBM’s Expansion Unit
Added BIOS “‘extensibility’’—ability to add other ROMs in

good fit into the BIOS sockets.

Reinstall the drives and boards you
removed. You do not have to replace
the system cover quite yet. Turn on
the system and watch for signs of life.
If the BIOS begins executing its
POST, the ROMs are installed cor-
rectly. In an AT system, you may
have to run SETUP with the new
BIOS to save the correct checksum
information in the battery-backed
CMOS memory.

If after a few seconds you see no
sign of life, turn off system power and
inspect the installed BIOS EPROM:s.
First confirm that all of the EPROMs
are correctly oriented with pin 1 in
the proper place. Also verify that the
replacement EPROMs are of the
same type as those that were original-
ly installed in your system. The most
common problems are pins not cor-
rectly inserted in the socket. Look for
pins sticking outside the socket or
bent under between chips and sock-
ets. Correct any problems and retry
system boot. If this does not work
and you have a two-EPROM system,
try swapping the two EPROMs—you
may have plugged the even and odd
EPROMs into the wrong sockets. If
you are still having difficulty, con-
tact you replacement BIOS supplier
for further technical support.

Conclusion

A replacement BIOS can add a lot of
new life to an aging machine. Addi-
tionally, even an existing late-model
BIOS could prove to be quirky when
working with a large hard-disk drive
(80M or more) and require replace-
ment. With a new BIOS, you can
take advantage of hardware and soft-
ware functions that were previously
off limits to you. Take the plunge
and see what expanded functions and
greater efficiency can do for you. g

Roger C. Alford

— ———
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Project By Nick Goss

Build A Talking Logic Probe

This vocal digital troubleshooting tool lets you
concentrate on the circuit under test, rather than
on a LED display, when making logic-level tests

logic probe is an especially use-

ful test device for checking out
digital circuits. In its basic form, it
indicates logic levels (1 or 0). This is
commonly revealed by the proper
LED lighting. The ‘‘Talking Logic
Probe’’ goes a giant step further. As
its name implies, it talks you through
tests, rather than requiring you to
take your eyes off the circuit point
under test to look at a LED or other
display.

This super logic probe uses a digi-
tally synthesized voice to vocalize the
condition of the circuit to which its
probe is connected. Its four-word vo-
cabulary consists of ‘‘high”’ to indi-
cate a logic high, ‘“low’’ to indicate a
logic low, ““open’’ to indicate a tri-
state or high-impedance condition
and ‘‘clock’ to indicate a pulse
stream. Furthermore, it handles TTL
and CMOS components.

About the Circuit

Our Talking Logic Probe utilizes a
unique combination of analog and
digital circuitry to mimic a sophisti-
cated microprocessor-based system.

Using only the best of both types of
technology, it lets you build a very
sophisticated yet simple unit.
Attheheart of the Logic Talkerisa
novel technique for digitally repro-
ducing human speech patterns. This
is accomplished by digitally record-
ing an actual voice and burning (pro-
gramming) isolated words as tem-
plates directly into an EPROM. This
method of synthesizing speech isn’t
the most efficient way to go, but low
EPROM prices let you be a little
wasteful when it comes to memory

space. In addition, this approach
permits a much simpler circuit.

To reconstruct the speech pattern
for a particular word, the address is
selected on pins 2 and 26 of EPROM
Ul in Fig. 1. These two-bit combina-
tions let you select one of the four
words you want the project to vocal-
ize. When the Logic Talker senses a
change of input condition at the
probe, it enables the CD4040 count-
er, which begins to sequence all pos-
sible addresses in /. In this manner,
the recorded voice ‘‘core image’’ is
reconstructed through the simple
“R-2R”’ digital-to-analog converter
ladder. The changing analog speech
signals are filtered and routed
through the LM386 audio amplifier
IC and reproduced through the
speaker. This basic process is the
heart of the Logic Talker’s simplici-
ty. All that remains is for the analog
“logic”’ to decide what constitutes a
high, low, open or clock-type input
signal condition.

With the black test probe connect-
ed to circuit ground and red ‘‘hot”’
probe touching any other point in a
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Fig. 1. Complete schematic diagram of Talking Logic Probe circuitry.
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Semiconductors

D1—S5.1-volt zener diode

D2 thru D6—1N4148 signal diode

U1—27C256 EPROM

U2—CD4040 or 74HC4040 counter

U3—74HC74 or 741.874 flip-flop

U4—1.M324 quad operational amplifier

U5—LM386 audio amplifier

Q1 thru Q7—VNO0300 field-effect tran-
sistor (Siliconix)

VR1—78L05 fixed + 5-volt regulator

VR2—78L08 fixed + 8-volt regulator

Capacitors

C1,C2—4.7-uF, 16-volt axial-lead tan-
talum or electrolytic

C3,C4,C8,C14—0.47-uF
tantalum or electrolytic

C5,C13,C16—4.7-uF, 16-volt radial-
lead tantalum or electrolytic

C6—0.0015-uF Mylar

C7—0.22-yF, 16-volt radial-lead tanta-
lum or electrolytic

C9—220-uF, 16-volt radial-lead elec-
trolytic

C10—1-uF, 16-volt radial-lead tanta-
lum or electrolytic

C11—10-pF, 16-volt radial-lead tanta-
lum or electrolytic

C12—2.2-uF, 16-volt radial-lead tanta-
lum or electrolytic

C15—0.01-pF Mylar

Resistors (%-watt, 5% tolerance)

R1,R3,R6,R11,R14,R15,R17,R18,
R20,R39—10,000 ohms

R2,R13—47,000 ohms

radial-lead

PARTS LIST

R4,R5,R25—1,000 ohms

R7,R9,R10,R12,R16,R19,R2] thru
R24—100,000 ohms

R40—10 ohms

R26 thru R31,R37—20,000 ohms (%-
watt, 1% tolerance)

R32 thru R36,R38—10,000 ohms (%-
watt, 1% tolerance)

R8—10,000-ohm upright pc-mount
trimmer potentiometer

Miscellaneous

PS1—9-volt d¢, 100-mA plug-in power
supply (12 volts dc can be used)

SPKR1—8-ohm speaker with 2-inch
Mylar cone
Printed-circuit board; dual banana-
jack connector; enclosure (Pac-Tec
No. 60247-1 front, No. 60246 back);
hookup wire; solder; etc.

Note: The following items are available from
U.S. Cyberlab, Inc., Rte. 2, Box 284, West
Fork, AR 72774 (tel.: 501-839-8293): Mini
kit containing critical and hard-to-find
components, pc board, ICs, FETs, enclo-
sure and front panel, $49.95. Also avail-
able separately: ready-to-wire pc board,
$9.95; voice ROM (specify male or female),
$9.95. An assembled Logic Talker with test
leads and power supply is also available
for $79.95. Add $2.95 P&H for ROMs,
$3.95 for all other orders, except $4.95 for
kit and assembled Logic Talker. Arkansas
residents, please add 3% state sales tax.

circuit under test, a voltage is routed
through the latter probe, which
serves as the input to the Talking
Logic Probe, through the over-volt-
age protection circuit consisting of
resistor R and 5.1-volt zener diode
D1. Any voltage that exceeds the
zener threshold is clamped at about §
volts to prevent damage to U4.
Values for RI and R2 were chosen to
minimize loading down the circuit
under test.

The input voltage from the probe
drives the noninverting (+) op-amp
input of U4A at pin 3 and the invert-
ing (—) input of U4B at pin 2. The
reference ladder made up of R3
through R6 provides two voltages
that are applied to pin 2 of U4A4 and
pin 5 of U4B. This dual-comparator
arrangement is called a ‘““window”’
comparator because a dead zone or
“window”’ is created in the output
response at pins 1 and 7 of U4. This

window comparator is the heart of
the input logic.

When the ‘“‘hot’’ input probe of
the Talking Logic Probe isn’t con-
nected to any point in a circuit, R2
sources enough current to the inputs
of U4 to hold the comparator output
at pins 1 and 7 in the window or dead
zone, with no output generated.
Thus, with no input, the outputs of
both comparators will be near O volt.

When the ‘“hot’’ probe is brought
near ground, the voltage at pin 6 of
U4 drops below the reference input at
pin 5. This causes the output of U4B
to switch on (+ 5 volts). Conversely,
when the input probe is brought near
+ 5 volts, it causes the output of U4A4
to swing high. In this manner, the
Logic Talker can determine whether
the input probe is connected to a low-
voltage source, a high-voltage source,
or if it isn’t connected to anything.
These ‘‘trip”’ (threshold) voltages

can be adjusted to suit special re-
quirements by changing the values of
the reference ladder resistors.

Any time the input condition at the
“hot’’ probe changes from the high
impedance or open condition, to ei-
ther high or low, the outputs at pins 1
and 7 of U4 also change. This dy-
namic action is coupled through CI
and C2 to QI. In turn, any high-to-
low or low-to-high transitions in the
window comparators produce short-
duration pulses at the switching FET
gate, which are subsequently invert-
ed and level-shifted into pin 1 of
74HC74 flip-flop U3. This clearing
pulse resets the speech latch circuit
and permits the Logic Talker to vo-
calize a one-word response. As men-
tioned above, this is accomplished by
the counting action of CD4040 up
counter U2 and master oscillator U4.

When U2 has reached its upper
count and the associated oral re-
sponse has been vocalized, pin 14 of
U2 creates the timing pulses required
to signal U3 to latch (stop) the count-
ing process. This one-shot action
keeps the Talking Logic Probe from
rambling on and on about the condi-
tion of the circuit under test.

The word to be vocalized is select-
ed by circuit action on pins 2 and 26
of Ul. A high input at the ‘‘hot”’
probe forces the output of U4 at pin 1
to go high. This voltage is sourced
through D3 to the gate of Q6. The
output of Q6 is routed directly to pin
2of Ul. When theinput to the ‘‘hot”’
probeis high, pin 1 of U1 is low. This
sets the appropriate address to locate
the word “‘high.”’” If the input is open
or low, the output of Q6 is high,
which is also the logic level delivered
to pin 2 of Ul.

As described to this point, the Log-
ic Talker will produce the audible
words ‘‘high’’ and ‘“‘low”’ for those
respective inputs at the ‘“hot’’ probe.
To make the project respond to
open-circuit and clock conditions re-
quires additional circuitry.

From the above, you will recall
that the window comparator re-
sponds to input status by creating an
appropriate high or low output at
pins 1 and 7 of U4. However, when
the input signal is neither high nor
low, the outputs of both compara-
tors fall to 0 volt. This dead-zone ac-
tion is sensed by D2 and D4. While in
this open condition, no current flows
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LOGIC TALKER
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Fig. 2. Actual-size etching-and-drilling guide for printed-circuit board.

through either diode. As a result, the
gate of Q3 is pulled to ground by
R12. The inverting action of Q3
switches off the device, and the drain
of O3 moves toward the + 5-volt rail
as current again flows through pull-
up resistor RI5. This positive-going
voltage is coupled through C3 into
the gate of Q2.

Note that the drain of 2 connects
directly across the drain of Q1. This
permits both FET switches to be used
in an open-drain, wired-OR config-
uration very similar to open-collector
designs used in bipolar designs. By
paralleling these two electronic
switches, the voice of the Talking
Logic Probe can betriggered anytime

an open condition is sensed at the
““hot”’ probe tip.

To select the word ‘‘open,’” one
additional logic input state must be
created at pin 26 of Ul. This is ac-
complished by inverting open-drain
sense transistor Q4. Again, the open-
drain logic technique is used at the
drains of Q4 and Q7. This should

’

(Continued on page 80)
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Fig. 3. Wiring guide for printed-circuit bo

ard.
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- Compu'ring By TJByers §

A close look at nine popular printed-circuit-board
layout programs for PC/MS-DOS computers

I n this installment of our series on
circuit design software for the
personal computer, we take a close
look at popular printed-circuit board
(PCB) layout programs and evaluate
them for performance and features.
The nine programs examined are in-
timately related to the eight schemat-
ic capture programs we reviewed in
the January 1991 issue of Modern
Electronics. They are EE Designer
1II, HIWIRE II, OrCAD/PCB II,
PCBoards, ProCAD, Protel-Auto-
trax, Protel Easytrax, Schema-PCB
Layout and Tango-PCB Plus. Three
of them—EE Designer III, HiIWIRE
and ProCAD—also include sche-
matic capture software, while the
other six are stand-alone PCB layout
programs. EE Designer III further
provides analog and digital circuit
simulation.

Prices of the programs range from
$99 to $1,495. However, some re-
quire optional programs, like an au-
torouter, to make them fully func-
tional. Average price of a fully-con-
figured system is between $1,300 and
$1,600, with one package (Schema)
checking in at over $2,300. Buying
the schematic capture software that it
takes to make five of the nine com-
plete circuit design systems adds an-
other $500 or so to the cost. But be-
fore you throw up your hands, let us
tell you that you can, indeed, buy a
complete circuit design system, with
schematic capture and an autorout-
er, that’s suitable for hobby projects
for under $300.

The link between the schematic
capture and PCB software is critical
in many ways. For example, three of
the programs can’t extract device
outlines from the schematic netlist,
forcing you tp get the parts from
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their PCB libraries by hand. Forward
and back annotation is also impor-
tant, because it lets you keep up with
changes made to either or both the
schematic or PCB layout. Thisis par-
ticularly important when swapping
gates or reassigning device refer-
ences. Four programs have no anno-
tation capabilities. One program,
Protel Easytrax, is truly stand-alone
since it doesn’t interface with any
schematic programs.

Of those programs that can extract
device outlines from the netlist, all
but one require that you define the
board outline before parts can be
placed. The one exception, OrCAD/
PCB II, has you define a working
area first. Schema requires both a
board outline and a parts matrix be-
fore it can import parts from a net-
list. Board outlines can be saved in a
file, making it a simple matter of
loading a stored outline from the da-
tabase when it’s needed. Most pro-
grams support boards up to 32 x 32
inches. One program can only sup-
port 9 X 13 and two can support up
to 64 X 64 inches.

Three of the programs have an au-
tomatic parts placement routine that
not only extracts the devices from the
netlist, but places them on the circuit
board. As a rule, the placement isn’t
as good as if you did it yourself, but it
sure saves a lot of time. Seven of the
nine support SMDs (surface-mount-
ed devices). All the programs have a
ratsnest to aid in placement and track
routing; two programs have both a
ratsnest and force vectors.

Four programs come with an auto-
router that automatically draws
tracks for you, and four offer an au-
torouter as an option. Only Protel
Easytrax forces you to do it by hand,
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but even it has a pad-to-pad auto-
router that makes the job easier. The
number of copper layers support
ranges from two to 64, with several
of the mid-priced packages support-
ing six to eight layers. All but one lets
you select the color of the layer. All
let you change pad and via size, shape
and orientation, but only two pro-
grams, Schema and ProCAD, let you
use blind and buried vias. Seven of
the nine programs have a design rule
check function that catches broken
tracks and spacing violations.

To test the effectiveness of the au-
torouters, we designed a benchmark
circuit with 18 ICs and a handful of
resistors and capacitors. We pur-
posely mixed IC types to include lin-
ear, TTL logic and PROM chips. A
schematic was drawn in the respec-
tive schematic capture program and
the netlist imported to the PCB soft-
ware for placement and routing. The
results of the benchmark are report-
ed in the individual reviews.

A hardware security device called a
““‘dongle’’ that must be plugged into
the parallel printer port before the
program will load is required by five
of the programs. One program, Pro-
CAD, is copy protected, allowing a
copy to be loaded onto only one hard
disk at any one time.

Hard-copy printout varies consid-
erably among the programs, but all
support a dot-matrix or laser printer
and HP or HI plotters, but you may
have to pay extra for it. Gerber and
Excellon N/C drill files used for au-
tomated manufacturing of circuit
boards is supported by all but one
program, but, again, these may be
extra-cost items.

Here’s how the programs stack up
and compare individually.
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EE Designer I11 (31,900)
Visionics Corp.

3032 Bunker Hill Ln., Ste. 201
Santa Clara, CA 95054

408-492-1440
CIRCLE NO. 50 ON READER SERVICE CARD

EE Designer 11l is a fully-integrated
circuit design package. In addition to
schematic capture and PCB layout,
this package also contains automatic
parts placement, an autorouter and
analog and digital circuit simulators
that test the performance of the cir-
cuit before it becomes hardware.
Best of all, the package costs only
$995—considerably less than many
PCB layout programs without sche-
matic capture.

Although the program will run
with 640K of RAM, any serious user
should consider installing expanded
RAM. Upto 8M of LIM 3.2 or LIM
4.0 is supported. A hard disk is re-

EE Designer lll from Visionics Corp.

quired, and an included copy-protec-
tion hardware connector (a dongle)
must be installed in the parallel print-
er port before the program will load.

Both the schematic capture and
PCB layout programs are accessible
from a common menu that forms a
seamless link between the two pro-
grams. But learning and using EE
Designer isn’t easy. There’s a laby-
rinth of hierarchical menus to fol-
low, all of which must be negotiated
in rigid order. Fortunately, each
command has a related keyboard key
or macro that reduces the number of

(Continued on page 32)

HiWIRE II (31,995)
Wintek Corp.
1801 South St.
Lafayette, IN 47904

317-742-8428
CIRCLE NO. 51 ON READER SERVICE CARD

HiWIRE Il from Wintek Corp.

Like EE Designer I1I, HIWIRE II
comes with both schematic capture
and PCB layout software and lists
for the same low $995. But unlike EE
Designer, the link between the sche-
matic capture and PCB programs is
tenuous at best, and using HiWIRE
is like working with two unrelated
packages, rather than a single seam-
less program.

Although the program itself doesn’t
support expanded memory, the op-
tional autorouter can use up to 15M
of extended memory or 32M of ex-
panded LIM memory. A hard disk is
required, and the dongle that accom-
panies the package must be installed

for the program to work.

Before we proceed with the review,
it’s only fair to warn you that the
HiWIRE II software we received for
review is a ‘‘beta’’ copy. And while
Wintek assures us that this is close to
what to expect, some particulars may
change between now and press time.

Both the schematic capture and
PCB software are available from a
common screen. Both programs use
identical menu formats and com-
mands so that you have to learn the
routine only once. But tersely labeled
commands and a quirky menu selec-

(Continued on page 87)

OrCAD/PCB II full-featured PCB
layout program contains everything
from an autorouter to a rip-up rout-
er, yet it lists for a moderate $1,495.
The program is easy to learn and use
and has a tight link with OrCAD’s
STD III schematic capture program.

Although OrCAD/PCB Il doesn’t
support expanded memory, the new
release, OrCAD/PCB [II (due in

Intelligent Menu System (IMS)
Voltec, Inc.

3156-A E. La Palma
Anaheim, CA 92806

714-632-8856
CIRCLE NO. 52 ON READER SERVICE CARD

OrCAD/PCB I1(31,495)
OrCAD Systems

3175 N.W. Aloclek Dr.
Hillsboro, OR 97124

503-690-9881
CIRCLENO. 53 ON READER SERVICE CARD
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OrCAD/PCB Il from OrCAD Systems

March 1991), will have support for
upto 4M of LIM EMS. The program
can run on a dual-floppy system, but
for serious work a hard disk is re-
quired. A dongle is nof required.
The fact that you can extract de-
vice outlines from the schematic net-
list makes the program very easy to
use. Everything you need is in pull-
down menus, and once the router
starts, the program is on autopilot.
Those who wish to have both Or-
CAD/STD III and OrCAD/PCB 11
programs accessible from a common
menu can buy a third-party program

(Continued on page 87)
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PCBoards fromn PCBoards

PCBoards is a manual PCB layout
program that sells for an astonishing-
ly low $99. But as its price suggests, it
has limitations that make it applic-
able only for simple designs, like
hobby projects.

The programis onein a trio sold by
three different vendors that together
form a complete circuit design pack-
age. The companion packages are

PCBoards (3198)
PCBoards

2110 14 Ave. S.
Birmingham, AL 35205

205-933-1122
CIRCLE NO. 54 ON READER SERVICE CARD

PCRoute

RGH Software Design
11219 Muriel Ave. Ste. 430
Baton Kouge, LA 70816

504-765-3560
CIRCLE NO. 55 ON READER SERVICE CARD

SuperCAD, a schematic capture pro-
gram from Mental Automation (re-
viewed in the January 1991 issue of
Modern Electronics) and PCRoute,
an autorouter from RGH Software
Design. All three are designed to
stand alone or interface via common
netlists to form an integrated circuit-
design package. Each module sells
for $99, making the combination the
cheapest complete design package
currently available.

The underlying theme among the
trio is affordability—both in hard-
ware and software. As such, PC-

(Continued on page 88)

ProCAD from Interactive CAD Systems
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ProCAD XL (831,995)
interactive CAD Systems
2352 Rambo Ct.

Santa Clara, CA 95054

408-970-0852
CIRCLE NO. 56 ON READER SERVICE CARD

ProCAD is a fully-integrated circuit
design package that includes sche-
matic capture and PCB layout in one
$695 program. For $100 more, you
can buy ProCAD Xtra that includes
EMS -XL support with design rule
check software, and another $795
nets you an autorouter. Yes, thisis a
nickel-and-dime package, but it ends
at $1,995 and, for your money, you
get more performance than most
modular systems provide.

At least 128K of extended or ex-
panded (LIM 4.0) memory is needed
for ProCAD Xtra and ProCAD
Xtra-XL, but all versions of Pro-
CAD will support up to 8M of ex-

panded RAM. While a dongle isn’t
needed, the program is copy-pro-
tected using the old Lotus scheme
that transfers the protection code
from floppy to hard disk so that it
can be used on only one PC at a time.
Obviously, a hard disk is required.
Unlike the other integrated pack-
ages in this review, ProCAD doesn’t
have acommon menu, forcing you to
call the utilities from the DOS prompt.
However, the program supports both
schematic capture and PCB layout
from the same program, which means
all you have to do is change the data-

(Continued on page 89)
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Protel-Autotrax from Protel Technology, Inc.

Protel-Autotrax ($1,295)
Protel Technology Inc.
50 Airport Pkwy.

San Jose, CA 95110

408-437-7771
CIRCLE NO. 57 ON READER SERVICE CARD
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Protel-Autotrax is a moderately-
priced $1,295 PCB layout program
that has both automatic parts place-
ment and autorouting. Easy to use,
the program recognizes several sche-
matic capture netlist formats and is
ideal for fast-to-copper prototype
and limited production boards. But it
lacks the routing conveniences found
in more sophisticated PCB programs.

Autotrax will make use of up to
4M of LIM memory if available, but
it’s not needed for most layouts be-
cause of Autotrax’s relaxed hard-
ware requirements, which is 640K of
RAM and two floppy-disk drives. A
math coprocessor is of little value,
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too, because the program uses CPU-
intensive integer processing, rather
than floating-point math-coproces-
sor calculations. Theincluded dongle
must be installed for the program
to load.

Because it has both automatic
parts placement and autorouting, the
program is extremely easy to learn
and use. A few mouse clicks and
you’reon your way; unless, of course,
you want or need to do some of the
board layout on your own.

Protel has designed this package to
be fully compatible with its other en-

(Continued on page 90}
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Easytrax from Protel Technology, Inc.
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Protel-Easytrax ($450)
Protel Technology Inc.
50 Airport Pkwy.

San Jose, CA 95110

408-437-7771
CIRCLE NO. 58 ON READER SERVICE CARD

Easytrax is Protel’s low-end PCB
layout package. The program is es-
sentially the same as Autotrax, ex-
cept that it’s totally manually-oper-
ated, with no contact with the outside
world save its output files. However,
it does have a very sophisticated
point-to-point autorouter that may
well justify its $450 price tag for oc-
casional users.

The program is easy to learn and
use. However, everything on the
board is put there by hand one part or
track at a time, because, unlike
PCBoards, the software doesn’t in-
terface with any schematic capture or
router program—or any type of net-

T—— o b

list, for that matter. It’s strictly a
stand-alone package.

The component library contains
about 100 device outlines, which is
50% less than Aurotrax, but decent.
Missing are SMD outlines and sever-
al connectors. Like Autotrax, you
canadd your own parts or create new
libraries using the library editor.

A part is placed on the board by
either typing its name from the key-
board or selecting the device from a
scrolling library menu. While you
can rotate the part during and after
placement, parts can be placed only

(Continued on page 90)

Schema-PCEB Layout from Omation

Schema-PCB Layout ($2,395)
Omation

801 Presidential Dr.
Richardson, TX 75081

800-553-9119
CIRCLE NO. 59 ON READER SERVICE CARD

For real PCB layout power, it’s hard
to do better than Schema-PCB Lay-
out. It supports automatic placement,
three autorouters and a trove of edit-
ing tools. But brace yourself, because
although the program lists for a low
$975, you’ll end up spending at least
$2,395 by the time you piece together
the packages needed.

The program supports up to 8M of
expanded RAM. A hard disk is re-
quired, and the supplied dongle must
be installed for the software to load.

Both the schematic capture and
PCB layout programs are accessible
from a common main menu. The
PCR software is easy enough to learn

but tedious to use because the com-
mands are stacked in a hierarchic
structure that has you accessing layer
after layer when searching for a com-
mand and when returning to the
main menu. Although you can use
the mouse to click on a command,
it’s actually faster to use the keyboard.

Schema-PCB Layout is tightly
linked with the Schema IIT schematic
capture package, with both forward
and backward annotation sup-
ported. FutureNet netlists can also be
read, but not without some manual
editing of the netlist. Two optional

(Continued on page 91)

Tango-PCB Plus from Accel Technologies
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Tango-PCB Plus ($1,790)
Accel Technologies, Inc.
6825 Flanders Dr.

San Diego, CA 92121

800-433-7801
CIRCLE NO. 60 ON READER SERVICE CARD

Say You Saw It In ComputerCraft

Tango-PCB Plusis an $895 PCB lay-
out program that can be used alone
or in conjunction with Tango’s other
circuit design products. The program
recognizes only Tango netlists and
can’t extract device outlines from the
schematic. However, the component
library size and routing features are
above average, and an optional auto-
router is available.

The program supports up to 8M of
LIM 3.2 or 32M of LIM 4.0 expand-
ed memory. A hard disk is required,
and the included dongle must be in-
stalled in the parallel port. A math
coprocessor is of no value because
the program uses integer processing.
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The Windows-like interface is easy
to learn and use. You can choose the
commands from either pull-down
menus or the keyboard. A speed pal-
ette offers one-click access to the
most common commands and is use-
ful for doing repetitive jobs.

Only Tango netlists are recognized,
and then only the pin connections of
the list, not the device outlines. Con-
sequently, there’s no forward or
backward annotation of the sche-
matic and PCB layout like the more
expensive Tango-PCB 2.0 offers.

The component library consists of

(Continued on page 92)
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EE DGSIgner (from page 29)

times you have to drag and click on
the mouse. Automatic parts place-
ment and autorouting routines also
make using the program easier.

Because the software is integrated,
the PCB program accepts only EE
Designer netlists; no format conver-
sion utility is included. But for $195
extra you can buy the NESTIE option
that converts OrCAD and Schema
netlists into EE Designer III format.
The schematic capture and PCB net-
lists are very tightly linked, using
both forward and back annotation.
A change in either the circuit board
or schematic prompts a user-ap-
proved update to the other’s netlist
so that the two are never different.

The 1,250-device PCB component
libraryisinextricably tied to the sche-
matic capture component library,
and any part that doesn’t exist in the
schematic capture library can’t be
placed on the circuit board. For PCB
layout, this intimacy is stifling be-
cause it doesn’t permit the freedom
of specifying generic devices. In fact,
our benchmark design wouldn’t load
because the library doesn’t have an
LMS555 timer chip or blank eight-pin
DIP outline, forcing us to modify an
eight-pin voltage regulator for the
job. Visionics says a larger library
will be shipping by press time.

Before you can extract device out-
lines from the schematic netlist, you
must define a circuit-board outline.
With this program, maximum board
size is 32 x 32 inches.

EE Designer has an excellent auto-
matic placement routine that deter-
mines a part’s location by counting
the number of attached wires and
placing those with the higher closer
together. Parts can be manually posi-
tioned and locked in place, forcing
the placement program to work
around them. Parts can rotated be-
fore or after placement and flipped
to the other side of the board for
SMD layouts. A ratsnest is available
for placement, with the power-sup-
ply lines changing connectivity from
part to part as the device moves away
from and closer to another part.

Two Lee-based autorouters are in-
cluded, both with fixed-cost func-
tions that can’t be changed. The first
is a totally automatic router that
routes thetracesona0.025-inch grid.
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Yousimply enter the signal and pow-
er track widths, and the router takes
it from there. Even via optimization,
removal of temporarily placed vias
created during the initial routing pass,
is performed automatically. Unfor-
tunately, the router is limited to just
two layers: component side and sol-
der side. But because of the tight
0.025-inch grid spacing, this router
often achieves 100% completion—
usually at the cost of a high via count.
On automatic placement and our
benchmark placement layouts, the
router missed only one track.

The second router is interactive on
a 0.050-inch grid. This autorouter
permits routing up to 12 copper lay-
ers to be routed using a variety of
routing routines that include supply,
signals, pin-to-pin and windows-
only tracks. The router can be pro-
grammed for nonstop routing or
halted for intervention on a route
failure. Like the above router, you
can specify different track widths for
power, ground, signal and memory
tracks. You can also designate pro-
tected zones where placing of traces
is prohibited.

During initial routing, temporary
vias are placed on the board, which
can be removed using the optimize
command. Although the completion
rate of this router is less than the
0.025-inch router because of the larg-
er grid, producing six failed tracks
with automatic placement and seven
failed traces on our benchmark lay-
out, it permits greater user control
(though not as much as if the cost
functions were programmable).

Although the menu displays a rip-
up router option, it isn’t available in
the U.S. But for $750 you can buy a
MaxiRoute (list price $6,000) rip-up
router interface.

Either router requires manual
handling of the following items.
Neck-down is done by adjusting trace
width on the fly during manual rout-
ing of the track. Curved tracks with a
constantly variable radius, ortho
tracks with 45 ° bends and free tracks
(no ortho restrictions) are also manu-
ally placed. A single track can con-
tain any or all four of the above-men-
tioned elements. Tracks are started
by clicking the mouse button once
and moving the track to its designa-
tion and clicking again to change di-
rection or width.
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You can change layers while rout-
ing a track, with the program auto-
matically inserting a via. Placed
tracks can also be moved from one
layer to another. Ground planes can
be placed on any of the 12 layers and
tied to any net, making it easy to cre-
ate input guards for high-impedance
analog circuits. Up to eight different
ground planes are possible. Gate and
pin swapping are supported, as is
component renaming.

EE Designer’s pan is manual and
not automatic, having you move
around the screen by selecting the
pan command from a menu and indi-
cating how far you wish to move,
AutoCAD style. However, pan can
be used during manual part and track
placement without interrupting the
placement procedure, as can zoom.
Zoom range is 100:1 with a 5:1 mag-
nifier that scopes in to fill the screen
with just three pads of a standard
14-pin DIP.

While there’s no help screen,
there’s acommand description bar at
the top of the screen that explains
enough about the highlighted com-
mand to keep you from constantly
running to the user’s manuals to ob-
tain help. Block functions provided
include delete, move and rotate for
both parts and tracks.

The design check rule sections are
thorough, but they leave something
to bedesired. Although it lists uncon-
nected nets and track violations, you
have to toggle between a netlist dis-
play and the board layout to locate
the problems. Too bad the two aren’t
integrated in one screen.

EE Designer generates a full range
of output files, including compo-
nent, solder and silkscreen masks.
AutoCAD DXF format issupported.
The program also produces a Gerber
and two N/C drill files (Drill Data
and Drill Template).

A dot-matrix or laser printer can
be used to produce hard copy of the
artwork. The artwork can be sized to
fit the page, scaled to a model size or
printed actual-size. However, track
width isn’t realistically reproduced,
making printer outputs useful for
proofing only. Pen plotters, on the
other hand, draw perfect patterns.
All printer and plotter adjustments,
such as offset and pen velocity, can
be set from the software.

EFE Designer Il is a very sophisti-

(Continued on page 87)
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Now for the first time in CIE's 56 year history you do
not have to be enrolled at CIE to receive our introduc-
tory Electronic and Electricity Lesson Modules.
Available for a limited time to non-students for the
shockingly low price of only $149.50

With CIE’s patented AUTO-PROGRAMMED
method of learning you'll quickly learn and then
master the basics of electronics and electricity and
then move on to... DC/AC circuit
theories, fundamentals of bi-polar
junction transistors (BJT), field
effect transistors (FET),
wiring, diagram and sche-
matic readings, component
identification, soldering
techniques... and much,
much, more.

Your commitment to CIE
ends with your payment, but
CIE’s commitment to your
success just begins when you
receive your

- Free Issue of The Electron

« Build your personal burglar alarm

- Instructors available 6 days a week
« 20 lesson books containing 39
theory and hands-on training
lessons and exams.

1

Yes, send me CIE’s 39 Introductory Electronic
and Electricity Lessons and Equipment.

Name:

Address:
City:
State:

Phone (

|| BOOKSTORE

1776 East 17th Street
l Cleveland, Ohio 4114
216) 7819400

Age:

CIE

A Shocking Offer!

All This and Much More
For ONLY!

39 lessons, exams, binders and equipment. This
special introductory price includes alt the benefits and
assistance CIE normally extends to its students and
graduates. You'll be entitled to unlimited access to
CIE’s facuity and staff to assist you in your studies via
a toll free 800 number six days a week, 24-hour
turnaround on grading your submitted exams, CIE
Bookstore privileges, a patented learning method,
reference library, a student, faculty
and alumni electronic
bulletin board and a free
issue of CIE’s school
newspaper The Electron.
All this knowledge and
support will put you on the
road to understanding
digital electronics,
microprocessing principles,
computer systems, telecom-
munications, and
much, much,
more.

50

- Bookstore Privileges

- Patented Learning Method

- Electronic Bulletin Board
 24-Hour Grading
-———u——m_m—————————
Total Merchandise: . $ueso
Ohio Residents add 7% Sa!es Tax
California Residents add 6-1/2% Sales Tax: _
Total this order:

Method of Paymem Amount Enclosed
O Personal Check or Money Order
1 Master Card O Visa

DDDDDDDDDDDDDDDD

Card Expiration Date:

Signature

. o==mn
VISA
| CHARGE BY PHONE! cxmmmmmm

Mas!erCcvd
9 AM to 4.30 PM Eastern Time; from Ohio 1-800-523-9109
from all other states 1-800-321-2155

4
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omputing By sF sparrow

A Quick PC Buying Tour

What to look for when shopping for a personal
computer, from novice to advanced

B uying your first computer can be
uncertain business due to the
large selection of different systems
and manufacturers. Here are some
quick thoughts that may help adults.

What's It For?

The first step toward buying a com-
puter is planning. What will it be
used for? Games? Small business?
Computer-aided drafting? Answers
to these questions will largely deter-
mine what kind of system you’ll get
and how much it will cost. A system
that runs mostly text-based business
programs can be less equipped than
one that’s intended to run high-reso-
lution graphics.

Where To Buy

Consumers aretempted to take what-
ever costs less. For those who have
computer experience and know ex-
actly what to look for, bargain hunt-
ing can be a boon. There are many
mail-order and computer-store own-
ers who want your business. It’s a
competitive market where profit
sometimes gets lean. Therefore,
computer dealers occasionally ap-
pear and disappear in just a few
months or a year.

Select a reputable computer sup-
plier who has been in business for a
few years. Ask your friends who own
computers for their recommenda-
tions. Check your local computer
user groups, who can usually provide
réliable and friendly help. Visit pro-
spective computer stores and ask
plenty of questions about warranty
and service. Buy some small item(s)
from a computer mail-order house
and see what kind of delivery and
customer service you get. Many offer
some kind of service warranty of
their own for products they sell.

The Minimal System
Often, the single most important

buying consideration is cost. That
concern has become more poignant
in view of recent economic events.
The minimal system can be a fine
starting place for users on a tight
budget. From there, it can be upgrad-
ed as the need and finances arise.
This system will run many business
applications, including spreadsheets
and database programs. You just
wo0..’t be able to use the best software
available with it.

The Medium System

This system is a fair balance between
cost and performance. Computer re-
sources, such as disk storage space,
memory and processor speed, begin
to become more important than cost.
This system has the capability to run
most of anything, albeit not exceed-
ingly fast. It may also have some
space limitation on disk and/or
memory for use with some programs.

The Advanced System

For those of you who want it all and
can afford it, this system has the lat-
est graphics, lots of memory, a large
and speedy hard-disk drive and a fast
processor (and perhaps even a math
coprocessor for CAD/CAM and
other applications that support it). It
may have extra add-on video, audio
or data-acquisition devices. Cost
runs high, depending on what you
add to the system.

Processor Preference

8088 & 8086. Don’t buy systems that
use these processors. Cheap can be
dear, even in the short run. Systems
built around these processors are
quite inexpensive, but they don’t
have the power for today’s software.
These venerable processors are anti-
quated for use as personal computers.

80286. The industry workhorse for
the last few years, the 80286 has plen-

ty of life left but is being supplanted
by more-powerful processors. Even
s0, a 20-MHz ’286 is no slouch. It’s a
good choice of processor for an up-
per minimal system.

80386SX. Intended as a middle step
between the 80286 and full-blown
80386, this processor is often viewed
as a crippled version of the 386. Nev-
ertheless, it works well with many of
the newest, hottest programs and
promises greater use longevity than a
’286. If you want the advantage of a
full ’386, don’t stop short with this in
an effort to save money if you can
manage it.

80386DX. Now pervading the com-
puter market, the 80386DX can be
found on newer system boards that
have space for several megabytes of
memory to reside on-board. This
memory space pre-empts the need for
an additional memory card and al-
lows for 32-bit access of all memory.

80486. The power processor on the
horizon, the 80486 is now out of the
price range for most individual users.
Wait for prices to drop.

Graphics

Monochrome. This is all you need for
a minimal system. Most mono-
chrome graphics cards support the
Hercules graphics standard. Cost is
low for both monitor and graphics
card. VGA monochrome is an alter-
native, too, and is also low in cost.

CGA. The original color graphics op-
tion was impressive when it debuted.
However, since it first appeared, the
four-color resolution has been
dwarfed. If you can afford to do so,
avoid CGA. If you must use CGA,
make sure it’s double-scanned.

EGA. Sixteen colors and better reso-
lution are offered by this alternative
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to CGA. This type of performance is
acceptable for an average-type sys-
tem. However, recent price drops in
VGA cards and monitors make VGA
the more attractive alternative.

VGA. This is presently the industry
standard for graphics. But if you
want performance for complex graph-
ics, you’ll get a graphics card and
monitor that support a resolution of
1,024 " x 768 in 256 colors. This
should suffice for all but specialized
applications. Super VGA, with high-
er resolution, may be eclipsed soon;
so go beyond plain VGA.

Beyond VGA. There are products for
increased resolution, definition and
speed in this category. But no official
or even de facto standard has em-
erged. Wait before you spend your
money, however, unless you have a
particular need. A non-interlaced
color monitorisbest . . . and most ex-
pensive. The 8514 and the newer IBM
intro, Extended VGA, may be the
choice, though costly.

Memory

’286 Memory. Newer motherboards
have provisions for enough memory
on-board. If you have an older moth-
erboard, or if you just want more
memory, you’ll have to buy an addi-
tional memory card. The main cost
of a memory card is the memory it-
self. The cost of memory goes up
with the operating speed of the mem-
ory devices used.

’386 Memory. Avoid buying a mother-
board that requires an additional
memory card. Newer motherboards
have provisions for an abundance of
on-board memory. If you have to get
an additional memory card, try to get
the 32-bit card that was designed for
your motherboard. If not, buy a
good 16-bit memory card. This will
have a slowing effect on your system,
but it’s still a workable solution.

Floppy Drives

360K. These S5)-inch drives are no
longer necessary since higher-capa-
city drives came along. If you intend
to share data with an older IBM XT-
style computer, use the 360K drive.
XT systems can have trouble trying
to read a 360K disk that was format-
ted on a 1.2M floppy drive.

1.2M. This is the standard 5%-inch
drive for ’286 and ’386 systems. It
can also read 360K floppies (most of
the time).

1.44M. The smaller 3'%-inch disk size
of this drive is better for physically
handling diskettes. It also reads and
writes 720K format and is compatible
with IBM PS/2 and other 3%-inch
data formats.

Hard Drives

MFM. This was the lone standard
since the inception of the personal
computer. Faster throughput is
achieved with other hard-drive con-
troller technologies, but you won’t
go wrong with this choice if you have
a slow processor. Its advantages are
low cost and wide support.

RLL. New encoding packs greater
data density onto disk(s) and half
again faster data transfer time. With
the desire for faster speed and more
storage, it may be the way to go for
AT computer types. Be sure that the
drive is RLL-certified, though.

SCSI. “‘Scuzzy,”’ as it’s called, was
employed almost exclusively in larger
mainframe computer systems, Its ad-
vantages are intelligent control on
the drive itself, resulting in faster
throughput, and the ability to install
several SCSI devices on the same bus.

IDE. This is a recent controller tech-
nology for personal computers that
came to the fore on laptops. It’s like
MFM in that it doesn’t require spe-
cial considerations when installing
and setting it up. The controller is on
the driveitself. A major advantage of
this technology is fast throughput.

CD ROM. Information in this medi-
um is stored on a compact laser disc.

The Minimal System

80286 (20 MHz) or

80386SX (16 MHz, 2M RAM)
1.2M floppy drive

20M hard drive

Monochrome graphics
Keyboard

The Medium System

80386 (20 MHz, 3M RAM)
1.2M floppy drive

1.44M floppy drive

40M hard drive

VGA graphics

Keyboard

Mouse

The Advanced System

80386 (33 MHz, 16M RAM)
1.2M floppy drive

1.44M floppy drive

100M + hard drive

VGA or EVGA graphics
Keyboard

Mouse

The main advantage of this scheme is
extremely large storage capacity in a
relatively small volume. This add-on
is quite costly but nice to have. Prices
are coming down, though.

Caching Controllers. These hard-drive
controllers come with a lot of RAM
that automatically stores your hard-
drive data in memory. The aim with
this scheme is to reduce disk access
time. This method is costly because
fast RAM is expensive. It’s nifty,
though, for those people who can af-
ford it. |
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omputing By Hardin Brothers

Timing & Counting Circuits

How they work and some hands-on ways to

exercise the signals

ike living animals, computers

have a heartbeat that keeps
them alive and functioning. The
heartbeat synchronizes the parts of
the computer, keeps the CPU func-
tioning and is responsible for keeping
the time and date current. Part of this
heartbeat is accessible to program-
mers in a number of ways. Once you
understand how it works, you can
time events with millisecond or even
microsecond accuracy, make sounds
through the speaker and understand
how DOS keeps track of time.

I’ll describe the technical aspects
of the heartbeat first. Then I’ll show
you some examples of how you might
use it in your own programs. We’'ll
begin at the lowest electronic level
and work up toward the higher levels
of BIOS and DOS processing.

Starting With the Crystal

The heartbeat begins with a crystal
oscillator. Its output is conditioned
and groomed, and often divided one
or more times, until it reaches the
CPU speed that the manufacturer
claims for your computer. On an
original IBM PC, PC/XT or clone,
CPU speed is 4.77 MHz. Later com-
puters have faster pulses, with the
most modern DOS machines running
at 25 MHz of faster.

The crystal output is further divid-
ed until it becomes a steady 1.19318-
MHz pulse. This signal is accessible
to programmers and is the beginning
of our journey through the comput-
er’s clock and counting circuits.

The 1.19-MHz signal is fed into an
Intel 8235 timer chip (the AT uses an
8254, and many compatibles provide
the same functions on a multi-func-
tion ASIC chip). The timer chip has
three separate channels, but all re-
ceive the same input signal inside the
computer. The channels are labeled
from A to C or, in true computer

fashion, from O to 2. Each channel
has a gate that turns on and off the in-
put signal, a pair of data latches, a
counter and an output line (see Fig.
1). A single control register, which
is not shown in Fig. 1, controls all
three channels.

In most operating modes, a chan-
nel loads a value from its input data
latch, counts down toward 0 on each
input pulse, outputs a signal when
the counter reaches 0 and then loads
the value again and repeats the oper-
ation aslongastheinput gate is open.

Designers of the original IBM PC
assigned Channel A to the real-time
clock, Channel B to DRAM refresh
circuitry and Channel C to the speak-
er and other general purposes. Chan-
nel A is also used by many disk-drive
controllers. If you exercise caution,
you can use Channel A and Channel
C for your own purposes.

Each channel can operate in six
different modes (numbered 0 through

5), which are summarized in Table 1.
However, you will almost always
want to use mode 3, and you can usu-
ally ignore the others. The timer is
wired into the computer so that its
control register, which is write-only,
is accessible at port 43H. The read/
write data latches are visible at ports
40H, 41H and 42H for channels A
through C, respectively.

Using the timer chip is easy. You
first issue a command through the
control port, then read or write
values through the channel data
latch. When you read values, you get
the current value in the counter. You
can also instruct the chip to copy the
contents of the counter into the out-
put data latch and hold it there so
that it won’t change while your pro-
gram reads it.

Turning the Channels
Before you use any of the timer chan-

Clock Input
(1.19 MHz)

Computer's
1/0 Bus

v

[ Input
Data
Latch

<7 =
M Fl—]Gate ’{ Coun

Data
Latch

ya

p 2
ter

Output i

Qutput

8253 - One of Three Channels

Fig. 1. One channel of the 8253/8254 timer chip.
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nels for your own purposes, you
must understand how they are nor-
mally used by the computer and its
BIOS. Channel B is the easiest to un-
derstand and the one you’re least
likely to change. Its input gate is
wired open so that the counter is al-
ways active. During power-up initial-
ization, the BIOS sets a value in the
data latch that will generate pulses
from the DRAM refresh circuitry.
Whenever a pulse occurs, your com-
puter takes a few microseconds to
keep the information in RAM from
fading away into chaos.

It’s possible to speed up some old-
er computers slightly by decreasing
the frequency of DRAM refreshes
and, therefore, the amount of time
the computer spends taking care of
itself instead of doing your work.
However, whether this will work on
your computer or will make your
RAM chips fail is anybody’s guess. |
recommend you don’t even try.

Channel A is a bit more interest-
ing. During power-up, the BIOS
loads it with a value of 0 (which the
chip the chip interprets as 20161 or
65536). The input pulse of 1.19318
MHz, when divided by 65,536, is
18.20648193359 Hz. About 18.2
times a second, the Channel A count-
er generates a hardware interrupt,
IRQO. Normally, code in the com-
puter’s BIOS is activated by this in-
terrupt (which appears as software
INT 08H) and updates a four-byte
counter in memory. This counter is
the real-time clock. DOS uses it to
display the date and time, place a
time stamp on every file whenit’s cre-
ated or updates and to supply the
date and time to software programs.

It’s tempting, and quite feasible,
to write your own INT 08H code and
speed up the real-time clock ticks. In-
stead of a resolution that’s less than
%o of asecond, you could have areal-
time clock that has a resolution of %,
of a second or better.

You must be careful of two poten-
tial problems, however. First, some
disk controllers use Channel A as a
watchdog timer and your computer
might suffer erratic (or worse) disk
operations if a disk is accessed while

Fig. 2. Details of connections to the
speakerin a PC.

Table 1. Addressing and Modes for 8253

Control Word (write to command register at Port 43h)

Bit Bit Bit Bit Bit Bit Bit Bit
7 6 5 4 3 2 1 o]
Counter Read/Load| Counting BCD
Select Command Mode Select

Counter Select:

o} 0 -- Select Counter 0 (Channel A -- Port 40h)
o] 1 -~ Select Counter 1 (Channel B -- Port 41lh)
1 0 -- Select Counter 2 (Channel C -- Port 42h)
1 1 -~ [illegal value}

Read/Load Command:
0 0 -- Copy counter register to output data latch
0 1 -- Read/Load most-significant-byte (MSB) only
1 0 -- Read/Load least-significant-byte (LSB) only
1 1 -- Read/Load LSB and then MSB

Counting Mode:
(all modes count from loaded value down to 0)

(o} (o} 0 -- Mode 0: Interrupt on terminal count

0 0 1 -- Mode 1: Programmable one-shot

0 1 0 -- Mode 2: Rate generator

[0} 1 1 -- Mode 3: Square wave generator (normally used
for Channel A and speaker on Channel C)

1 0 .0 -- Mode 4: Software triggered strobe

1 0 1 -- Mode 5: Hardware triggered strobe

Modes 2 & 3 are most commonly used on the PC. The difference is

that Mode 2 counts down to 0 and triggers a l-clock low pulse. Mode 3
counts down by 2's, setting the output low for one entire cycle and
high for the next cycle, in order to create a square wave.

BCD Select:

(o} -— Use binary counter (l6-bit).
1 -- Use Binary-coded decimal (BCD) counter (4 decades).
Input Computer /O '
Ciock BUS
[1.19 MHz|
— uEE{e] S| Counter'

Data Latch (
l
Channel C -- 8253 Timer Chip l

Port B 7/6|5(4|3 0
e = {7 EII
—ISpeaker|

PsozrtHC [7]e][5]4][3]2]1]0]

8255 Peripheral Interface
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the timer is changed. Second, you
have only one CPU. If your new INT
08H code is long or complex, you’ll
be stealing CPU cycles from your
main applications and your comput-
er may appear to have slowed down.
On the other hand, it’s certainly
possible to use Channel A and INT
08H temporarily for high-resolution
timing. I’ll explain how to do this a
little later.

Sounds Through the Speaker

Channel C is potentially the most
complex of the three channels, espe-
cially if you want to use it to produce
square-wave sounds through the
speaker. This is the only channel that
has an input gate that can be under
program control. Also, you can con-
trol the speaker’s sound in a variety
of ways. Before you run ahead, look
at Fig. 2. It shows how the connec-
tions are made between Channel C
and Ports Band C of the 8255 periph-
eral interface adapter chip.

As Fig. 2 illustrates, there are two
ways to turn on the speaker. The first
is to simply toggle bit 1 of Port B un-
der program control. When bit 1 is
set to 1, the speaker receives current.
When bit 1 is set to 0, current is
blocked. Typically, a program would
open the bit-1 gate, sit in an idle loop
and then close the gate and sit in an-
other loop. The length of the two
loops determines the frequency of
the tone produced through the speak-
er. The process would be repeated for
the desired duration of the tone.

There are several drawbacksto this
simple technique. First, the frequen-
cy of the tone is dependent not only
on the loop counters, but also on the
clock speed of the CPU. If you move
the program from a slow XT to a fast
’386 machine, a pleasant tone might
become an ultrasonic dog whistle.
Second, your program will be period-
ically interrupted by background in-
terrupts. For example, 18.2 times a
second, the BIOS real-time clock will
steal the computer for a few millisec-
onds. These interruptions will pro-
duce noticeable distortions of tone.
Third, a software timing loop forces
the computer to focus all of its atten-
tion on producing a tone.

Instead of trying to work around
all of these problems, you can let the
electronics handle most of the menial

Table 2. Creating a 1-Second Tone

Listing 1

This example shows how to create a l-second

tone on the computer's internal

To compile:
save as EX1.ASM
MASM EX1i;
LINK EX1;
EXE2BIN EX1.EXE EX1.COM

port_b equ 61h
port c equ 62h
command_reg equ 43h
channel c equ 42h
code segment
assume cs:code
org 100h
start: in al,port_b
and al,11111100b
out port_b,al
mov al,10110110b
out command_reg,al
nov ax,2712
out channel_c,al
xchg al,ah
out channel c,al
in al,port c
or al,00100000b
out port_c,al
mov ah,0
int iah
nov bx,dx
lpl. int lah
cmp bx,dx
jz 1p1
in al,port b
or al,3
out port_b,al
add bx, 18
mov ah, 0
1p2: int lah
cnp dx, bx
jne 1p2
in al,port_b
and al,11111100b
out port_b,al
mov ax, 4c00h
int 21h
code ends
end start

speaker.

(ignore stack segment warning)

;8255 Peripheral Interface ports

;8253 Timer chip ports

;Get Port B bits
;Turn off bits 0 & 1

;Timer command:
; Counter C, Load 2 bytes
; Use Mode 3 as a binary counter

1,193,180/440
counter
AL register
counter

;Count value:
;Send LSB to
;Move MSB to
;Send MSB to

;jGet Port _c
;Turn on bit 5 (usually on
; by default anyway)

;Function: read time
;Ask BIOS for time of day
;Save low value

;Wait for a change
;Cycle until time changes

;Get Port b value
;Turn on bits 0 & 1
;Start timer & sound

;Wait for 1 second or 1B counts
;Function: read time

;Get time count

;Ready to quit?

;Loop until they are equal

;jGet Port_b value
;Turn off the timer & speaker

;Exit to DOS with no error

work of toggling the speaker on and
off while the computer does some-
thing more useful. The process is
fairly simple:

(1) Turn off bits 0 and 1 of Port B.
(2) Load the Channel C register

with your frequency value.

(3) Turn on bit 5 of Port C (it’s on

by default; so you can usually skip
this step).

(4) Turn on bits 0 and 1 of Port B

to start the counter and enable the
speaker.

(5) Go do something else until the
tone has lasted long enough.

To determine the correct frequen-
cyvalue, divide 1.19MHz by the tone
frequency you wish to hear. For ex-
ample, to produce a 440-Hz concert
Atone: 1,193,180/440 = 2,712. You
can use the real-time clock to decide
how longto let the tone continue. Ta-
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Panasonic
1123 SNEW
1180 $144.95
1191 5218.95
1124 $269.95°
1695 . $409.95
1624 $349.95.
4450i Laser $1189.95
4420 $799.95
Star
NX-1001 $139.95-
NX-2420 $269.95-
NX-1020 Cofor $179.95
NX-1500 $297.95
NX-2410 $229.95
NX-2415 $379.95"
XR-1500 $429.95
XR-1000 .$297.95
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M2518 $799.95
M4018 $1199.95
HL8ps{Post Script) $2349.95
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Citizen
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120 D Serial $164.95
200GX $168.95
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GSX-140 (COLOR} $339.95
HSP-500 $319.95
HSP-550 . .$449.95
Premiere 35 $499.95
Okidata
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390 Plus .$455.95
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393 Plus 1$969.95
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Epson
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1Q-850 $469.95
LQ-1010 1$399.95
LQ-1050 .$629.95
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*QUANTITIES LIMITED
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PO, Box 5088, Jersey Shore, PA, 17740. For orders under $50, plaase add $3 for freight. Personal and company checks require a 4 week clearing period. Visa, Master Card, American
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FLOPPY DRIVES

By TOSHIBA
Toshiba disk drives offer you the latest irf

VLSl technology & low power
consumption.

5%’ 360 KB PC/IXT Compatible 564.95
5%’ 1.22 MB PC/AT Compatibte $74.95
31" 1.44 MB PC/AT Compatible ..875.95°

+ Universal Instaitation Kit Included.
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Industry
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MONITORS

Magnavox

78M749 VGA Mono $134.95
CME702 Comp. Color .$169.95
1CM135 RGB Analog .5244.85
CM9032 VGA 640x480 $259.95
9CMO62 VGA 720x480 . .$269.95
9CM082 VGA . .$309.95
6CM320 Super VGA .$349.95
7CM320 Super VGA $349.95
GoldStar
2105 A Composile .$74.95
1210A TTL Amber $79.95
1401A 14" Amber TTL $109.95
1220W VGA Mono .$99.95
1405 Plus Paper White $145.95
1410 Plus CGA $199.95
1423 Plus VGA $229.95
1425 Plus VGA .39DP ..5274.95
1430 Plus VGA .31DP . $CALL
1450 Plus VGA 800x600 $319.95
1460 Plus VGA 1024x768 $349.95
1610 Plus VGA 16''1024x768 .$699.95

] GoldSta

Buighiest Sl ummm
VGA

14" display
1024x768
16x256 colors
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NEC
Multisyne GS-2A White $219.95
Multisync 3D $589.95
Multisyne 4D . $999.95
Multisyne 5D . .$2239.95
Everex Video Cards
Evergraphics $53.95
Viewpoint VGA $149.95
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Cardinal Video Cards
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Cardinal VGA 200 .$79.95
Cardinal VGA 300 . ... $89.95
Cardinatl VGA 400 .$95.95
Cardinal VGA 500 .$109.85
Cardinal VGA 600 $114.95
Cardinal 700 512K $114.95
Cardinal 700 1MB SCALL

MODEMS

Everex Modems

Evercom 12 (INT) . o .848.95
Evercom 24 {INT} - .$109.95
Evercom 24+ MNP (INT) . . L....$147.95
Evarcom 24E+MNP EXT) ... ... ..$187.95
Evorlax 24/96 MNP (INT) . .. ..$249.95
Everfax 24/96a MNP {EXT) ... .$320.95
Cardinal Modems
MB2400EX EXY S 4 $94.95
2400 MNP Ext. MNP § . .5144.95
2450 MNP Int. MNP 5. ... .3117.85
MB2450 INT s p = $72.95
MB1200EX EXT. .. ....$CALL
‘MB1250 INY = .549.95
MB2250F SendFax .$78.95
8650 V3Rint. ... 5479.95

Express and Dlscover Card orders are tor 70
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TAPE BACK-UPS

By EVEREX
INTERNAL
Excel-40 m 40 MB $209.95
Excel-60 m 60 MB . $239.95
Excel-40 T 40 MB PCIXT/IAT . $529.95
Excel-60 60 MB halt haight 5%’ $669.95
Excel 150 150 MB $999.95

“Uses system’s floppy controlter Not Included.

EXTERNAL

Excel-40 T40 MB 5MB/min $599.95
Excel-60 60MB Fuill Height SMB/m:in.. $799.95
Excel 150 150 MB -41059.95

All tape back-up systems include
controtier,sottware and data catridge

Attention
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Institutions:
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