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

FREE
120 Day
On-Site Service

Additional On-Site
Service Available

AMAZING

oy $1699
GOLDSTAR

LIST $1995.

SHARP - MZ-100 LAPTOP

* Fast 10 MHz - 8088 CPU - High-Definition Backiit Supertwist Display
* 840 x 400 Resolution with 4 Shades of Gray + 2 - Internal 3.5" - 720K Drives
* 840K of Ram - Expands to 1.6 MB
* Battery (inct.) or AC Operation - 100% IBM Cormpatibie
* 90 Keys with Numberic and Cursor Keypads
* Parallel/Serial/Clock - MB-DOS 3.3 & GW Basic 3.22
* Weight 10.8 be. — 1 Year Warranty from Sharp
+ Sharp Refurbished - Brand New Condition

AMAZING

Options Available! - Quantity Discounts!!

386SX — 16MHz

512K Installed - Baby AT Case - 200 Watt
Power Supply - AMI BIOS - ZERO WATT STATE
- B0387SX - Socket - Up to 4MB

$499

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%)

—386/20 MHz 40 MB
System & Goidstar VGA -
Color Monitor

WARRANTY-
1 Year Parts & Labor

m ALPHAWORKS

SOFTWARE

Wordprocessor, Spread-
sheet, Data Base Manager,
Spelichecker and Thesaurus,
Communication Software and
Tutoriais,

SUPER SYSTEM
NOW 10/12MHz
8088-1-TURBO

80386-20 MHz Computer
1MB-High Speed DRAM-
expands to 10MB (Memory
Upgrades Available)

40MB Seagate Hard Drive -
28MS (Larger Drives Avait)

1.2 MB Floppy Drive

VGA Monitor Card - 16 Bit

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

14" VGA Color Monitor - Model

1425 Plus with Tilt & Swivel:
Upgrades Available -

101 Style Keyboard

- DOS 3.3 withBasic 8-Slots
(1-32 Bit, 5-16 Bit, 2-8 Bit)

200 Watt Power Supply
- 80387 Socket
Novell Certified

QUADRANT 286/6 MHz System
512K - Full Size Case - BRAND NEW
200 Watt Power Supply - Deluxe Keyboard
- 8 Siots - 6-16 Bit and 2-8 Bit
Clock Calendar w/Battery Backup

Quantity Di t
uan CyALlicoun s$249

- Parallel/Serial/Clock Calendar

COMPUTER SYSTEM

1-Drive IBM Compatible System
with 256K Memory

« 1-Half Height, 360K, § 1/4" Drive INSTALLED
» Dua} Speed - 4,77 MHz and 10412 MHz - TURBO
« 256K Installed « 8 Slots - 8087 Socket « 150 Watt Power
Supply * Deluxe Keyboard « Pull Size Case for 4 122 HT
Drives « 1 Year Parts & Labor Warranty on Base Unit

Produced by JCC " NOW 10/12MHz

$249

Quantity Pricing
Available

MICROSCIENCE 4070-62MB-MFM-18
:43-1/2"-w/5-1/4" Frame - 1 Year Wanamy

AWESOME
80286-TURBO 10/16 MHz
Fully 1BM Compatible Zero Wait State!!

512K Installed - Full Size Case « 200 Watt Power
Supply - Award BIOS « 101 Keyboard *
Up to 4MB on Motherboard
- 8 YO Slots *+ 80287 Socket *
Reset and Turbo Button
» Keylock and 3 LEDS + Clock/Calendar
1 YEAR WARRANTY — FCC Approved Class B

p,mmE 340

16MHz

Drive Bays - Clock/Calendar
1-Year Warranty

Available Now
CALL!

$599

—

SUPERSYSTEMOPTIONS

VGA Montitor and VGA Card
14" RGB Color Monitor w/Color Card
Color Graphics w/Printer Port

$398
$149
$39

NOW
MICROSCIENCE

TANDON-TM-262-20MBMFM-3 117
WESTERN DIGITAL-MFM-XT Cort. wiCables  §
RLL Controlats for XT ant AT's Avaliabie

'MINISGRIBE Warranty - 8 Months « NEW DRIVES
Seagate & Tandon Warranty - 90 Days - OEM P
3 TY ING. AVAILABLE CALL

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

3-1/2" w/5-1/4" Frame-RLL

(Unformatted) 93 MB (Formatted)
Access Speed - 18 MS

* 4 MS Access Track to Track A_augm;l 8 Bit & 16 Bit — ]
VOICE COIL DRIVE » 1 Year Warranty |_RLL Controllers Available

MODEL 4090

$399

40MR -
Month Warranty

[ MINISCRIBE

Low Voltage -_3-
Brand New B Month Warranty

[Fmancmg Avallale Elec'r.'led D|scolln'|'el‘s

(800) 678-8585

SEAGATE ST-4051

Full Ht. - 40 MS - Seagate Pulls
Brand New Condition

3OMB HARD CARD

Fits in a 8-Bit slot - No Controller Required
" - Design for PC/XT/AT

$189

1066 Sherman Averme
Only

Hamden, CT 06514
FAX 203-248-8680
FAX ORDERS AND BIDS ACCEPTED!

Customer Service & Technical

Mon-Fri 9:00 am - 5 pm E

Support (203) 267-1976 SO s
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30-DAY MONEY
BACK GUARANTEE!

Price on all Advertised Products
Catalog Scn{ With All Orders

Add a 2nd 360K 5 1/4" Drive $ 79 ¢ Clock Calendar Card $29

Add a 10MB Drive — Incl. Controlier $149 | Par/Ser/Ch/Game Card  $49

Add a 20MB Drive — Incl. Controller $199 | Memory Upgrade to 512K $69

Add a 30MB Drive — Incl. Controlier $249 | Memory Upgrade to 640K $99

Add a 40MB Drive — Incl. Controiler

(Special) $239
3865X/286 SYSTEMOPTIONS
512K Upgrade for 3865X/286 (1 Full Meg) $§ 99 | 40MB — Hard Drive (special) $189
MEMORY Upgrades Avail. for 386SX/286 CALL | 60MB — Hard Drive $279
Controller — Dual HD-FD $ 79 | 80MB — Hard Drive $499
1.2MB or 360K - 5 1/4* Drive $ 79 | 110MB - Hard Drive- Special $399
720K — 3 1/2" Drive $ 79 | LARGER HARD DRIVES AVAILABLE CALL
1.44MB — 3 1/ Drive - requires DOS 3.3% 99 | IRWIN 20MB — Tape Back-Up System  $149
20MB — Hard Drive $ 169 | AT&T 40 MB Tape Backup Kit $199
30MB — Hard Drive $ 199 | AT-Parallel/SeriavGame Card $ 29
386SX or 286 or SUPER SYSTEM OPTIONS

DOS 3.1,3.2,3.3,4.01 $39/49/69/79 | NCR 15~ GREEN with NCR Card $99
Parallel or Serial Card $19

ATA&T 12" Black & White TTL. and AT&T Card $99
12 Monochrome Hi-Res — TTL 9
Monochrome Graphics Card with Printer Port $39
DRIVE WARRANTIES VARY —

CALL FOR DETAILS

Dealer Inquiries Invited
All Prices Lised are Cash Discounied. Add 2-172% for
MaserCand, VISA, ar AMEX. Not meponsible for
Full Refund of HARDWARE m-wml eon. Prices e mbject Lo changs

without notice. Conn. rosidents sdd 6% sales tax NY

Sales - add NY Tax. Quantities are lirmaed! Prices do

va inchade freight Allow 3 weels for persomal/

C #oa guar-
o

mMu-
Buxiness Machines, Inc.




» CHINON FULL
PAGE SCANNER
-~ FLAT BED

,\)CAMERA TYPE WE WILL TRY TO BEAT ANY PRICE ON ANYTHING FROM ANYWHERE "'
A TRULY PROFESSIONAL STAFF WITH A COMMITMENT TO SERVICE !

AT&T FULL-PAGE BRI

Includes: Utility Software
Serial Scanner Cable (Hooks Up To Your Serial Port)

No Kit Required SCA N N E R MODEL SC-60 BRAND
Resolution: 200, 150, 120, 100 DP! Sheet Feed Series NEW
PCX and TIF Format-Zoom in Image Model DS-2000 Includes - IBM Compatble Interface Card

Not Micro Channel Compatible
Includes - AT&T PAGE POWER SOFTWARE
(Draw, Scan and Fax Package)
Includes - Microsoft Runtime Windows « Resoiution
200 DPI Full-Page/
List $1190 400 DPI Half-Page - OCR Compatible

Half-Tone feature for Photographs
1 Year Warranty List $1190

o | $ 200

Quantity Discounts Available

Character Mode or Graphics Mode/Contrast Control :

OCR Compatible/Read Right List $595

Macintosh interface Option Available

Parallet Interface Option Available

FAX Boards Are Available

Full Manufactures Warranty To The End User
Quantity Discounts Available

pranpNew XEROX - FLATBED
FULL PAGE SCANNER - Model 730 GS

IBM Compatible 64 Levels of Gray Scale U_IM ITED QUANTITIES ]

L7 Variable Resolutions to 450 DP! - 16 Programmabie

ontrast Control - Includes PC image Software - 3 1/2" Format List $1,995

b Preset Sizes - internal Diagnostics - Removeable Cover

or Larger Original - Complete Installation Kit 6 9 9 Monitor

OCR Software Available Cards

| on

Special

PRINCETON GRAPHICS

Ultra Sync 14 Color Monitor
14" Multisync - Ultra Hi-Res .28 Dot Pitch

800x600

Full 90 Day Warranty
from Princeton.

Refurbished — Mint Condition |ist $899

AMSTRAD COLOR VGA

ULTRA-Res-12" VGA-PC-Model 12HR

NICOM-5010 LA

o 1. ot Memory
. Six Resident Fonts * Parallel/Serial » Includes: Toner
1 Year Warranty From Genicom

BRAND NEW % At Tilt & Swivel-720x480-Anti-Glare Screen
Ist AMAZINGI!II $ 799 Z 1 YEAR WARRANTY
$3695 Quantity Discounts / ° B@ZZW]E’) NEYY (i

IBM 5182 COLOR PRINTER

Heavy Duty - Wide Carriage (132 Column)
» 200 CPS Draft - 110CPS Correspondence » 35 CPS NLQ
* Prints Black, 4 Colors, and 8 Colors « BiDirectional Dot Matrix

Brand New EPSON/APEX

640x200 - Hi Resolution

BRAND NEW * 9 Wire-Parallel Interface « Tractor Included Epson 1 Year Warranty Only
FRONT - BOTTOM - REAR PAPER FEED
Papor Rack Avallable Llst $1 995 With Monitor Purchase Color Card Only $19

o-Res - AT&T CRT-327-12" TTL

Tilt & Swivel Black & White Monitor BRAND NEW

Stacks Printed Paper - Only $12.95
Easy Change Cartridge Ribbons- Available

Quantity Pricing — CALL 90 Day

Warranty 90 Day Warranty INCLUDES AT&T 1024HF Card :

LIMITED QUANTITIES!! List $1390
DIABLO-DBOIF $ 499 80 CPS-Ltr, Qlty-w/Shee! Fesder-Refurbished
PANASONIC KXP-1695 New$ 369 330 CPS - 66 NLQ - Wide Carriage 6-$115,12-$109,24-$105,Over24-CALL ONLY
PANASONIC KXP-1624 New $ 338 24 Pin-192 CPS-63 NLQ -Wide Carriage -7 Fonts —
CENTRONICS- 1368 New $ 209 180 CPS - 34 NLQ - Wide -Heavy Dut
PANASONIC KXP-1124 Now$ 260 24 Pin192 CPS-63NLQ . Narrow | N C R = 1 5 = G reen - I I L BRAND NEW
CITIZEN MSP-50 New $ 249 300 CPS-50 NLQ - Narrow - Color Optional B e
TOSHIBA 301(Bolow Cost) New$ 199 Laptop Printer - 24 Pin - 180 CPS v J 04aUX4 )
SEIKOSHA SL-80Al New$ 199 24 Pin - Narrow - 135 CPS -54 NLQ s ° 1 YEAR List $ 9 9
SEIKOSHA SL-1600A New$ 130 160 CPS - 40 NLQ - Narrow - 2 Year Warran
RITEMAN by C.ITOH Now$ 119 120 GPS . 60 CPS Exp. -Narrow Camage v ave over 75% Warranty $438

nanci lable! ifi H 30-DAY MONE Dealer Inquiries Invi
Financing Aviiaiiel| El @ ¢ frified Discounters !

Fri-Sat: 10AM.6PM . ealtos X
1066 Sherman Avenue Orders ( ) 5 5 Price g:lmil” ?:[\:Sfll:doil‘:uﬂs Sales - ddNYTC: Q_um:l.:;::‘mNdYo
Hamden, CT 06514 i nammmsmfaw

FAX 203-248-8680 XU comparm Bnatguar-

Onl V4 :
Customer Service & Technical Support BN wioed BMis ol
FAX ORDERS AND BIDS ACCEPTED! MoreFrt :%0 ar:c E?r: ES po (203) 287-1976 w RIS cxoncss et « Mackipas, Inc.
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Sounds like a choice to make at an
ice-cream/custard store, but it’s one
for computer enthusiasts, too, who
generally lean toward either hard-
ware or software.

Most people who use personal
computers are merely operators, of
course, generally using a particular
application program or two or three.
The likeliest one is word processing,
perhaps followed by computer games
playing. Other people developed pro-
gramming skills as their main
strength. Still other personal com-
puter users are more hardware-ori-
ented, daring to install, upgrade, en-
hance and troubleshoot their own
systems—even experiment with cir-
cuit designs and assemble their own
boards for use with a personal com-
puter or microcontroller. These are
the activities upon which Computer-
Craft focuses.

One can, of course, be a proficient

Editorial

Hard or Soft?

programmer and also be involved in
hardware. Conversely, you may be
hardware-oriented but also have
some programming competence, if
only a limited working knowledge of
assembly language, BASIC, C or
Turbo Pascal for use when needed.
Or you might be acomputer operator
who’d like to learn about hardware
so that you can lessen your depen-
dence on retail, servicing and con-
sulting operations. This opens up
money-saving avenues, inviting you
to take advantage of the lower prices
offered by mail-order outlets and, by
““doing it yourself,”’ eliminating the
high cost of labor.

All of the foregoing people will
likely find ComputerCraft to be right
ontarget for their needs. We’re clear-
ly a hardware-oriented magazine,
with a smattering of other personal
computer aspects. Although we re-
view selected computer hardware

and software products, you won’t
find a comparison of all products ex-
tant—say, all types of printers or all
types of word-processing software
packages—being reviewed and com-
pared to each other in one issue. Nor
do we cover corporate computer
business management, LANSs for gi-
ant businesses, heavy programming
techniques or the highest end of
products that only large companies
can afford. Enough dedicated pubh-
cations already exist to cover these
areasin far more detail than we could.

ComputerCraft concentrates in-
stead on the ‘‘personal’’ in personal
computer and microcontroller appli-
cations that can be extended to read-
ers to use in small businesses and self-
sufficient departments in large com-
panies. Readers who are ‘‘techies”’
and those who’d like to learn a bit in
this area, along with how-it-works
information and how-to-do-it guid-

THERE IS AN ANSWER IN SIGHT!

NICS

MCM EEECT

Been in the dark about where to go to
find high-quality parts and components?
This is your lucky day! Our GIANT new
catalog contains more than 16,000 items,
including over 3,000 RCA/GE parts plus
the largest selection of Japanese semi-
conductors in the Country. And our
HUGE INVENTORY lets us ship 98%
of all orders within 24 hours! Now,
feel “enlightened’’?

Wg‘
-\"""" 008
2
..,«ulw"\Es oma W
Sapnam NS

For your FREE subscription to the
MCM ELECTRONICS Catalogs, call
TOLL-FREE 1-800-543-4330.

MCM ELECTRONICS

650 CONGRESS PARK DR.
CENTERVILLE, OH 454589-4072

A PREMIER Company
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ance, will happily adopt Computer-
Craft as their kind of computer pub-
lication. It is, in fact, the only one of
its kind being published.

Looking at our first two issues
(this issue is Number 2), an average
of seven articles in each were devoted
to computer upgrading and applica-
tions and five articles and columns to
computer/software product reviews,
buying guidance and activities. Fi-
nally, 1% articles focused on elec-
tronic experimenting.

In these two issues were an average
of twelve schematics plus a printed-
circuit-board foil pattern and com-
ponent layout, as well as four com-
puter programs. This is close to the
number of schematics that typically
appeared in our predecessor maga-
zine, Modern Electronics. Of the mix
of features, an average of three re-
quired soldering in order to fully
complete them, though many readers

just read such articles with relish to
learn how particular circuits work.
It’s there to build for the taking if
something strikes one’s fancy, though.

All of the foregoing is supplement-
ed by new product information, com-
puter and electronics book reviews,
free literature offerings and PC
news, of course.

As 1 write this, we’re still about
two weeks away from the on-sale
date of the premiere issue of Com-
puterCraft. So 1 naturally have no
feedback from subscribers and news-
stand readers to digest and pass on to
you. This will have to wait until next
month at this time. Meanwhile, look
over these two issues and let me hear
fromyou. I’d like to know your likes,
dislikes, suggestions, etc. Thanks.

it detitoy

— -

Author Feedback
eInreading over my “What’sOn WWV"’
article that appeared in the February is-
sue, I noted a few errors. In. Fig. 1, the
voltage at pin 4 of IC/ should be shown as
+ 5 volts, not the — Svoltsshown. In Fig.
3, IC3 should be noted as a 74L.S390 (not
74LS380), and IC4 and IC5 should be
noted as 74LS160As (not 74L.S150s).

Thomas E. Hitt I11

*Having read my ‘“Triple-Head Photo
Flash” article in the March issue, [
thought I’d pass on to your readers the
following:

Inboth Fig. 2 and Fig. 4, D! should be
shown as a 1,000-volt part and C/ as a
500-volt part. An omission in Fig. 4 will
not complete the trigger circuit. The K
terminal of SCR/ should have a return to
ground by adding a tie to ground at the
junction of D2, R5 and k terminal of
SCR1. Inthe 300-Ws Parts List, 7tis
described in a manner that might be mis-
leading. The description should read
4,000-to-10,000-volt transformer.

Maurice P. Johnson

Say You Saw It In ComputerCraft

¢ Turn a PC/XT Into an AT or
Better

—8-e-

¢ Working With Motorola
Microcontrollers

- —_—

e Computer Keyboards
Part 2
— <= 5_&

¢ Build an Electrical Storm
Monitor With Automatic
Computer Disconnect

9o

e Make a Parallel Port
EPROM Programmer

= S=(O=Gm
e And More

Coming In June—j
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Heard in D.C. The FCC is soon to reallocate a large segment of
available radio spectrum for some super new services, such as
CD-quality radio broadcasts from satellites, international direct-
dial cellular-type phone service from powerful low-level satellites
and interactive video data services.

FCC policy will be, says Chairman Alfred Sikes, to encourage
pioneering service ideas. Along these lines, Apple Computer peti-
tioned the FCC for use of radio waves for data transmission by all
computer makers. The petition requested that wireless computer
communications be allowed exclusively on 40 MHz of bandwidth
between 1,850 and 1,990 MHz to transmit data at high speeds up
to about 150 feet.

What’s Hot? Wondering what PCs are now installed and what’s
expected to sell next year? A recent survey of 100,000 business
users may point the way.

Only 7% of personal computers now in use are based on Moto-
rola 68000 processor chips—mostly Macintosh systems. And
even Fortune-1000 companies expect the powerful 1486 (80486)-
based systems to make up only 0.1% of their purchases for the
foreseeable future, although prices continue to drop.

Seems that third- and fourth-tier CPUs still make up a strong
force in the workplace. Nearly 41% of business PCs now in use
are 286-based, while fully 2.5-million 8088/86 systems are still
utilized at surveyed sites. If anyone was worried that 32-bit appli-
cations would force out low-end software, this should alleviate
concern. All this might also indicate that IBM wasn’t so crazy af-
ter all when it demanded that OS/2 be 286-compatible.

Business sales for 1991 should tilt toward 386s. If this is the
case, market pressure and large inventories of 80286 chips and
16-bit RAM should drive 286 computer prices down further, as
well as lower prices for 386s due to increasedproduction and sales
competition . . . . Personally, I see biginterest in 386SX (32-bit in-
ternal/16-bit external) systems because for many user applica-
tions they provide every bit as much usable power as more-power-
ful full 32-bit-capability 386DX and i486 systems . . . and they’re
less expensive, leaving bucks for more extended and cache mem-
ory. But if you’re into extensive number-crunching, desktop-
publishing or graphics programs, going whole-hog with the more
powerful CPU makes sense.

Short pause . . . Well, 1 wrote the above section last week and
now everything has changed. But I left that in to remind you just
how fast things move in this business. Rumors out of Intel dras-
tically change the outlook, as follows.

Hello, Mr. Chips! Hold onto your hats, folks. New chips are on
the way from Intel! Consequently, future hardware choices
aren’t so clear anymore because my sources indicate that two new
1486 chips will challenge the 386D X by bettering its performance
at the same price, and the long-rumored ‘586’ is rapidly reach-
ing the last stages of preliminary design.

This will be a very different i486 from the versions we are famil-
iar with because Intel is saving money by slowing down the chip to
20 MHz and amputating its built-in math coprocessor section.
The chip itself will cost about a third as much as the full 25-MHz
1486, or a bit more than a 33-MHz 386DX . . . likely offering the
same performance as the faster-clock-speed 386DX. IBM should
be out this summer with the first computer that makes use of this
new version of the i486! Can clone makers be far behind?

When adding the new low-priced 20-MHz i486 chip to the fact
that a 20-MHz computer is less expensive to build than a 33-MHz
386DX (if nothing else, memory is cheaper), by next winter we’ll
probably see a 20-MHz i486 system selling for about the same
price as similarly equipped 33-MHz 386D X-based systems. A sec-
ond-rumored i486 version will have the same 20-MHz clock speed

What's Happening By John McCormick

but retain the coprocessor. However, it will reportedly cost nearly
as much as the 25-MHz i486.

What will this do to the market as a whole?

The 80286 for new PCs might seem to be pretty well dead be-
cause the 386SX is faster, runs more software and doesn’t cost
that much more. Nevertheless, it still may sell briskly because
many people don’t yet know or don’t care about the advanced
capabilities of the 386SX. Furthermore, the vaunted slim price
differential is big enough to equal the cost of a nice dot-matrix
printer if one compares a slower 12-MHz 286 rather than a 20-
MHz 286t0a20-MHz 386SX. So even though the 386SX, wheth-
er 16 or 20 MHz, should now be the entry-level computer of
choice, don’t count the 286 out just yet.

Interestingly, Advanced Micro Devices of Sunnyvale, CA hasa
clone of the Intel 386DX ready to market; so look for Intel to ag-
gressively price the new low-end 1486 to drive out the 25- and 33-
MHz 386DX chips from potential competitors.

Another big chip already being talked about in some detail is
the ““586,”’ expected to run at a whopping 66 MHz and outper-
form the current best i486 by three to four times. The 586 will also
boost memory demands by jumping to a full 64-bit internal and
external bus, bringing it into the mainframe-computer perfor-
mance category. Code-named ‘“P5,”’ it will include some diag-
nostic software, a 386-compatible coprocessor and two 8K inter-
nal caches (one for instructions and the other for data).

Add all this to the fact that the present design seems to call for
two separate processor units, and you have in the 80586 a mas-
sively powerful processor that will probably be capable of some
amazing performance. Look for the 586 to be shown about mid-
1992, but don’t expect these computers to be cheap. I suspect that
you’ll pay more for a 586-based system than for a new Volvo.

Although most home users and hobbyists won’t need this much
power, the same thing was said for the 80286 when IBM first in-
troduced its AT computer. I already find myself starting to relax
into the confidence of having a couple of 486s handy for some
projects I'd never have tackled before (such as solving complex
math problems involving simultaneous differential equations,
doing my own layout of my next book, etc.).

Japanese Developments. The U.S. Department of Commerce
just released a preliminary ruling that finds several Japanese
makers of laptop computer displays have been selling (also called
““‘dumping’’) their products in the U.S. market at below actual
manufacturing cost. Such a finding could lead to imposition of
big duties, but so far, Commerce has called for only a 5.4% tax on
imports from the largest builder, Sharp Corp., and even smaller
duties on a couple of other Japanese products. So increased sell-
ing prices aren’t anticipated.

Reports from Tokyo indicate that 4-megabit DRAM prices
have fallen by more than 22% in the past few months, a 400%
drop from the initial introduction price in 1989. The 4-megabit
chips now sell for about $30 in Japan.

Pi In The Sky? Donald Trump may have hit on a novel way to
augment his New York-Boston-Washington air-shuttle income
and, atthe sametime, ease worries of business travelers due to air-
port security delays. For $50 and up per day, travelers can now re-
portedly rent a laptop computer for their short hops between
cities.

If you have suggestions for this column, I welcome letters either
by e-mail or the Post Office. Address your comments to John
McCormick, RD #1 Box 99, Mahaffey, PA 15757; or to Compu-
Serve: 76360,44; GEnie: NB.WAS,; or MCI Mail: 321-7180. No
phone calls, please.
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Hard to Find, Unique PC Products

at |

Installs on ANY laptop or desktop in seconds!

Connect Floppy Drives
Parallel Printer Port In

Adding a disk drive has ncver been this

| easy. Imagine attaching a floppy drive to your
laptop or desktop computer in under 30
scconds—even on PCs with built-in disk
controllers,

Backpack is an external floppy drive that
plugs into your parallel printer port. Your
printer plugs into the back of the Backpack
drive, There are no interface cards to install,
you never even open your computer. You can
have a single 3.5” or 5.25” drive and use it on
all the computers in your office just by
plugging it in. Backpack drives transfer
information to your computer at the same
speed as ordinary floppy drives, but install in

only seconds.
: Connecting a high density 3.5 or 5.25 inch
drive to your computer can allow you to back

ncredible Prices!
ot

£299

(8.5” & 5.25”) To
30 Seconds Flat!

up your hard disk in

half the time. /

m——
Backpack allows
=

you to connect
backpack

N
-

high density

drives to any

computer, even older

PC and XT compatibles,

regardless which version of DOS you use.
Backpack comes in four configurations:

* 5.25” 360K drive, Cat. #BACP360, $299

» £.25" 1.2M drive, Cat. #BACP12, $299

* 3.5” 1.4M/720K drive, Cat. #BACP14,
$299

¢ 3.5” 2.8M drive (also read/writes 1.4M
and 720K), Cat. #BACP28, $399

If you have trouble memorizing all those
complicated “Control-Alt-Shift-Function”
commands then Voice Master Key is just for
|you. Now you can simply speak the command—
“bold,” “zoom,” ete.— into Voice Master’s
headset and see it done instantly.

New Advanced Capabilities

The new Voice Master software recognizes up
to 1,024 words, each of which can activate a
_|different macro. Macros can include pre-
|recorded digitized speech or sound files which
| play back when activated.

1A Sound Development System
[deal for experimenters and software
{developers, you can make sound files for spoken
|advisories, musice/sound effects, ete. Sound files
can be played through the headset or Speech
Thing external speaker. All of the functions can
_{be controlled from C, BASIC, ASM.

Voice Master Key System II interfaces
{with your PC through the parallel printer port

Let Your Voice do the Work of Tedious & Repetitive Keystrokes!

How To Talk To Your Computer

$

$199!

(you can plug your

printer into the
Voice Master
System ]I box).
System IT also
includes an
external speaker
and text-to-speech
softwarec.

Learn to Modify ANY Software!

| -
=49
Powerful Disassembler

Snoowr (*mn Fle Disassemple Search Pant u
tak Fammat Al Processor: 8C85/87 o paiches
roc TR

S {4 3 0+ R
executable | & ‘Ea;;‘&’z?n J L.
» [ 71c “Jump It < [no spn
program o snorta0d724 39;;5
ne ax N
code and ima  shortboaren 2721
turns it 0 B s 7Y —
d n 0074
nto f . DWORD OTR (.16 ogg;
mov  ax, WO TA 258 2
assembly | G b
Y P 6o DWORD PR -tz 887
Mmey X, X B

g g N‘h WORD PTR es:[bx] gggl
source codef s = e
That’s not \m_#a 22735

0 unique, but Snooper is intelligent. It

-1 automatically comments the source code and
] labels jump targets. Snooper even includes a

patcher to make small changes to a program

without time-consuming reassembly. For more

extensive changes, Snooper is compatible with

] Microsoft and Borland assemblers.

Snooper gives you commented source code
for almost any DOS file—including COM,
EXE, SYS. Its pull-down menus and on-line
help make disassembly fast and easy. So

{ what’s this good for? Well it’s the best way

around to learn assembly language and to
make changes Lo software when you don’t have
the source code. Cat. #SNPR $49. Order
today.

|

» Voice Recognition—invokes macros w/ voice
input.

» New software recognizes over 1,000 words!

¢ Includes devcloper kit for sound cditing.

* Quick, simple installation.

¢ Includes controller card, software, and
headset. Voice Master Key System 1
includes headset & external Voice Master.
Order Today!

Voice blaster Key Cat. # VOIM, $149.

Voice Master System II, Cat. #VOIM2,
$199.

1 Name:

Increase Computer Productivity!

Price Breakthrough

| down your computer! Don’t wait, order today.

power supply so it will hold data even if your com-
| puter or printer is turned off ¢ Repeat function to

Waiting for a file to print can be frustrating unless

1 you havea printer buffer. This bufler quickly absorbs

1 your file so you can get back to work fast. The buffer
quietly feeds the file to your printer without slowing

¢ Holds about 360 double-spaced pages * Includes

K Printer Buffer

&

print extra copies * “Free Space” indicator

512

Holds 360

Pages!

1 City:
| Daytime telephone:
I CA Res. Specify County:

1 Quy. Cat.#

- [3 Please rush the following products to me
rig

ht away. [ understand my purchase 1s
covered by Central’s 30 day satisfaction
guarantec.

[d I'm not ready to order now, but please
make sure I'm on your mailing list

Address:

ST:___ ZIP

0 Check/Money Order enclosed.
Q Charge my Visa, MC, AMIIX, Discover:

Card #:

Exp:—__ Driver’s License #;

Signature;

Description Price

PUTER PRODUCTS’

tcom

Serving Computer Users Since 1982

30

18004564123

(805) 524-4189 * 24 Hour FAX: (805) 524-4026

330 Central Avenue ¢ Fillmore, CA 93015
Visa * MasterCard » AMEX ¢ Discover

Add $5.50 Shipping. CA residents add sales tax

wwWw americanradiohistorv com

Day Money Back Guarantee

Ad Code: 137-2

I

| Mail To:
Central Computer Products

I 330 Central Avenue
\Ellmoro, CA 93015

Subtotal

CA Res. Add Sales Tax

Jept. 137-2 S

Total




MousePen
Professional

Appoint’s second-generation
MousePen Professional fea-
tures a small, round case de-
sign that closely resembles an
ordinary ball-point pen. No
pad, tablet or special screen is

-

Commercial BBS

The Star-Link BBS features
over 2.1 gigabytes (2,100M)
of on-line storage. More than
75,000 public-domain and
shareware programs for IBM/
compatible computers are
available for downloading.
All files are compressed and
categorized into 48 directories
and are checked for viruses.
Other features include the
electronic edition of USA To-
day Newspaper, CB simula-
tor, private E-mail, 60 on-line
multi-player action and ad-
venture games, the latest
transfer protocols and MNP
error checking on all lines.
Subscription prices start at
$30 for 6 months with a
45-minute daily limit.

CIRCLE NO. 16 ON CARD

What's New By peter R. O’Dell

required. Appoint uses fric-
tion, rather than gravity, to
operate the mouse-like mech-
anism, resulting in a product
that functions at any surface
angle and on most surfaces.
Even a pants leg, chair armor
pad of paper works. The de-
vice has point and alternate
buttons as well as a mode
switch for selecting linear or
dynamic operation. Mouse-
Pen Professional is available
for IBM and compatible and
Macintosh personal comput-
ers and lists for $110.

CIRCLENO. 14 ON CARD

Remote PC Control

TeleSwitch 400 from EKD
(Selden, NY) permits on/off
control of electronic devices
from a remote location via a
telephone or modem. It works
with most popular communi-
cations programs. It has fail-
safe solid-state surge-clamp-
ing electronic circuitry for
clean ac line power rated at 10
amperes. For long processing
jobs, TeleSwitch 400 permits
disconnection to save on
phone charges while leaving
the computer on. Simply call
back later to resume or power
down. There’s a user-set hard-
ware security code with 10,000
possible combinations.
CIRCLE NO. 150N CARD

Digital Video In
The PC Environment

By Arch C. Luther
(Intertext Publications/
McGraw-Hill Book Co.
Soft cover.
346 pages. 329.95)
Focusing on digital video in-
teractive technology (DVI),
this text offers a convincing
demonstration of the enor-
mous potential of fully in-
teractive video. Luther is
one of the creators of DVI,
and easily switches from an
overview of where we are to
specifics, such as the Intel
1750, an inexpensive DVI
chip set. He also provides
source code in C for several
control programs for the
i750. In addition, he reports
on the latest advances in
writable and erasable optical
storage media.

CIRCLE NO. 17 ON CARD

Personal Laser Printer

Epson recently entered the
low-end ‘“personal’’ laser
printer market with the EPL-
7000. The printer ships with
14 resident fonts and a slot for

LA ,.:}'{' mf‘-’?ﬂ_‘." -_f‘ﬁ_' it
! U L & 5 -

is upgradeable to a maximum
of 6M. Print speed is rated at 6
pages per minute, and duty cy-
cle is 3,000 sheets per month.
MTRBF is estimated at 3,000

adding an additional font car-
tridge. Two additional slots
facilitate HPGL plotter emu-
lation and other printer lan-
guages. An introductory pro-
motion provides a UDP 65-in-
one font cartridge with each
EPL-7000 purchase. The car-
tridge’s retail value is $250.
Standard memoryis 512K and

hours. Resolutionis 300 dpiin
text mode, 300 dpi for one-
half graphics page or 150 dpi
for a full graphics page with
standard memory configura-
tion. Dimensions are 19.5"W
x 157D x 7.3”H and weight
is401bs. Retail priceis $1,400.

CIRCLE NO. 18 ON CARD

RMS Multimeter With
RS-232 Interface

Extech Instruments is market-
ing its True RMS Multimeter
that measures voltage, cur-
rent, resistance and frequen-
cy. Diode and continuity
checking are also possible
with the 3%-digit autoranging
meter. The True RMS Multi-
meter captures peak-high and
-low readings with MAX/
MIN, data hold and relative
functions.

Ranges (accuracy) include
dc voltage to 1,000 volts
(+0.5%); ac voltage to 750
volts (+0.75%); ac/dc cur-

rent to 200 mA and 10 am-
peres; and frequency from 4
Hz to 40 kHz (+0.5%). An
RS-232 interface permits easy
connection to any computer
or serial printer. Data-acqui-
sition software and RS-232
cables are available from
Extech.
CIRCLE NO. 19 ON CARD

NRI Schools (Washington,
D.C.) introduced a host of
new at-home training courses
related to PC System Analy-
sis, Computer Programming
and PC Software Engineering
Using C. Each course includes
an AT-type computer system
(80286 CPU with 12-MHz
clock and O wait state, 1M of
RAM expandable to 4M, a
1.2M high-density 5% “ floppy

T\Ie;NRI Computer Training

drive with space for three add-
ed internal drive, eight expan-
sion slots and Hercules-com-
patible monochrome graphics
adapter with parallel printer
port. (Students will have the
option of omitting this ready-
to-run machine if they do not
need it.) It is part of the new
courses’ ‘‘Action Learning
Kits.”” The PC System Analy-
sis course, for example, also

includes an NRI Computer
Demonstrator, Analysis and
Design Tools, Programming
in BASIC, Learning Micro-
soft Works and a 2,400-baud
Hayes-compatible  internal
modem. Next year, an Auto-
CAD Computer-Assisted
Drafting (CAD) correspon-
dence course will be added.

CIRCLE NO. 20 ON CARD
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Floppy Offers 4M
Storage Capacity

Fuji Film is marketing a 3.5”
“‘extra-density’’ floppy with a
4M storage capacity. These
disks will be compatible with
the 2.88M drives expected to
be introduced shortly, which
will allow a user to store twice
as much data on a single flop-
py as can be done with DSHD
disks currently available. This
increased storage capacity is
reportedly due to a barium-
ferrite-coating formula that
ensures accurate signal inte-
grity and extends disk life. A
pack of 10 disks carries a sug-
gested retail price of $138.
CIRCLENO. 210N CARD

Clear-Language
Programmable

Controllers

MAXMAR'’s (Pleasantville,
NY) new Micromat-SPS pro-
grammable controller can be
programmed in c¢lear lan-
guage with any IBM or com-
patible computer. It accepts
input signals from process or
factory sensors, such as tem-
perature, level, pressure and
so forth, and provides output
control signals to adjust valve
openings, motor speeds and
other parameters. The num-
ber of inputs or outputs is de-
termined by the number of
modules plugged into the sys-
tem. Each module provides 16

 What's New g
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inputs and/or outputs. Mod-
ules are available for analog
and digital inputs, and out-
puts can be for relay or tran-
sistor technology. Disk-based
software automatically con-

verts clear English instruc-
tions into RODOS language
before it is transmitted over
an RS-232C link connected to
the controller.

CIRCLE NO. 22 ON CARD

By Peter McWilliams
(Prelude Press. Soft cover.
672 pages. $19.95)

Few beginner books about
the personal computer
market have been written
since 1985. Yet, many ‘‘non-
techies”” find themselves
needing a quick education
on the ins and outs of com-
puters. For this, you might
point them toward McWil-
liams’ book. Itis richly illus-
trated with drawings, prints,

The Personal Computer

Book

movie frames and photos
(often blatantly retouched),
all with humorous captions.
McWilliams sprinkles his
opinions in with the facts (he
intensely dislikes Apple and
IBM), which tends to bring a
very human touch to an in-
herently cold subjec:. The fi-
nal 140-page section of the
book is devoted to the Mc-
Williams II Word Proces-
sor—a No. 2 pencil.
CIRCLE NO. 23 ON CARD

Video Digitizer
IDEC’s (Quakertown, PA)
Supervision/8 image capture

system connects to any IBM
or compatible (ISA) comput-

etc.). The half-size card plugs
into any slot. Image-capture
time is %, second. Software is
menu-driven and offers com-

GoPYalenT; t9ac SRFE, THC

er. A B&W image in 256 gray
levels can be acquired under
simple software control. The
system requires an external
video source (camera, VCR,

- .7.1 A 8
*.oookj-" ll——:r; L U

&

patibility with HGC, CGA,
EGA and VGA. Images can
be saved in TIFF and PCX
formats. Price is $270 wired,
$170 kit.

CIRCLE NO. 24 ON CARD

PC Sound Boards

Forte announced two sound
boards for IBM/compatible
PCs. The AUDIO F/X pro-
vides a complete hi-fi digital
audio system for the PC. 1t
can record and play back
sound bites or sound effects
or create music. The stereo
audio synthesizer can play up
to six voices simultaneously
without taxing the PC because

ability. With the optional
MIDI kit, the AUDIO PRO
can directly drive any MIDI-
compatible keyboard instru-
ment using the Music Editor.
AUDIO PRO provides stereo
digital recording and play-
back with FM-broadcast
quality.

Sound Editor and Music
Editor are included with the

of an on-board Z80 micropro-
cessor. You install the AU-
DIO F/X in any full-size slot,

attach stereo speakers to
phono jacks on the rear of the
card and turn on your PC.
Software is included to re-
cord, edit and play back digi-
tal sounds or synthesized
music.

AUDIO PRO is a profes-
sional quality two-channel
version of the AUDIO F/X.
The on-board synthesizer has
been replaced with MIDI cap-

systems. Software drivers are
provided with both FORTE’s
systems to interface digital re-
cording and playback with
several popular presentation
packages. These drivers allow
you to synchronize sound
with on-screen images, play
background music and record
or play back voice files during
a presentation. Options in-
clude programmer’s toolkits,
recording box (microphone
input jacks) and the PRO
MIDI kit,

CIRCLENO. 25 0N CARD
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Doing Windows

MicroSoft continues to add
support for Windows, the
graphic user interface running
under DOS. Microsoft Uni-
versity, the company’s train-
ing branch, now offers a
course designed to teach pro-
fessional support engineers
how to support end users with
Windows programs. The new
course provides an in-depth
look at the features and char-
acteristics of the Windows en-
vironment and will give stud-
ents hands-on experience in
installing, configuring and
troubleshooting their sys-
tems. Course tuition is $1,000
per student.

Microsoft also offers a vid-
eo-based training package for
Windows applications devel-
opers. This self-paced learn-
ing tool is an update of the
previous Windows 2.X video

course and has been modified
toreflect the version 3.0 visual
element and lab exercises.

The new Windows program-
ming course consists of five
videotapes, a course work-
book, a lab exercise book and
four software diskettes con-
taining lab exercises and sam-
ple programs. Estimated time
of completion is 25 to 35 hours.
The full training course for a
single student is priced at
$2,995.

Microsoft is now bundling
Excel, Word and PowerPoint
into a single package, Office
for Windows. The three prod-
ucts address the core produc-
tivity needs of general busi-
ness users. 1f purchased separ-
ately at list price, the three
Windows applications would
cost nearly $1,500. Microsoft
has set the suggested list price

CIRCLE NO. 30 ON CARD

Parallel-To-Serial
Converter

Telebyte Technology’s Model
109 parallel-to-serial convert-
er with buffer simplifies the
communications link between
PCs and printers. Since the
converter is bidirectional, it is
used to connect the computer
parallel port to a serial device
or vice-versa. The Model 109
contains a 64K data memory
that acts as a buffer, allowing
the sending device to immedi-
ately go back to work. Model
109 accommodates serial rates
from 300 to 38,400 bps. Vari-
ous operational parameters
are set with DIP switches

mounted on the side of the
unit. The aluminum enclosure
measures 6D x 3"W X
1.2"H. A wall-mounted trans-

former supplies operating
power, and the unit is
equipped with  standard

parallel and serial connectors.
Price is $99.
CIRCLE NO. 32 ON CARD

What's New

of Office for Windows at
$995, a savings of approxi-
mately $500. Training courses
are available for Microsoft
applications programs.

The company also offers a
productivity pack that con-
sists of three applications:
Learning Windows, Working
Smarter and Quick Trouble-
shooter. Learning Windows is
a computer-based tutorial for
new Windows users. Working
Smarter helps users become
more proficient. It provides
more than 45 tips, hints and
strategies on how to do things
faster and easier. Quick Trou-
bleshooter provides answers
to some of the most common-
ly asked Windows questions.
Users learn what to do when
things do not go as expected.
Productivity Pack is priced at
$59.95.

Telephone Control
Add-In Card

The TE 158 telephone control
card from Alpha Products
provides complete computer
control of a telephone call. It
offers a direct telephone line
interface with line connect/
disconnect, call progress de-
tection and DTMF decoding/
encoding. The user can dial
out and send messages with
tones or let the card answer

the phone automatically.

Models are available for most

popular personal computers.
CIRCLE NO. 33 ON CARD

Solderless
Breadboards

Chenesko Products is market-
ing a new-style solderless
breadboard for use by circuit-
design engineers, students and
hobbyists. Each of the four
sizes offered features an extra
multi-use edge panel for or-
ganizing and mounting com-
ponents that do not fit into

normal DIP-spacing socket
connections. The breadboard
contacts are made of nickel-
plated bronze for low-resis-
tance contacts (less than 3 mil-
liohm at 1 kHz) and are rated
for a minimum of 10,000 in-
sertions/removals. The four
available models range in
price from $17 to $60 and in
size from4.3” x 7.4”"t09.7"
x 7.4”.

CIRCLENO. 340N CARD

Scientific Software
Catalog

The 32-page 1991 Catalog
from MicroMath Scientific
Software lists and describes
a number of scientific soft-
ware packages and presents
a number of example prob-
lemsthat are solved in a step-
by-step sequence. Among
the programs detailed are:
GRAPH, which plots scien-
tific and engineering data;
MINSQ for nonlinear curve-
fitting and model develop-
ment; EQUIL for interac-
tively solving aqueous chem-
ical equilibrium problems;
LAPLACE for performing
numerical inversion of La-
place transforms using one
or both of two well-estab-
lished Laplace algorithms;
and RSTRIP for polyexpo-
nential curve stripping and
parameter estimation. Mod-
el libraries are also listed, as
are several related products
that have been widely ac-
cepted by the scientific and
engineering communities.

CIRCLE NO. 31 ON CARD

Tandy Learning
Centers

Radio Shack has opened Tan-
dy Learning Centers that of-
fer supervised self-paced com-
puter-based one-day instruc-
tion on a variety of software
programs. There is also a gen-
eralized course called ‘‘Intro-
duction To Personal Comput-
ers.”’ Tandy Learning Centers
are located in Radio Shack
Computer Centers in 123 cit-
ies across the continental US,
Hawaii and Puerto Rico.
Each student works at hisown
pace in a hands-on environ-
ment. Trained instructors are
present to assist and answer
any questions. Weekday and
Saturday classes are priced
from $99 to $139 per student
and cover such software as
WordPerfect, Lotus /-2-3 and
dBASEIV.

CIRCLE NO. 35 ON CARD
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Low Cost CAD Software

for the IBM PC and Compatibles

Starting at only $99

4l Design &
brens Simulation

PCB I |-:_|—o‘: [-) I o

Layout t o o0—o0

* Easy to use schematic entry program (SuperCAD) for circuit diagrams, only $99. Includes netlisting, bill of
materials, extensive parts libraries, dot matrix printer output. More parts, HPGL plotter and laser printer output
available separately or in enhanced CAD package (SuperCAD+) for only $199.

*  Powerful, event-driven digital simulator (SuperSIM) allows you to check logic circuitry quickly before actually
wiring it up. Works directly within the SuperCAD editor from a pulldown menu and displays results in “logic
analyzer” display window. Starting at $99, this is the lowest cost simulator on the market. Support for PALs, a
larger library, and a separate interactive logic viewer are available in full-featured SuperSIM+ for only $395.
Library part models include TTL, CMOS and ECL devices.

*  Circuit board artwork editor and autorouter programs, starting at $99 each. Produce high quality artwork directly
on dot matrix or laser printers. Separate plotter driver available for $49. You can do both single or double-layer
boards with plated through holes. Includes drill hole listing utility. Autorouter accepts netlists and placement
data directly form the SuperCAD schematic editor.

* All software comes with complete documentation and 30-day money-back guarantee.

Write or call for further information and free demo disks: \\\ / //
MENTAL AUTOMATION. ne(v)=

N
Mental Automation, Inc. // N ©
5415 - 136th Place S.E.
Bellevue, WA 98006

(206) 641-2141 o

CIRCLE 79 ON FREE INFORMATION CARD

I

MasterCard.
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Adding the

Right Math Coprocessor

If you are heavily involved in math-intensive or
graphics applications, filling the empty math
coprocessor socket in your PC with the proper
processor can greatly speed up your work

f you’re like many PC users,

you’ve had your computer for a
while and decided that, at least for
some applications, it just isn’t fast
enough. Granted, there will always
be a desire to move up to the next
faster machine—the latest technical
marvel—but this might be impracti-
cal or unnecessary. The alternative is
to look for ways to get more out of
the machine you already own, with-
out shelling out more than a moder-
ate amount of money. One of the
waystodothisistotake advantage of
an unpopulated IC socket that is
present in virtually all PC compat-
ibles: the math coprocessor socket.

Many users don’t realize that by
simply adding a math coprocessor to
their system, floating-point calcula-
tions can be performed many times
faster, and math-intensive applica-
tions will show substantial perfor-
mance improvement. For example, 1
created a large spreadsheet (Quattro
Pro 1.0) using scientific-like math
and timed its calculation speed on a
computer with a 20-MHz 80386SX
CPU. Without a math coprocessor,
it took 16.5 seconds. Installing a
math coprocessor dramatically re-
duced recalculation time to only 5.8
seconds!

Typical applications that can bene-
fit from the addition of a math co-
processor include spreadsheets when
high-level math is used, computer-
aided-design (CAD), desktop-pub-
lishing and other scientific, engineer-
ing and graphics applications. To
benefit from the addition of a math
coprocessor, however, the applica-

N
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tion software must be designed to use
the math chip when present.

Although Intel was once the only
maker of math coprocessors for PCs,
users of 286 and 386 systems now
have several coprocessor alternatives
from which to choose.

How They Work

There are actually two different types
of math chips in existence: slave pro-
cessors and coprocessors. A slave
processor appears as a peripheral de-
vice in the CPU’s memory or 1/0 ad-
dressing space, just like a UART (se-
rial port controller) or video control-
ler. A coprocessor, on the other
hand, interacts with the CPU, ap-
pearing to system software as an ex-
tension of the CPU itself.

o
»
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A coprocessor, then, makes the
CPU appear to have more registers
(floating-point registers) and an ex-
panded instruction set (with the
floating-point and transcendental in-
structions) than it normally does; it
doesn’t require memory or [/Oread/
write operations to access the math
functions. Intel math chips are co-
processors, but it’s interesting to
notethat the term ‘‘coprocessor’’ has
become so widespread in the PC
world that some math-chip alterna-
tives, in particular those from Wei-
tek, are incorrectly referred to as co-
processors when theyarein fact slave
processors.

When a math chip isn’t present
and your spreadsheet needs to per-
form some floating-point calcula-
tions, the calculations are imple-
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Now with NRI5s
new training

oy
the rewards of

you can en

a career 1n
computer

programming

A top-paying carcer in computer
programming is no longer out of your
reach. Now you can get the practical
training and experience you need to
succeed in this top-growth field.

It’s training that gives you real-
world programming skills in four of
today’s hottest computer languages:
BASIC, Pascal, C, and COBOL.
Hands-on training that includes
a powerful 1IBM AT-compatible
computer, modem, and program-
ming software you train with and keep.
Comprehensive, at-home training that
gives you the competitive edge to
succeed in one of today’s leading
industries. The kind of experience-based
training only NRI can provide.

As a trained computer programmer of
the '90s, you can enjoy long-lerm career
success. In fact, the Bureau of Labor
Statistics forecasts that during the next 10
years job opportunities will increase by 71.7
percent for the skilled computer program-
mer. With NRI training you can be one of
the increasing number of computer
programmers using their skills to build a
Lop-paying career—even a business ol their
own—in this professionally and financially
rewarding high-tech field.

V The only programming
course that includes a powerful
AT-compatible computer system
and programming
software you keep

Right from the start, NRI
training gets you actively involved
in the challenge ol real-world
computer programming. You
learn how 1o create the kinds of
full-featured, poweriul pro-
grams today’s employers and
clients demand. And, unlike
any other school, NRI lets
you experience first-hand
the power of an IBM PC/
AT-compatible computer

P Gt gl
% X =
system with modem, a full
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o

Plus you explore the
extraordinary capabili-
ties of not one or two but
four in-demand computer
languages. You learn to design, code,
run, debug, and document programs in
BASIC, Pascal, C, and COBOL. In the
process you become uniquely prepared for
the wide variety of programming opportuni-
ties available today.

V¥V No previous
experience necessary

Immediately, you start getting the
money-making job skills you need to secure
a future in computer programming—no
matter what your background. With NRI
training you move easily from computer
novice o computer professional with step-
by-step lessons covering program design
techniques uscd every day by successful
micro and mainframe programmers.

You'll find no heavy textbooks 1o plow
through. No night classes 10 attend. Instead,
NRI’s at-home, step-by-step training covers
all the bases, guiding you [rom the impor-

”R’ Schools

McGraw-Hill Continuing Education Center l T’
+401 Connecticut Avenue, NW, Washington, DC 20008 |':'n|I

¥| Check one free catalog only

[ ] Computer Programming
(] PC Systems Analysis

Name

[ PC Software Engineering Using C L] Word Processing Home Business

tant fundamentals 1o real-world methods
and techniques. With the help of your NRI
instructor—offering one-on-one, personal
guidance throughout your course—you
quickly gain the skills you need to handle
with confidence a wide variety of program-
ming applications. You even use your
modem to “talk” to your instructor, meet
other NRI students, and download
programs through NRI's exclusive program-
mers network, PRONET.

V Send today
for your FREE catalog

Now you can have the professional
and financial rewards ol a career in
computer programming. See how NRI at-
home training gives you the experience, the
know-how, the computer, and the software
you need 10 get started in this top-paying
field. Send today for your FREE catalog.

If the coupon 1s missing, write to us at
the NRI School of Computer Programming,
McGraw-Hill Continuing Education Center,
4401 Connecticut Avenue, NW, Washing-
ton, DC 20008

w0,

[] Microcomputer Servicing
[1 Desktop Publishing and Design

__Age

Address

(please print

megabyte of RAM, disk drive, and moni-
tor—all yours to train with and keep.

1
| City

Accredited Member. National Home Study Council
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mented in software, using refined al-
gorithms. In contrast, a math chip
uses specially-optimized electronic
circuitry to execute floating-point
calculations very fast in hardware. In
terms of performance, the hardware
approach improves on the software
method by several hundred percent,
making it clear why math chips are so
valuable.

‘While the math coprocessor ap-
pears as an extension to the CPU
from a software standpoint, the fact
that it’s a separate chip means that it
and the CPU must conform to a pre-
scribed means of interaction. The
math coprocessor will either operate
synchronously with the CPU, using
the same clock and operating at the
same speed as the CPU, or asyn-
chronously, using its own, indepen-
dent clock and operating at a speed
that may differ from that of the
CPU. Both of these varieties exist in
PC systems.

Systems based on the 8088, 8086,
386DX and 386SX processors use a
synchronous (8087, 80387DX or
80387SX) coprocessor, while those
based on the 80286 CPU use an asyn-
chronous (80287) coprocessor. Thus,
for example, an 8088 XT running at
10 MHz will have an 8087 coproces-
sor operating at 10 MHz also. A 10-
MHz 286 system, on the other hand,
may run the 20-MHz base system
clock to the 287 coprocessor, which
then divides the frequency by three,
resulting in a 287 operating frequen-
cy of only 6.67 MHz. Consequently,
an outdated XT may out perform the
AT in some math-intensive applica-
tions, contrary to assumptions!

The 287 coprocessor actually has
two clock modes. One requires a
clock with a % duty cycle (that is, for
each cycle the clock is high ' of the
time and low % of the time) at the ex-
act coprocessor operating frequency.
The other mode accepts a clock with
a % duty cycle at a higher-frequency,
which the coprocessor then divides
by 3 internally (to create a '4-duty
clock), resulting in the actual copro-
cessor operating frequency. The first
mode is preferred for best perfor-
mance, but the second mode is often
used due to the absence of an appro-
priate clock in the system.

Until recently, 286 systems have
been further hindered from a copro-
cessor standpoint by the fact that In-
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“The hardware approach improves on
the software method by several hundred

percent....”

tel offered only 10-MHz and slower
80287s. Faster 286 systems, from
12.5 to 25 MHz, were therefore con-
strained to the performance of a 10-
MHz math coprocessor. The past
couple of years, however, have pro-
vided some relief in this area, as we
shall see shortly.

Coprocessor Choices

Intel has been understandably reluc-
tant to give out second-source manu-
facturing rights for its xxx86 family
of math coprocessors. Sole-sourcing
has allowed Intel to maintain a cor-
ner on the market, with substantial
profit margins. During the past two
years, however, other companies
have encroached on Intel’s math-co-

Of course, other chip manufacturers
—in particular, AMD and Harris—
make 80286 micro processors with
speeds of up to 25 MHz. Unfortun-
ately, systems based on these proces-
sors can’t offer comparable math
performance when coupled with a
math coprocessor chip operating at
12.5 MHz or slower.

Intel also had a brief flirtation with
its 80C287A math coprocessor. In-
troduced about three years ago, the
CMOS 80C287A required lower
power and was faster than the com-
pany’s standard 80287 but wasn’t en-
tirely pin-compatible with the stan-
dard part and couldn’t be used in the
standard 80287 socket. So it wasn’t
surprising that very few systems
were ever made that supported the

\rry ~r ol aY=Y 4

processor monopoly with chips that
generally out-perform Intel’s own
that can be purchased for similar or
lower prices.

For its 8088 and 8086 processors
(used in XT machines and early
PCs), Intel offers the 8087 coproces-
sor. This part has remained un-
changed over the past decade and is
offered in speeds of up to 10 MHz,
matching Intel’s 8088/86 processor
speed offerings.

For its 286 processor, Intel origi-
nally offered only its 80287 math co-
processor. Again, the part was avail-
able in speed versions up to 10 MHz,
matching Intel’s 286 CPU speeds.
Last year, however, Intel introduced
a replacement for its aging 80287, in
answer to outside competition. The
80287XL (and its PLCC counterpart
for laptops, the 80287XLT) includes
the extended instruction set of Intel’s
80387 coprocessor. It operates at up
to 12.5 MHz (like Intel’s new 80C286
CPU) and provides substantially bet-
ter performance than its predecessor.

www americanradiohistorv com

80C287A, and the part eventually
succumbed to a quiet death.

In the 386 lineup, Intel introduced
the 80387DX coprocessor for its
386DX CPU (with a 32-bit data bus)
and the 80387SX coprocessor for its
386SX CPU (with a 16-bit data bus).
Since the coprocessor runs synchron-
ous to the CPU in 386 systems, Intel
offers 80387DXs at speeds of up to
33 MHz and 80387SXs at speeds of
up to 20 MHz, matching the com-
pany’s available CPU speeds.

When Intel developed the 33-MHz
80387DX, the company made some
changes to the coprocessor’s internal
microcode, speeding up the overall
performance of the chip—up to
20%, according to the company. Ini-
tially, this faster performance ap-
plied to only the 33-MHz part. Late
last year, though, Intel converted its
slower 80387DXs to the faster design
and discontinued the earlier version.
The Intel math coprocessor box now
has a red sticker indicating ‘““NEW-
IMPROVED-FASTER,’’ soit’s easy

Say You Saw It In ComputerCraft



DTK 386

Call for Custom

2 MB RAM

1.2, 1.4 Floppy

44 MB SEGATE Drive I/O
VGA PACKAGE (640X480)
101 Keyboard

2 Serial/1Parallel Port

Configuration on
Everex,
Club American,

AGI & DTK

4 MB

1.2, 1.4 Floppy

125 MB IDE Drive

VGA Package (640X480)

__ 101 Keyboard
] 2 Serial, | Parallel Port

e

$ 1549

DTK 386-25 DESKTOP

SPRING SPECIALS

FEATURING QUALITY SYSTEMS BY
EVEREX, CLUB AMERICAN & AGI

DTK SYSTEM SPECIALS

2 MB RAM

1.2, 1.4 Floppy
44 MB SEGATE Drive
VGA Package (640 X 480)
101 Keyboard
2 Serial

1 Parallel Port

4 MB RAM

1.2, 1.4 Floppy

125 MB IDE Drive

VGA Package (640X480)
101 keyboard

2 Serial, 1 Parallel Pcrt

$ 1999

LEASING OPTIONS
NOW AVAILABLE.

BUDGET YOURLOW
MCGNTHLY PAYMENTS

CALLFORDETAILS

DTK 286-16MHZ

$ 1249
DTK 486-25

$ 3579

ALL ABOVE SYSTEMS ADD $200 FOR TSUNG, 1 MB CARD & SUPER VGA

HARD DRIVES

SEAGATE ST225 (20 MB KIT) $235
SEAGATE ST238 (30 MB KIT)  $255
SEAGATE ST251-1 (40 MB) . $239
SEAGATE ST4096 (80 MB KIT) $545

VIDEO CARDS

EVEREX VIEWPOINT
RENAISSANCE GRX2+
PARADISE 1024 512K . . . .
VEGA 1024

MONITORS

SAMSUNG IMTEQ MONO . . .
SAMGUNG MULTIMODE
INTEQ VGA RELYSIS
SEIKO 1440

PRINTERS

EPSON ALL MODELS . . . . SCALL
STAR ALL MODELS . . SCALL
PANASONIC ALL MODELS . sCALL
CITIZEN ALL MODELS . . . $CALL

MONO GRAPHICS W/PRINTER  $35
COLOR GRAPHICS W/PRINTER $35
ATI WONDERPLUS

VEGA VRAM 512K

EVEREX VRAM, 512K . . . .
SPEEDSTAR 1MB

BOCA BASIC VGA

SEAGATE ST277 (60 MB RLL) $299
SEAGATE ST125

SEAGATE ST157A (20 MB iDE kiT)$299
SEAGATE ST4144 (120 mB ALL)  $585
SEAGATE ST138

SEAGATE ST296N (SCSi Host 2) $389
SEAGATE ST151 (40 MB) . . . $319
SEAGATE ST4182 (160 MB) ESDI 3879
SEAGATE ST1144A (125me D€ ki) $529

HP LASER PRINTERS

HP LASERJET Ili

25-1 FONT CARTRIDGE . . . .
LASERJET TONER CARTRIDGE $87
HP LASERJET IID

HP LASERJET IIP

HP LASERJET Il

QUME 1024
QUME MULTISYNC
ICOMM VGA 1024

NEC MONITORS

NEC 2A 800x600
NEC 3D 1024x768

CALL tor NEC

LOGITECH/ DFI

TEAC 558 360K
. $299

TEAC 55G 1.2 MB

TEAC 1.4 M8

FUJITSU 360K XT

FUJITSU 360K AT

FUJITSU 1.2 MB AT

TOSHIBA 3-1/2" 720K
TOSHIBA 3-1/2"14MB . . . .

256 GREY SCAL SCANMAN
SERIAL C-9 MOUSE

BUS C-9 MOUSE

SCAN MAN

CATCHWORD OCR
LOGITECH TRACKBALL SER
LOGITECH TRACKBALL BUS
DFI HAND SCANNER
CARRET PROFESSIONAL . .

.879
. 589

$159

pricing on NEC 4D & 50

EXPANSION CARDS

XT DISK I/O CARD

AT VO CARD

XT TURBO MOTHERBOARD . $72
384K MULTIFUNCTION . . . . 8§72
1.4 XT FLOPPY CONTROLLER $45

CALL FOR PRICING ON 2MB OR 4MB
MEMORY UPGRADES. CALL FOR
PRICING ON ALL PACIFIC DATA UP-
GRADE PRODUCTS FOR YOUR
LASERJET. MEMORY UPGRADES
NOW AVAILABLE FOR HP.

NETWORKS

579 LANTASTIC ETHERNET startup k6539
. .$419 SMC ARCNET PC 130
$339 SMC ARCNETPC 130E . . . .

$119

EVEREX PRODUCTS

MAXI MAGIC 2 MB EMS for XT or

compatible

EVERCOM 1200 BAUD internal

Modem

EVERCOM 2400 BAUD internal

Modem w/MNP +5

EVERCOM 2400 external modem
$189

EVEFRFAX plus internal modem $249

EVERFAX plus external modem$309

RAM 3000 Intel 4.0 EMS 3 MB Ram

RAM 8000 Intel 4.0 EEMS
8 MB Ram

RAM 10000 Inte! 4.0 EMS
10 M8 Ram

Y/ Lt ]
CROSYSTE MS

1“ cNuncH STREE1, N.W_. VIENNA. VIRGINIA / 22180

[EEEEEE  FOR ORDERING CALL.. @J

wm (800) 548-2660

FOR INQUIRES & SUPPORT (703) 281-0001

Orders)
Please note that prices are subject to change withut notice.
All "specials” are available only while current supplies last.
CIRCLE NO. 129 ON FREE INFORMATION CARD

FAX LINE (703) 255-
{15% Restock charge on all returned merchandise. 3% Surcharge on all Credit Card

3359
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FDM SPECIALIZES IN ANY & ALL PARTS
NEEDED TO CUSTOM BUILD YOURPC
- FROM THE GROUND UP. INCLUDING
MOTHERBOARDS, CACHE, POWER
SUPPLY’S, FLOPPY AND HARD DRIVES,
MONITORS, KEYBOARDS AND POWER
UPS SYSTEMS




to make sure you’re getting the latest
version when you buy a new Intel
chip. The newer chips also indicate
an ’86/’88 microcode copyright,
whereas the older parts indicate a
1986 copyright.

With tens of millions of PC-com-
patible systems in use worldwide,
each with an empty socket just
screaming for a math coprocessor,
the scenario was clearly set for some
inventive entrepreneurs to develop
alternatives to Intel’s math copro-
cessor line. In recent years three
companies—two of them start-ups—
have succeeded in developing and
marketing ‘‘Intel-compatible’” math
coprocessors: Integrated Informa-
tion Technology (IIT), Cyrix and
AMD. A fourth company, Weitek,
offers high-performance math chips
for the many 386DX and 486 systems
designed to handle the Weitek parts.
These parts aren’t Intel-compatible
(and, in fact, are slave processors in-
stead of coprocessors).

For 286 systems, IIT offers its
2C87 math coprocessor and AMD its
recently-introduced 80C287 and
80EC287 coprocessors. Cyrix is also
expected to introduce a 287-compat-
ible chip sometime this year. The IIT
part features faster performance
than Intel’s original 80287 and in-
cludes the complete 80387 coproces-
sor extended instruction set—very
much, in fact, like Intel’s 80287XL
coprocessor. Unlike the XL, how-
ever, the 2C87 part is offered in
speeds up to 20 MHz. The 2C87 has
an additional instruction that isn’t
supported in the Intel processors. It
performs a 4 X 4 matrix multiply,
which is often used in scientific and

Fig. 1. The 121-pin EMC socket can
support an 80387DX coprocessor
chip by using the innermost 68 pins
and leaving the outside row of pins
around the socket unoccupied.

16 MHz, although only 10-MHz parts
are currently shipping. The 80EC287
is like the 80C287, but it also has a
low-power standby mode that can be
useful in some laptop applications.

The future seems to belong to the
386 main processor, and competition
is fierce for it in the 386 math-copro-
cessor arena. In addition to Intel’s
own 80387DX coprocessor, IIT has
its 3C87 and Cyrix its FasMath
83D87 to work with the 386 DX CPU.
Cyrix also offers an 83S87 to work
with the 386SX CPU (32 bits internal
extended), and IIT is expected to in-
troduce a chip for the less-costly
386SX sometime this year.

Even though Intel has improved
the performance of its 80387DX,
both IIT and Cyrix offer enhanced
performance over the Intel device.
Again, IIT includes its 4 X 4 matrix
multiply in its 3C87 part. When it
was first introduced, the 3C87 had a
problem with its ArcTAN transcen-

dental function, generating incorrect
results. This was quickly corrected,
and most of the initial parts that had
the problem have been replaced. Parts
with a manufacture number of 2097
or higher are okay.

Alarge majority of the 386DX sys-
tems now being produced, excluding
those made by IBM, include a copro-
cessor socket that has more than the
68 pins used by Intel’s 80387DX.
This extended math coprocessor
(EMC) socket is designed to handle
the Abacus WTL3167 math proces-
sor from Weitek. A 80387DX copro-
cessor can also be installed in the
121-pin EMC socket, using only the
center 68 pins of the socket (Fig. 1).

Unlike the other math chips for the
386DX, the 3167 isn’t functionally
compatible with Intel’s 80387DX co-
processor. Instead, the Weitek slave
processor has its own distinct instruc-
tion set and appears near the top of
the processor’s memory addressing
space as a memory-mapped device.
The 3167 performs very fast floating-
point calculations, and its memory-
mapped design further enhances per-
formance. Of course, only programs
specifically designed to take advan-
tage of the 3167 will benefit from it.

To capitalize on the extra perfor-
mance potential of the many avail-
able EMC sockets in the market, Cy-
rix recently introduced its EMC87
math chip. This chip can function as
a coprocessor just like an Intel
80387DX, but it can also be accessed
as a memory-mapped device (like the

Table 1. Perfformance Results for 80287
and 80387DX Math Coprocessors

engineering applications. While I’'m

not aware of any commercial soft-

ware packagesthat take advantage of Manufacturer Device CPU QA Plus* Power Meter**

the added.mstructlon yet, the chip [ntel 80287 80286 282.1 195

can potentially save a lot of process- 80287XL 80286 495 1 275

- Il‘mﬁ?{l:‘;?g:fﬁzm INGHENGOE | i, 80C287 80286 282.1 195

PPo D T 802C87 80286 497.7 300

AMD’s 80C287 is basically a = 80387DX 80386DX 1,143.8 627

CMOS clone of the original Intel original T

80287. It has lower power consump-

tion than the Intel part but no per- SoﬁszX BOSSG0Rs 1.7 63

formance improvement, being unable T 803C87 80386DX 1.246.1 710

to compete with the faster 80287XL Cvrix 33087 80386DX 1427 2 512

and 2C87. The part competes pri- y ==

marily on price (only a fraction of 5

Intel and IIT prices) and power con- |, o "%,

sumption. AMD has also promised i are in K-Whetstones/second; 10-MHz 80286 system; 20-MHz 386DX system

parts that will operate at speeds up to

— — S — — —_
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“Intel’s 80287XL
displays a huge
performance boost
compared fo

the 80287.”

Fig. 2. The 80287-type math coprocessors evaluated in this article include from

left to right: Intel 80287, Intel 80287XL, AMD 80C287 and IIT 2C87.

Weitek part) to achieve a perfor-
mance boost of about 20%. How-
ever, it doesn’t support the Weitek
instruction set.

The Intel 80486 processor took a
new step in processor design by in-
corporating a streamlined 80387
math coprocessor directly on the chip
with the CPU. Consequently, 486
systems don’t need to offer an
‘80487’ math coprocessor socket.
For 486 users who want a little extra
floating-point boost, however, Wei-
tek now offers its Abacus WTL4167
math processor. Like the 3167, it’s
compatible with, the 4167 is a fast
memory-mapped slave processor
that many systems support and some
programs can take advantage of.

Coprocessor Comparisons

Since there now exists a variety of
math coprocessors available from
different manufacturers, I decided to
comparethe performance of the vari-
ous alternatives, using some infor-
mal benchmarks, to see how the
chips stacked up against each other.
To do this in an unbiased manner, |
chose two readily-available third-
party benchmarking programs that
were able to generate performance
values for an installed math copro-
cessor. I used QA Plus (version 4.21)
from DiagSoft and Power Meter
(version 1.2) from The Database
Group.

Since PC and XT users are stuck
with the 8088, and the Weitek parts
aren’t IBM 80387 compatible, 1
didn’t test these parts. Instead, I re-

Say You Saw It In ComputerCraft

stricted my testing to 80287- and
80387-compatible devices. 1 also
didn’t test the 80387SX-type parts. 1
used a 10-MHz 286 and 20-MH:z
386DX clones for the test.

Table 1 summarizes the bench-
mark numbers. As you can see from
the Table, the relative numbers vary
substantially between QA Plus and
Power Meter for the 80287-type de-
vices but correlate quite closely for
the 80387-type parts.

The tested 80287-type parts are
shown photographically in Fig. 2. As
expected, AMD’s 80C287 functions
identically to Intel’s original 80287,
having the same internal microcode.
Intel’s 80287XL displays a huge per-
formance boost compared to the
80287: about 75% according to QA4
Plus and 41% according to Power
Meter. The 11T 2C87 just edged out
Intel’s 80287XL, with a mere 0.5%
performance improvement accord-
ingto QA Plus and about 9% accord-
ing to Power Meter.

The 80387-type parts are shown in

Fig. 3. According to the numbers
from both QA Plus and Power Me-
ter, the new Intel 80387DX outper-
forms the old version of the same
part by only about 5%, which is sub-
stantially less than the 20% differ-
ence indicated by Intel. I1IT’s 3C87
shows a modest performance im-
provement over the new Intel
80387DX, of between 4% and 8%.
The real performance winner is Cy-
rix, revealing a performance gain
over the new Intel chip of between
19% and 23%!

Despite the numbers, keep in mind
that the amount of performance im-
provement you’ll actually see be-
tween one math coprocessor and an-
other will depend on you applica-
tion’s specific mix of floating-point
instructions and percentage of float-
ing-point instructions executed com-
pared to all instructions executed by
the CPU. For example, I’ve heard re-
ports from users that the measurable
performance difference between us-
ing an Intel 80387DX and a Cyrix
83D87 in recalculating a Lotus /-2-3
spreadsheet may be only 5% to 10%,
whilethe difference is much more no-
ticeable when using Borland’s Quat-
tro Pro. Interestingly, Lotus /-2-3
Release 2.01 doesn’t even bother to
transfer basic math operations to a
math coprocessor, even if it’s pres-
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Fig. 3. The 80387DX-type math coprocessors evaluated in this article include
from left to right: Intel 80387DX (old), Intel 80387DX (new), IIT 3C87 and Cyrix

FasMath 83D87.
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ent. A math coprocessor is brought
into play only when the spreadsheet
uses exponentiation, logarithms and

the like.
Of course, looking at the various

80287 and 80387 coprocessor alter-
natives, one has to wonder about
how “‘Intel-compatible’’ the non-In-
tel chips are. Aware of this, both IIT
and Cyrix have published compati-
bility reports that show floating-
point calculation results that are con-
sistent with Intel’s to all but the very
least-significant bits—a resolution
detail rarely, if ever, used in any ap-
plication. Cyrix has even gone a step
further to show that calculations
from its math chips are actually more
accurate than those from Intel.

Of course, no comparison is com-
pletewithout a look at prices. Table 2
gives the list prices for all currently-
available math coprocessors. In the
80287 arena, AMD’s 80C287-10, at
$99, has a price that can’t be beat. IIT
is also pricing its processors substan-
tially lower than the Intel baseline.
Among 80387 processors, IIT again
lags Intel substantially, while Cyrix
chooses to match Intel’s prices.

Don’t be misled by the prices listed
in Table 2. Use these as guidelines on-
ly. As with everything else in the
microcomputer world, ‘‘street”
prices’ are substantially less than
manufacturer list prices. Shop around

for the best price. As an example,
I’ve seen mail-order prices for an
80387XL ($370 list) for $173; an
80387SX-16 ($506 list) for $268; an
80387DX-33 ($799 to $999 list) for
$450 to $579; a 2C87-10 ($278 list)
for $176; and so on.

Installing Your Own
Math Coprocessor

When selecting a math coprocessor
to install in your own system, you
must determine which manufacturer
you want to go with and what speed
version you need. If you haveaPCor
XT system, your choice is limited to
Intel’s 8087, and you have only to de-
termine the correct speed version.

ferently (I’m sure it’s intuitive if you
don’t think about it):

8087 = 5MHz
8087-2 = 8 MHz
8087-1 = 10 MHz

For 286 systems operating at or be-
low 10 MHz, get a math coprocessor
that matches the speed of your CPU,
unless otherwise indicated in your
system’s manual. If you have a 286
system that operates faster than 10
MHz, your system will probably
want a 10-MHz coprocessor. Check
your system’s manual, though, to see
if a faster coprocessor (like IIT’s 20-
MHz 2C87) can be used. Incidentally
Intel’s 80287XL is a ‘‘one speed fits

“Street prices are substantially lower than
manufacturer list prices.”

For all except 286 systems, you
need to get a coprocessor with the
same speed as your CPU. For exam-
ple, if you have a 25-MHz 386DX
system, you need a 25-MHz math co-
processor. Similarly, if youown an 8-
MHz XT, you must get an 8-MHz
8087. All math coprocessors except
the 8087 have a dash and suffix that
indicate speed (e.g., 80287-10is a 10-
MHz part). The 8087 is identified dif-

all”’ device. It operates at up to 12.5
MHz and can be used anywhere a
standard 80287 can be used, except in
80386DX systems that have an 80287
math-coprocessor socket (where you
are required to use an original 80287
COprocessor).

If you’re going to install an 8087 in
an original IBM PC, be wary of your
power supply. Early PCs had low-ca-
pacity power supplies, and addition-

Table 2. Manufacturer List Prices * for PC Math Coprocessors

*As of January 1991

SMHz 6MHz 8MHz 10MH: 125MHz 16MHz 20MHz 25MHz 33MH:z
Mfr. Device CPU (-6) (-8) (-10) (-12) (-16) (-20) (-25) (-33)
Intel 8087 8088/6 $142
8087-2 8088/6 $205
8087-1 8088/6 $270
Intel 80287 80286 $212 $326 $374
80287XL 80286 $370
| 80287XLT 80286 $370
AMD  B80C287 80286 $99
80EC287 80286 $109
1T 802C87 80286 $239 $278 $298 $338
Intel 80387SX 80386SX $506 $550
Cyrix 83887 80386SX $506 $550
Intel 80387DX 80386DX $570 $647 3814 $994
1T 803C87 80386DX $439 $499 3639 $779
Cyrix  83D87 80386DX $570 $647 $814 $994
EMC87 80386DX $774 $865 $994
Weitek WTL3167  80386DX $495 $795 $995
Weitek WTL4167 80486 $995 $1,295
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SAVE MONEY.
DON'T RENT!
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owning instead of renting
from the cable company.
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and more.
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Fig. 4. Shown here are sockets for various PC and AT math coprocessors, all
shown with the pin 1 located at the upper-left. The 40-pin DIP socket (far left) ac-
commodates 8087 and 80287 math coprocessors like the AMD 80C287 shown
below the socket. The 68-pin PLCC socket (second from left) accommodates
80387SX math coprocessors, which are packaged like the 80286 processor
shown below the socket. The 68-pin PGA socket (second from right) accommo-
dates 80387DX math coprocessors like the intel chip shown below it. The 121-
pin PGA EMC socket (far right) accommodates EMC-type coprocessors like the
Weitek WTL3167 but can also accommodate 80387DX coprocessors.

al loading—like the 8087’s nearly 0.5
ampere—may create a problem. Pro-
blems typically appear as flaky
system operation or the inability to
fully power-up. Addition of an 8087
won’t cause a problem unless your
system is already heavily loaded with
expansion cards and/or disk drives.
Figure 4 shows math coprocessor
sockets for the various microproces-
sors. 8087 and 80287 coprocessors
use the 40-pin DIP (dual in-line pack-
age) socket shown at the far left. The
next socket to the right is a 68-pin
PLCC (plastic leaded chip carrier)
socket for the 80387SX coprocessor.
Next to this is the 68-pin PGA (pin
grid array) socket for the 80387DX
math coprocessor, followed by the
121-pin PGA EMC socket for Weitek
math chips and the Cyrix EMC87. As
mentioned above, the 80387DX can
also be plugged into the EMC socket,
with the outside row of pins not used.
The math coprocessor socket is us-
ually readily accessible when you re-
move the cover of your computer’s
system unit. In some models, you
might have to remove adapter boards
to get at it. For IBM Model 70s, you

must temporarily remove the second
floppy-disk drive (if you have one) to
gain access to the socket, but this is
easy enough to do.

Before installing your math copro-
cessor, make sure system power is
turned off and that you’re adequate-
ly grounded. Math coprocessors are
expensive static-sensitive chips worth
taking a little extra care for. ldeally,
you should wear a ground strap while
you install the new chip. Lacking
this, make sure you touch something
that’s grounded (like your system’s
power supply case) before picking up
the coprocessor, and avoid touching
the chip’s pins as much as possible.

A critical part of installation is ve-
rifying that the chip is properly posi-
tioned in its socket. Make absolutely
certain that pin 1 is in the correct lo-
cation in the socket before pushing it
into place!. The sockets and corres-
ponding chips in Fig. 4 are all orient-
ed so that pin 1 is in the upper-left
corner. When possible, refer to your
computer’s manual for the pin-1 lo-
cation of your system’s cOprocessor
socket.

The 40-pin DIP socket usually has
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some kind of notch to indicate the
pin-1location on the socket, with the
40-pin DIP coprocessor also having a
notch or dot at the pin-1 side of the
chip. When installed, the pin-1 orien-
tation of a DIP coprocessor should
also follow the pin-1 orientation of
surrounding DIP ICs.

The PLCC has one of its four in-
side corners beveled to serve as a
pin-1 locator. This matches a corres-
ponding bevel on the PLCC copro-
cessor. The PGA socket, in turn, us-
ually has a beveled inside or outside

rear of the system unit. He notes that
the device should nevertheless still be
inserted with the device’s notch fac-
ing forward.

Conclusion

It’s easy to obtain increased perform-
ance from your aging computer by
simply installing a math coprocessor.
This assumes that your application
software can take advantage of this
hardware enhancement. As cited ear-
lier, a math coprocessor can boost

performance of math-intensive ap-
plications. Be aware, though, that
this doesn’t include word-processing

Roger C. Alford

corner to identify the pin-1 corner,
and the PGA coprocessor haseithera |
dot on top or a beveled corner to

identify the pin-1 location. |

While most systems require no fur- |
ther attention once the coprocessor
chip is installed, a few sometimes re-
quire addition of a shorting jumper
on the logic board. Others require
you to run Setup to tell the system
that a math coprocessor is present.
For a PC or XT, you’ll have to set
switch 2 on a switch block 1to the O
(OFF) position. Check your system’s
manual for the specific requirements
of your system.

How do you know if your newly-
installed coprocessor works? Intel,
IIT and Cyrix (and possibly AMD)
all include a coprocessor test on a
5Y%-inch diskette with their respective
coprocessors, to confirm proper op-
eration. (All three manufacturers al-
so include illustrated installation
instructions with their chips.) Alter- ‘ ™ 2200028 =
natively, you can use a third-party ), eu Vie i
diagnostic program, such as Diag- | oo
Soft’s QA Plus, to verify proper co-
processor operation, or simply run
your application to see if it recog-
nizes the new addition to the family.

If the coprocessor is installed in-
correctly, the POST will let you
know by not permitting a beep to
sound and by displaying a blank
screen. If you don’t set a PC or XT
switch to recognize the coprocessor,
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Technology By Martin Meyer

The Modern Electronics
Computer Experimenter Lab

(Part 4 of a Series)

Understanding and using operational amplifiers

he operational amplifier, or op

amp, is perhaps the most widelv
used analog component in existence.
It has often been referred to as a uni-
versal linear component. We find the
basic configuration in all audio prod-
ucts, TV receivers, VCRs, test equip-
ment . . . you name it and it probably
has an op amp in it.

Here we’ll explore the inner work-
ings of op amps, examine how to
match device specifications to circuit
requirements, review basic equations
for calculating gain and build and
test a few typical circuits using the
Modern Electronics Computer Ex-
perimenter Lab introduced in previ-
ous issues. Building, testing and ex-
perimenting with even the simplest
circuits is the first step toward gain-
ing the confidence needed to try your
own experiments and designs.

One of the main reasons we’ll be
studying these circuits is to use them
properly to feed analog data into a

computer and to retrieve digital data
back to the analog world. This will
enable you to build linear and nonlin-
ear amplifiers, servo amplifiers, in-
strumentation amplifiers, signal con-
ditioning filters, comparators, sen-
sor interfaces, oscillators, voltage-
controlled oscillators, zero-crossing
detectors, frequency doublers, lamp
and motor drivers, current drivers,
sample-and-hold circuits, signal inte-
grators and differentiators, as well as
mathematical operators . . . multipli-
ers, adders, etc. Most of these cir-
cuits are built using operational am-
plifiers. These discussions will help
you to design circuits and select the
appropriate devices for them.

The classical op amp consists of
three major sections (see Fig. 1). The
input section consists of a differen-
tial amplifier that produces an out-
put that is proportional to the differ-
ence between the input pins. The in-
termediate amplifier section resolves

difference-signal voltages into a sin-
gle signal that is amplified and level-
shifted to drive the output stage. The
output stage, in turn, determines the
load-current characteristics, as well
as how the output can be connected
to other circuits. Such features as a
strobe, latched outputs and open-
collector designs facilitate connec-
tion to digital logic circuits.

Before we analyze individual sec-
tions, you should read the accom-
panying glossary of technical terms
and specifications. Becoming fami-
liar with them will help you under-
stand what follows.

Differential-Amplifier Stage

In conventional amplifier circuits
(see Fig. 2), the input voltage is con-
nected between the input terminal
and ground. Similarly, the output
load is connected between the output
terminal and ground. Op amps, on

+vCC

INTERMEDIATE AMPLIFIERS

INPUT A QA QB

INPUT B

\

AMPLFIER SYMBOL

..............

? CURRENT SOURCE

STROBE

OUTPUT STAGE

LORAD
RESISTOR

LATCH

Fig. 1. The operational amplifier consists of three stages. These are identified as input, intermediate and output.
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the other hand, all have a differen-
tial-amplifier input stage.

The circuit shown in Fig. 3 consists
of two transistors, with their emitters
connected to a common emitter resis-
tor or, more generally, a constant-
current supply that has the effect of a
extremely large emitter resistance.
The collectors, as you can see, have
separate load resistors.

The power supply in the Fig. 3 cir-
cuit example is a split positive and
negative supply. If Input A is con-
nected to Input B and both are varied
with respect to ground, the output at
VA and VB would be very close to 0
volt. This is a very handy feature
when combining op amps to form in-
strument amplifiers that rely on can-
cellation of noise or ac field pick-up
that is common to both inputs. In
real circuits, however, mismatched
gains and the limitations of the con-
stant-current source mean the out-
puts are not completely O volt, due to
the common-mode inputs.

The ability of a differential input
circuit to reject common-mode in-
puts is specified by the common-
mode rejection ratio as follows:

CMMR = Amplifier Gain when the
inputs are different
Amplifier Gain when the
inputs are common

For example, if the gain of an ampli-
fier is 200 in the differential mode
and 2 in the common mode, CMRR
is said to be 100. Because common-
mode rejection is often rated loga-
rithmically, let us look the logarith-
mic equivalent.

To obtain the common-mode re-
jection (CMR) in decibels, use the
formula:

CMR (dB) = 201log (CMRR)

In this case, CMR would be 40 dB.
Note that when comparing specs
given logarithmically, each 6-dB im-
provement doubles the rejection ra-
tio, such that 46 dB = 200:1, 60 dB
= 1,000:1 and 80 dB = 10,000:1.
Now let’s look at what occurs
when the input signal is applied be-
tween the inputs of the op amp, as
shown in Fig. 4. This can be done by
grounding Input A and connecting
the input signal between Input B and
ground. The input at B causes a volt-
age to be developed that is in-phase

CONVENTIONAL AMPLIFIER

R?
RESISTOR

OPERATIONAL AMPLIFIER

Fig. 2. In aconventional amplifier circuit (left), the input voltage is connected be-
tween amplifierinput and ground and the output is connected from the amplifier
outputand ground.Inanopamp(right), the same is true, but it gives you achoice
of anoninverted orinverted output with respect to the polarity of the input signal
by selecting the appropriate input terminal.

with the input to appear across the
common emitter resistor.

Signal VB at the collector of tran-
sistor B is 180 degrees out-of-phase
with the input voltage. The voltage
across the emitter resistor becomes
the input for transistor A. Because
it’s grounded, the base causes signal
VA tobein-phase with theinput. The
term difference amplifier is used for
this arrangement because the output
is a function of the difference be-
tween the input voltages.

Next for consideration of the input
circuits is the technology used. If the
input transistors are bipolar, devices
the current drawn is relatively high,
resulting in an input impedance of a
few thousand ohms. If JFET (junction
field-effect transistor) or MOSFET
(metal-oxide semiconductor FET)
techneclogy is used, input current is
almost zero and input impedance
could be as great as 10,000 megohms.
This is important when connecting
the input to high-impedance sensors

or to oscilloscope probes.

Analog Devices’ AD843 has an in-
put impedance of 10'° ohms. This al-
lowed us to build the high-impedance
attenuator at the input of the DSO
(digital storage oscilloscope) fea-
tured in the January issue of Modern
Electronics. Some op amps have ter-
minals that permit modification of
the current in the constant-current
source to cancel the effects and to
offset any unbalance that would have
the effect producing an offset output
signal when the input is zero.

Input circuits generally also in-
clude some form of protection that
limits to a safe level the voltage to the
input transistors. Even so, care must
be taken to avoid exceeding the pow-
er-supply voltages. If you suspect
that your inputs may exceed recom-
mended power-supply voltages,
make sure you use some form of cur-
rent limiting, usually a resistor or di-
odes, to limit the current into the de-
vice to the maximum rated value.

COMMON MODE INPUT J |
INPUT A o o8

»vge VA & VB =
g VOLTS

RA RB8

VA
VB

o

INPUT B

URRENT SOQURCE

Fig. 3. How to make common-mode input connections.
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INPUT A

+VCcC
TN
-

VA

Joa wy VB

URRENT SOURCE

—-vCC

Fig. 4. How to make differential input connections.

Intermediate Amplifier

This part of the op amp (see Fig. 1)
provides additional gain, level shift-
ing and dc and frequency stabiliza-
tion. Because these amplifiers can
take many forms, you aren’t general-
ly interested in the means but the re-
sults of what they do. Most Manu-
factures publish in their specifica-
tions sheets an equivalent circuit of
the entire op amp for those users who
are interested in the internal design
particulars.

Theintermediate amplifier consol-
idates the two outputs of the differ-
ential amplifier and provides addi-
tional gain. Remember that the open-
loop gain (without any feedback) can
approach 200,000. The level is also
shifted by these circuits to provide
drive for the output circuits. The in-
termediate amplifier is sometimes
compensated externally to give you

some choices in compromises relative
to gain versus frequency response.

Output Stage

Because the output stage (see Fig. 5)
can take many forms, we’ll examine
the conventional complementary
symmetry type here. The output
from the intermediate amplifier con-
nects to the base of transistors QD
and QE. The reference voltage is
either half the supply voltage for sin-
gle-ended power-supply applications
or Ovolt in the case of a dual-polarity
power supply.

When the input signal goes posi-
tive, QD begins to conduct and sup-
plies current to theload from the pos-
itive (+ VCC) supply. When the in-
put signal goes negative, QE begins
conducting and supplies the load cur-
rent from — VCC. This design doesn’t
have any voltage gain. It has the ad-

\ (—w—k‘ N
S

E\ ;/

I LOAD

OUTPUT IS IN PHASE
WITH THE INPUT

LOAD RESISTOR
I LOAD

QE
PNP =

~-VCC

Fig. 5. Schematic details of acomplementary-symmetry transistor output stage.

vantage that power dissipated is
shared between two transistors. In-
ternal feedback (not shown) from the
output to the intermediate amplifier
reduces distortion and improves the
frequency response.

Maximum output voltage swing is
limited by the saturation characteris-
tics of the transistors used and is, of
course, less than the supply voltages.
It’s important that you be aware that
the output stage limits both slew rate
and maximum voltage swing as the
frequency increases. One look at the
maximum peak output voltage ver-
sus frequency for the pA741 in Fig. 6
(note that from here on in this article,
figure numbers shown in boldface re-
fer to actual figure numbers in the
sample Texas Instruments manual
pages shown later on) indicates that
the maximum voltage output for fre-
quencies beyond 10 kHz drops off
from + 14 voltsat 10 kHz to less than
+2 volts at 100 kHz.

Open-collector and emitter-fol-
lower outputs can be used in single
supply designs and have the advan-
tage of being able to be connected to
digital circuits. In the open-collector
output, collector load resistors are al-
ways outside the device package.

Circuit design and component se-
lection aren’t always as straightfor-
ward with op amps as they are with
transistors and digital circuits. The
op amp behaves differently with dif-
ferent input level changes. This being
the case, we’ll examine the typical
characteristic curves for a uA741 op
amp with both small and large signal
changes and use the curves to try to
predict performance characteristics.
As you will discover, the curves—
not the static data—are the real key
to applying the right design to the op-
amp circuit.

Voltage Comparators

We’ll now examine six different con-
figurations of the basic op amp when
it is used as a voltage comparator.
Our discussion will include the ef-
fects of transistor saturation in the
output stages and the design limita-
tions imposed by slew-rate spec.

The basic op amp provides gains
on the order of 200,000. Therefore, a
very small change in the voltage
across the input terminals produces a
large change in output voltage. To
calculate the change required at the
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input for a 12-volt change at the out-
put, use the formula;

Vou/Vi, = 200,000

Vi, = 12/200,000 = 0.00006 V (60 nV)

Thus, when the inputs differ by 60
microvolts in either direction, the
output change is 12 volts.

This feature allows you to connect
oneinput to a reference point and the
other to the variable signal point.
The output shifts from + VCC to
— VCC as the variable input crosses
the reference input voltage, which
allows you to build various types
of comparators.

The actual output swing never
quite reaches + VCC because of the
saturation characteristics of the tran-

sistors used in the output stage of the

op amp. Consequently, when design-
ing comparators, make sure that the
supply voltages are great enough to
supply the desired peak-to-peak out-
put required in the design. Actual
maximum output voltage is often re-
ferred to as + V.

A finite amount of time is required
for the output voltage to change with
large signal inputs. This time is de-
fined in the slew rate specification
and is expressed in us/volt of output

change. This spec is important be-
cause it tells you how long it will take
before the output changes after the
input changes.

The slew rate specification for the
741 is 0.5 ps/volt of output swing.
Thus, if the output change is 20 volts,
the output will lag the input by 10 us.
A designer must carefully consider
this when integrating these devices
into high-speed digital designs.

Zero-Crossing Detector

If you connect the noninverting (+)
input toazero point and apply a posi-

Glossary of Techni€al Terms

Closed-Loop Gain. This is the gain ob-
tained when feedback has been applied
between the output and inverting input.
Common-Mode Input Resistance: This
is the combined parallel resistance of
both inputs with respect to ground.
Common-Mode Rejection Ratio (CM-
RR): A major advantage of an op amp
is that input signals that are induced in-
to both inputs simultaneously are can-
celed. This allows the use of long cables,
such as would be used in an EKG ma-
chine. Noise and hum, picked up by
both leads, are canceled in the input cir-
cuit. The ratio of differential voltage
amplification to common-mode voltage
amplification is known as the CMRR.
CMRR s usually frequency-dependent.
If you’re battling a particular pickup
problem, be sure to look at the plot of
CMRR versus frequency.
Differential-Input Resistance: This is
the resistance that exists between the
two ungrounded input terminals.
Input Bias Current: This is the average
current required at the input terminals
to drive the output to 0 volt.

Input Offset Current: This is the differ-
ence between currents into or out of the
inputs to force the output to zero or an-
other specified level.

Input Offset Voltage: Thisis thevoltage
required between the input terminals to
force the output to zero or another spe-
cified level.

Input Resistance: This is the resistance
that exists between an input and ground
with the other input grounded.
Inverting Input: When used as amplifi-
ers, op amps are configured as either in-
verting or noninverting types. When
configured as an inverting amplifier the
input signal is applied to the inverting-
input. The amplified output will be in-
verted (shifted 180°).

Latch Control: A latch input is included
in some op amps/comparators to per-
mit an event to be stored and reviewed
at a later time. This feature allows a
computer to poll the outputs and to re-
set an op amp.

Noninverting Input: When an op amp is
configured as a noninverting type, the
input veltage is applied to the nonin-
verting (+) input. Voltage changes at
this input will be in-phase with the out-
put voltage.

Offset Adjustments: Anop amp is adc-
coupled device. If a precision dc offset
is required, you may have to apply a
correction input voltage that compen-
sates for voltages generated at the in-
puts due to mismatches and input bias
currents. Many op amps have terminals
that permit this type of compensation.
Open-Loop Gain: This is gain of an op
amp with out feedback.

Output Current Range. This is the cur-
rent at which the output voltage range
of an op amp is specified.

Output Impedance: This is the small-
signal impedance between the output
terminal and ground.

Output Voltage Range: This is the max-
imum peak-to-peak output swing be-
fore signal clipping or a predetermined
level of distortion occurs.
Power-Supply Current: This is the cur-
rent that is drawn into or out of the sup-
ply terminals of the amplifier.
Power-Supply Voltage: This is the
nominal voltage required to meet the
general device specifications. Voltages
less than nominal generally have a dras-
tic effect on performance.

Risetime: This is the time required for
an output voltage step to change from
10% to 90% of its final value, which is
different than slew rate measured with a
large-signal input.

Short-Circuit Qutput Current: This is
the maximum output current delivered
by the amplifier when the output is con-
nected to either of the supply lines or
ground terminal.

Slew Rate: The slew rate of an op amp
defines the maximum rate of change at
the output terminals when the input is
changed by a large step function. Slew
rate is generally limited by the ability of
the output stage to rapidly change po-
larity. Risetime and frequency band-
width, measured under small-signal in-
put conditions, are generally different
than the slew rate would indicate. To
obtain aroughidea of maximum output
swing as a function of frequency for a
unity-gain application, you could use
the approximation:

Slew Rate
Frequency (Hz) = 6.28 x peak
output volts

Stability Compensation: Op amps have
extremely high gain. External compen-
sation capacitors may be required un-
der some conditions of either open- or
closed-loop amplification. Provisions
for these capacitors are sometimes
available at special pins to provide com-
pensation of an internal section of an
operational amplifier.

Strobe Control: Some op amps include
astrobe pin that permits an external de-
vice to connect the amplifier circuit to
an output pin. This feature allows a
computer to control the output of an
operational amplifier.

Unity-Gain Bandwidth: Amplifier gain
drops off as frequency increases due to
capacitive effects within the amplifier.
When gain is reduced to unity, the fre-
quency at which this occursis defined as
the unity-gain bandwidth.
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tive voltage to the inverting (—) in-
put, as shown in Fig. 6, the output of
the op amp will swing to — V. If
you feed a triangular signal to the in-

uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

verting input, you’ll alternately
change the input polarity, causing
the output voltage to switch from
+ Vg t0 — V.. The output changes
polarity when the input crosses the
zero voltage point, which is the rea-
son why such a circuit is called a zero-
crossing comparator.

These circuits are very useful when

Vi

? ouUTPUT
INPUT + 4
————0V
INPUT VOLTAGE =
WAVEFORM
C = 100 pF SR =2k
TEST CIRCUIT =

FIGURE 1. RISE TIME, OVERSHOOT, AND SLEW RATE

activities must be synchronized to
each other. An example of this is the
turn-on of ac loads with an SCR dur-
ing or close to the zero-crossing
point. This limits current surges and
voltage spikes that would otherwise
occur if the circuit were to be turned
on at a maximum voltage point. The
output of the inverting zero-crossing
detector is 180 degrees out-of-phase

TYPICAL APPLICATION DATA

+ !NZ

TO Vee -

FIGURE 2. INPUT OFFSET VOLTAGE NULL CIRCUIT

with the input voltage.

Asshown in Fig. 7, connecting the
inverting (-) input to ground and
the variable input to the noninverting

INPUT OFFSET CURRENT
VS
FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

(+) input of an op amp produces a 100 T T 490 ]
positive output (+ V) whenever the z‘c:‘c:* '_5“5’ ; Vees =15V |
input goes positive. Circuit action is « 801\ Ty vee-=-15v
identical to the inverting configura- i 2 300 1
tion, except that the output voltage is § T H |
in-phase with the input. A designer 3 o0 i ] H e—ua747C 1
may choose a specific mode l?ecause 2 Fis— ] 3 200 N T
of the symmetry of the input signal or S a0 S Lt s N |
the interface required by the circuit B N\ Jill 3 N |
receiving the data. 5 0 A\ o L 100 7

i hANHE i =
Reference Comparators i 0 L 0

—-60 —40 —20 0 20 40 60 80 100 120 140 —60 -40 —20 0 20 40 60 80 100 120 140

A number of methods can be used to
generate reference voltages. Simple

resistive voltage dividers are easy to FIGURE 3

T A—Free-Air Temperature—"C

T A—Free-Air Temperature—"C
FIGURE 4

Courtesy Texas Instruments

+VCC 12V

SCOPE DISPLAY
OUTPUT

/_\\ ‘ A
;~ : INVIRTING INPUT | ™ .

NP1
S - - \
SV/DIV \

O Vin —_—

-+ LOAD R
/ a Vv
A
NON INVERTING
INPUT -VCC -12V

Fig. 6. Details of an inverting zero-crossing detector circuit.
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uA747M, uA747C

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

Ve —Maximum Peak-to-Peak Output Voltage—V

Ayp-Differential Voitage Amplification—V/mV

28
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24
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20
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200

100
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TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs
LOAD RESISTANCE

Vee+ =15V
-Vee—-=-15V
Ta =25°C

02 04 07 1 2 4 71

R —Load Resistance—k{2
FIGURE 5

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

LRL=2kQ
Ta=25°C

0 2 4 6 8 16 18 20
Iveet!-Supply Voltage- V
FIGURE 7
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MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs
FREQUENCY

Vee+ =15V

Vee-=-15V
RL =10 k2

Ta=25C

Vopp—Maximum Peak-to-Peak Output Voltage—V
N
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I

100
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f—Frequency—Hz
FIGURE 6

100 k

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
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|

i
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Ayp—Differential Voltage Amplification

1
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1

10 100

1Tk 10k 100k TM 1T0M 100 M
f—Frequency—Hz
FIGURE 8

Courtesy Texas Instruments

design. Calculations are straightfor-
ward because you can assume that
the op amp input doesn’t draw cur-
rent. If you need a precision refer-
ence that’s independent of supply
variations and temperature, a wide
variety of adjustable and program-
mable devices are available.

Basic operation of the comparator
is identical to the zero-crossing de-
sign. There are four possible configu-
rations, including positive reference
inverting; positive reference nonin-
verting; negative reference inverting;
and negative reference noninverting.
We’ll now examine two configura-
tions, leaving as an exercise for you
to examine the others.

For our description of the positive
reference configuration, we’ll use
reference voltage dividers built up
from a resistor network (Fig. 8). As-
suming that you wish to generate a
3-volt reference using a +12- or
— 12-volt supply, you use the voltage
divider equation:

Vi = R2(Vo)/(R1 + R2)
If you make R1 = 1,000 ohms and
Vou = 3 volts, you'll find that R2 =
3,000 ohms.

Current drain through the resistor
divider will be 3 milliamperes. Cur-
rent into the op amp is in the nano-
ampere range and is assumed to be
zero for these calculations.

Carefully studying Fig. 8 and Fig.
9, you’ll notice that in the inverting
mode, when the input exceeds the
reference the output goes negative . . .
thus, inverting. Note, too, that the
output waveform isn’t symmetrical.

INVERTING IN

& ]

ON INVERTING IN

>
=

LOAD R

-VCC

-12Vv

SCOPE DISPLAY

OUTPUT

INPUT

SV/DIV

Qv

Fig. 7. Details of anoninverting zero-crossing detector circuit.
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uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

This can be used to change the duty
cycle of the square-wave output.

In the noninverting negative refer-
ence example (Fig. 9), the output
swings low when the input falls to less
than the reference voltage.

COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE It’s easy to understand which way
b o the output goes if you remember that
FREQUENCY ELAPSED TIME . put goes 11y
100 — 28 in the inverting mode the output
) ‘\’/gg* 11_51‘5’\/, swing is 180 degrees out-of-phase
£ w0 Rs - 50 0 N with (always going in the opposite di-
< Ta = 25°C 20 . rection of) the input. In the nonin-
5 70 N > — a 9
& E 90% verting mode, input and output
3 L1 — y i e . q q
= 50 N % [ T changes are in the same direction.
§ 50 N :5 12 . .
2 . e [ Vees=h5 v Lab Exercise
<} 5 8 - . . . .
E 3 N 8 [ : ‘F:CC_—Z‘“‘ZW v For this exercise, you'll build an in-
$ . o4 o 100 b verting positive reference compara-
« o%g . Ta=25°C tor using the pA741 op amp. Using
[+ 0 -+ g
£ 10 = ‘l the same components as in the above
0 -4 examples, conduct the following tests:
1 10 100 1k 20k 100k 1M 10M 100M 5 QN0
. y o W a tE# 25 (1) Observe the action of a positive
e Clileak reference inverting comparator.
FIGURE 9 FIGURE 10 (2) Measure the slew rate.
LARGQ/;DIET“?;SLE;F[?LSL:&ESF;ONSE (3) Measure the maximum output
- L d
3 i swing (+ Vg, and — V).
] ! _l Vees =15V For these tests, you need the fol-
6 vee—=-15V | : 3 .
N ] ] CRC-2k@ lowing equipment:
) 4 - ALl CL=100pF | L .
& | "\ T4 =25 Oscilloscope (DSO featured in Janu-
& OuTPUT A :
CRPY I I At /L W L TR ary issue)
5 i Triangle or sine-wave generator (Dual-
g | J )
g ] t \ Aoy + T — Channel Function Generator featured in
? / 'N':UI; \ | the February issue)
Y T IR R T I + 12-volt power supply
3 . ,_LL 4 u#A741 741 op amp
— ) Wi ; 10,000-ohm, Y-watt, 5% tolerance
| | I :
81— ~ resistor
)
sl | J i | . 3,000-0hm, Yi-watt, 5% tolerance
0 10 20 30 40 50 60 70 80 90 resistor
—Time_us 1,000-ohm, %-watt, 5% tolerance
resistor
1 . b
il 1 20-uF nonpolarized capacitor (2)
i
Courtesy Texas Instruments (Continued on page 81)
SCOPE DISPLAY
+VCC 12V , OUTPUT
| 1 ‘
| 7
SV/DIV /
REF +3 V ;
@ Vv -
~
-VCC -12V ) /
NON INVERTING IN INPUT

Fig. 8. Details of an inverting positive-reference comparator circuit.
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Applications By Hardin Brothers

Keyboard and Keystrokes

(Part 1)

The electronic process of tfransferring a keystroke

to a video screen

hen you press a key on your

computer’s keyboard, a char-
acter appears on the screen almost in-
stantly. Users who think of their
computers as glorified typewriters
probably have a mental image of an
electronic type arm pressing a char-
acter into the electronic screen.

But the process from keystroke to
visible character is nothing that sim-
ple. It takes four microprocessors
and several pieces of program code to

make it happen . . . fast. This month,
we’ll look quickly at the first part of
the process (the entire route is too
complex to cover in one article; so I’ll
address this further next month).
Along the way, I'll suggest some
ways you can enhance keyboard op-
erations and explain why some key-
boards are incompatible with some
computers. Armed with this knowl-
edge, you can improve the odds of
buying a replacement keyboard that

will work with your computer with-
out problems.

Fast Tour

Keys are nothing more than switches
that complete a circuit when you
press them and open a circuit when
released. When you press a key, a
processor inside your keyboard rec-
ognizes that a keyswitch has been
closed. The keyboard processor

T_Keyboard

Controller |

[ - S

A ‘ Processor 71—~
U Keyooard
L
) COMPUTERE
N S
Keyhoard Interrupt CPU i

Controller | _

| Keyggard i
Intercept |

Type—ahead

RBuffer

B

—

Details of how a keystroke at the keyboard makes its journey to the type-ahead ouffer.
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Listing 1. Resetting Keyboard Lights

; Program to demonstrate how the keyboard lights can
; be reset with a.BIOS call.
; Written for MASM 5.1
; Save as BLINK.ASM
; Compile: MASM BLINK;
5 LINK BLINK; (ignore no-stack warning)
H EXE2BIN BLINK.EXE BLINK.COM
cseg segment
assume cs:Cseg
capson = 40h ;Caps lock is bit 6
capsoff= not capson
numon = 20h ;Num lock is bit 5
numoff = not numon
sclon = 10h ;Scroll lock is bit 4
scloff = not sclon
stall = 8000h
delay macro
mov ah, 1
int 16h
mov cx,stall
@@: loop @B
endm
org 100h ;.COM file format
start: mov ax,40h ;Point ES to BIOS memory
mov es,ax ;  table
mov dx, 10 ;Loop counter in DX
lpl: or byte ptr es:(17h],numon ;Turn on Num Lock light
delay
or byte ptr es:[(17h]),capson ;Turn on Caps Lock light
delay
or byte ptr es:[17h],sclon ;Turn on Scroll Lock light
delay
and byte ptr es:[17h],numoff ;Turn off Num Lock
delay
and byte ptr es:[17h],capsoff ;Turn off Caps Lock
delay
and byte ptr es:[17h],scloff ;Turn off Scroll Lock
delay
dec dx ;Decrement loop counter
jz er ;Go if done
jmp lpl ;Else loop back again
geg: int 20h ;Return to DOS
cseg ends
end start

looks up a code for that keyswitch in
its internal ROM and sends that code
number, which is usually one or two
bytes long, over the serial keyboard
cable that runs from your keyboard
to the computer.

In the computer, another proces-
sor, the keyboard controller, receives
the serial transmission represented
by the keystroke. It assembles the
serial bits into a byte and perhaps
translates the byte into a new value.
The keyboard controller then signals
the interrupt controller that it needs
attention.

Theinterrupt controller is the third
processor in this chain. It waits until
all interrupts with a higher priority
than the keyboard have been ser-

viced. Normally, only the timer has a
higher priority; so the wait is short.
The interrupt controller asserts hard-
ware interrupt IRQt, which forces the
CPU, the fourth microprocessor in
the chain, to execute software inter-
rupt INT 9.

INT 9 is a short and quick routine.
The CPU collects the keystroke from
the keyboard controller. Then it
checks whether the user has pressed a
key combination that requires special
processing, like Shift-Print Screen or
Ctrl-Alt-Del. If so, the CPU executes
the necessary code.

Next, the INT9 code checks wheth-
er the user has pressed one of the shift
keys (Shift, Ctrl, Alt, Caps Lock, Num
Lock or Scroll Lock). If so, the CPU up-

dates a memory table to show the
new status of the shift keys.

If the user has pressed a normal
keyboard key, the CPU combines it
with the current shift key status and
places a two-byte value into a buffer
in memory. Then it signals the inter-
rupt controller that it has finished
processing the keystroke and returns
to whatever it was doing before the
keystroke occurred.

From the point of view of most
programs, all these activities are in-
visible. When a program wants a key-
stroke, it either calls BIOS INT 16h to
get the next key in the keystroke buf-
fer, or it asks DOS to get the key-
stroke from the BIOS. If the pro-
gram is written in a high-level lan-
guage like BASIC or C, it normally
asks a runtime routine like INKEY$ or
getch() to call the BIOS and get the
keystroke.

Different Keyboards

IBM has produced three different PC
keyboards for its various machines.
The PC and PC/XT, as well as most
XT clones, had an 83-key keyboard,
with 10 function keys and a com-
bined numeric and cursor keypad.
The earliest ATs had an almost iden-
tical keyboard, but a SysRq key was
added to make a total of 84 keys.

Modern AT and later computers
use a 101-key ‘‘enhanced’’ keyboard
(European models have 102 keys),
with at least 12 function keys, a sepa-
rate cursor keypad and status lights
for shift, number and scroll locks.
Although many people think the ar-
rangement of keys on this keyboard
is anything but enhanced, the en-
hanced keyboard and its related elec-
tronics and software let you perform
some interesting tricks.

On the XT keyboard, the key-
board processor is responsible for
more than just sending occasional
codes to the computer. It has logic in
its ROM to suppress key bounce and
to provide n-key rollover so that new
keystrokes are read correctly even if
the user is still holding down previous
keys. The keyboard is also responsi-
ble for key repeat; so users can sim-
ply hold down a key if they want to
type it several times in a row.

The processor in the 83- and 84-
key keyboards has all the logic for
these responsibilities built into its
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ROM firmware. You either accept
how it works or find a new keyboard
that’s more to your liking. The pro-
cessor in the 101-key enhanced key-
board is more flexible. It can turn on
and off status lights at the command
of the computer. It can be pro-
grammed for different key repeat
rates and for different sets of key
«codes. With the latter, the keys can R —
be redefined to fit the user’s wishes. #include <stdlib.n>
It will also accept programming com- GERCEES) Sosi
mands that are most useful for diag-
nog;cfs;?fniytsetlim imn{;;?izl?etiy%rgards e (LRSS T
don’t completely implement the most

Listing 2. Setting Key-Repeat Rate

~
* Ok %k % ¥ N %

-~

Th_s program sets the typematic (key repeat) rates
based on command-line parameters. For fastest
kevbcard, use KEYREPT 0 0.

Save as KEYREPT.C, compile to KEYREPT.EXE

Created with Quick C 2.5 but should be compatible
with most C compilers.

int mdir(iné argc, char *argv[])

. . . . R { .
interesting programming possibility, int delay, rate;
. Y f union REGS regs;
choosing instead between key code
sets. The other USClel programming teszkk(); /* Make sure we have a 10l-key keyboard */
features are more easily accessed via if (arge 1= 3 )
the computer’s BIOS. help(); /* Must be 2 command-line parameters! */
The keyboard controller inside the delay = atoi(argv{l]); /* First is delay before repeat */
. rate = atoi(argv[2]); /* Second is rate of repeat */
PC/XT and compatibles performs
its primaryjob ofassembling the ser- if r{,dilEXI < 0 || delay > 3 ) /* Check parameter bounds */
2 L . e F
1al bits from the keyboard and invok- P
ing a hardware interrupt, but little if (rate <o || rate > 31)
. y help();
else. The controllers in ATs and later
computers that are compatible with
the 101_key keyboard are program- regs.h.ah = 3; /* Pick Function 3, Service 5 of Int 16h) */
regs.h.al = 5; /* Note -- some versions of the Phoenic */
mable, but few programs actually /* BIOS have a bug and require al = 6  */
sendthfemcommands.Thecontroller regs.h.bh = (char) delay; /* Set new values */
can be instructed to turn on or off its regs.h.bl = (char) rate;
Capablllty of Slgna"llng the lnterrupt int86 (0x16, &regs, &regs); /* Call Int 16h */
controller, to turn itself (and the key-
. puts("New keyboard typematic values have been set");
board) on or off, to watch or ignore e (O]
the keylock switch on the front of the }

computer and to test itself.

The controller in AT-style com- pial etk

{
puters has one other job. The key char far *fp;
codes reported by 101-key keyboards fp = (void far *) 0x496L;
are completely different from those e | 0x10) == 0)
from 83-key and 84-key keyboards. puts{"You must have a 101/102 key keyboard and supporting BIOS");
The controller uses a look-up table in o el
its own private ROM to translate ‘ }
from the AT code set to one closer to '
the original XT code set. Without void help()
this translation, programs that use {

puts(" This program sets the typematic (key repeat) rate for your");

control and function keys would puts(" keyboard. To use the program, type");
2 . puts (") ;
have to be rewritten for different e REIREER Bmsttys;
computers. puts("");
g puts(" d is a number between 0 and 3. It selects how long the computer");
The dlfferent COdeS reported by puts(" pauses before repeating keystrokes.");
old and new keyboards also explain pu§s§" ot o 2g if; o pause";:
puts (" = > second pause");
why you must buy a keyboard that’s puts (" d=2 --> 3/4 second pause"):
compatible with your computer. If ey ©F © 5B @ sceens pemeeils
you try to attach an XT keyboard to puts (" ;' is a number between 0 and 31. It sets how fast keystrokes");
N puts (" repeat when a key is held down.");
aI} AT or vice versa, the controller puts (" r = 0 --> 30 characters per second (fast)");
will become hopelessly confused and puts (" . i naney secend] GICIINY
ts(" oth 1 d b th t = W) i
refuse to work at all. Some kCY‘ gﬁtzg""); er values are scaled between these extremes.")
boards have switches that let them puts(" For example, you can set the fastest typematic rate by typing");
. d puts (" KEYREPT 0 0");
operate in either XT or AT mode; exit(-1);
these should be compatible with vir- }
tually any standard computer.
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Listing 3. Key Codes to Keyboard Intercept

comment. |
This program will show you the key
keyboard intercept (Int 15h, functi

Written for MASM 5.1

Save as SnooplS5.asm

Compile: MASM Snoopl5;
LINK Snoopl5; (Ignore
EXE2BIN Snoopl5.EXE SnooplS

codes as they are sent to the
on 4Fh).

no-stack warning)
.COM

cseg segment

assume cs:cseqg, ds:cseg

org 100h ;.COM file format

start: jmp short install
old15 equ this dword ;Original Int 15h vector
0l1d15_off dw 2
01d15_seg daw 3
hextable db '0123456789ABCDEF"'
posn dw 0 ;0ffset onto screen
vidseg dw 0b800Oh ;Use 0b00OOh for monochrome systems
newl5: pushf ;Save flags

cmp ah,4fh ;Call to keyboard intercept?

jz (43 ;Yes -- get to work

popf ;Else recover flags

jmp cs: [(0ldl5]) ; and call original service

@@: irp x,<ax,bx,cx,dx,si,di,ds,es> ;Save registers

push X

endm

push cs ;Get current segment

pop ds ;  into DS

les di,dword ptr [(posn] ;Get current video address

cmp di, 160 ;Past end of first line?

jb bin2hex ;No -- go

push ax ;Save AX

sub di,di ;Point to beginning of row

mov cx,80 ;Ready to blank line

mov ax,0720h ;Space on black background

rep stosw ;Store 80 of them

sub di,di ;Point to beginning of row

pop ax
binzhex: ;Display AL in Hex notation

mov bx,offset hextable

Programming Techniques
You can program the keyboard pro-
cessor and keyboard controller di-
rectly to obtain the features that you
want. But it’s easier to let your com-
puter do the work for you so you
don’t have to worry about needed
timing delays, interrupts, I/O con-
flicts and other possible problems.
Changing the keyboard lights and
shift-key status is easy. The BIOS
keeps a record of the status in low
memory. Each time a program or
DOS calls INT 16h to get a key from
the keyboard buffer, the BIOS up-
dates the lights, based on the current
values in the record. This is the same
record that INT 9 uses to interpret
each incoming keystroke. Therefore,
changing the record also changes the
way new keystrokes are interpreted.
As an example of the above, if you
set the bit in the shift-key record that

indicates that Caps Lock is on, all in-
coming alphabetic keystrokes will be
modified to be capital letters. As
soon as INT 16h is called, the Caps Lock
status light will go on. To ensure that
the light goes on immediately, your
program can call INT 16h, Service 1,
to ask if any characters are in the
type-ahead buffer and ignore the re-
sults. Listing 1, which blinks all three
lights on the keyboard several times,
shows the technique.

To set the key repeat rate (IBM
calls it the typematic rate), you can
use INT 16h, Function 3, Service 5. A
bug in some versions of the Phoenix
BIOS misinterprets the service num-
ber; you have to use Service 6 instead
of Service 5 on computers with one of
these BIOSs.

The typematic service sets two
values. The first sets the amount of
delay before a key starts to repeat. By
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College of Engineering
Grantham College Road
i Slidell, LA 70460

After INT 9 reads a keystroke from ceive for each key? Listing 3 will
the keyboard controller, it calls INT show you. This simple program dis-

Earn Your B.S. Degree
- ] in
mov ah,al ;Save value in AH or
mov cl,4 ;Bit positions to shift
h al,cl ;AL h high nibbl
Ry 2 LSk adci1 noae COMPUTERS
stosb ;Put it on the screen
inc di ;Point to next location
mov al,ah ;Get back original value
and al,ofh ;Low nibble is now in AL
xlat ;Get ASCII value
stosb ;Put it on the screen
add di,3 ;Move for next time
mov [posn],di
irp x,<es,ds,di,si,dx,cx,bx,ax>
pop x
endm
popf )
jmp Cs:[01d15] ;Let old handler do the rest
install: m
€@: m ah, 01 ;Check if k i in buff W o
ig\tl ane eck i ey is in buffer &“\5‘:\ 4 \ o (
jz eF ;Go if no key
h,o JE1 t the k H
e Jen 50 get the key By Studying at Home
jmp B ;And loop back R .
Grantham College of Engineering,
eé: mov ax,3515h ;Get Int 15h vector . . H
int 21h now in our 4lst year, is highly ex-
LIS oldl5 off,bx  ;save vector perienced in “distance education”—
mov 01d15_seq,es o
mov dx,offset newlS ;DS:DX has our rogtine addr. teachmg by correspondence—through
BN A es st 27y NS printed materials, computer materials,
rino\t/ ?gr’l()fh iGet viieo mode fax, and phone.
n Sl i, .
i an, 0 ;Resgt T el No commuting to class. Study at
int 10h ; to clear th ree 1 1 1
s e ;Reag bay s D your own pace, while continuing on
int 16h _ your present job. Learn from easy-to-
o B el fox BSE ey understand but complete and thorough
lds dx, [01d15] iGet original vector lesson materials, with additional help
mov ax,2515h ;Set as Int 15 routine .
int 21h from our instructors.
mov SN R iReturnutonDos Our Computer B.S. Degree Pro-
cseg  ends gram includes courses in the BASIC,
end SEaE PASCAL, and C languages — as well
' - Assembly Language, MS DOS, CADD,
and more.

Our Electronics B.S. Degree Pro-
default, the delay is set to 0.5 second, 1sh, Function 4Fh. This function, gram includes courses in Solid-State
but it can be set between 0.25 and 1 which is also available on late-model Circuit Analysis and Design, Control
second. The second value is the num- XT computers, is called the Key- Systems, Robotics, Analog/Digital Com-
ber of characters per second that will board Intercept. Its purpose is to let munications, and more.
be typed automatically. The default programs intercept keystrokes be- An important part of being pre-
valueis 10, but it can be set between 2 fore they show up in the type-ahead pared to move up is holding the right
and 30 characters per second. Listing buffer and decide whether to leave | college degree, and the absolutely neces-
2 is a simple C program that I use in them unchanged, substitute a differ- | sary part is knowing your field.
my AUTOEXEC.BAT file to speed up ent code or discard them completely. Grantham can help you both ways—
the typematic rate every time I boot To use thiS service, a program to learn more and to earn your degree
up my computer. must hook itself into the interrupt in the process.

chain and provide a new INT 1sh, Write or phone for our free
. Function 4Fh. Then it must examine catalog. Toll free. 1-800-955-2527. or
Translating Keys Leystroke it recei deter- e ’ :
every keystroke it recetves to deter see malllng address below.
The keyboard processor translates mine what value should be returned. .
incoming key codes so that most keys This function is called on each key ‘ Accredited by
look the same to programs, regard- press and key release; if you’re going the Accrediting Commission of the
less of whether they’re typed on an  to change some keystroke defini- National Home Study Council
XT or an AT with an enhanced key- tions, make sure you also change the O
board. But the translation process key-release definitions as well. GRANTHAM
doesn’t end there. What value will your program re- '
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Call (800) 992-9943
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Electronic Components
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Over 8 million Fax machines In homes/
officas -predictions are for over 25 miilion
by 1992!

B Work from your home/van

B Home study program gets you started servicing
fax machines in 2 weeks!

B No special tools/equipment needed

[ Earn additional profits selling fax supplies!

® Fax machines are not cheap - therefore, you can
get good $$ for the repair

» Average Fax machine requires professional service
every 18 months

© Home study training program includes full instruc-
tions on EVERY ASPECT of Fax maintenance/repair.
FULL COVERAGE of how to set up your home-based
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FREE DETAILS
CALL 1-800-537-0589
Or Write To: Viejo Publications, Inc.
5329 Fountain Ave., Dept. ME/FX
Los Angeles, CA 90029
CIRCLE NO. 77 ON FREE INFORMATION CARD

40 / COMPUTERCRAFT / May 1991

plays, in hexadecimal notation, each
key code it receives. You can use it to
see the codes generated by each of the
keys on your keyboard.

Two pieces of information in List-
ing 3 display are important. First,
each key generates two codes: one
when it’s pressed and another when
it’s released. This lets the computer
correctly interpret Shift, Ctrl and Alt,
and litit their effect to the times
when they’re pressed simultaneously
with another key. With a little work,
you could turn any or all of them into
‘“‘sticky’” shift keys that remain on
until they’re pressed a second time,
like Caps Lock and Num Lock. In gener-
al, the release code for each key is its
press code with the high bit set.

Secondly, Listing 3 will show you
that the difference between the dif-
ferent shift and cursor keys is often a
prefix of OEOH added to one key.

The computer can tell exactly what
key has been pressed, but it some-
times must wait for and store a prefix
to distinguish between keys that look
identical to the user.

A few keys generate codes that are
several bytes in length. For example,
you might want to press the Pause key
while you’re running Listing 3. These
keys are a little more difficult to in-
tercept and change or disable than
the normal alphabetic keys.

Finally this month, Listing 4 shows
how to change the definitions of
some keys. It assumes that you’d like
to be able to use WordStar com-
mands without a painful reach to the
control key. To do so, it swaps the
Caps Lock and left Ctrl key.

The key code for the Caps Lock key
is 3Ah, and the release code is 0BAh.
Listing 3 shows the press code as 3A
FA FA, but the two bytes of FA seem

. Listing 4. Remapping WordStar

;Demonstration program to show how the Caps Lock and Ctrl keys can
;be remapped to make WordStar-type control commands easier on a 10l-key

You will have to reboot to remove this program from memory.

(ignore stack warning)

;.coM file format

;Create a look-up table
; from 0 to Offh

;keyboard.
i
; Written for MASM 5.1
; Save as KEYSWAP.ASM
; Compile: MASM KEYSWAP;
; LINK KEYSWAP;
; EXE2BIN KEYSWAP.EXE KEYSWAP.COM
;
cseg segment
assume cs:cseg, ds:nothing
org 100h
start: Jjmp install
keytable label byte
X =0
rept 100h
db X
X =x + 1
endm
oldl5s equ this dword
0ldls off dw ®
0ldl5 seg dw 2

;
;Here is the keyboard intercept routine:

newl5: pushf

cmp ah,4fh

je translate
exit: popf

jmp cs:[o0ld15]
translate:

push di

sub ah,ah

mov

add di,ax

mov al,cs:[di]

mov ah,4fh

pop di

or al,al

inz exit

popf

stc

retf 2

;Save the flags

;Keyboard intercept call?

;Yes -- translate it

;Else recover flags

; and let orig. Int 15h take over

;Save register
;AX = key code

di,offset keytable

;DI ==> position for this key
;jGet translated value

;Restore AH

;Recover register

;Is new code 07?

;No -- exit through old Int 15h
;Else pop flags

;Set carry flag

;Simulate IRET but keep flags
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to be aninternal signal that the status
lights need to change (they can be
safelyignored). The key codes for the
Ctrl key are 1Dh and 9Dh. What we
need to do is change every 3Ah byte
to 1Dh, every OBAh byte to 9Dh,
every 1Dh byte to 3Ah, and every
9Dh byte to 0BAh.

Listing 4 begins with a look-up ta-
ble that’s generated by the assem-
bler’s REPT macro (you didn’t really
want to type in 256 hex values, did
you?). This Table, as well as a new
keyboard intercept routine, stays in
memory until the computer isreboot-
ed. The heart of the memory-resident
code simply uses the current value in
AL—the key code that INT 9 has re-
ceived—to look up a Table value.

The remainder of Listing 4 checks
to make sure that the keyboard inter-
cept is supported on the computer,
sets the changed values in the look-up

end tsr equ $
error db
okay db

assume cs:cseq,
h
; Set new values in lookup table.

i
setval macro X,y

table, and then installs the transla-
tion routine in memory,

Listing 4 ignores the difference be-
tween the two Curl keys. If you want
to translate one but not the other, the
translation routine could use two
look-up tables. One would be used
normally, and the other last key was
0EO hex, which is the prefix added to
the beginning of the duplicated keys
on the AT keyboard.

This month, I’velooked at the first
half of the trip from keystroke to a
character appearing on the screen.
You’ve followed the keystroke
through four microprocessors and
into the type-ahead buffer. The sec-
ond half of the trip will take you
through the intricacies of the key-
board buffer, BIOS INT 16h and, fi-
nally, into the computer’s video cap-
abilities. It will, unfortunately, have
to be deferred until a later article. W

;End of resident code

‘Cannot install keyboard translation.$'
‘Keyboard translation now in effect.$'’

ds:cseg

We want to exchange 3A/BA with 1D/9D.

; jReplace X with Y
;;Point to X
;;Put Y in that location

;Make sure BIOS supports
;  keyboard intercept
;No -- go

;ES:BX ==> feature byte
;Is bit 4 on?

di,offset keytable ;Point to key table

;Get current Int 15h vector
;Save the address

;Set new Int 15h vector
; with address in DS:DX

;Print message
; to show we're installed

dx,offset end tsr ;Point to end of resident code

;  and exit but stay resident

dx,offset error ;Print error message

b to show we've failed

;End with fail code

mov bx, x
mov byte ptr [di](bx],y
endm
install: mov ah, 0cOh
int 15h
jec no_intercept
add bx,5
test byte ptr es:[bx],10h
jz no_intercept
mov
setval 3ah, 1dh
setval Obah,9dh
setval 1dh, 3ah
setval 9dh, Obah
mov ax,3515h
int 21h
mov [01d15_off], bx
mov [0ld15_seg],es
mov dx,offset newl$s
mov ax,2515h
int 21h
mov dx,offset okay
mov ah,9
int 21h
mov
int 27h
no_intercept:
mov
mov ah,9
int 21h
mov ax,4cffh
int 21h
cseg ends
end start
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Upgrading By peterR. O'Dell

Hard-Disk Replacement

Encounters

Adding an 80-megabyte drive as a second
hard disk to an AT computer and replacing a
defective 40-megabyte in an XT

he prime computer at my home

office is a Heath 248 AT-com-
patible PC (a Zenith Z2D248 built
from a kit) that’s about three years
old. At the time I put the kit together,
I had the option of equipping it with
either a 20M or 40M hard-disk drive.
I chose the 20M drive, feeling that I’d
never fill it up with just a little word
processing and telecomputing.

Six months later, I had filled more
than 15M of the disk. Soon I was
swapping files to make room for
other files and programs. When I be-
came interested in desktop publish-
ing, I knew it was time to upgrade my
PC’s hard-disk capacity.

The Search Begins

I couldn’t readily identify the hard-
disk controller in my H248 AT be-
cause Heath had used a number of
different ones for its part number
HWD20AT. Mine was marked Mod-
el Titan 3532. | had never heard of it,
though I later learned that it was
made by Lapine Technology. I want-
ed to use the same controller for the
new drive since I intended to use the
existing half-height hard disk as a se-
cond hard drive. A Heath technical
person told me I could probably keep
the same controller if I used it with a
Seagate drive.

Poring through advertisements in
computer publications, I decided
that the Seagate ST-4096 full-height
drive came closest to matching my
needs for expanded disk capacity ata
price I could afford. The drive fea-
tures an 96M capacity, which for-
mats to 80M, and 28-ms access time.
It has 5%-inch platters, and voice-coil
actuation and uses MFM encoding.
Using it together with my existing

drive would give me a full 100M of
storage capacity!

I thought the drive would work
with the controller I already had,
which I assumed also uses MFM en-
coding. If it was the equivalent of
Seagate’s ST412 interface, every-
thing would be fine. To check this
out, I logged onto the Zenith forum
on CompuServe, where I left a mes-
sage describing my hardware setup
and asked if anyone with a similar
configuration had experience with an
ST-4096 drive. Several kind folks re-
sponded, all verifying that they used
the drive with the same or similar
computer model and that there were
no problems.

I pulled the cabinet off the H248 to
make sure that my controller card
had, in fact, a connector for a second
hard drive. Sure enough, the control-
ler card had a second 20-pin connec-
tor. Thisisatypical arrangement: the
card is equipped with two 20-pin con-
nectors for data cables and a single
34-pin connector for the controller
cable. Oddly enough, the 34-pin ca-
ble appeared to have only one plug
onthe disk end. But I couldn’t see the
entire length of cable clearly, and I
didn’t feel like ripping the computer
apart just to verify things. Anyway,
they always ship new cables with a
new hard drive, don’t they?

I called Heath’s technical assis-
tance line and asked about the con-
troller and the cable. Sure, the ST-
4096 would work with an H248, I was
told. No, Heath had never shipped
any computer Kits with a single-ter-
minated controller line, so the second
plug must be buried out of sight in the
computer, was the answer to my sec-
ond question.

Next I called Payload Computers
in Houston, Texas (best advertised
price in Remark, a Heath Users
Group magazine) and asked to speak
to a technician. I told him what I
wanted to do, and he said there
would be no problems installing the
ST-4096 in an H248. The company
informed me that lots of them had
been sold for that computer. The price
last year was $548 plus shipping cost.

I told the order department to ship
it via regular UPS. According to my
calculations, the hard disk would ar-
rive on the following Monday. It ac-
tually showed up the following
Thursday. I carefully took the box
apart and found that Payload had
shipped the drive, a copy of Seagate’s
Universal Installation Handbook
and a copy of Disk Manager parti-
tioning software. But no data cable
was included! Oh, well, I thought, I
should be able to find it locally.

Installing a
Second Hard Drive

Itook apart the H248 to look for the
other termination connector on the
controller cable. There was none.
The cable was just a simple flat one
with a single connector for a single
drive. I knew then that Ineeded a new
controller cable, too—not a major
problem.

I visited the local Heath store and
the first salesman gave me that ‘I
don’t even understand the words
you’re using”’ look when I told him
what [ wanted. He just mumbled that
he would have to get another sales-
person to talk to me. It turned out to
be a guy I had dealt with before, who
does know what is going on.
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Resistor Termination Pack

Color-Coded
Strip

i or “2”

End Socket

Drive

Marked Edge

Fig. 1. When two hard disks are installed in a PC, you must
remove the resistor termination pack from the first physi-

cal drive on the controller cable. However, do not forget
that this corresponds to the second logical drive, usually

drive D:.

When he came out, I told him what
I needed. Zenith has this crazy obses-
sion with part numbers; so the sales-
man had to spend a few minutes with
one of the display models before
coming up with the right part number
for the 34-pin controller cable. It was
in stock and cost $18. The store was
out of stock, however, on the 20-pin
data cable. I paid the $18 for the con-
troller cable and went to another
computer store, where [ bought the
data cable for $3.

When I tried to install the cables, 1
found that the data cable fit just fine,
but there was a problem with the con-
troller cable. A pin blocker was in the
plug that connects to the controller
card. Therefore, I couldn’t connect
the darned cable to the card.

Since it was 30 miles to the Heath
store, I decided to try a local com-
puter emporium. Sure, they had the
controller cable. No problem. I start-
ed to pull out my check book when
the clerk looked at me and said, “‘I’m
sorry, sir, but we don’t take checks
forlessthan$5.” “Oh,’’ I said, mak-
ing a mental note about a Heath re-
tail store’s mark-up. I subsequently
returned the controller cable to the
Heath store and was given a refund.

It seems that the pin blocker could’

have been removed rather easily, if
you know how. There was only one
more roadblock to getting the disk
installed and running. Seagate ships

its drives with Torx screws in the
mounting holes. Needless to say, I
didn’t own a single Torx screwdriver,
let alone a No. 10 Torx driver. But I
did have a flat-blade driver that
could be wedged into the screw head.
In about 10 minutes, I managed to re-
move the Torx mounting screws and
replace them with Phillips screws.
But I do recommend using the Torx
screwdriver if you have one available.

Heath/Zenith computers are physi-
cally a little different than most other
IBM compatibles. They have remov-
able mounting racks that hold the
disk drives. After taking the cabinet
off, you simply remove a screw from
the front panel, and the whole rack
moves back, slides to the rear and
then lifts out.

Since the ST-4096 is more than
twice as fast as my original 20M
drive, I wanted to use it as my main
C: drive and make the 20M drive the
D: drive. This would speed up disk
operations considerably, and the
20M unit could be used for archiving
files and such. However, I raninto a
problem with this strategy. Here’s
why. Every disk drive comes with a
resistor pack used for terminating the
control line. In a daisy-chain setup,
only the last drive in the chain should
have the resistor pack. But the last
physical drive on the daisy chain is
the firstlogical drive (usually your C:
drive). Instead of the usual plug-in

Fig. 2. The slot on the edge connector of the pc board
helps you connect the controller cable correctly.

resistor, my 20M drive has the resis-
tor pack soldered in. Thus, I could
use it only as my C: drive.

I carefully removed the resistor
pack from the ST-4096 (see Fig. 1)
andtaped it to the top of the drive for
safekeeping. If I ever move up to a
386 or 486 computer at some point
and install the ST-4096 in the new
computer, the resistor pack will be
there when 1 need it. Never throw
away a resistor pack.

The controller cable has attached
to it at the disk end essentially card-
edge connectors. Each has a key in it
that matches up with aslot inthe edge
of the disk circuit board, as shownin
Fig. 2. There is no way you can put
them on wrong—if the key is in the
connector. Also, most cables have a
red stripe running along the pin-1
edge. This can assist you in connect-
ing the cable correctly, since the slot
in the disk circuit board is near pin 1.

At the controller card end, things
are not so simple. Typically, you will
find IDC connectors that have two
rows of pins evenly spaced without
benefit of a key system. In other
words, itis physically possible to turn
the cable upside down and connect it.
If you look carefully, pin 1 and pin 20
or pin 34 will be marked on the circuit
board. Just make sure that the cable
stripe is near pin 1.

With everything now set, I turned
on the computer and went into
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Heath’s monitor (a low-level inter-
face below DOS that is used to con-
figure the computer) to set up hard
disk number 2. After flipping
through the table, I found that Type
35 matched the characteristics of the
ST-4096. The computer could now
recognize the second drive. (For
other kinds of AT compatibles, you
usually run a setup program to enter
drive type information.)

When I powered up the computer,
it would not boot. Trusty, reliable
drive C: wasn’t there. What had hap-
pened to it? Why did it fail to boot?
For the next hour, I tried everything
that I could think of, including turn-
ing the controller cable upside down
on the controller card. Looking back
on that, I would say that it was a
stupid thing to have done, but I was
becoming a bit frustrated.

Timetoreview theliterature again.
It was all very confusing. I found a
couple of reference books that gave
me some insight. Not only do you
have to be concerned with controller
cables and terminating resistors, you
must set up the drive-select jumpers
properly as well. At the controller-
card level, it is like giving each drive a
different name.

My original drive had been set up
as drive 1. It had been connected to
the controller card with a flat cable.
But the new cable had a second con-
nector in the middle. Between the
middle and the end connectors, a
portion of the flat cable was twisted
over, which reversed some of the pin
connections. With this arrangement,
all drives must be set up as drive 2.
The twist in the cable assures that the
controller signals go to drive 1. I fig-
ured my drive was not booting be-
cause I had not set it up as drive 2.

This was very easy to check. All 1
had to do was temporarily swap the
single-termination flat cable for the
double-termination cable. It took
about 5 minutes to do that and boot
up. Drive C: was fine again. It was
then another 20 minutes to remove
the disk rack, pull the drive out, find
the drive-select jumpers and set them
correctly.

Onte further point of confusion can
arise: nomenclature is not standard.
Some manufacturers call the jumper
pins DO through D7 and others call
them D1 through D8. Regardless of
which labeling system is in use, you

simply connect the second set of pins,
D1 or D2, respectively, with the tiny
rectangular jumper connector, as
shown in Fig. 3. Alternatively, you
may have to set DIP switches to select
drive 2. Similar to the jumpers, you
set the second switch to ON and the
first switch to OFF.

Some controller cables with two
disk connectors are flat; that is, they
do not have a twist between the con-
nectors. For this type of cable, drive
C:, the drive attached to the last con-
nector on thecable, isset up as drive |
with its jumpers, and drive D: is set
up as drive 2 with its jumpers. But, as
I said before, when you have the
twisted cable, both drives are set up
as drive 2 with their respective jump-
ers. Again, keep in mind that the
drive farthest away from the control-
ler card is the first logical drive (usu-
ally C:).

After I set the jumpers correctly,
the H248 worked perfectly. Then I
placed the Disk Manager disk in
drive A: and ran that program. It
takes about 40 minutes or so for Disk
Manager to format and partition an
ST-4096. There is nothing tricky at
all to running the program. Just fol-
low the on-screen prompts, select the
ST-4096 from the menu, select the
partitions you want, enter the data
from the bad-sector map that comes
with the drive and let Disk Manager
do the rest.

If you are not using Disk Manager
or a similar partitioning program,
you must format and partition the
disk using DOS commands. (Hint:
it’s a lot easier with Disk Manager.)

Hard Disk Blues

A few weeks after installing the ST-
4096 in my H248 at home, I noticed
that my office computer was making
a strange noise. Within a few days,
the computer failed to boot, present-
ing me with error message 1701. This
error message was not particularly
informative until one of my co-work-
ers explained what it meant. A 1701
means either a hard-disk failure or a
hard-disk controller card failure.
Since we had an identically config-
ured computer available in the of-
fice, it was easy enough to check
things out. I swapped out my con-
troller card with the one from the
other machine. My computer failed

Drive Shown Configured As J2

Drive Select 1

Fig. 3. To configure the hard disk as
drive 2, remove the jumper from the
first set of pins and connect it to the
second set (DS2 in the drawing).

to boot, but I did get a slightly differ-
ent pattern on the screen. Then I tried
my controller card in the other com-
puter. It worked fine. That was fairly
conclusive evidence that the hard
disk itself was the culprit.

I called a couple of local stores,
looking for a 40M replacement drive
and controller for an XT. One major
chain did not have it in stock locally
but suggested I order it from its main
warehouse in Texas. An ST-251 with
a controller card would cost $400. A
local independent store had the ST-
251 kit in stock for $470. I decided to
call a couple of mail-order firms to
check out the prices.

The person to whom I spoke in the
first store was honest enough to tell
me that he could not ship for several
weeks. I then called another source.
The salesman here assured me that
the drives were in stock. This was late
Friday afternoon; so it could not be
shipped until Monday morning. I
queried the salesperson about ex-
press shipping on Monday. ‘‘No pro-
blem. Trust me,”’ was the response.
The delivered price was around $370;
so I chose to save the $100 and wait a
day or two longer.

Delivery was expected no later
than Wednesday. Nothing came
Wednesday . . . nor Thursday. So 1
called the salesman back and asked
what had happened. He said, ‘‘Oh,
we shipped it yesterday.”’

““But you told me you would ship it
on Monday.”’
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“It’s the flow. Sometimes the
orders flow, sometimes not. Know
what I mean?”’

Yes, I knew what he meant. The
drive did not arrive until Friday
around noon. I could have purchased
it locally for a difference of $100 the
previous Friday. Since this is a com-
puter used in business, mostly for
word processing, I lost a lot of pro-
ductive time just to save $100. That is
something to keep in mind.

Since the existing controller and
drive were quite old (by computer
standards, anyway), I ordered the
kit, which means drive, controller
card and cables. I was pleasantly sur-
prised to see that the controller was a
Western Digital WDXT-GEN2 Plus
board and not a cheap copy. Inciden-
tally, the manual that comes with
that board is excellent.

I started to remove the old drive
and found that it, too, was secured
with Torx screws. Although I found
a Torx screwdriver set at a local hard-
ware store, the drivers were all too
large for the job. However, a nearby
electronics store carried a No. 10
Torx driver. The two visible Torx

screws came out of the side railing
very easily. (It is so much better when
you have the correct tool.) But the
drive was still attached. I had to turn
the case up on its side to get to an ac-
cess hole in the bottom of the case. It
turned out that an additional screw
was holding the drive to the bottom
of the disk-drive bracket.

The mail-order company had
shipped two Phillips screws with the
new drive, apparently after removing
the Torx screws. I started to use the
Phillips screws to mount the drive.
But I noticed that they were too long
and, when fully tightened down, ap-
peared to place stress on the disk
housing. Since I already had the Torx
driver, I used the Torx screws from
the old drive. It took less than 10 min-
utes to install the new drive, install
the new controller card and connect
the cables.

There was one thing that I did not
like about the new controller card: it
did not have a slot cover—just a plas-
tic tab for securing it to the back of
the case. My objection is based on the
potential for radio-frequency inter-
ference (rfi). Lots of high-frequency

electronic signals can leak out of a
hole like that. A co-worker also
pointed out that the hole can wreak
havoc with the heat ventilation sys-
tem of the computer. Fortunately, [
was able to remove the slot cover
from the old controller card and at-
tach it to the new one.

I'booted the computer from a flop-
py, and then I used Disk Manager
(supplied by Seagate with the drive)
to format and partition the disk.
Disk Manager was through in well
under 30 minutes. Again, I found it a
painless and foolproof method of
formatting and partitioning the disk.
After that, it was a simple matter of
restoring data from my last back-up,
using Fastback. Unfortunately, my
last back-up was about a year old.

During the afternoon, several co-
workers stopped by to marvel at the
innards of the computer. One re-
marked, ‘“How can you do that? I
couldn’twork on one of those things.
I’d be afraid I’d break something.”’

So, aside from saving money by
doing it myself, my ego has been
buffed up a bit, making it all very
worthwhile. 0

FREE CATALOG with over 100 innovations
to add comfort and convenience to your home.

Latest in electronics.

Heath Company’s new Home
Automation catalog features easy-to-
install electronics that bring
sophisticated technology into your
home for as little as $12.95. Simple.
Easy to install. Affordable.
Guaranteed.

Some bring you peace of mind.

Affordable protection for your home or

car. Expandable security systems to meet
your needs today and tomorrow.
Advanced motion sensor lighting that
reduces false triggering (often caused
by blowing leaves or small pets) by up 4
to 75%. You get protection where
and when you need it, indoors and
out.

Some save you time.
Watch the kids play outside,
monitor the baby’s room, or
see who's at the front door
just by looking at your
television screen. (Who says
you can’t be two places at once?)

Call home to turn on your slow-cooker or
other appliances. From one center, control

lights, tans, air conditioners — almost
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anything that plugs into an electrical
outlet.

Some just make life easier.

Add a portable phone extension to any
the volume of your music system
movie on the living room VCR and

TV.

«.. the Heath

.~ guarantee for
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Try any Heath product at no

risk. If you aren’t completely satisfied,
simply return the item within six months

for credit or full refund.
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electrical outlet. Automatically lower
waenever the phone rings. Or play a

watch it on your bedroom

100% satisfaction

Call 1-800-44-HEATH for
your FREE CATALOG.

Free call for a free catalog. Or, just
mail the coupon below. Heath
adds comfort and convenience ...
and makes coming home even
better.

Benton !arbor, Michigan
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Project sy Nick Goss

Super-Charger
Programmable Battery Charger

Custom-configure your Ni-Cd battery charging

profile with the ultimate battery charger!

hy is it that nickel-cadmium
batteries and cells seem to cre-

ate a ‘“‘love-hate”’ relationship with
most users? One reason is that often
they aren’t charged properly. Dumb
chargers are usually configured to
“blindly”’ charge a cell or cells for a
predetermined amount of time, re-
gardless of initial charge state. Oth-
er, smart, chargers sense cell voltage
as a means of determining charge
status. The Super-Charger described
here avoids these approaches by ac-
tually determining the charge capaci-
ty of a particular cell and lets you
control:

(1) The amplitude of the charge
voltage applied to cells

(2) Charge current limiting to pre-
vent damage to cells

(3) Charge time from 30 minutes
to 16 hours

(4) Test-cycle current limiting for
accurate capacity sensing

(5) Test cycle cell capacity slope

(6) Charge-to-test ratio duty cycle

In addition to manual operator
controls, the Super-Charger pro-
vides fully automatic operation. It
has four LED status indicators that
light to indicate battery charging
(green), battery testing (yellow), bat-
tery ready/good (green) and battery
not ready/defective (red).

If you’ve ever had battery trouble,
now is the time to build a Super-
Charger for yourself!

About the Circuit

Super-Charger consists of two basic
subassemblies: a power card and a
sensor card. The power card provides
the constant charge voltage, constant
charge current, constant load current
and the system time generator. This
card could easily charge your Ni-Cd
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batteries and cells by itself. However,
by using the sensor card with it, you
can automate the charging and capa-
city testing process.

For example, if you wanted to
charge the battery in your portable
radio or flashlight, you would only
want to charge them to full capacity.
In some cases, this might take 10
hours. In others, it might only take a
few minutes to ‘‘top off’’ the cells.
This is why the sensor card is used to
supervise charging. By charging the
cells to full capacity and not beyond
the Super-Charger provides more-ef-
ficient, and potentially less damag-
ing, charging cycles. Let’s look at

how the assemblies work in detail.

We’ll start with the power card
since it’s the heart of the Super-
Charger. Referring to Fig. 1, the
power card might at first appear to
have some unfamiliar circuit config-
urations. As you’ll soon see, how-
ever, operation of this subassembly is
quite simple.

The simplest form of battery
charger would require only a dc volt-
age source with a potential slightly
greater than that of a fully charged
battery. Applying this voltage across
the discharged battery, we would, in
time, expect to reverse the battery’s
internal chemical state to that of a
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Fig. 1. Schematic diagram of power card circuitry.

fully charged battery. While thisis a
simple approach, it can create some
practical problems.

It was assumed above that the dc
voltage source was capable of pro-
viding a potential that’s slightly
greater than that of the fully charged
battery. In practice, a fully dis-
charged battery draws a considerable
amount of current from the charging
source, unless a means to limit the
charging current is provided. In addi-
tionto ‘‘loading’’ the voltage source,
allowing a battery to draw unlimited
current can create excessive heat and
even damage itself internally. There-
fore, a good battery charger should
provide a constant charging voltage,
as well as allow for current-limiting
action to keep from damaging the
deeply-discharged battery.

In Fig. 1, the constant-voltage reg-
ulator circuit consists of LM317 U4.
Trace theinput voltage path from the
12-volt input, through U4 and sourc-
ing diode D14 to BAT. POS. at the up-
per-right in the schematic. VOLTAGE

ADIJ. control R6 sets the charging po-
tential for each different type of bat-
tery or cell you charge.

Next, trace BAT. NEG., below BAT.
POS. in Fig. 1, back through Q6 and
Q5. These two transistors, in con-
junction with U3, make up a con-
stant-current sink that permits only a
certain amount of current to flow
through them to ground. CURRENT
ADJ. control RI3 allows you to con-
trol this charging current through the
battery.

Now that you have a constant
charging voltage, and a charge cur-
rent limiter, you have to provide a
means to time-out the charging cycle.
If the basic battery charger were left
connected without regard for time,
the battery would soon be damaged
and its future charge capacity de-
graded. In conjunction with U2, Ul
provides the timebase for the Super-
Charger. All you need to know about
this circuit for now is that UJ and U2
set a maximum time limit for the
charging process.

If the battery being charged isn’t
fully charged after the time the Su-
per-Charger is set for has elapsed, U/
and U2 automatically shut down the
charging process and judge the cell as
‘““bad.”” Hence, the Super-Charger
could function with only the power
card in-place. Without this card,
however, this project could hardly be
called ““‘Super.”” What is next needed
in our ultimate battery charger is a
method for accurately determining
the ‘‘state of charge’’ or ‘“‘measure of
full capacity”’ of the battery being
charged. This is the function of the
sensor card.

As shown in Fig. 2, the circuit con-
figurations in the sensor card might
at first appear to be unfamiliar to
you. As was the case above, though,
sensor card circuit operation is really
quite simple.

In Fig. 2, CD4040 binary counter
Ul, in conjunction with resistor lad-
der array (R6through R26), is config-
ured as a digital ramp generator. Us-
ing U2B as an oscillator, Ul creates a
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POWER-CARD PARTS LIST

Semiconductors

DI thru D13,D15—1N4148 signal di-
ode

D14—1N4007 power rectifier

Q1,Q2,Q3,Q4,Q8—VN0300 field-ef-
fect transistor (Siliconix—Cyberlab
Part No. 3124)

Q5,Q7,Q9—IRF-511 power field-ef-
fect transistor

Q6,Q10—2N305S npn power transistor

U1—CD4060 or 74HC4060 CMOS
counter/oscillator

U2—CD4040 or 74HC4040 CMOS bi-
nary counter

U3—LM358 dual operational amplifier

U4—LM317 adjustable voltage regu-
lator

US—78L0S fixed + S-volt regulator

Capacitors

C1,C4,C5—1-uF, 16-volt tantalum
or electrolytic

C2—2.2-4F, 16-volt tantalum or elec-
trolytic (select for correct timebase;
see text)

C3,C6—10-uF, 16-volt axial-lead tan-
talum or electrolytic

Resistors (4 -watt, 5% tolerance)

R1—47,000 ohms

R2,R5,R10,R18,R14,R15—10,000 ochms

R3,R4,R9,R11,R8—100,000 ochms

R7—470 ohms

R8,R12,R16—1-ohm, 2-watt wire-
wound

R6,R13,R17—5,000-ohm panel-mount
linear-taper potentiometer

Miscellaneous

Fl1—I-ampere mini fuse

SW1—Spst switch

SW2—6-position, nonshorting rotary
switch
Printed-circuit board; sockets for all
DIP ICs; bayonet or block-type fuse
holder; metal enclosure (Radio Shack
Cat. No. 270-272 or similar); 12-volt
dc plug-in wall-type power supply
(Radio Shack Cat. No. 273-1653A or
similar); five-way binding posts (two
red, two black); pointer-type control
knobs (5); threaded spacers; heat-
sink compound; paint (optional—see
text); dry-transfer lettering kit; clear
spray acrylic; machine hardware;
hookup wire; solder; etc.

Note: The following items are available from
U.S. Cyberlab, Inc., Rte. 2 Box 284 Pro-
duction Facility, West Fork, AR 72774
(tel.: 501-839-8293): Complete kit of
parts, including silk-screened enclosure,
pc boards and all components but not
sockets, power supply or materials for
finishing enclosure, $89.95; assembled
Super-Charger with power supply,
$124.95; both pc boards, $19.95; and silk-
screened enclosure, $19.95. Add $2.95
P&H for pc boards; $4.95 for enclosure;
$6.50 for full kit and assembled project.
MasterCard and VISA accepted. Arkan-
sas residents, please add 3% state sales tax.

linear analog ramp at the inputs of
U2C and U2D. In conjunction with
74HC74 flip-flop U3 and the ramp
generator, these comparators serve
as a digital sample-and-hold device
that’s capable of sampling the input
battery voltage (BATT. POS.) and then
holding this value as a reference.

In this manner, a battery voltage
can be sampled at a particular point
in time and a reference established.
Later, after a constant-current-limit-
ed load has been connected to the
battery for a predetermined length of
time, a second sample can be com-
pared with the established reference.
SLOPE ADJ. control R27 is used to set
the amount of ‘‘sag’’ allowed from
the reference voltage to the second
sample. If the slope of an imaginary
line drawn from the initial reference
voltage to the second resting voltage
exceeds that set by the SLOPE ADJ.
control, the Super-Charger will allow
charging to continue. However, if
the battery being evaluated doesn’t

sag below the point set by the SLOPE
ADJ. control, the Super-Charger
declares the battery charged and
stops the charging process.

As you can see, the Super-Charger
won’t declare a battery charged until
it has actually been charged. As a
particular Ni-Cd battery or cell ages,
eventually it won’t be able to pass the
Super-Charger capacity test. Whern
this occurs, you can decide whether
or not to continue using the battery
with diminished capacity.

Now that you have a good idea
how the Super-Charger works, let’s
examine the circuitry in detail. Re-
turning to Fig. 1, the power card uti-
lizes LM317 adjustable regulator U4
to provide the charging voltage.
Power for this is obtained from a
self-contained + 12-volt dc power
supply (Radio Shack Cat. No. 273-
1653A or equivalent). Protection for
the power supply is provided by
l-ampere fuse FI. Capacitor C3 at-
tenuates undesirable oscillation in

the circuit. Capacitor C6 provides
the same protection on the output
side of U4 when no battery is con-
nected to the unit.

Power diode DI4 blocks reverse
voltages. Connection of field-effect
transistor Q3 to the voltage-control
circuit of J4 permits you to disable
the output voltage of U4.

Charging diode D14 is connected
directly to the BATTERY terminals on
the front panel of the Super-Charger.
Notice in the lead photo that the bat-
tery terminals have positioned near
them a second set of terminals. La-
beled METER, these are in series with
the BATTERY terminals and are pro-
vided for connecting an ammeter to
the project.

A standard panel ammeter won't
work in this circuit, owing to the po-
larity swing from charge to discharge
states of the battery. Consequently,
you must use an external meter, such
as the milliammeter function of a
digital multimeter, to monitor charg-
ing current.

If you don’t have the required type
of meter, shunt the METER terminals
with a short length of heavy-duty
hookup wire to complete the circuit
to the BATTERY terminals. However,
because charging-current monitor-
ingissoimportant, it’s a good ideato
invest in a meter as soon as possible.
When charging a new type of battery
in particular, current drawn can
sometimes be unexpectedly excessive.

In the Fig. 1 circuit, D14 is shown
connected to the collector of npn
power transistor Q0. In this circuit,
Q10, Q9 and U3 constitute a con-
stant-current sink. Careful selection
of the devices for these components
can result in very accurate control
over the amount of current conduct-
ed from the collector to the emitter of
Q10 and on to ground.

The Q9/Q10/U3 circuit arrange-
ment is also used in the charging cur-
rent control section (CCS) of the
power card circuit. The amount of
current this CCS will sink is con-
trolled by the voltage established at
the noninverting (+ ) input at pin 3 of
U3. The more voltage sourced by
LOAD ADJ. control RI7, the more
current ‘‘sinks’’ to ground. Using
1-ohm resistor RI16, a 1 volt/amp
relationship is established in the cir-
cuit. Additionally, Q9 serves as a
FET switch that’s controlled by
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Semiconductors

D1,D2,D3—1N4148 signal diode

LDI1,LD3—Green light-emitting diode

LD2—Yellow light-emitting diode

LD4—Red light-emitting diode

Q1 thru Q4—VNO0300 field-effect tran-
sistor (Siliconix)

Ul—CD4040 binary counter (do not
use 74HC4040

U2—LM324 quad operational ampli-
fier

U3—74L.S7474 or 74HC7474 dual-D
flip-flop

U4—78L0S5 fixed + 5-volt regulator

SENSOR CARD PARTS LIST

Capacitors

C1—0.01-yF Mylar

C2,C9—0.22-uF, 16-volt axial-lead
tantalum or electrolytic

C3—2.2-uF, 16-volt tantalum or elec-
trolytic

C4,C5,C6,C7,C8—1-uF, 16-volt tan-
talum or electrolytic

Resistors (/4-watt, 5% tolerance)

R1 thru R4,R32—100,000 ohms

R5,R28—Not used

R6 thru R16—20,000 ohms, 1% or 5%
tolerance

RI7 thru R26—10,000 ochms, 1% or 5%
tolerance

R29,R30,R42—2,200 ohms

R31,R40—15,000 ohms

R33,R34,R35—10,000 ohms

R36,R37,R38,R39—1,000 ohms

R41—22,000 ohms

R27—5,000-ohm panel-mount linear-
taper potentiometer

Miscellaneeus

M1—0-to-15-volt d¢ panel meter

Note: See Note at end of Power Card Parts
List for decails on parts and kit availability.

Fig. 2. Schematic diagram of sensor card circuitry.

changing voltages at its gate.

Below the load circuit just de-
scribed, you’ll notice that the same
CCS circuit (this time made up of Q5,
Q6 and the second op amp inside U3)
is again used. Likewise CURRENT
ADIJ. control R13 is provided for set-
ting the amount of charge current
permitted in the battery circuit.

By connecting the negative side of

the battery to the collector of Q6,
very accurate control over the amount
of current developed through the
battery can be achieved. This cur-
rent-limiting can’t be over-stressed
with regard to protecting Ni-Cd cells
and batteries.

As with the CCS circuit used in the
load circuit, Q5 also acts as a FET
switch to enable or disable the charg-

ing actior.. FET Q7 is used to com-
pletely byosass the CCS circuit during
the discharge cycle, when the nega-
tive side of the battery must be taken
as close tc ground as possible.
CD4060 timer UJ uses resistors R3
and R4 and capacitor C2 to form an
internal RC oscillator, the output
frequency of which is successively di-
vided down by factors of 2 inside the
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IC. As the oscillator runs, a binary
counting sequence is developed along
the various divide-by-2 outputs.

The wired-OR arrangement of sig-
nal diodes D8 through D13 is used to
form a long-duration pulse-width
modulator. As U/ counts up the bi-
nary scale, different combinations
(patterns) of highs and lows on the
output pins are decoded to form a
timing sequence that controls the
charging process.

A closer look at the diode D8
through DI3 arrangement reveals
that the anodes are connected to pull-
up resistor RS. This resistor sources
current through the diodes and into
any low output of U/. Only when all
Ul outputs are high is RS allowed to
pull high the cathodes of the diode
array. This pulse is of relatively short
duration compared with the overall
timing sequence.

Thus far, you have a method for
charging the battery over a long peri-
od of time, with an occasional
“‘break’ during which the battery
can be loaded and a quick capacity
test can be made.

High-order outputs are also de-
rived from UI and U2. Timeouts are
available for limiting the maximum
default charge time. The CD4040
used for U2 is essentially the same as
the CD4060 used for U1, except that
it doesn’t contain an internal oscilla-
tor circuit. Thus, U2 receives its
count input from Ul and simply
counts up until reset or “‘locked-off”’
by the action of Q1. If a battery or
cell hasn’t been declared ‘‘good”’ by
the time for which the Super-Charger
has been set, it will be deemed to be
“bad” and charging will be dis-
continued.

Now that you have a better under-
standing of the timebase generator
circuit, it’s time to look at the timing
logic sequence. Transistor Q2, tim-
ing resistor R! and capacitor C/
make up a power-on reset circuit.
When POWER switch S/ is closed, C/
begins charging through R7. This
charging process takes several milli-
seconds, during which time the volt-
age builds exponentially at the gate
of Q2. This input is inverted by Q2
and begins to pull the drain of the
FET toward ground, shunting the R2
pull-up voltage to ground as well.

The resulting low on pin 12 of U/
and pin 11 of U2 recovers them from

their reset mode and allows normal
counting operation. Consequently,
each time power is turned on, the
counters reset and start counting
from their zero states.

As counting begins, the outputs of
U1 are initially all lows. For the next
few minutes, at least one U/ output
pin is low at any given time. Conse-
quently, no voltage is present at the
anode of D6 to be sourced through
the device and on to the gate of Q4.
This keeps Q4 in cutoff. With Q4 off,
R 10 pulls up the drain of Q4 and the
gate of Q5, as well as 08.

With +5 volts on its gate, Q5
switches on and provides a direct cur-
rent path for the CCS circuit to
ground. At the same time, the gate of

Q3 is also low, keeping Q3 in cutoff
and allowing the charging voltage
output of U4 to reach the maximum
voltage to which the Super-Charger
has been set.

At this point, the battery or cell
connected to the Super-Charger is
charging. Voltage is present at the
positive side of the battery, and a lim-
ited amount of current-sinking is per-
mitted through Q6 and Q5. Because
the gate of Q8 is high at this point,
drain of this FET pulls the gate of Q7
and RI5 to ground. It’s important
for Q7to be in cutoff at this point to
prevent the battery or cell from draw-
ing excessive current.

Two additional inputs are on the
power card—TIME and READY.

Fig. 3. Actual-size etching-and-drilling guides for (A) power card and (B) sensor

card circuitry.

50 / COMPUTERCRAFT / May 1991

www americanradiohistorv com

Say You Saw It In ComputerCraft



These are routed through DI, D3,
D4, D5 and D15. The TIME input is
obtained from the wiper of TIME se-
lect switch SW2. It applies a control
signal from the selected output of U/
or U2. When the Super-Charger has
timed out a bad cell, the TIME input
goes high. This high is steered
through DI to the gate of QI and on
to several other points in the circuit.
Its action terminates the timing pro-
-cess by sending Q! into conduction
and stopping the timebase oscillator.
The TIME control signal also cuts off
Q5 and Q7, which stops charging of
the battery. Similarly, the READY sig-
nal stops the charging process, but
this is indicated differently on the
sensor card.

Every few minutes, an ‘‘event win-
dow”’ opens, in which all outputs of
Ul are high. As a result, no current
path to ground exists for R5. With a
5-volt high at the anode of D6, the
charging action described above is re-
versed. FET Q5 switches off, drop-
ping the charge current to zero. FET
Q7 switches on to provide a current
path directly to ground. FET Q9 also
switches on, creating a battery dis-
charge path to ground through the
load CCS circuit.

Also notice that O3, now conduct-
ing, forces the output voltage of U4
to minimum. This condition is called
the ‘“‘test’’ phase. It continues for a
predetermined period of time, as dic-
tated by the diode logic associated

i

) O

_|._

with Ul. This test-phase mode is out-
put to the sensor card, where it con-
trols the actual testing process. If you
wish to change the charge-to-test tim-
ing ratio, remove D8, DI2 or DI3.
You can experiment with these ef-
fects on the test duty cycle.

Referring now to Fig. 2, Ul is a
CD4040 binary counter. By connect-
ing a resistor ladder network to the
outputs of Ul, you can create a sim-
ple, effective digital-to-analog
(D/A) converter, such that any par-
ticular binary number represented by
lows and highs at the outputs of U1,
is directly converted to a correspond-
ing analog potential between 0 and a
little less than + 12 volts. Further-
more, you can automate generation
of these binary numbers by forcing
Ul to count at a specific rate, as set
by the OPIB oscillator circuit.

If UI were permitted to count in a
free-running mode, without inter-
ruption, it would produce a continu-
ous ramp waveform at R26. This
ramp action is very important be-
cause it provides a way to synthesize
or digitally ‘‘remember’’ any of
1,024 specific voltages.

The test signal created on the pow-
er card indicated that the card’s time-
base had initiated the test phase of
the charging cycle. During this
phase, the battery is discharged
through a constant-current sink to
ground. What is to be accomplished
is simple in principle but a little more
complex in reality. When the test
phase begins, you want the project to
““memorize’’ the battery voltage at
that instant. Then, when the power
card has ended the test phase, you
want the project to compare the final
battery voltage with the digitally
“memorized’’ reference voltage re-
corded at the beginning of the cycle.

Following the path of the test sig-
nal from the upper-left corner of Fig.
2 across to pin 3 of U3 you’ll notice
also that the signal is routed through
C5 to the inverting (—) input of
U2A. Resistors R37 and R32 make
up a voltage divider that references
the noninverting (+) input of U24.

The TEST input is normally high,
sothat during the charging phase, the
test signal is high. However, when
the power card forces the test phase,
the test signal goes low. This sudden
voltage drop is capacitively coupled
across C5 and pulses low input pin 2
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of U2A. Comparator action of U2A
converts this pulse into a reset pulse
that’s then applied to pin 11 of Ul.
Hence, each entry of the time phase
causes the D/A converter to reset to a
zero state.

A zero state creates a voltage at
R26 that’s very close to O volt. If you
trace the path from the positive (+)
side of C5to pin 2 of U2A, you'll dis-
cover that it also connects to the
CLEAR input of one section of U3,
sending low output pin 9 of U3. This
disables Q1 and ensures normal oscil-
lator operation at pin 10 of Ul.

Next, observe the sensor card in-
put labeled BATT POS is routed to pin
10 of U2C and pin 13 of U2D. Both
U2C and U2D voltage comparators
arereferenced to BATT POS. The A/D
converter output at R26 connects to
pin 12 of U2D and through SLOPE
control R27 and resistor R4/ to
ground. These two resistive elements
make up a voltage divider that feeds
pin 9 of U2C.

As the test-signal input goes low,
the A/D converter output at pin 12 of
U2D also drops to near zero. The
BATT POS voltage is at the positive
potential of the battery. As an exam-
ple, let’s say the battery is two D cells
in series and assume that the battery
is currently delivering 2 volts. Device
U2D compares the 2-volt input from
the battery with the near-0 voltage
from the A/D converter. The output
of U2D at pin 14 will be low. The
ramp generator will continue to ramp
its output voltage up, through the
A/D converter.

When the voltage synthesized by
the A/D converter exceeds the BATT
POS voltage, output pin 14 of U2D
now swings high. This high input
pulse then latches a high data output
at pin 9 of U3. This high signal also
inhibits the ramp generator oscillator
by clamping C! to ground through
01, stopping ramping action and, in
effect, memorizing the BATT POS bat-
tery voltage.

With this voltage memorized, a
battery voltage reference is estab-
lished at pin 9 of U2C. It won’t be the
exact output voltage of the A/D con-
verter, though, due to the divider ac-
tion of SLOPE control R27 and resis-
tor R41. The new voltage at pin 9 of
U2C sets the minimum battery volt-
age allowed after test loading has run
its course.

When the test phase has run its
course, the test signal from the power
card again returns to a normally high
condition. This low-to-high transi-
tion clocks the U2C comparator out-
put condition into flop-flop U3. If
the battery passes the test, the output
of U2C goes high and causes a high
output to appear on pin 5 of U3. This
information is fed back to the power
card and is also used to drive the
READY green LED circuit controlled
by Q4. If battery voltage sags more
than the level set by the SLOPE con-
trol, the U2C comparator output
won’t remain high long enough to be
latched into flip-flop U3.

When no ‘‘ready’’ signal is re-
ceived, the power card again initiates
the charging phase. If the battery
never reaches the desired charge, the
power card eventually declares the
battery bad and lights the BAD LED
controlled by Q3. Likewise, Q2 mon-
itors the TEST input and drives the
CHARGING and TESTING LED.

The battery voltage meter loop is
also shown in Fig. 1. Be sure to use
the 15,000-ohm resistor specified for
R40 in series with the meter.

Construction

It’s best to build your Super-Charger
into a metal enclosure. The circuitry
is accommodated on two printed-cir-
cuit boards, which you can make
yourself using the actual-size etch-
ing-and-drilling guides shown in Fig.
3. Alternatively, you can purchase
ready-to-wire pc boards from the
source given in the Note at the end of
the Parts List. Wiring the circuitry on
perforated board using point-to-
point techniques is not recommended
because problematic ground loops
are easy to create by this method.
Mount the various components on
their respective printed circuit cards,
referring to the appropriate wiring
diagram in Fig. 4 for each board.
When wiring each board, start by in-
stalling the resistors and capacitors.
Next, install and solder into place the
transistors, diodes and IC sockets.
Do not plug the ICs into the sockets
until after you’ve conducted prelimi-
nary voltage checks and are certain
that the circuitry has been properly
wired. Also, make sure that electro-
lytic capacitors and diodes are prop-
erly polarized and that transistors are

properly based before soldering their
leads into place.

It’s important to note that all pow-
er semiconductor devices on the pow-
er card mount on the solder or con-
ductor side, except U4. See Fig. 4(A)
for details. Use a small amount of
heat-sink compound on each of the
TO-220 cases before securing the de-
vices in place with mounting screws.
If you plan on charging high-capa-
city batteries with high charging cur-
rents, provide heat sinks for U4 and
power transistors Q6 and QI0.

Mount standoffs and mounting
screws on the power card before in-
stalling R12 and R16. Make sure to
mount these power resistors so that
they have about % inch of space be-
tween them and the surface of the
board for air to circulate and cool
them. Then install and solder into
place the 12 jumper wires shown as
heavy solid lines with no other identi-
fication and the long jumper wires
identified as Jp-1 and JP-2 in Fig.
4(A).

Strip % inch of insulation from
both ends of nine 6-inch lengths of
hookup wire. If you’re using strand-
ed hookup wire here or anywhere else
in this project, tightly twist together
the fine conductors at both ends of
the wires and sparingly tin them with
solder. Plug one end of these wires
into the R6, R13 and R17 holes and
solder into place. Crimp and solder
the other ends of these wires to the
appropriate lugs of the potentiome-
ter controls.

Connect the rotary switch to the
power card, using 6-inch lengths of
hookup wire. Connect these wires
first to the pc card via the holes la-
beled TIME (between the U3 socket
and Q6) and .5, 1,2, 4,8 and 16. When
you terminate the ends of these wires,
the one coming from the TIME hole
goes to the rotary wiper lug and the
ends of the others go to the appropri-
ate stationary-contact lugs of the
switch in proper sequence.

Finish up by installing and solder-
ing into solder posts in all unoccu-
pied holes, except those identified by
the legend NC.

Details for wiring the sensor-card
assembly are shown in Fig. 4(B).
Wire this assembly as you did the
power card, except that a// compo-
nents on this card mount on the com-
ponent side in the usual manner. Af-
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ter all components are in place, use
lengths of hookup wire for the 11
jumpers required (identified by
heavy solid lines with no labels and a
lighter line identified as JP1).

Off-the-board potentiometer con-
trol R27 wires into the circuit via 6-
inch lengths of hookup wire in the
same manner as the controls for the
power board. Locate these holes be-
tween C7 and C9 near the U2 socket.

Install and solder into place solder
posts in the holes labeled SWITCHED
+12V, GND, TEST INPUT, CELL
READY, BAT POS SENSE and TIME and
solder into place. Finally, plug one
end of eight 6-inch-long hookup
wires into the holes labeled LDI
through LD4 and solder into place. If
possible, color-code these wires so
that those that are to go to the cath-
odes (k) of the LEDs have black insu-
lation and those that are to go to the
anodes have red insulation.

When you’ve completed wiring the
circuit-board assemblies, set them
aside and machine the enclosure in
which you’ll house the circuitry. You
can use an enclosure like that shown
inthe lead photo or any other that ac-
commodates the circuitry without
crowding and has sufficient panel
space on which to mount the rotary
controls, POWER switch, LEDs, me-
ter movement and binding posts.

Machine the control panel as need-
ed. The lead photo shows a rocker-
type POWER switch that requires nib-
bling or punching a rectangular
mounting hole. If you prefer to avoid
having to make such a hole, you can
substitute a common toggle switch
that requires an easily drilled round
hole. Thelarge hole for mounting the
meter movement can’t be drilled di-
rectly. Use a chassis punch or a nib-
bling tool to make this hole.

After machining the control panel,
drill mounting holes through the
floor of the enclosure for the circuit-
board assemblies and an entry hole
for the power cord through the rear
panel. You have the option of using a
bayonet-type fuse holder or a stan-
dard fuse block. Whichever you
choose, drill a mounting hole for it
near the power-cord entry hole in the
rear panel.

With machining done, deburr all
holes to remove sharp edges. If you
are using a raw metal enclosure, you
might want to paint it at this point. If

(Continued on page 84)
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Fig. 4. Wiring guides for (A) power card and (B) sensor card.

Say You Saw It In ComputerCraft

www americanradiohistorv. com

May 1991 / COMPUTERCRAFT / 53




Application sy Michael Swartzendruber

Unshielded Twisted-Pair Cable
for High-Speed Data-Iransmission

Here is the real scoop on networking computers
over unshielded twisted-pair wiring

any people believe that LANs

(Local Area Networks) can
operate over any UTP (Unshielded
Twisted Pair) wiring found in a build-
ing. Is this indeed true? Prudence
leads us to question such advertised
claims and test LANs connected in
this manner to observe results for
ourselves.

With this in mind, I set out to test
various grades of UTP for their com-
patibility with LANs (4M-bit/second
Token Ring, 16M-bit/second Token
Ring and 10M-bit/second 10BaseT
Ethernets). The results of these tests,
including signal measurements are
covered in this article. Resulting re-
commendations for UTP in LAN use
are also included. Equipment used
for the tests included a 400-MHz
Hewlett-Packard Model 54502 dual-
channel digital oscilloscope and an
H-P ThinkJet printer on which the
test results were printed.

Three types of cable were tested
for signal quality at LAN speeds:
Belden No. 1154A (IBM Type 3 Me-
dia or T3M), AT&T No. 1061/2061,
and POTS (Plain Old Telephone
Stuff). The results of these tests indi-
cated that not all cable is created
equal. As important as the cable se-
lected for high-speed data-transmis-
sion media are the methods and prac-
tices used in cable installation. Be-
cause of this, some cable-installa-
tions and recommendations will be
discussed, too.

Test Results

These tests were performed on a
300-foot length of cable inserted in a
Proteon P7202 MSAU (Multi-
Station Access Unit). This length of
cable is supportable because lobe
lengths up to 525 feet are supported

= L i : ; 2.00 V/div
o s e e R e = Sl = = ({5 t9-2,000 V
S B~ 10.00: 1 ec

i3 | !
"""" MCT T ERIIT E 2 2,00 VUi
R L B R R e e EEEEEE SRR offset: 500.0 my
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; 1 1 -2
3 1,00 Vv/div
.,.,MM,\.\\ ’/_/__N\\‘ n/_/v-'”w“ offset: 0.000 V
D e e ZZI”ZI flif::::‘\-\
\_w_-/f \\'\—v-/
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vmarker2( 4 -3.25000 V
vmarkeri1( 1)  750.0004V
delts V(1) -4.00000 V

Fig. 1. RX signal transmitted through 300 feet of Type 3 cable at 4M bits/second.

by Proteon on a 4M-bit/second
Token Ring network.

The cable ends were prepared with
IDC crimp-on RJ-45 plugs. One end
of the cable was inserted into a port

on a Proteon MSAU and the other
was connected to a Proteon Media
Filter that was modified by adding
signal-monitoring points.

The media filter was connected to

; , 7 1 2.00 v/div
offset:-2.000 V
10.00: 1 dc

2 2.00 Vv/div
of fset: 500.0 nV

10.00: 1 dc

g 1 -2
1.00 Vv/div

of {set: 0.000 V

1 £ 2000 v

0.00000 s
100. ns/div

-500.000 ns

T506.000 ns

Fig. 2. RX signal transmitted through 300 feet of AT&T No. 2061 cable at 4M

bits/second.
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an IBM Model 80 network server.
This filter was attached for two func-
tional reasons: (1) To slow down rise-
time of the signal pulse so that it at-
tenuates the high-frequency leading-
edge components of the pulse for
FCC emicompliance; and (2) To pro-
vide impedance matching between
the UTP cable (97 ohms) and output
port of the NIC (150 ohms).

Basic functionality of the cable un-
der test was proven when phantom
current from the Model 80 token-
ring NIC (Network Interface Card)
engaged the relays in the MSAU and
the sign-on procedure completed
without error. Signal snapshots were
taken onthe TX and RX pairs of each
cable under test to show transmission
qualities of a cable.

Illustrated in Fig. 1 and Fig. 2 are
the RX signals measured at the media
filter on a 4M-bit/second token ring.
The RX signal represents the effects
of 600 feet of cable on the TX signal
sent by the PC, a practical worst-case
scenario. This is assumed because the
TX signal from the PC goes into the
cable through the MSAU (as a totally
passive device, it provides no signal
regeneration) and then backs up to
the RX pair in the cable attached to
the PC. Figure 2 shows the RX signal
measured at the AT&T 2061, while
Fig. 1 shows the RX signal measured
on Belden 1154A.

As you can see, both signals have
very similar levels of degradation.
Careful observations of these signals
reveals that the Belden cable signal
has a peak-to-peak amplitude that is
approximately 0.25 volt greater than
the AT&T cable signal. This is so be-
cause the resistance of the AT&T ca-
ble is slightly greater than that of the
Belden cable.

Either of these cables would be a
good media choice for a 4M-bit/sec-
ond token-ring network, provided
they are installed in a manner consis-
tent with the guidelines I will be dis-
cussing later.

The signal snapshots shown in Fig.
4, Fig. 5 and Fig. 6 were taken on a
16M-bit/second token-ring LAN.
Methods and procedures used for
this test were the same as those for the
4M-bit/second test conducted earli-
er. The only difference is that the
token-ring NIC was set up for 16M-
bit/second operation.

Note that IBM (one of the original
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Fig. 3. TX signal from 16M-bit/second token-ring station into 300 feet of AT&T

No. 2061 cable.
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Fig. 4. RX signal through 300 feet of AT&T 2061 cable at 16M bits/second.

designers of the token ring) does not
support 16M-bit/second token-ring
networks over UTP. However, sever-
al equipment vendors advertise 16M-
bit/second token rings using UTP.
What they do not promote, natural-
ly, are the many caveats and limita-
tions that must be followed to make
16M-bit/second token-ring net-
works operate over UTP media.
Some of these unstated precautions
are outlined later on.

The results of this test demonstrate
why these caveats are important.
Shownin Fig. 3 and Fig. 4 are the RX
and TX signals that were measured
onthe AT&T 1061/2061 cable. Com-
parison of the two signals reveals the
extreme degradationin signal quality
that occurs whenthe 16M-bit/second
signal was transmitted through this
cable. The RX signal (what the PC

would see as ‘‘data’’) is barely dis-
cernible over the background noise.

The IBM Model 80 computer was
able to engage the MSAU relays and
become a working part of the net-
work. But do not let this mislead you.
These signals were measured under
highly controlled, near-ideal condi-
tions, and only a marginal amount of
the signal level remained. You can
see that if the quality of the cable, its
connections and the installation
methods are less than perfect, or if
the cable were subjected to such envi-
ronmental conditions as rfi or decay,
the cable may not operate reliably, if
at all. Satisfactory operation of the
entire system would be at risk.

No RX signal is returned to the PC
through the Belden 1154A cable, as
shown in Fig. 5 and Fig. 6. The tests
revealed something even more dis-
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SAVE YOUR COPIES OF

ComputerCraft

CASE

These custom-made titled cases
and binders are ideal to protect
your valuable copies from damage.
They're designed to hold a year’s
issues (may vary with issue sizes),
constructed with reinforced board
and covered with durable leather
like material in (color). title is hot-
stamped in (gold/stlver),

cases are V-notched
for easy access.
binders have
special spring
mechanism to
hold individual
rods which easily

Snap in. BINDER

CHARGE ORDERS (Minimum $15): Am Ex, Visa.
MC, OC accepted. Send card name, #, Exp. date.

CALL TOLL FREE 7 days, 24 hours
1-800-972-5858

—_ SATISFACTION GUARANTEED — _J

Cases: 1—$7.95 3—$21.95 6—$39.95
Binders: 1—$9.95 3—$27.95 6—$52.95
[ Computercratt ]

Jesse Jones Industries,
| 499 East Erie Ave., Philadelphia, PA 18141 |
| Enclosed is $ tor _ Cases: J

Binders. Add $1 per case/binder for

| postage & handling. Outside USA $2.50 per case/ |
| binder (US funds only). PA residents add 6% sales |

tax.

Print
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| No PO Box Numbers Please I
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' Fig.6. RX signal through 300 feet of Belden No. 1154A cable at 16M bits/second.

turbing that the signal being com-
pletely attenuated by the cable. The
PC in this test was fooled into think-
ing that it was able to join the net-
work, when in fact the cable did not

at best, operation of a 16M-bit/sec-
ond token ring over 1154A cable
would be unpredictable or intermit-
tent, both of which are highly unde-
sirable conditions.

“The use of UTP on

16M-bit/second token
rings is not a widely viable solution . . ..”

} even permit enough phantom current

| crosstalk between wire pairs in the

through it to engage the relays in
the MSAU.

This ‘‘fooled-station’’ symptom is
probably due to high levels of signal

cable. In essence, the PC was talking
to itself and thought it was engaged
in sessions with other computers on
the network. What this means is that,

This leads to the conclusion that
use of UTP on 16M-bit/second tok-
en rings is not a widely viable solu-
tion, despite some claims made for
this being an easy way out. Too many
opportunities exist for things to go
wrong. But if it is to be done regard-
less, only high-grade cables like
AT&T’s 1061/2061 should be used.
And even in this case, installation

www americanradiohistorv com

Say You Saw It In ComputerCraft




methods used on the cabling must be
strictly controlled. Size of the net-
work should be kept to an absolute
minimum as well.

Ethernet Tests

These tests were performed using a
Lattisnet Model 2530 department
concentrator. A Macintosh with an
Etherport IIL card was used as the
test station. A small wiring jig with
test points was inserted between the
Mac and cable connection to the con-

centrator. The workstation was able
to engage the network over both the
Belden and AT&T cables. Figures 7
through 10 are signal snapshots tak-
en during this test.

This test reveals comparable signal
quality in both tested cables. This is
because the specifications for both
cables are very similar at 10M
bits/second, the speed at which
Ethernet operates. Either cable
would be a good media choice for
10BaseT star-wired Ethernets, pro-

Ten Commandments of UTP Wiring

For a UTP installation to be a reliable
medium for LLANs, some installation
guidelines should be adhered to. If ob-
served, the following will maximize the
transmission characteristics of the cable.

1. Minimize the number of splices
and interconnects in a cable used for
LANSs since each splice or interconnec-
tion introduces an impedance discon-
tinuity that contributes to signal attenu-
ation and wave reflections. A maxi-
mum of two “‘in-wall”’ interconnec-
tions is suggested. (An interconnection
is any connection, such as punchdown
blocks or mass terminations.) Spliceless
‘“‘homerun’’ connections are preferred
for network cables, especially for 16M-
bit/second token rings.

2. Minimize the number of multiple-

for a 10BaseT Ethernet and 4 dB for a
16M-bit/second token ring.

6. Make sure not to stretch the cable
when installing it because stretching
could lead to pair flips or inconsisten-
cies in the number of twists per foot in
the cable. Also, avoid violations of re-
commended minimum bend radii and
other stresses, such as pinched cables.

7. Be highly suspicious of any ca-
blinginstalled prior to seven years ago if
you are considering it as a transmission
medium for today’s LANs. Extensively
test such cabling before considering it as
the propagation medium for a LAN.

8. When installing crimp-on connec-
tors, make sure you use the correct type.
Most high-speed cable is comprised of
solid 24 AWG wires. Bear in mind that

‘EXTREME’
HIGH
TECHNOLOGY

KITS, PRODUCTS, MATERIALS
Nick Goss says, "This catalog is a
‘'must’ for every serious Scientific
Experimenter! Better order your
copy today. These are the products
you have been waiting for !" Come
join the Cyberlab Team and start
living the adventure by building
scientific kits that contribute
directly to your own personal
technological power base!
U.S. CYBERLAB, INC.
RT 2 BX 284, CYBER FACILITY
WEST FORK, AR 72774
(501) 839-8293 VOICE MAIL

CIRCLE NO. 73 ON FREE INFORMATION CARD

AMAZING

SCIENTIFIC & ELECTRONIC
PRODUCTS

LASERS AND SCIENTIFIC DEVICES

VRL2K
LLISIK
LHC2K  Visible Simulaled 3 Color Laser Kit .
LCc7 40 watt Burning Cutting Laser Plans
RUB4  Hi Powered Pulsed Drilling Laser Plans
LGU40 1 to 2mw HeNe Vis Red Laser Gun Assembled
LLS1 Laser Lite Show - 3 Methods Plans ............

3mw Vis Red Laser Diode System Kit ...
Laser Beam"Bounce™ Listener Kit

there are IDC connectors for both solid
wire (less common) and stranded wire
(more common). Installing the wrong
connector type can lead to intermittent

pair (25-pair) cables used in a LAN
avoid problems due to the high level of
crosstalk in multiple-pair cables. When
using multiple-pair cables, connect a

maximum of four 4M-bit/second tok-  connections between the jack and cable. SDSK  See in the Dark Kit ................ '$299.50
-1 i i i- (X3 1t EMLIK  Electromagnetic Coil Gun Kit.. ...$69.50
| en-ring stations through a single multi 9. Make sure that you do not “‘split el T T o

ple-pair cable; two 10M-bit/second
Ethernet stations through a single mul-

the pairs that carry the RX and TX sig- LEV1  Levitating Device Plans ........

. . . El ic H i Plans................. L
nals. These signals are different in na- | | HIGH VOLTAGE AND PLASMA msI:::v DEVICES e
. . . ]
ture and their propagation is enhanced

tiple-pair cable; one 16M-bit/second 1 ) 1on 15 el HYM7K 75,000 Volt DC Variable Output Lab Source Kit........$149.50
token-ring stations through a single through a wire pair. Pair splitting leads | 10G3K  lon Ray Gun Kit, project energy without wires ..........§69.50
. b . . NIGIK  12v/115 VAC Hi Out Neg lon Generator Kit ... .$34.50
multiple-pair cable. to increased attenuation and crosstalk | EMAIK  Telekinetic Enhancer/Electric Man Assembed. $99.50
. o & o - LG5K Lightning Display Globe Kit .................. $54.50

3. Use low-capacitance punchdown and3 In worst cases, can cause an inop T T T e T ~TaTe0
blocks, such as Type 110 punchdown erative network. BTC3K 250KV Table Top Tesla Coil Kit ... $249.50

BTCS 1.8 Million Volis Tesla Coil Pfans ..

blocks, in wiring closets.

4. Use IDC (insulation-displacement
connectors) for cable connections to
RJ-45 jacks and other interconnect
points. Avoid using older screw-down
connections that introduce a greater im-
pedance discontinuity in the cable.

5. Make sure attenuation over any
length of cable considered for high-
speed data transmission is less than 8 dB
for a 4M-bit/second token ring, 6 dB

10. All cable installers should famil-
iarize themselves with the standards set
forth far LAN installations and adhere
to the nature and intent of the docu-
ments. You should obtain the following
literature and study them to obtain a
more complete understanding of wiring
standards for commercial buildings
where high-speed data networks are to
be installed: ANSI/EIA 568/69 and
IBM Document No. GA27-3714-4.
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JL3 Jacobs Ladder - 3 Models Plans ...

VWPMT7K 3 Mi. FM Auto Tel Transmitter Kit ...
FMVIK 3 Mi. FM Voice Transmitter Kit ...
HOD1K

GRA1 Anti Gravity Generator Plans ...... ...$10.00

PFS20  Plasma Fire Saber Assembled ............................ $69.50

DPL20  Dancing Plasma to Music and Sounds Assembled....... $79.50
SECURITY AND PROTECTION DEVICES

ITM10 100,000 Voit Intimidator up to 20" Assembled ......... $129.50

IPG70  Invisible Pain Field Blast Wave Gen Assembled ........$74.50

PSP4K  Phasor Sonic Blast Wave Pistol Kit.............. .

LIST10  Infinity Xmtr, Listen in Via Phone Assembled .

TAT30 A ic Tel R ding Device bled

Homing/Tracking Beeper Transmitter

EASY ORDERING PROCEDURE TOLL FREE 1-800-221-1705
or 24 HRS ON 1-603-673-4730 or FAX IT TO 1-603-672-5406
VISA, MC, CHECK, MO IN US FUNOS. INCLUDE 10% SHIPPING. ORDERS
$100.00 & UP ONLY ADD $10.00. CATALOG $1.00 OR FREE WITH ORDER.

INFORMATION UNLIMITED

P.0. BOX 716, DEPT. ME-9. AMHERST, NH 03031

May 1991 / COMPUTERCRAFT / 57



g

Courteous Service - Discount Prices - Fast Shipping
P.O. Box 567  Van Nuys, CA 91408
FLASH ASSEMBLY
assembly comes from a Y —
U.S. manufacturer of cameras, m@
and measures 2 1/2° X 1 1/4",
Ideal for use as a strobe, warning light or attention get-
CAT# FSH-1 $3.75 each 101or $35.00
Special New Reduced Price
HOTOFLASH CAPACITOR
0.79" dia. X 1.17 high. These are
new capacitors that have been
red wire leads soldered to the terminals.
210 Mtd 330 Volt  CAT# PPC-210
Large quantities available. Call for pricing.
FLASHING L.E.D.
RATE: 3 Hz @ 5 Voit/20 ma. Unit continually flashes
when 5 Volis is applied. Operates between 4.5 Volts
BED CAT#LED4 -
GREEN CAT# LED4G
$1.00 each « 10 for $3.50 » 100 tor $90.00
HEAVY-DUTY NICKEL
CADMIUM "C"” BATTERY
Special purchase of new, rechargeable
nickel-cad batteries. 1.2 volts, 1800 mAH.
CAT# HDNCB-C
10 pieces for $42.50 ($4.25 each)
POWER SUPPLIES
12 Vdc 5 AMP
Input: 100-240 Vac
(wired for 115 Vac)
Open frame style.
7" X 4 34* X 3" high. Regulated.
24 Vdc 2.4 AMP
Power-One Inc. #4C-24-2.4 Input: 115230 Vac (wired
style. 5.62° X 4.87" X 2.50" CSA listed.
CAT# PS-2424 $30.00 each
DIP P.C. PUSHBUTTON
ITT Schadow Digitast Series SE
Mounts in 14 pin DIP configuration.
Designed for low current switching
CAT #PB-28 $1.00 each
10 for $9.50 « 100 for $85.00
EECO # 2310-62G - BCD 10 position @
rotary switch. DIP configuration fits in
standard 8 pin 1.C. socket. Right angle
style. Screwdriver actuation. 0.42° cube. CAT# RDIP-2

NLIPELECT RONICS
This NEW compact flash ~ v
Unit operates on 3 Vdc
ter. Complete with instruction on how to wire.
Rubicon CE photoflash capacitor.
prepped with 1.4" black and
$1.25 each * 10 for $11,00 + 100 for $100.00

Ditfused L.E.D. with buitt In flashing unit. PULSE
and 5.5 Volts. T 1 3/4 size. IDEAL AS AN INDICATOR.

YELLOW CAT# LED4Y ~-
Yuasa 1800C

PRICE REDUCED ON 10 OR MORE.

100 pieces for $375.00 ($3.75 each)
ACDC Electronics # 12N5 or equiv.
Output: 12 Vdc @ 5 amps.
CAT#PS-125 $37.50 each
for 115 Vac). Output; 24 Vdc @ 2.4 amps. Open frame
SWITCHES
$.P.D.T. momentary pushbutton.
applications. Grey keycap is 0.68" X 0.67".
ROTARY BCD SWITCH r
$1.75 each + 10 for $16.00 » 100 for $145.00

TERMS: Minimum order $1 nd handling
for the 48 continental U.S.A. $3.50 per order. All others
including AK, HI, PR or Canada must pay full shipping.
Al orders delivered in CALIFORNIA must include state
salestax (6 %, 6 1/2 %, 7 %) .Quantities Limited.
NO C.0.D. Prices subject o change without notice.

Call or Write For Our
FREE 60 Page Catalog
(Outside The U.S.A. Send $2.00 Postage)
ALL ELECTRONICS CORP.
P.O. Box 567 » Van Nuys, CA - 91408

CIRCLE NO. 62 ON FREE INFORMATION CARD
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Fig. 7. Macintosh 10BaseT station TX signal into AT&T No. 2061 cable.
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Fig. 8. Macintosh 10BaseT station RX signal through 300 feet of AT&T No.

2061 cable.

vided the installation does not violate
any standards or specifications pro-
vided by the IEEE 802.3 committee.

Plain Old Phone Stuff

Another test performed was an at-
tempt to get a network station to join
a network through pre-installed tele-
phone-type cabling. This cabling was
installed eight years ago to then-cur-
rent standards. The building contrac-
tor informed me that the cable went
from the wall port to a multiple-drop
box in the ceiling. From there it was
connected through a multiple-pair
cable to a patch panel, where it passed
into another multi-drop box that
was, in turn, connected through an-
other multiple-pair cable to a patch
panel. To make matters worse, there
was no consistency in wire pairing.

There were multiple pair flips in the
line. All told, the 280-foot cable
length measured a whopping 18 dB
of attenuation.

Multiple attempts were made to
have the computer join the network
over this cable . . . they failed in
every case. This was not surprising,
since this installation violated every
guideline set forth in LAN cabling
standards. Why is this important? It
illustrates that real-world cable in-
stallations are very suspect for LAN
suitability.

Conclusion

Despite what equipment makers may
claim about operating a LAN over
UTP, there is a lot more to the task
than buying the gear and intercon-
necting it over pre-installed wiring.
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Fig. 9. Macintosh 10BaseT station TX signal into Belden No. 1154A cable.
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Fig. 10. Macintosh 10BaseT station RX signal through 300 feet of Belden No.

1154A cable.

Most telephone-type wire was not in-
stalled with the intention of ever be-
ing used as a medium for high-speed
data transmission. Though in some
cases such an installation might
work, it still is not a good idea. Even
cable specifically designed for high-
speed data transfers must be installed
with strict adherence to certain rules
or it will not be an effective, effi-
cient media.

While unshielded twisted pairs
generally cost about 5 cents per foot,
shielded twisted-pair wire, such as
IBM Type 1 or Type 2, costs about 60
cents per foot. In turn, coaxial cable
is costlier yet, and labor costs are
also greater. Interestingly, the AT&T
No. 1061 unshielded twisted-pair
cable also costs around 60 cents per
foot, but it is the best grade in this
category, testing out at 20 MHz.

Next, at around 5 cents per foot, is
Belden’s 1154 cable, which is speci-
fied at 10 MHz.

In any case, a maximum UTP wire
run should never exceed 100 meters
(about 33 feet) per lobe. It is best to
avoid using existing telephone lines if
the building is five or more years old.

In conclusion, many people think
little of spending thousands of dol-
lars on network connectivity equip-
ment or servers, but they balk at buy-
ing cable and connectors and paying
labor costs for a high-quality cable
installation. But when you get right
down to the basics, the best comput-
ers and network operating systems
will not give you the performance for
which you paid if the cables intercon-
necting them cannot live up to the
task. Remember, a chain is only as
strong as its weakest link! [ X
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CABLE TV
DESCRAMBLERS

w9 STARRING 4 4 4 % ¢
JERROLD, HAMLIN, OAK
AND OTHER FAMOUS MANUFACTURERS

* FINEST WARRANTY PROGRAM AVAILABLE
o LOWEST RETAIL / WHOLESALE PRICES IN US.
* ORDERS SHIPPED FROM STOCK WITHIN 24 HRS
* ALL MAJOR CREDIT CARDS ACCEPTED
FOR FREE CATALOG ONLY 1-800-345-8927
FOR ALL INFORMATION 1-818-709-9937

PACIFIC CABLE CO. INC.
7325% RESEDA BLVD., DEPT. 1210
RESEDA, CA 91335

K.D. VIDEO

FOR ALL YOUR CABLE TV NEEDS
WE SPECIALIZE IN DEALER PRICING
QTyY 1 10 20

89.00 56.00 48.00
119.00 69.00 65.00
129.00 80.00 75.00

99.00 59.00 45.00

99.00 59.00 58.00
99.00 75.00 68.00

Jerrold (Type) SB-3
Jerrold (Type) Tri-Bi
Scientific Atlanta SA-3
Hamlin MLD-1200
QOak N-12 Vari-Sync
Jerrold 550 Converter
Jerrold 400 DRX-3DIC

(With Buiitin SB-3)  169.00 109.00 100.00

1-800-327-3407

Call us for prices on large quantities
K.D, Video PO Box 29538, Mpls., MN 55429

LEARN VCR

CLEANING/MAINTENANCE/REPAIR

EARN UP TO $1000 A WEEK, WORKING
PART TIME FROM YOUR OWN HOME!

Secrets
Revealed!

NO Special
Tools or
Equipment

Needed.

THE MONEY MAKING OPPORTUNITY
OF THE 1990’S

IF you are able to work with common small hand
tools, and are familiar with basic electronics (i.e. able to
use voltmeter, understand DC electronics) . ...

IF you possess average mechanical ability, and have
a VCR on which to practice and learn . . . then we can
teach YOU VCR maintenance and repair!

FACT:up to 90% of ALL VCR maifunctions are due to
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!

FACT: over 77 million VCRs in use today nationwide!
Average VCR needs service or repair every 12 to 18
months!

Viejo's 400 PAGE TRAINING MANUAL {over 500
photos and illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE reveals the SECRETS of VCR mainte-
nance and repair— ‘‘real-world” information thatis NOT
available elsewhere!

Also includes all the info you'll need regarding the
BUSINESS-SIDE of running asuccessful service opera-
tion!

FREE INFORMATION
CALL TOLL-FREE 1-800-537-058%
Or write to:
Viejo Publications
5329 Fountain Ave., Dept. ME
Los Angeles, CA 90029
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Application By JanAxelson

Two Microcontroller Boards
that Use BASIC

Off-the-shelf SBCs can be easy to work with

in assembly-language programming.
You also don’t have to endure multi-
ple cycles of EPROM programming
and erasing as you debug your pro-
gram code.

This month, we look at two “‘off-

P utting together a single-board
computer or microcontroller
project doesn’t have to involve hours
spent designing a pc-board layout or
using Wire Wrap to assemble a cir-
cuit. Nor do you need to be an expert
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Fig. 1. The BCC52 computer/controiler board contains an 80C52-BASIC micro-

controller with a BASIC interpreter in ROM. The board also has an 8K x 8 RAM,
three 8K RAM/EPROM sockets, EPROM programmer, three eight-bit parallel
ports and serial terminal port.

the-shelf”” microcontroller boards
that are easy to program, using
BASIC: the BCC52 computer/con-
troller board and the RTCS52 proces-
sor board, both from Micromint, a
company that specializes in small,
embedded computer systems. With
these boards, you need only add
the hardware and control programs
specific to your applications. Be-
cause they’re easy to program, these
boards are ideal for experimenting
and learning about microcontrollers.
With either, you can write a pro-
gram, try it out in RAM, then modify
the program and try again, saving it
to EPROM only when you’re satis-
fied with the results.

These microcontroller boards
aren’t limited to experimenting. Ac-
cording to a Micromint spokesper-
son, the boards are used commercial-
ly for such functions as positioning
the bit on an offshore oil-drilling rig,
controlling manufacturing processes
in a concrete-block plant, controlling
mixing and weighing in a food-pro-
cessing plant and providing off-
hours control of lighting and other
operations at an airport.

Either board is easily adapted for
specific applications and is available
for less than $200. The RTCS52 is also
available as part of Micromint’s
RTC52-EDS economical develop-
ment system.

The BCC52
Computer/Controller

First up is the BCCS52 single-board
computer/controller showninFig. 1.
The BCC52 contains an 80CS52-
BASIC microcontroller, a CMOS
(low-power) version of Intel’s popu-
lar 8052AH-BASIC microcontroller
IC. The 80C52-BASIC contains a
full-featured BASIC-language inter-
preter in ROM. By connecting the
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80C52-BASIC’s serial port to the se-
rial port of a computer or computer
terminal, you can use BASIC to
write, edit, run and store programs in
RAM, EPROM or EEPROM.

The BCC52’s 4.5 X 6.5-inch board
also contains an 8K X8 RAM, a
quick-release socket for a 2764 (8K) or
27128 (16K) EPROM or EEPROM,
three additional 8K RAM or EPROM
sockets, a serial RS-232 port, an 8255
programmable peripheral interface
(PPI) with three eight-bit parallel
ports and a serial line-printer port.
An 11.0592-MHz crystal provides a
timing reference. All ICs are socketed
for easy troubleshooting.

Board connections include a fe-
male DB-25 connector for the RS-
232 port, dual-pin row headers to the
parallel and line-printer ports, Mo-
lex-type power-supply connectors
and an edge connector with data, ad-
dress and control lines and power-
supply connections.

To use the board, you provide the
power supplies (+5 volts at 100
milliamperes, + 12 volts at 30 milli-
amperes and — 12 volts at 10 milliam-
peres) and a 3-wire serial cable to your
computer or terminal. To store a pro-
gram in EPROM, you must also pro-
vide the EPROM and its program-
ming voltage (+21 volts or +12.5
volts, depending on the EPROM, at
30 milliamperes). Since the board’s
+ 12-volt supply is specified with
20% tolerance, you can use the same
+ 12.5-volt supply for it and EPROM
programming.

If you store your programs in
EEPROM or battery-backed RAM,
you don’t need a special program-
ming voltage (or an ultraviolet source
for erasing).

The BCC52 comes with mating
connectors for the power-supply
connectors; so making cables for
these is easy. You have to buy or
make your own RS-232 cable with a
DB-25 connector.

From your computer terminal, you
can write programs in BASIC, try
them out and save them to EPROM.
As a terminal, you can use just about
any computer with a keyboard, video
display and RS-232 serial port. You
also need communications software
that allows you to send and receive
from your serial port. You can use
any of the many available modem-
communications programs (Procomm

Listing 1. Parallel Port Bit Tester BASIC Program

100 PHO. "portil= ",PORT1

110 PORT1=PORT1.0R.080H : PRINT '"observe pin 8 high then hit

any key"

120 GOSUB 500

130 PORT1=PORT1.AND.O3FH : PRINT "observe pin 8 low then hit
. any key"

140 GO8UB 500

150 PRINT 'pull pin 8 high, then hit any key"

160 GOSUB 500 : PHO. PORT1

170 PRINT “pull pin 8 low, then hit any key "

180 GO8UB 500 : PHO. PORT1

190 END

500 IF GET=0 GOTO 500

510 RETURN

The 80C52-BASIC’s BASIC interpreter is similar to other BASICs, with some added
commands and operators for use in control circuits and EPROM programming. This ex-

ample program tests a bit on a parallel port.

is one example), or you can use the
Basikit software included in the
RTCS2-EDS discussed below.

To boot the BASIC interpreter,
you connect the BCCS52 to your serial
port, power up the BCC52 and your
desktop computer, run and config-
ure your communications software
and press the SPACE bar at your com-
puter’s keyboard.

On boot up, a sign-on message ap-
pears on your video display:

*mcs-51(tm) BASIC V1.1*
READY
>

When you see this message, you can
begin to write, edit, run and save pro-
grams using the 80C52’s BASIC-52
interpreter. If you’ve used another
version of BASIC (BASICA or GW-
BASIC, for example), much of
BASIC-52 will look familiar. Listing
1 is an example of a program written
in BASIC-52.

Compared to assembly-language
programming, BASIC has several
advantages. It frees you from having
to worry about such chip-level details
as stacks, pointers and internal regis-
ters, and a single line of BASIC code
will do the equivalent of many assem-
bly-language instructions.

Since BASIC-52 is a language in-
terpreter, rather than assembler or
compiler, programming is interac-
tive. You can write a program at your
keyboard and run it immediately,
without intermediate assembly or
compile steps. This makes it easy to
experiment with and debug programs.

BASIC-52 has a simple line editor
that allows you to alter your program
code and correct typing mistakes. As
you type a line, you can delete and
make changes, but once you press
RETURN or (ENTER), you have to re-
type the entire line to change it.

A disadvantage of BASIC is its
slower execution speed compared to
assembly language, though BASIC is
quick enough for many applications.
If necessary, you can interface as-
sembly-language routines to BASIC
for faster execution.

BASIC-52 includes operators for
arithmetic, logarithmic, trigonomet-
ric and relational functions, along
with the logical operators AND, OR,
exclusive-OR and NOT. Control
structures include BASIC’s familiar
DO ... UNTIL, DO ... WHILE,
FOR...TO...NEXT,GOSUB...
RETURN and GOTO.

Also included are special com-
mands to select, list, run and store
programs in RAM or EPROM.
While you’re developing a program,
you can store it in easily modified
RAM. When the program is com-
plete, a single BASIC-52 command
stores the final version in EPROM or
EEPROM, which save the program
even if power is removed.

BASIC-52 allows you to store mul-
tiple programs in EPROM, with each
program numbered sequentially as it
is stored. To run the fourth program
inthe EPROM, you type ROM4 to se-
lect the program and then type RUN
torunit. To create a stand-alone sys-
tem, a special BASIC-52 command
programs the EPROM so that on pow-
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er up, the first program in EPROM
runs automatically, without requiring
connection to an external terminal.

A BASIC-52 manual (available
separately) describes each of the
more than 100 commands, operators
and instructions in BASIC-52. Mi-
cromint’s manual is an adaptation of
Intel’s MCS BASIC-52 User’s Manu-
al. The manual’s many examples are
agood way to get acquainted with the
language.

Included with the BCCS52 board is
a 48-page manual that describes the
board’s major sections, including
processor, address decoding, parallel
and serial I/0 and EPROM pro-
grammer. Also included are descrip-
tions of all connectors and jumpers,
information on how to power up the
board and configure the PPI chip,
complete schematics, a parts list and
information on interfacing the many
expansion boards available.

The documentation contains much
useful information, but it is not ori-
ented towards beginners to micro-
computing. It assumes that you are
familiar with topics like address de-
coding, hexadecimal numbers, serial
and parallel interfaces and EPROM
programming.

For example, the BCC52 manual
gives the pinout for the DB-25 serial
connector and the communications
format (eight data bits, no parity and
one stop bit), but it leaves it to you to
come up with the appropriate serial
cable and communications software
and to establish communication with
your terminal. Since RS-232 inter-
faces are often confusing—with
varying pinouts, numbers of wires,
connector genders and communica-
tion protocols—a section describing
how to find or make the correct serial
cable and tips on establishing com-
munication between the terminal and
the BCCS52 would be helpful.

In additionto the BCC52’s manual
and the BASIC-52 manual, you’ll
probably also want to obtain manu-
facturers’ data books for the 80C52
and other major ICs on the board.

Expansion boards are available to
extend the functions of the BCC52,
using a four- or eight-slot mother-
board. Available expansion boards
include eight channels of optically
isolated 1/0 (useful for 117-volt in-
terfacing), eight relay outputs, a
floppy/SCSl interface, an LCD con-
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Fig. 2. The RTC52 measures just 3'%. x 3%-inch and operates from a single 5-volt
supply. Expansion boards stack vertically on the processor board. Like the
BCC52,the RTC52 can be programmed in BASIC.

troller and a prototyping board for
adding your own custom circuits.
After reading through the docu-
mentation, checking jumpers and
making the appropriate cables, my
BCC52 powered up and operated
without problems. Once the BCC52
isup and running, you can learn a lot
about the board by experimenting,
trying out programs and observing
the results. For example, you can
write programs to toggle [/O bits and
use a logic probe, voltmeter or oscil-
loscope to verify that your program
is doing what you intended it to do.

RTC52 Processor Board

Micromint’s RTC52 controller (see
Fig. 3) is a smaller, pared-down ver-
sion of the BCC52 (though it does
have a few features not available on
the BCC52). The RTCS52 uses the
same 80C52-BASIC microcontroller
1C as the BCC52, and the board is
similar in operation. It includes a se-
rial interface (RS-232 or RS-485) and
two sockets for up to 64K of RAM
and/or EPROM or EEPROM.

The RTCS52 board requires only a
single +5-volt supply, since a
MAX232 chip generates + 10 volts
for the RS-232 interface. The board
measures 3.5” X 3.5” x, orlessthan
half the area of the BCC52.

Screw or quick-disconnect termin-
als connect to the power supply, RS-
485 interface, eight bits of parallel
170, two interrupt lines and two
timer outputs.

Instead of using the traditional
motherboard and edge connectors,
the RTCS52 is expanded by piggy-
backing boards on top of the proces-
sor board. The bottoms of the expan-
sion boards have sockets that plugin-
to dual-pin headers on the board be-
low. This expands the system more
compactly and less expensively than
using a motherboard.

The RTC52’s smaller size compared
to the BCC52 is partly due to denser
board layout and finer traces and
partly due to fewer features being in-
cluded. Most importantly, the RTC52
does not have the necessary hardware
for using the 80C52’s EPROM-pro-
gramming commands. Instead, an
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applications note from Micromint
suggests a couple of options for pro-
gram storage.

One option is to use the BCC52
board described above as a develop-
ment system and transfer your pro-
grammed EPROMs to the lower-cost
RTCS52 board. This is cost-effec-
tive if you’ll be programming many
EPROMs for multiple RTC52s.

Another option is to use nonvola-
tile (battery-backed) RAM instead of
EPROM in the RTC52. Nonvolatile
RAMs have their own back-up batte-
ry and automatically switch to batte-
ry power if main power fails. Dallas
Semiconductor specifies that its non-
volatile RAMs will hold their data
for at least 10 years. A short program
(included in the applications note)
copies a program to a nonvolatile
RAM that is occupying the EPROM
socket on the RTC52.

You can use the nonvolatile RAM
as permanent storage, or if you pre-
fer EPROMs, you can copy the pro-
grammed RAM into a stand-alone
EPROM programmer, then re-copy
into an EPROM.

For the RS-232 port, instead of the
usual DB-25 serial connector, the
RTCS2 uses a dual-pin header. The
manual describes how to make a rib-
bon cable that connects the header to
a standard DB-25 connector. An-
other serial communications option
is the RS-485 interface, which per-
mits up to 32 devices to communicate
on a single pair of wires.

The basic RTC52 has no program-
mable peripheral interface IC for
170 expansion. However, this is
available on an expansion board.
You must also provide the EPROM
and/or RAM ICs for the sockets on
the RTCS52.

Documentation forthe RTC52 is a
22-page manual that includes de-
scriptions of the board and address
space, descriptions of all jumpers
and a complete schematic diagram
and parts list for the board.

Power consumption for the main
board is about 30 milliamperes,
plus whatever is required for your
EPROM and/or RAM.

Expansion boards for the RTC52
include a multifunction board with
three eight-bit bidirectional parallel
ports, eight-bit, eight-channel ana-
log-to-digital (A/D) converter,
eight-bit, four-channel digital-to-an-

alog (D/A) converter and a battery-
backed clock-calendar; an eight-
channel optically isolated 1/0 board;
a serial and infrared 1/0 expansion
board; and a display, keyboard and
X-10 power-line interface board. As
with the BCC52, a prototyping board
is available for adding your own
circuits.

I tested the RTC52 board along
with its multifunction board, display
board and an LCD module. For a
quick test, the manual includes a
short program and description of
how to connect a wire to cause the
RTC52’s LED to flash.

I found that the stacking arrange-
ment for expansion boards does, in-
deed, create a compact system (each
board adds % inch to system height)—
in fact, it was a little too compact.
Even a conventional ribbon-cable
socket connector plugged into the
RS-232 header was too tall to allow
an expansion board to stack onto the
main board. A nonvolatile RAM chip
(which has its own socket) caused the
same problem. To get around this,
you must buy connector adapters that
raise the expansion boards slightly or
use low-profile components and
cable connectors.

The boards’ close fit also makes
testing and troubleshooting difficult.
But you can make ribbon cables to
separate the boards for testing.

Each expansion board comes with
its own manual that contains a com-
plete schematic, parts list, system
overview, set-up information and
test programs.

Thedisplay board can drive a four-
or eight-line by 20-character LCD
display, which is available separate-
ly. Also included with the display
board is a 5%-inch MS-DOS floppy
with test and demonstration pro-
grams for interfacing to LCD mod-
ules, LEDs, switches, keyboards and
keypads, and X-10 interfaces for
controlling ac power lines.

I tested a four-line by 20-character
LCD module with my display board.
The demo program was helpful for
quickly testing the display, since it
provides all of the module’s obscure
initialization and control com-
mands. Examining the demo pro-
gram can also help you understand
how to use the module in your own
programs.

Documentation for the multifunc-

tion board includes convenient short
programs for testing the A/D and
D/A converters, setting and reading
the real-time clock and accessing the
parallel ports.

Basikit

A final product relating to the BCC52
and RTCS2 is the Basikit software
from MDL Labs, which is available
separately or as part of the RTC52-
EDS (Economical Development Sys-
tem). (The RTC52-EDS includes the
RTC52 board, an 8K X 8 RAM, the
BASIC-52 manual and Basikit.)

Basikit comes on two 5Y%-inch disks
for IBM compatibles. This program
simplifies and speeds up program-
ming with the 80C52 (or 8052AH-
BASIC) by providing a terminal em-
ulator, a full-screen editor and utili-
ties to convert and manipulate files.

Basikit is menu-driven and in-
cludes on-screen help; so it is easy to
learn and use. A 45-page manual con-
tains additional information and
technical details.

The terminal emulator allows
communication between a desktop
computer and the RTC52, BCC52 or
other 80CS52-BASIC or 8052AH-
BASIC system. Baud rate and COM1
or COM2 port are user-selectable at
rates ranging from 300 to 38,400 bits
per second. There is no guarantee
that your computer can communi-
cate at the faster rates, but experi-
mentation will tell you how fast you
can go. Using an 8-MHz 286 com-
puter, I was able to communicate at
19,200 bits per second.

Basikit’s screen editor has two
modes: command and edit. In com-
mand mode you can write, list, run
and edit programs, using 80C52-
BASIC’s line editor. You can also
store programs to disk and read them
from disk to the 80C52’s RAM.

Edit mode offers more editing op-
tions. You can edit any program line
(not just the current line) and scroll
through a listing on-screen. Neither
of these functions is provided by the
80C52-BASIC’s simple line editor.

Basikit also has many file conver-
sion and manipulation utilities. Ba-
sikit will add BASIC-52’s required
line numbersto a program, and it will
compress a file by removing com-
ments and excess spaces, for faster
execution and more compact code. A
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separate source file that includes the
stripped comments is preserved.

Other utilities place ASCII hex
code anywhere in memory, program
nonvolatile RAM and convert among
ASCII hex, binary, BASIC-52 and
Intel file formats.

You can configure Basikit to use
either the COM1 or COM2 serial
port, although a few computers, in-
cluding a Zenith XT-compatible that
I tried, will not run Basikit from
COM2. According to MDL Labs, the
reason for this is unknown, and the
only solution is to switch to COM1.

Some of Basikit’s features—such
as the terminal emulator and screen
editor—can be appreciated immedi-

ately. Others, like the file-conversion
routines, are most valuable when
used with long or complex programs.
Either way, you’ll probably find
something of use in Basikit’s many
capabilities.

Either the BCCS2 or the RTCS52 is
a good choice if you’re getting start-
ed with microcontrollers or you want
to get a project up and running quick-
ly. The BASIC interpreter makes it
easy to experiment with different
programs, and expandability is easy,
using the available expansion boards
or prototyping boards for your own
designs. If you prefer to design your
own system, Micromint also sells the
80C52-BASIC IC by itself.
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Products Mentioned

BCC52 Computer/Controller, $189
RTCS52 Processor Board, $139
BASIC-52 Programmer’s Manual, $15
80C52-BASIC chip, $25

RTC52-EDS Economical Development
System (includes RTCS52, 8K x 8
RAM, BASIC-52 Programmer’s Man-
ual and Basikit software), $199
Micromint, Inc.

4 Park St.

Vernon, CT 06066

1-800-635-3355 (outside CT)
203-871-6170

FAX: 203-872-2204

Basikit Software, $150
MDL Labs

15 Deerfield Rd.
Chappaqua, NY 10514
914-238-0416

Nonvolatile RAM
Dallas Semiconductor
4401 S. Beltwood Pkwy.
Dallas, TX 75244-3292
214-450-0448

FAX: 214-450-0470

Moving On

I welcome your comments, sugges-
tions and questions on topics that re-
late to designing, building and pro-
gramming microcontrollers and
other small ‘‘single-purpose’’ com-
puters. Send correspondence to me at
ComputerCraft, 76 North Broad-
way, Hicksville, NY 11801. For a
personal reply, please include a self-
addressed, stamped envelope.

Next time: a look at Motorola’s
M68HC11 Evaluation Board, a low-
cost tool for assembling, debugging
and evaluating systems using the

M68HCI1 microcontroller chip
with its own eight-channel, eight-bit
A/D converter. n

Jan Axelson
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orrest M. Mims [l

Power supplies are usually considered the
least-exotic section of an electronic cir-
cuit, especially when that circuit uses a
microprocessor. Yet, without a power
supply, a circuit is completely useless.

Recently, 1 found that a new kind of
power supply could significantly improve
operation of a miniature instrument ['d
designed and built. This new supply,
which uses no transformers, provides
+ 15 volts when powered by a 5-volt sup-
ply. How this supply is able to provide a
voltage increase without a transformer is
an interesting topic. Even more interest-
ing are some of the applications for such
a supply. Even if this particular supply
doesn’t solve any of your design prob-
lems, one of its cousins might. Read on,
and you’ll find out why.

A Battery Problem

Recently, 1 built a miniature instrument
that uses an analog divider circuit to cal-
culate the ratio of two optical signals.
While this circuit works well, the accura-
cy of the divider is influenced by the re-
quired =+ 15-volt supply potentials. My
present circuit uses two pairs of 7-volt
mercury batteries to give + 14 volts. As
the voltage falls, though, overall accura-
cy of the divider’s output is degraded
with time.

There are two ways to solve this prob-
lem. The first is to completely redesign
the circuit so that it uses a programmable
microprocessor or calculator chip. This
method permits the ratio of the two sig-
nals to be accurately calculated inde-
pendently of the power supply voltage.

There are two drawbacks to this me-
thod. First, is that the signals from the
optical detectors are analog. Therefore,
the programmable digital circuit must in-
clude an analog-to-digital (A/D) con-
verter. Secondly, the programmable ap-
proach requires considerably more time
to design and program than the simple
analog-divider approach. Just designing
and making an etched circuit board for a
programmable circuit digital takes con-
siderable time, particularly since the
board would probably have to have con-
ductors on both sides.

An alternative way to solve this prob-
lem is to use a power supply thatdeliversa

Solid-State Power Supplies

TL

O0SCILLATOR

PRIMARY

DL

SE CON DARY

Fig. 1. Details for a basic dc-to-dc converter power-supply circuit that uses a transformer (T1).

regulated + 15 volts. Ideally, it should be
powered by a single miniature battery.
Maxim Integrated Products (120 San
Gabriel Dr., Sunnyvale, CA 94086)
makes a wide variety of analog ICs.
Among them is a series of chips designed
for use in various kinds of low-voltage
power supplies. One of these chips, the
MAXT743, provides aregulated + 15 volts
froma 5-volt supply. This chip provides a
much simpler solution to the power-sup-
ply problem with my instrument than by
using a digital approach. Other chips
made by Maxim provide various other
voltages from low-voltage batteries.

No-Transformer
Voltage Boosting

The traditional way to boost a voltage is
shown schematically in Fig. 1. Trans-
former 71 has two windings, one of
which has more turns than the other. If
an ac voltage is applied to the winding
with fewer turns (the primary), a greater
ac voltage appears across the winding

that has more turns (the secondary). This
voltage can berectified by DI and filtered
(smoothed) to dc with CI.

You can easily make a working version
of the Fig. 1 circuit using a 555 timer chip
or similar oscillator to drive the primary
of a 6.3-to-117-volt transformer. Be sure
to use a diode and capacitor rated for the
appropriate output voltage. Also, be
aware that a circuit like this can easily
produce a few hundred volts. Therefore,
use caution.

While the principle is less obvious, a
single winding of a transformer or choke
can also provide a voltage boost. Consid-
er a pulse of current applied across a coil.
When the flow of current is suddenly
stopped, a much greater voltage than that
across the coil is induced into the turns of
the coil by the collapsing field. The result-
ing current spike can easily have an am-
plitude of hundreds of volts, even when
only a few volts is applied.

This phenomenon is why a reverse-
biased diode is often placed across the
coils of relays. The diode provides a

Lt
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44
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4

Fig. 2. Details for a basic dc-to-dc converter power-supply circuit that uses a choke (L1).

Say You Saw It In ComputerCraft

www americanradiohistorv com

May 1991 / COMPUTERCRAFT / 67




+V
Lx+
CC+ p 100 MK
01 uF
—d—tlce+ cegr [de i
NS | L;lt v
D1 + ouT
Ve AV+ G |2 L Cex
7t 1 100 mF
cz ” =) —
AuF T v+ v+ =
s 12 | * ST @1
v+ \/+ ' J1 = 100 uF
c3 ISl vrer s P4 ~so—dey
LomF =
cH S Lx— 10 " ]‘ Sy
F 8 q ] bz GLAT
kY] s__{e_ CC— Fe-
= LX o CE-
= [CC= [ &
otuF  MAX 743 100 yH oL
D1, DZ ~ 1N 5817 l
TL- 12 /15 voLT S = =

J;

i

o IVVIXWIWNV

--

Fig. 3. Schematic of aworking — 15-volt supply made with a MAX743.

short-circuit path for the voltage spike
that’s generated when current stops flow-
ing through the relay’s coil. Without the
diode, the voltage spike might flow
through the wires leading to the relay coil
and damage the relay’s driver circuit.
One early version of a transformerless
high-voltage supply is known as the ring-
ing-choke power supply. The idea behind
this circuit is to supply a pulsating flow of
current to a choke coil. The pulses can
have a slow rise time, but they should
have a fast fall time. A capacitor (CI) is
connected across the coil’s terminals
through a diode (DI), as shown in Fig. 2.
Each time the current momentarily ceases
to flow, a voltage spike passes through
the diode and is stored in the capacitor.
The diode keeps the capacitor from dis-
charging through the coil. The output
from the circuit is a direct current with a
ripple value determined by the size of C1.
Apparently, the ringing-choke supply
was named after the hum produced by the
oscillating current applied across the
choke. These supplies can be both small
and efficient. One [ built to power a tiny
Geiger counter produced an equally tiny
audible hum and several hundred volts
from a 1-.2-volt nickel-cadmium cell.

Power Supply Chip

The ringing-choke principle can be ap-
plied to the design of modern ICdc-to-dc
converter power supplies. For example,

the MAX743 is a 16-pin device that func-
tions as a dc-to-dc converter with a dual-
polarity output of either +12 or +15
volts. This chip provides a maximum
load current of up to 100 milliamperes in
the + 15-volt mode.

Both outputs of the MAX743 areregu-
lated independently of each other to with-
in +4% of their rated output voltage
over the chip’s specified range of operat-
ing conditions. The chip provides a pow-
er conversion efficiency of from 75% to
82% for most loads. A built-in thermal
shut-down circuit prevents overheating
and possible damage to the chip.

An oscillator inside the MAX743 re-
quires several external components.
Since the oscillator is laser-trimmed for a
precise frequency of 200 kHz, external
trimming components aren’t required,
and different chips can be used with the
same external components to provide
predictable operation.

Figure 3 shows how the MAX743 con-
nects to external capacitors, diodes and
inductors to form a working power sup-
ply. Jumper JI permits the output from
the circuit to be selected as either + 12 or
+ 15 volts.

Diodes DI and D2 must be IN5817
(Fuji No. SEO14) or IN5802 Schottky de-
vices or equivalent. Note that the positive
and negative outputs each has its own in-
ductor and associated capacitors. The in-
ductors can be made by winding 30 turns
of No. 30 insulated wire on a Magnetics

Fig. 4. Actual-size etching-and-drilling
guide for a printed-circuit board for the
MAX743 recommended by Maxim and
used here with permission.

58238 ferrite core. Or they can be pur-
chased ready-made from Gowanda Elec-
tronics Corp. (1 Industrial Pl., Gowan-
da, NY 14070).

MAX743 Evaluation Kit

Though you can assemble the circuit
shown in Fig. 3 on a solderless bread-
board, best results are obtained if you
assembleit on a printed-circuit board, the
actual-size etching-and-drilling guide for
which is shown in Fig. 4, and wire it ac-
cording to Fig. 5.

If you don’t have the time to duplicate
the recommended p¢ board, you can do
as I did and order an MAX743EVKIT
evaluation kit from Maxim. The kit,
which costs $20 postpaid, includes the
board and all components needed to as-
semble the complete supply. Also includ-
ed in the kit are additional components
for a pair of optional Pi filters that reduce
the noise level at the two outputs to less
than 2 millivolts peak-to-peak. (These fil-
ters aren’t shown in Fig. 3) Besides saving
you the time needed to find the parts and
the trouble to make the board, the kit
saves the difficulty of ordering the
1N5817 Schottky diodes and the induc-
tors. Whether you order the kit or pro-
ceed on your own, be sure to request a
copy of the MAX743 application note.
This note contains essential information
about component values and other im-
portant facts.

You can assemble the MAX743 evalu-
ation kit in less than half an hour.
Though the kit doesn’t include an IC soc-
ket, 1 decided to use one, just in case |
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Fig. 5. Component layout diagram for pc
guide shown in Fig. 4. The space for C4 is
not used with the evaluation kit.

damaged the MAX743 as | was evaluat-
ing and testing the board. The socket also
permits the chip to be removed while
components are installed or replaced.
Assemble the kit by following the
parts-placement diagram shown in Fig. 5
orinthe MAX743 ap note. Assembly will
be easier if you first install the smallest
components. After all components are
installed, connect some lengths of insu-
lated hookup wire to the power-supply
inputs and the voltage outputs. Figure 6 is
a photo of an assembled version of the kit.
Before applying external power to the
circuit, double check all components to
make sure each is installed in its correct
location and is properly oriented. Also,
make sure that the output voltage of the

et -

Fig. 6. An assembled MAX743EVKIT that
delivers +15 volts when powered by
asingle +5-to +6-volt supply or battery.
(Photograph courtesy of Maxim Inte-
grated Products).

power supply doesn’t exceed the maxi-
mum allowable rating (+6 volts in the
+ 15-volt mode).

Connect a dc voltmeter or amultimeter
set to the dc-volts function across the
+ 15-volt output and circuit ground and
apply power to the circuit. Then check
the — 15-volt output. The circuit [ assem-
bled provided outputs of +14.90 and
— 14.92 volts with no load.

Repeat these tests with a 180-ohm load
resistor (supplied with the evaluation kit)
across each output. This resistor will
drain 83 milliamperes from each side of
the supply, which is equivalent to a power
consumption of 1.25 watts per channel.
Nevertheless, even with this relatively
high drain, the outputs of the circuit I as-
sembled were + 14.78 and — 14.79 volts,
or better than 99% of the no-load voltage
level. As you can see, this circuit provides
excellent performance and uniformity
between outputs.

Since I intended to use this circuit in a
battery-powered application, [ was curi-
ous to determine the minimum supply
voltage that would give a + 15-volt out-
put. With no load, the circuit I built deliv-
ers a stable + 14.9 volts down to a mini-
mum supply potential of around 4.2 volts.
In short, the circuit is ideally suited for
operation from a 6-volt battery.

Operating Precautions

Several operating precautions must be
observed when using the MAX743. A
short-circuit between CC+ and CC—
may damage the MAX743. Therefore,
when testing the pc version of the circuit,
be sure to place the board on an insulat-
ing surface that’s free of bits of wire, sol-
der and metal. Also, be sure to observe
the power-supply maximum voltage rat-
ings (+ 7 volts forthe + 12-volt mode and
+6 volts for the +15-volt mode). Ex-
ceeding these ratings may damage or de-
stroy the MAX743,

Remember that maximum load current
decreases from the maximum permitted
of 100 milliamperes when the tempera-
ture of the chip rises above around 60 de-
grees Celsius. Never plug the MAX743
into or remove it from its socket when the
power supply is connected. Also, never
solder or try to change components when
the circuit is powered. Finally, the output
filter capacitors must be connected when
the chip is operated.

Other Maxim Devices

While I am prepared to power the circuit
described at the beginning of this column
from a small 6-volt battery, the prospect
of using only one or two penlight cells to
get + 15 voltsis intriguing. This possibili-
ty can be made real by means of one of the
MAX654-658 family of Maxim dc-to-dc

Fig. 7. An assembled MAX655EVKIT that
delivers +5 volts from two AA penlight
cells. (Photograph courtesy of Maxim In-
tegrated Products).

Fig. 8. A miniature + 15-volt MAX743 pow-
ersupply made from surface-mount com-
ponents. (Photograph courtesy of Maxim
Integrated Products).

converter chips. The MAX65SEVKIT is
an evaluation kit that contains a pc board
and all components needed to assemble a
5-volt supply powered by a pair of AA
cells. Figure 7 is a photo of an assembled
version of this kit. The $20 price for this
kit seems a bit excessive in view of the re-
duced number of components it contains
compared with the MAX743EVKIT.
The idea of powering my circuit from
one or two inexpensive penlight cellsis in-
triguing. But the additional board will
take up lots of space. Therefore, it might
be best to use a more costly 6-volt battery
and keep the size of the instrument down.

Going Further

The MAX743 evaluation kit weighs only
slightly more than an ounce when assem-
bled. If that’s too heavy for your applica-
tion and/or if you want the smailest pos-
sible size, Maxim makes a surface-mount
version of the MAX743. Figure 8 is a
photo of a surface-mount =+ 15-volt sup-
ply that uses this tiny version of the
MAX743. As you can see, the circuit is
only slightly larger than two dimes placed
side by side. Apparently it’s very difficult
to find surface-mount inductors for this
supply. If an evaluation kit becomes
available, I'll let you know. [ ]
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This time around, we lead off with a dis-
cussion of the features of a high-perfor-
mance chip set for 80386 computers from
Suntac USA in San Jose. Thenit’sontoa
DRAM that its maker, NMB Technolo-
gies, claims is the world’s fastest; the
newest member of the NEC family of
floppy-disk controllers; and a program-
mable clock generator that provides mul-
tiple frequencies from a single IC. We
finish up with a 1,000-volt surge suppres-
ser that takes up only 1.25 square inches
of pc-board real estate.

i80386 Chip Set

Suntac USA (2107 N. First St., Suite 370,
San Jose, CA 95131) has a chip set that’s
fully compatible with the IBM PC/AT. It
offers increased performance in a com-
pact package for i80386 systems that uti-
lize 182385 cache controllers.

The Suntac ST62CS30-A chip set,
which supports 25- and 33-MHz clock
speeds, was designed using the latest
CMOS technologies for high-density
mounting and low power consumption.
A single Suntac chip set can be used to
create a high-performance desktop, lap-
top or notebook computer.

At the heart of the four VLSI (very-
large-scale integrated) chips that make up
the set is the ST62CS30-A Address Bus
Extender. This chip provides the READY
and HOLD signals to the CPU and cache
controller, and a 24-bit address latch for
the 182385 pipeline operation. Addition-
ally, it contains the 180387 and Weitek
3167 interface and the turbo circuits.

The remaining chips in the set have the
following features and functions: The
ST62C301-A Data Bus Extender contains
a 32-bit data latch and data buffers that
support the posted write function of the
182385. This chip also acts as the interface
between main memory, 16- and 8-bit AT
buses and i80386. The ST62C251-A sys-
tem Bus Memory Controller controls op-
eration of the AT bus at 8 MHz and is
completely independent of the 180386
clock speeds of 25 and 33 MHz, which al-
lows for various access times of DRAM
and ROM BIOS. The ST62C303-A con-
trols the address bus in DMA cycle and
the B-port and outputs the i80386 address
bus to the expansion slot address bus to
synchronize timing with that of the AT

Joseph Desposito

bus clock. Internally, this last chip in-
cludes two 82C37 DMA controllers, two
82C59 interrupt controllers and one
82C54 timer controller.

Additionally, the Suntac chip set in-
cludes: two- and four-way page-inter-
leaved memory operation that supports
up to 16M of high-speed memory; IM to
16M of local DRAM, fully accessible by
DMA; quick CPU reset and Gate A20 for
0S/2 optimization; in-circuit, tri-state
test mode; and support for LIM EMS
4.0. Information and pricing for the
ST62CS30-A chip set is available from
Suntac USA.

Currently the fourth largest manufac-
turer of chip sets in the world, Suntac
USA (a subsidiary of Japan’s Sun Elec-
tronics Corp., a leading international
manufacturer of electronic products) de-
velops computer chip sets used in the
manufacture and design of personal and
laptop computers.

World’s Fastest 1M DRAM

NMB Technologies’ (9730 Independence
Ave., Chatsworth, CA91311) new AAA-
1M300 series 1-Mbit DRAM is claimed to
be the world’s fastest CMOS DRAM at
53 ns. The new high-speed 1M device is
offered in IM X 1 and 256K X 4 ver-
sions. Both versions are specified to have
maximum access times of 53, 60 and 70
ns. Read/write cycle times are as short as
100 ns. The high-speed design permits di-
rect memory access with 16- and 20-MHz
microprocessors, eliminating the need
for cache memory and improving system
performance.

The AAAIM300 is available in en-
hanced-page mode with page mode read/
write cycle time of 40 ns. Operating po-
tentials range from 4.5 to 5.5 volts and
temperatures from 0 to 70 degrees Celsi-
us. Power consumption for the new 53-
ns, IM DRAM is 400 mW when powered
from a 5.0-volt dc source.

The 100-ns read/write cycle time per-
mits designers to create zero wait-state
systems utilizing 20-MHz microproces-
sors, without having to resort to complex
interleaving or caching schemes. Tests of
20-MHz 386SX systems and 53-ns
DRAMSs conducted by the company sug-
gest a 25% increase in MIPS, compared

A High-Performance 80386 Chip Set,
New Floppy-Disk Controller, World’s

Fastest DRAM, Programmable Clock
Generator and an AC Suppresser

to a dual-bank interleaving technique us-
ing 80-ns DRAMs.

Pricing for thenew IM DRAM is in the
$5-per-unit range in quantities of 10,000.

NEC Floppy Disk Controller

A new IBM PC-compatible CMOS flop-
py-disk controller is available from NEC
Electronics Inc. (401 Ellis St., P.O. Box
7241, Mountain View, CA). The uPD-
72064 is a highly integrated solution for
space-critical designs. This controller
supports the complete PC/AT register
set and standard data rates. It has been
enhanced for multitasking applications.

This is the newest in a line of control-
lers from the company that introduced
the industry-standard uPD765A/B and
the uPD72068. The pPD72068 was the
forerunner of the new chip, offering a
high-performance digital phase-lock
loop. This feature is also included in the
pPD72064, providing analog level per-
formance without the need for external
components or making adjustments.

Software compatible with the uPD-
765A/B, the new uPD72064 contains
upgrades that ensure overrun detection
to eliminate the possibility of data cor-
ruption in multitasking environments.
Because it is pin-compatible with other
leading FDCs, it provides performance
improvements without costly redesign.

The pPD72064 features on-chip clock
generation, selectable write pre-compen-
sation, host-interface registers for the
PC/AT and a high-performance DPLL
data separator that eliminates the need
for maintenance adjustments.

High-current drivers and Schmitt re-
ceivers provide direct interfacing to the
drive, and standard data-transfer rates
are supported on one crystal (250K and
500K bps, MFM). A power-saving stand-
by mode makes the chip well-suited to
portable applications. A block diagram
of the device is shown in Fig. 1.

The xPD72064 FDC is available in
44-pin PLCC packages at $4.80 each and
52-pin QFP packages at $4.40 each, both
in quantities of 10,000 or more units.

Multi-Frequency IC

National Semiconductor (2900 Semicon-
ductor Dr., P.O. Box 58090, Santa Clara,
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Lyco Computer

Marketing &

L

Since

1981

Consultants

Authorized
Industry
_Remarketer

PRINTERS

Panasonrc
1123 ... ... SNEW
1180 $143.95
1181 $218.95
1124 $259.95°
1695 ..$409.95
1624, . . . -.$349.95
4450i Laser . . ..$1189.95
4420. .. . ... .SCALL
NX-1001 ... ... $134.95
NX-2420 - $265.95
NX-1020 Color $174.95
NX-2420 Color .. $299.95
NX-1500 $297.95
NX-2410 $229.95
NX-2415 $379.95°
XR-1500 $429.95
XR-1000. ... ... ... g
XB-2410. .. . . $429.95
XB- 2415 .$549.95
r.er NX-1001
mictenics
* 1BOCPS draft
12¢pf
*+ 45CPS NLQ Sy
12¢pi A
* 4 rasident
tonts
* 2 year s 1 3 4 95
warranty
Brother
M1309 (NEW) . . .$165.95
M1324L {NEW) . .$239.95
M1809 .. .$309.95
M1824L . B .. $399.95
M1909 oFocooo $409.95
M1924L . ....$539.95
M2518 . ... ... : ..$799.95
M4018 .. ... ......81199.95
HLapsiPosl Serlpl) ......$2299.95
..... Lo....$1199.95
HL4 Laser . $899.95
HL4PS Laser 5o e .$1724.95
Citizen
120D . 0 00 W ..$134.95
120 D Serial ... ..3164.95
..... .. .$165.95
ZODGX Color . . ..$199.95
GSX-140 $289.95
GSX- 140 {COLOR) . . ... ... .$317.95
HSP-501 .. .$319.95
HSP- 550 ..$449.95
Ok:data
2R P ...$185.95
182 Turbo ...$219.95
320. . ..$319.95
321, .$449.95
390 Plus $449.95
391 Plus $589.95
393 Plus ...$959.95
393C (color) -.$1029.95
Laser 400 .. .. .. .. ... .. .$639.95
Laser 800 .$945.95
Laser 820 ceeeean .. 8125595
Laser 840 . L .$1899.95
Epson
LX-810 . e .$184.95
LQ-510 . $279.95
FX-850 . $309.95
FX-1050 . .. .$429.95
LQ-850 . .. .$469.95
LQ-1010. .. ..$399.95
LQ-1050 . .$629.95
LQ-2550 $899.95

*QUANTITIES LIMITED

HARD DRI

By SEAGATE

MODEL [ SIZE { SPEED | TYPE I[ PRICE
375" Half Meight:

Cas BEED

[ TsesT P e ]
356995

MONITORS

Magnavox
7BM748 VGA Mono .. .. ... .. $129.95
CM8702 Comp. Color .. ... . ... $169.95
1CM135 RGB Analog .$244.95
CM8032 VGA 640x480 ..$255.95
9CMO62 VGA 720x480 . .$269.95
9CM082 VGA .. ... g .$309.95
6CM320 Super VGA ... ... ... .. $349.95
7CM320 Super VGA $349.95
GoldStar
2105 A Composite .. ... ... ..$74.95

1210A TTL Amber ... . ..
1401A 14'" Amber TTL ..
1220W VGA Mono ... ..
1405 Plus Paper White
1423 Pius VGA

1425 Plus VGA .390P .

: E i [ cso K sisess
Pz i | romsec [ e ar | wisanss

L e | ta28.08
A A J sseens
i 58295

B
159895

89 Meg Drive
ST-1102A

$345°°

By TOSHIBA
Toshiba disk drives affer you the latest in VLSI
technology & low power consumption.

5%’ 360 KB PC/XT Compatible .
5%'" 1.22 MB PC/AT Compatible $69.95
3%'' 1.44 MB PC/AT Compatible $67.95*

* Universal installation Kit Included.
By CHINON

-$62.9§

FZ-502 5" 360K PC/XT Compatible$57.95
FZ-506 5va'' 1.2M8 PCIAT Compatible . $65.95
FZ-354 3.5°" 720K PC/XT Compatible$56.95"
FZ-357 3.5 1.44MB PCIAT Compatible $62.95°

. K 1430 Plus VGA 310P .. ...
I | A} 1450 Plus VGA 800x600 . ..
SRR A 1460 Pus VGA 1024x768 ... . .. r
Sl et T (L : | 1610 Plus VGA 16°'1024x768 . . .$699.95
ST 157 AP 43 Meg 40MSEC AL $265.85 NEC
S GS-2A White VGA .. .$219.95
v T sires | MulllSyne 2A VGA ... ... .. .$449.95
v { wasaes MultiSync 3D VGA ... . $588.95
. MultiSync 4D VGA .. .. $989.95
| T MultiSync 5D VGA 1$2239.95
L Panasonic
D I N T B C1381 Panasync Multimode ... $379.95

[ GoldStar 1460 +
VGA

14" display
1024x768
16x256 colors

$339°

Everex Vrdeo Cards
Evergraphics . . ...... .. ...$53.95
Viewpoint VGA .. ... .. .5149.95
Viewpoint VGA 512K .. 5 45189.95

Cardinal Video Cards

Cardlnal VGA 200 8&16 bit .. .$79.95
Cardinal VGA 400 = ..$89.95
Cardinal 700 512K . . .$114.95
Cardinal 700 tMB .$139.95

MODEM

Everex Modems
Evercom 12 (INT) ... ... .. .. $49.95

Evercom 24 (INT) .. ... . ... . $109.95
Evercom 24 + MNP (INT) .$147.95
Evercom 24E + MNP (EXT) i S U795
Everfax 24/96 MNP {INT) .. . §249.95
Everfax 24/96e MNP {EXT) . .$319.95

Cardinal Modems

MB2400EX EXT .. $94.95
2400 MNP Ext. MNP $144.95
2450 MNP Int. MNP 5 .8117.9§
MB2450 INT ... .$72.95
MB1200EX EXT . -SCALL
MB1250 INT ... .. SCALL
MB2250F SendFax $79.95
9650 V32 Int. ... ..5479.95

COMPONENTS

Build your own computer clone with components
manutactured by DTK computer.

System Memory
YouiSpecty "D¥rva Conti uralron

TVideo Care
=} Add on Cards
— "Keyboard

Base Systems Inciude:
Motherboard, Case, & Power Supply

8088 4.77/10MHz System $139.95
80288 8/12MHz System $249.95
B0IBESX 16MHz $495.95
80386 10/25MHz $798 96

80386 25/10MHz Tower W/B4K Cache 5999.95
80386 10/33MHz Tower W/64K Cache sr 149.95
486 25MHz W/84K Cache 899.95
Memory - Insta{ ed memory prices avanable
upon réquest.
Video Cards

Mone/Graphic/Printer $19.95
Advance VGA 16 bit BOOX800 $86.95
Add-On-Cards
XT Multi WO $37.95
286 Multt 1O $47.95
Parallel Printer Port $1185
2 Port $14 95
Game 1'0 $14.96
Clock-Calendar $17.95
Fioppy Controller $24.95
IDE/Floppy Controiler 286 $27.95

Customized Hardware Service Avallable.
388, SX, 486 are rademarks of Intel Corporation.

APE BACK

By EVEREX
INTERNAL
Excel-60F 60 MB. . . .. ... $209.95°
Excei-40 T 40 MB PCIXT/AT ... $529.95

Excei-60 60 MB half height 514" $669.95

Excel 250 250 MB . ... .. ... ... $769.95
*Uses system's floppy controller
Not Included.
EXTERNAL
Excel-40T 40 MB 5MB/min.. ... $599.95

Excel-60 60MB Full Height 5MB/min$799.95

Excel 250 250 MB .. .. ... . ... $889.95

All tape back-up systems inciude
controller,software and data
catridge

ZEVEREX- Excel 60F
60MB (Internal)

$209°°

LAPTOPS

Bondwell
Bondwell 310 + ... ... .. .. $1259.95

Leading Edge

Leading Edge SX .. .. ... ... $1969.95
Panasonic

CF1508 ... ... ... $584.95°

CF270. ... .. ... ... .. ... $1849.95

Full Toshlba Llne Available
Call for Models and Prices.

Why shop at Lyco Computer? Lyco Computer offers quality name brand computer products at prices 0% to 50% below retail. If you do not see the product you want ?\ Saies: 1-800-233-8760 or

advertised, call Lyco Computer tolt free. How do ! kow ! will get the product | need? Our marke(mg sta" receivas continous formal (rammg by our manufacturers. Though

our strict

p!
thousands of people every week capitalize on cur savings and services, we hope you too, will make Lyco Computer your first choice. wnar about warranty ar servlce?
Our Customer Service Department is avaiiable at £717) 434-1670 to assist you. We back all of our mariufacturer’s stated warranty terms. Before returning any item that
appears to be defective, we ask that you call our Customer Service Department. Will you rush an itern to me? We offer next day air, two day air, standard UPS, and postal
international shipping services. Temporary sheor:ages are normally filled within 10 days. How do  order? We have aiways offered C.0.D. orders through UPS. Prepaid cas!
orders over $50 are shippad freight-free in the continental U.S. Simply send your order to Lyco Computar, P.O. Box 5088, Jersay Shore, PA, 17740. For orders under $50,
please add $3 for freight. Personal and company checks reclurre 24 week clearing period. Visa, Master Card, American Express and Discover Card orders are accepte

We charge xales tax on deliveries in Pennsylvania. For APO, FPO, and intarnational
orders except [BM add $5 plus 3% for priority mail. Advertised prices and availability are subject to changa. Return restrictions apply. Not responsible for typographical errors.

1-800-233-8760

for your connvenience. Purchase orders are

on iding only new

717-494-1030

dise proh bits free trial periods and a

d from

ity, a wealth of

- a¥ gl

Z
voo Do rantls

-
Since 1981, we have led the industry by continuing to off.:r
the lowes! national prices while providing quality serv-ce
Many companies have come and gone trying 1o mmitate our
quahty and service If by some oversight, we do not have the
lowest prices advertised on the products you desire, then we

would appreciate the opportunity to rectify this oversight

CIRCLE NO. 85 ON FREE INFORMATION CARD

www americanradiohistorv com

Fax: 717-494-144%
Hours: Mon.-Fri.
9a.m.-9p.m.
Sat.10a.m-6p.m.
‘ Customer Service:
717-494-1670
Hours; Mon-Fri.
9a.m-5p.m.
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Control
Reqlster
- - Block upgraded or added to
Xtal Osc A 1 :] original uPD765/72065
3 = 1
A2 Clock ==(0) ( } Internal signal
XB1 —] ™ Gen.em.@.. 22
Xl Osc B 1
XxB2 (WCLK)
DRVTYP (CLKOUT)
RESET — &} Reset
Control
i Command
Registers
” and
Timers
Controt
Register
~— WPRT
input DKﬂEN
Port | INDEX
-+— DKCG
~+— TRKO
Dighal Out mgrri;/:w
Register Control
= DS1-D54
I = HDLD
Status P —— —
Register Output [ DEN/LCT
Port
— SIDE
= STEP
Do -D Data Bus “ ; “ Data ==
” o] 7 Buffer Muitipiexer Reglster = DIR
& * From Digital
' Out Register
Auxiliary
AQ ——————1 Register
et e Motor - EM1
& Controt = EM2
RD —————
WR ————— =1  System
TC ———— = interface
DMARQ -« | Control - ‘
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ACCR —— =]
ACDR ———————» WE
H INT - = (SYNC)
] o
H Separation (WCLK)
(SYNC) Serial
[ Interface - WOATA
Circultry [
e (RDATA)
‘9 Precomp
RDATA PhaseLocked (WINDOW) Control ~—PCsvL
oop

Fig. 1. Block diagram of NEC’s xPD82064 floppy-disk controller chip.

CA 95052) has a pair of high-frequency
programmable clock-generator chips
based on the principle of frequency syn-
thesis and phase-locked loop.

These devices use frequency synthesis
to generate a variety of output frequen-
cies for computer-system timing from
just a single reference frequency. The
DP8531 and DP8532 Programmable
Clock Generators are targeted for en-
hanced graphics and mass-storage appli-
cations in personal computers.

The DP8531/8532 have sufficient fre-

quency range to produce the timing sig-
nals required for both low- and high-res-
olution graphics systems. The DP8531
can be programmed on-the-fly via a four-
bit bus to generate virtually any frequen-
cy from 0.78125 MHz to 160 MHz. Most
conventional clock generator ICs have a
maximum usable frequency of only
about 45 MHz. Because DP8531/8532
chips are fabricated in BICMOS, the de-
vices can provide both true TTL and dif-
ferential ECL outputs. ECL logic levels
are often desired for high-speed applica-

tions in the 80-to-160-MHz range.

The DP8532 is a ROM-masked version
that can select any of eight frequency op-
tions pre-programmed at the factory.

The DP8531/8532 produce output
clocks when driven from an external ref-
erence input, either a 1- to 40-MHz crys-
tal oscillator or a TTL source. Both de-
vices can be genlocked to an external TTL
source by using the dual phase detector
functions on the chips. The devices use
frequency-synthesis and PLLs (phase-
locked loops) to generate fully program-
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mable clock output frequencies.

In applications that require multiple
clock frequencies, the DP8531/8532 de-
vices can reduce component cost and in-
crease reliability over conventional tim-
ing-generation schemes in two ways. One
is by operating from a single reference
crystal to create all of the required fre-
quencies, replacing multiple crystal oscil-
lators. The second is by using the pro-
grammable clock generator with an inex-
pensive reference frequency crystal to re-
place expensive, high-frequency ECL
crystal oscillators.

Graphics boards, which often contain
a processor, memory and video DAC
(digital-to-analog converter), require
separate system, pixel and load clocks.
The DP8531/8532 generate all clock out-
puts from a single, low-frequency crys-
tal, eliminating the need for a pixel clock
crystal oscillator.

Non-graphics “applications can also
benefit from the multi-frequency cap-
ability of the clock generators. One such
use is in zone-bit recording (ZBR) appli-
cations that pack more data on hard
disks. By varying the clock input on disk
data synchronizers, designers can change
theread/write rate at different zonesona
disk, thus using the space more efficiently.

Due to their high-frequency operation,
PLL ICs are sensitive to layout and wir-
ing variations on a printed-circuit board.
To simplify the design task, National
Semiconductor has created an evaluation
board (DP8531EB) that permits design-
ers to observe how the clock generators
perform when properly installed on a
printed-circuit board.

Apple Computer already uses the DP-
8531 in its recently introduced graphics
adapter boards for Macintosh displays,
and Maxtor uses the chip in ZBR hard-
disk applications.

The DP8531V programmable clock
generator is available in a 28-pin PLCC
for $25 each in 100-piece quantities.

AC Suppresser

Amber Industries’ (P.O. Box 790712,
Dallas, TX 75379) AI-025 and AI-025-
CM are designed to suppress a 1,000-volt
transient to within 1 volt of the ac sine
wave (60 dB). This feature satisfies the
surge withstand capabilities of IEEE 587
categories A and B (ANSI C64.21). Both
models utilize only 1.25 square inches of
board space (1”7 x 1.25”) and are, there-
fore, ideal for mounting on printed-cir-
cuit boards. These devices not only cure
spikes, but also fill short-term notches in
ac power. Model AI-025 is a four-pin de-
vice that protects for normal mode only.
The AI-025-CM is a five-pin device that
protects both normal-mode and com-
mon-mode. L
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LEARN ELECTRONICS FROM VHS VIDEO TAPES!

Our Video Tapes
Are Designed
To Make Learning Electronics
Fun and Easy!

1989

e PART 1-DC, 53 min........... $32.95 | » PART 5-AMPLIFIERS
Electronics and You—VT-201 S2min............oiii $32.95
* PART 2-AC, 71 min........... $32.95 |  Electronics and You—VT-207
Electronics and You—VT-202 e PART 6-OSCILLATORS
¢ PART 3-SEMICONDUCTORS, S4min.........oooii $32.95
ATl $32.95 |  Elecronics and You—VT-208
Electronics and You—VT-205 e YCR MAINTENANCE & REPAIR
e PART 4-POWER SUPPLY VT-203—54 min...... B ol ....$32.95
S5min......... ...l $32.95 | » INTRODUCTION TO VCR REPAIR
Electronlcs and You—VT-206 VT-204—110 Min................. $59.95

CALL TOLL FREE AT

ORDER  1-800-678-6113 V%

L] or CA

NOW mail check or money order to: ASTER ED
- UCANDO VIDEOS M cCEPT

P.O. BOX 928 « GREENVILLE, OH 45331

CIRCLE NO. 74 ON FREE INFORMATION CARD '

As Part Of
The Complete

ps.cemoee $199,95

Electronics Computer Lab.

FEATURES » Vertical Sensitivity .01 v/div . . ..
+ 20 Mhz/sec Sample Rate AC/DC Coupled
"""""" + 5us to 5 sec/div Sweep Rates + Ext. Trigger Input

Bl - LCD with 64 x 240 Dot Resolution * Single Sweep Mode
» Provisions for Adding Optional * Screen Freeze Mode

Second Channel 3199_95
- Postage & Handiing {$6.50)

S ;| (Requires 5V, +/-12V Power Supply)

OPTIONS: Add an 8 channel Logic Analyzer and view up to 8 digital signals simultaneously. . . perfect
for viewing CPU Bus signals . . . § + Postage & Handling ($3.00)

Power Supply Kit . . . .$34.95 . (s4.00 PH. - Matching Black Steel Cabinet . . .. $37.50 +($4.50) PH.
Deluxe 100 Mhz Scope Probe with 10:1 Switch . . . . $27.50 4+ ($3.50) PH.

EXPAND YOI:J.R. LAB . . . Add A Dual Channel Function Generator With An Add On

23 Channel Digital Signal Generator

* The Function Generator features two separate Sine, Triangle. Ramp and Square wave generators. 10 Hz to 100 Khz.
Ideal for upcoming Analog and Modulation theory experiments. (Requires 5V, +/-12V Power Supply)
$69.95 Postage & Handling ($4.00}

¢ Add a 23 channel Digital Signal Generator + an 8088 based Computer Experimenter Platform to the Function
Generator Board . . . This project operates as a stand alone Digital Signai Generator, capable of generating 23
differant digital signals simultaneously. Custom signal generator programs, as well as 8088 based computer
expe’iments can be down loaded from any IBM compatible. Learn about Computers, Digital Circuits and Assembly

+ Postage & Handling ($4.00)

+ Matching Black Steel Cabinet . . .$37.50 - (34 50) PH

Langage Programming in upcoming articles. . . .$69,95
OPTIONS: Power Supply Kit 1 . .$34.95 . (s400) PH
COMPLETE YOUR LAB . . . With A Prototyping Station

» Featres both solderless and wire wrapping prototyping systems.
gigital

MasterCard / Visa Accepted
(203) 355-2659

NETRONICS RESEARCH
AND DEVELOPMENT LIMITED
333 Litchfield Road « New Milford, CT

With cables connecting 80 signais from the ignal /8088
Computer Experimenters Platform to the Prototyping Station.

$69.95 . rostage & Handling (54.00) %
OPTIONS: Power Supé)ly Kit| .. $34.95 - (54 00) PH
Matcning Black Steet Cabinet . . .$37.50 . (54.50) PH
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One of the joys of writing this column is
the sheer volume of things I get to look at.
1 don’t always write about everything 1
review, but act as sort of a filter, talking
about those things I liked most. How-
ever, there’s a down side to the job; 1
sometimes inadvertently miss a company
I meant to mention, or when a column is
running very long, I spend less time on a
company than I had intended to.

Before 1 get to this month’s “‘meat,”’
I’d like to update several previous col-
umns for you. In the January issue, 1 dis-
cussed a number of CD-ROMs for the
Macintosh. While I mentioned the Bu-
reau of Electronic Publishing as a source,
I forgot to mention Wayzata Technol-
ogy, acompany whose catalogs I’ve been
getting for some time now. Wayzata is a
publisher, rather than a distributor, and
CDs can be ordered both directly from
the company and a number of other com-
panies, such asthe Bureau. At the present
time, 22 titles are listed, including public-
domain collections of games, reference
disks for Apple programmers and a varie-
ty of image collections. My favorite title
(though I haven’t seen the CD) is About
Cows. Although my own interest in cows
doesn’t extend much beyond a Porter-
house steak with baked potato, this $39
ROM has extensive bovine information
and even digitized pictures.

Wayzata’s catalog also has more con-
ventional Mac titles, like the 71990 CIA
World Factbook, that I’'ll be looking at in
a future column. The company’s tele-
phone number is 800-735-7321, and its
catalog is free. If you have a Mac with a
CD-ROM drive (or you’re thinking of
adding a drive to your Mac), give Wayza-
ta acall.

In my last column, I mentioned Voye-
tra Technologies somewhat in passing
while reviewing Brown-Wagh’s Sound
Blaster card. This has a built-in 11 voice
FM synthesizer, and Voyetra has a spe-
cial version of the $69.95 SPjr sequencer
that lets you take full advantage of this
synthesizer. What I didn’t have room to
mention, though, is that the Application
Programming Interfaces (APIs) that
Voyetra includes with the Sound Blaster
board are making some waves of their
own in the industry.

Voyetra’s Multimedia APIs are used

Ted Needleman

Zeos International’s Notebook 286

by a number vendors, including IBM in
its Storyboard Live! package, to provide
MIDI-based sound control to presenta-
tion software. Voyetra is one of the best-
known companies in the computer-music
field, and its product line includes three
levels of sequencer software, several PC-
oriented MIDI interfaces, Mpc, an IBM
version of Interactive Software’s ‘“‘M”’
package I reviewed here several years ago
and even complete packages that include
an IBM-compatible interface card, se-
quencer software and, if you desire, a
MIDI keyboard. Its catalog makes inter-
esting reading. If you’re involved in com-
puter music (or even just considering it),
write or call for a copy (Voyetra Technol-
ogies, 333 Fifth Ave., Pelham, NY
10803; 914-738-4500).

Zeos Notebook 286

1 have a love/hate relationship with lap-
tops. I love the idea of being able to get
work accomplished when I have to travel
or to be able to computerize parts of the
many presentations and talks 1 give every
year, but I hate having to lug a PC with
me. I usually travel with a carry-on and
garment bag. This gives the airlines less
of a chance to lose my luggage, and a 15-
pound (or even a 10-pound) PC is often
the straw that breaks this particular cam-
el’s back, especially if my flight is a con-
necting one, with a half mile between ar-
rival and departure gates.

Recently, I’ve taken to either forego-
ing the portable completely or using Unit-
ed Parcel or Federal Express to do my
carrying for me. This considerably light-
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Because You Have
Better Things To Do
With Your Time

In today’s CAD world, time is money. With EE Designer lll you can design more
of both, time and money, into your schedule. With integrated functions you’ll save
time with your designs, and with the best price/performance ratio, your pocketbook
will stay healthy too. So, next time you have a deadline to meet, but would rather
be someplace else, choose EE Designer Il and discover what life can really be like.

Call a VISIONICS sales refresentative today and find out
when your next vacation will be. 1-800-553-1177 in the U.S.

TEAM 3032 Bunker Hill Lane Suite 201
Santa Clara, California 95054

VISIONICS oo . (408) 4951380
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No other training—
anywhere—shows you
service computers

Only NRI walks you through the
step-by-step assembly of a
powerful AT-compatible
computer system you keep—
giving you the hands-on
experience you need to work
with, troubleshoot, and service
all of today’s most widely used

computer systems. With NRI at-home training, you get
everything you need to start a money-making career,
even a computer service business of your own.

No doubt about it. The best way to
learn to service computers is to
actually build a state-of-the-art
computer from the keyboard on up.
And that’s just what you do when
you train with NRI. As you perform
key tests and demonstrations at
each stage of assembly, you see for
yourself how each part of your
computer works, what can go
wrong, and how you can fix it.

Only NRI, the leader in career-
building electronics training for
more than 75 years, gives you such
practical, real-world computer
servicing experience. Indeed, no
other training—in school, on the
job, anywhere—shows you how to
troubleshoot and service computers
like NRI.

You get in-demand
computer skills as you
train with a powerful
AT-compatible computer
system—now with 1 meg
RAM and 20 meg hard drive

With NRI's exclusive hands-on
training, you actually build and
keep the powerful new AT-compat-
ible West Coast 1010ES computer,
complete with 1 meg RAM and 20
meg hard disk drive.

You start by assembling and
testing the “intelligent” keyboard,

Now includes
AT-compatible,
20 meg hard drive,
and exciting new
diagnostic package!

DIGITAL

quick and
casy circuit

move on to test the
circuitry on the main
logic board, install the
power supply and

5-%" high-density
floppy drive, then
interface your high-
resolution monitor. But
that’s not all.

Your NRI hands-on
training continues as
you install a powerful
20 megabyte hard disk
drive—today’s most-
wanted computer
peripheral—included
in your course to dra- l

LESSONS
Clearcut, illustrated
texts build vour
understanding of
computers step by
step.

MULTIMETER
Professional test
instrument for

measurements.

AT-COMPATIBLE
COMPUTER

80286 CPU (12 MHZ clock,
0 wait states), I meg RAM
(expandable to 4 meg),
1.2 meg high-density
floppy disk drive.

HARD DISK DRIVE
The 20 megabyte hard
disk drive you install
internally gives you
greater data storage
capacity and access
specd.

SOFTWARE %
Leam 1o use MSDOS -
GW-BASIC, and the ¢

popular new Microsoft* NS
Works integrated
software package.

= e

matically increase your
computer’s data storage
capacity while giving
you lightning-quick

data access.

uickTech §
guickTe h |
QuickTech §
ckTe LI '
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New! Training now includes
Ultra-X diagnostic
hardware and software
for quick, accurate
troubleshooting!

Now NRI takes your hands-on
computer servicing experience an
important step further: Now you
train with and keep the remarkable
R.A.C.E.R. plug-in diagnostic card
and QuickTech diagnostic software
from Ultra-X—professional diagnos-
tic tools that make computer
troubleshooting fast and accurate.

Using these state-of-the-art
tools, you learn to quickly identify
and service virtually any computer



in school, on the job,
how to troubleshoot and

like NRI

TECHNICAL
MANUALS

You get “inside” vour
AT-compatible
computer system with
exclusive NRI Training
Kit Manuals plus
technical specs direct
from the manufacturer

MONITOR
High-resolution,
nonglare, 12" TTL
monochrome monitor
with tilt and swivel
hase.

DISCOVERY LAB

Complete
breadboarding system
to let you design and

modify circuits,
diagnose and repair

DIGITALLOGIC

PROBE
Using your logic probe,
vou get firsthand
experience analyzing
digital circuit
operation.

problem on XT, AT 80286/80386,
and compatible machines. You
discover how to use the RA.CER.
card to identify individual defective
RAM chips, locate interfacing
problems, and pinpoint defective
support chips. Plus you learn to use
your QuickTech diagnostic soft-
ware to test the system RAM and
such peripheral adapters as parallel
printer ports, serial communica-
tions ports, video display memory,
and floppy and hard disk drives.
Only NRI gives you such confi-
dence-building, real-world experi-
ence. Only NRI gives you both the
knowledge and the professional
tools to succeed as today’s in-
demand computer service technician.

No experience
needed...
NRI builds it in

You need no previous
experience in comput-
ers or electronics to
succeed with NRI.
You start with the
basics, following easy-
to-read instructions
and diagrams, moving
step by step from the
fundamentals of
clectronics to sophisti-
cated computer
servicing techniques.

With NRI's unique
Discovery Learning
Method, you're sure
to get the kind of
practical, hands-on
experience that will
make you fully pre-
pared to take advan-
tage of every opportu-
nity in today’s top-
growth computer
service field.

You learn at your own conve-
nience, in your own home. No
classroom pressures, no night
school, no need to quit your present
job until you’re ready to make your
move. And all throughout your
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 achieve your training goals.

Your FREE
NRI catalog tells more

Send today for your free, full-color
catalog describing every aspect of
NRI’s innovative computer training,
as well as hands-on training in video/
audio servicing, telecommunications,
industrial electronics, and other
growing, high-tech career fields.

If the coupon is missing, write
to NRI School of Electronics,
McGraw-Hill Continuing Education
Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

AT is a registered trademark of International Business

Machines Corporation. RA.C.E.R. and QuickTech are
registered trademarks of Ultra-X, Inc.

SEND TODAY FOR FREE CATALOG

For carecr courses '
”R’SG/‘IOOIS " [7] approved under GI Bill, '
McGraw-Hill Continuing Education Center o 17# check for details.
4401 Connecticut Avenue, NW, Washington, DC 20008 | -nl. l
[¥CHECK ONE FREE l
CATALOG ONLY ] Computer Programming ) Building Construction l
[J Microcomputer Servicing [J PC Systems Analysis [J Air Conditioning, Heating,
] TV/Video/Audio Servicing [J PC Software Enginecring Using C & Refrigeration l
_] Telecommunications [J Desktop Publishing & Design [J Electrician
1 Industrial Electronics & Robotics  [] Word Processing Home Business ] Smull Engine Repair .
1 Security Electronics [] Paralegal [J Locksmithing .
[71 Electronic Music Technology [] Fiction/Nonfiction Writing [J Bookkeeping & Accounting
I_! Basic Electronics [] Automotive Servicing .
Name (please pring) Age :
Address [ |
City/State/Zip Accredited Member, National Home Study Council 4-051 l
-------------------------‘
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ens the load on my back, but it puts more
of one on my wallet.

Compaq’s LTE/286, which I reviewed
a while back, provided a viable solution
while I had it. At its hefty asking price, it
had to go back to Compagq after the end
of the loan period. However, the Zeos
Notebook 286 I’ve been playing with late-
ly gives me all of the features of the LTE/
286, with a few extras thrown in, at a
price I just might be able to talk my com-
pany into going for.

Zeos International is a mail-order firm
that has become quite well known in the
last several years. I reviewed its $1,400
386SX desktop system in this column a
while back and was very impressed at the
valueit provided. The Notebook 286 only
serves to reinforce this impression.

Portable PCs are becoming the hot sys-
tem to own. They let you easily (or not so
easily, depending on size and weight) take
your work along with you, whether across
the country, to and from work, or up-
stairs at home, when you don’t want to
sequester yourself in your downstairs of-
fice. The form factors of these systems
have stratified into three fundamental
types over the years.

Lunchboxes, patterned on Compagq’s
popular Portable I and Portable 111 sys-
tems, are the largest and heaviest. In the
20-pound range, these systems usually
aren’t battery operated, but they often
provide expansion slots for standard pe-
ripheral cards. Next come the familiar
clamshell-style laptops. These are hinged
in the middle of the case, with screen on
top and keyboard on bottom. Many
clamshells will run for several hours on a
built-in rechargeable battery, are avail-
able in 286 and 386 CPU versions and of-
ten weigh between 12 and 17 pounds.

The latest, and fast becoming the most
popular class of laptop, however, is the
notebook. This is a clamshell-style PC
that’s approximately the same size as a
three-ring notebook. Many models offer
VGA-resolution LCD displays and weigh
about 7 pounds or so with built-in re-
chargeable battery installed.

Notebook PCs make a lot of sense.
They’re small enough to fit into a brief-
case or other carry-on, and at 7 pounds,
light enough to consider taking on a long
trip. Until now, their main disadvantage
has been cost. Compaq, NEC, Toshiba
and others all have notebooks, and these
systems are generally in the $3,000-and-
up price range with a hard disk.

Not so with the Zeos Notebook 286.
For a reasonable $1,995, you get a 12-
MHz 80C286 CPU, IM of RAM, a 1.44M
3.5-inch floppy disk, 20M IDE hard disk,
backlit LCD display with VGA resolu-
tion and a decent 82-key keyboard. All
this comes in a well-made case that mea-

Ted Needleman

sures 12.3"W x 10"D x 2"H and weighs
just 7 pounds.

The $1,995 price doesn’t include MS-
DOS, but it does include a battery and ac
power supply/recharger. The operating
system is available separately for $119, or
as part of anumber of packages with oth-
er options. Package #1 includes the Note-
book 286, an upgrade to 3M of RAM, a
very nice custom-fitted nylon carrying
case, a battery charging stand and extra
battery and MS-DOS 4.01 with GW-BA-
SIC. This gives you the capability of
charging the extra battery while using the
system on battery power and costs
$2,495, which represents a $186 savings
over the options if purchased separately.
Package #2 (priced at $2,895) upgrades
RAM to 5M (the system’s maximum) and
adds an internal 2,400-baud modem with
MNP Class § error correction.

The unit I received for review was the
base system, but it included MS-DOS and
the carrying case. Even if you don’t go
for a package, the $79 carrying case is a
good deal. It’s custom-designed for the
Notebook 286 and has separate pockets
that accommodate the charger, an extra
battery and even a half-dozen floppy
disks. The padded shoulder strap makes
it easy (and fairly comfortable) to carry
long distances and adds about a pound to
the total weight.

As with many notebook-style systems,
the Zeos can’t support add-on peripheral
slots. There’s just no room for them in
the densely packed case. However, it does
have a proprietary slot for an internal
2,400 baud modem, a video out port to
which a standard color VGA monitor can
be connected and serial and parallel 1/0
ports. If you aren’t using the serial port
for a mouse, a pocket modem, available
from a variety of vendors, can be at-
tached to this port, as can several ven-
dors’ packet fax boxes.

Zeos’ backlit LCD screen is excellent.
Many of the laptop LCDs I’ve seen lately
have had uneven color across part of the
screen. The Notebook 286’s screen is
clear, crisp and easy to read. There are
adjustments for brightness and contrast,
which enable the screen to be used in any
lighting situation. I did experience a
slight bit of cursor ghosting when run-
ning Windows 3 with a mouse. This is
common, though, on LCD displays. Be-
cause of the panel’s slow switching speed,
when compared with a standard CRT, or
even gas-plasma display, every LCD pan-
el I’ve ever seen exhibits this ghosting to
some degree, and Zeos’ was less than
many other similar systems. The LCD
panel is capable of supporting 32 shades
of gray, which can be mapped to colors
with a utility program Zeos includes with
the system.

I’'m a bit less impressed by the key-
board. As notebook keyboards go, it’s
okay. It has a pleasant feel, but as with
just about every laptop this size, it fea-
tures a numeric keypad embedded within
the standard keyboard. You access this
keypad by pressing a special Fn key locat-
ed at the bottom left of the keyboard.
This is a pretty much standard feature
with notebook PCs, but it’s an annoy-
ance if you must perform a fair amount
of numeric input.

Its Phoenix BIOS lets you set various
power-conservation functions to prolong
battery life. These include a screen back-
light power-down after a predetermined
time (which you can alter), as well as a
similar feature that powers down the
hard disk between accesses. I generally
turn off these power-conservation fea-
tures because the applications I run per-
form disk access fairly often, and when
I’'m using word processing (my primary
application), I often pause between writ-
ing sections of text and find it annoying
to have the screen go dark just as I’m
about to resume typing. With the power-
conservation options disabled, I’ve aver-
aged between 17 and 2/ hours on a charge.
The battery recharges while you’re using
the system on ac power, again a common
feature, but one I appreciate.

1 freely admit that the last couple of
years have spoiled me somewhat. Both of
the PCs I usually use at work and at home
are 386 systems. A 12-MHz 286’s perfor-
mance now seems somewhat snail-paced
to me, especially when running Windows
3. Yet the Zeos Notebook 286 is an easy
PC to like. It’s well-made (the basic sys-
tem is OEM’ed from Sanyo), light in
weight, yet with both floppy and hard
disks and a megabyte of RAM, it’s still
powerful enough for many of the tasks 1
want to get done while traveling. And the
price is hard to beat.

Zeos also offers a 16-MHz 386SX ver-
sion of the Notebook for $2,295. [ haven’t
tested this system, but on the surface, it
seems to make a bit more sense for Win-
dows or heavy spreadsheet applications
and isn’t really much more expensive.

The Zeos isn’t perfect. I'd loveto see a
port to plug in a standard keyboard, and
asecond serial port would let me use both
a serial mouse and a pocket modem/fax
board. But at less than $2,000, the price is
right, and it’s a terrific value for what it

does give you. |
Product Mentioned
Zeos Notebook 286

Zeos International, 530 Fifth Ave. NW
St. Paul, MN 55112
800-423-5891
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0.1-xF disk capacitors (2)
0.001-xF disk capacitor

Wire the circuit according to Fig. 10
on any convenient breadboarding
system or on the solderless bread-
boarding section of your Modern
Electronics Prototyping Station.
When you’re done, carefully check
all wiring. Bear in mind that if you in-
correctly wire the power supply, you
may destroy the op amp.

Set the input sensitivity of your
scope to 5V/div. and select the DC
input mode to allow the scope to rec-
ord dc as well as ac responses.

Set the horizontal timebase to 1
millisecond per division.

Set the trigger mode to normal and
trigger slope to + to cause the scope
to trigger on the positive-going edge
of the incoming signal.

Connect the scope to the — input
of the 741 op amp and set the func-
tion generator for a 10-volt p-p (two
vertical divisions on the scope screen
or display), 100-Hz triangular wave.

Record you results in the user plot
space provided.

Now connect the scope to the out-
put terminal of the 741 and note the
output waveform. Compare the duty
cycle of the signal with the theoretical
illustration. If you’re using a single-
channel scope, the input display
won’t be present. However, as an ex-
ercise plot, you can overlay your dis-
play in the correct position in the user
plot space provided.

We’ll now analyze the saturation
characteristics of the 741 op amp.
Remember that the outputs can’t

omputer Experimenter Lab . . . (from page 39)

swing all the way to the +12-volt
power-supply rails because of the sat-
uration characteristics of the transis-
tors used in the output stages. To Il-
lustrate this, connect your scope to
+ VCC and then — VCC terminals
and record the voltages on your plot.
They should be close to +12 volts.
Now reconnect the scope to the out-
put of the 741 and note that the peak-
to-peak outputs arelessthan + VCC.
® Slew-Rate Test. The effect of slew-
rate limiting is always present. How-
ever, it’s observed better when dis-
playing higher frequencies. For this
test, do the following:

Set the horizontal timebase of the
scope to 10 us/div.

Set your function generator for a
10-kHz signal at the same 10-volt p-p

signal as before at the inverting input

of the op amp.

Connect the scope to the output
terminal of the 741 and note that the
output waveform is actually sloping.
It was also sloping in the previous ex-
periment but it wasn’t noticeable be-
cause you were viewing a lower-fre-
quency signal. The 741 is rated to
provide a slew rate of less that 0.5
us/V of output change. This means
that with a 20-volt change in output
voltage, it will take at least 10 us for
the output to change polarity.

Plot your response and compare it
with the Texas Instruments specifica-
tions sheet shown in Fig. 11.

Using the Op Amp
As an Amplifier
Now we’ll look at applying negative

feedback to the basic op amp. Doing
this reduces the gain from about
200,000 to levels ranging from less
than unity to a few hundred times.
You’ll learn how to calculate gain
and input impedances for both in-
verting and noninverting designs and
will be able to predict the maximum
undistorted output levels as a func-
tion of frequency and load resist-
ance. You’ll also observe how the
common-mode rejection mode varies
with frequency and how the small
signal risetime compares to slew rate.
Basic op amps that have gains of
200,000 and more aren’t practical
for use as ordinary small-signal amp-
lifiers. However, it’s easy to employ
negative feedback between the output
and inverting input terminals to re-
duce gain to manageable levels. Feed-
back can be adjusted for a wide range
of gains and can be used in both in-
verting and noninverting modes. The
only problem with putting it to use is
learning how to read the specifica-
tions and to interpret the host of in-
teracting characteristics. For example,
maximum output voltage is a func-
tion of frequency as well as load re-
sistance; CMRR isn’t a constant, but
a function of the common-mode fre-
quency; frequency response is a func-
tion of the gain selected; small-signal
characteristics are different than
large-signal characteristics. The ques-
tion is: How does one make sense of
all these interactive specifications?
Fortunately, most manufactures
present the data the same way. We’ll
use Texas Instruments’ specifica-
tions sheet for the uA741 to explain

1Ké{ 14

— 3\

3K

SCOPE DISPLAY

OUTPUT

+VCC +12V
SV/DIV
g Vv / ........
REF -3 V
-VvCC -12Vv INPUT

Fig. 9. Details of a noninverting negative-reference comparator circuit.
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EXPECTED RESPONSE
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NOTES: =
KEEP LEADS TO INPUTS SHORT. TgE
KEEP ALL GROUND LEADS SHORT.
INPUT CAPACITORS MUST BE NON-POLARIZED. —
BYPASS CAPACITORS AT POWER SBUPPLY SV/DIV

TERMINALS ARE STANDARD PRACTICE.
PINS 1 AND 5 NOT CONNECTED.

USER SLEW RATE SCOPE PLOT
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L

Fig. 10. Schematic details of a positive-reference inverting comparator (upper-left) you build and upon which you perform
experiments. Plot the results obtained on the appropriate grids shown at the bottom and compare them with the
composite expected responses shown at the upper-right.

how the specs apply to design situa-
tions. We’ll assume that the dynamic
characteristics are similar for the in-
verting and noninverting modes. TI
chose to measure risetime, overshoot
and slew rate in the noninverting
emitter-follower mode (see Fig. 12).
Other manufactures may use dif-
ferent configurations; so be careful
when reading spec sheets.

e Input Offset Adjustments. The in-
put offset null circuit (Fig. 2) allows
the designer to compensate for
unbalances in input amplifiers and
differences in user circuitry. For ex-
ample, if a very-large-value resistor is
used to terminate the input of a
noninverting input, the slight input
bias current through the resistor will
develop a dc voltage between the
noninverting input and ground.
When amplified, this voltage will
cause the output to have an offset

voltage. The offset can be set to zero
by using the circuit shown in Fig. 2.
Input bias current is also sensitive
to the free-air temperature (Fig 4). If
the output offset is to be super-crit-
ical, compare units that have lower
input bias currents. Some FET de-
signs like the Analog Devices 843
have less that 1 nA input bias current,
which is 0.001 that of the 741.
e Qutput Range Consiuerations:
Looking at Fig. S and Fig. 6, you can
see that the both the choice of load re-
sistor and the frequency determine
the maximum peak-to-peak output
voltage. If the load is less than 2,000
ohms (Fig. 5), peak-to-peak output
drops rapidly. A 200-ohm load per-
mits only about 10.5 volts peak-to-
peak output before distortion occurs.
Now look at Fig. 6. Notice that the
maximum output curve falls off very
rapidly after 10 kHz. Note, too, that

this curve is presented using a
10,000-ohm load resistor. You can
assume that things get worse if the
load resistor gets much smaller. In
cases like this where it’s permissible
to use lower loads, the designer must
bench test the device to develop his
own data or contact the manufacturer
for additional data.

Be sure to compare your high-fre-
quency output design requirements
with this curve. For example, if you
need 5 volts peak-to-peak at 100
kHz, this device won’t be up to the
task. If all your frequencies are be-
low 10 kHz, the device will produce
28 volts peak-to-peak.

e Supply Voltage considerations.
Figure 7 reveals that open-loop gain
is a function of supply voltage.
Open-loop gain with a + 15-volt sup-
ply voltage is 200,000. It drops to
about 60,000 if the supply used is on-
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Fig. 11. A circuit you can use to calculate the gain of an

inverting amplifier.

ly + 5 volts. Data presented in Fig. §
and Fig. 6 are also related to supply
voltage. If you use the device less
than =+ 12 volts, you should develop
your own data for output voltage
range and frequency response.
e Frequency Response. The open-
loop gain versus frequency relation-
ship is shown in Fig. 8, which shows
that the gain below 5 Hz is 200,000
and drops off to unity at 1 MHz. It
would appear, however, that maxi-
mum peak-to-peak output is almost
zero at 1 MHz, making the use of this
device at this frequency academic.
When we apply feedback, gain is re-
duced at all frequencies. Feedback is
less at higher frequencies, so its effect
at high frequencies is less. A 741 set
for unity gain starts to droop a few
dB at 60 to 70 kHz. Again, this is es-
tablished on the bench. Consequent-
ly, design with op amps is an art as
well as a science. Thus, all designs
must be prototyped and carefully
documented.
e Common Mode versus Frequency.
Common-moderejectionratio is also
frequency-sensitive. The curve in
Fig. 9indicates that CMRR at 1 MHz
is less than 20 dB, which is less than
10:1. It’s better than 60 dB (1,000:1)
at 5 kHz. Again, if all you’re con-
cerned with is 60-Hz hum, this is a
great device to use. However, if leads
are closetoa CPU or other digital cir-
cuit, this chip may not be suitable. As
an example, the AD 843 has 40 dB of
rejection (1,000:1) at 1 MHz. As you
can see, you may have to do some
spec-sheet shopping to get the right
op amp for your design.
¢ Transient-Response  Considera-
tions. The last curve we’ll evaluate is

inverting amplifier.

for small-signal risetime. The slew
rate indicates that the output can rise
at a 0.5-us/volt change in output
voltage. This could be interpreted
that it takes only 0.05 us for a0.1-volt
change in output, which is true when
large signals drive the inputs.
However, if you use the amplifier as
a small-signal linear device, risetime
will be limited to about 0.4 s for only
a 20-millivolt output. So you must be
careful to distinguish between over-
driven saturated conditions, as when
used in comparators, and the small-
signal linear operation that exists in
low-gain amplifier design.

Feedback

Adding feedback to the inverting op-
amp circuit consists of adding resis-
tor Ry, from the output to the invert-
ing input and placing resistor R, in
series with the input, as illustrated in
Fig. 11.

Calculating gain is a straightfor-
ward procedure if you make a couple
of assumptions. One is the voltage
drop across the inputs (V) is 0, the
other that the current into the inputs
of the op amp is 0:

Ln: Em/Rm
En==LnX Ri,
Since there’s no input current into
the op amp inputs, current through
Ry, must equal I;,. If voltage V4 = 0,
Voz h1x Rm.
Closed-loop gain is expressed by:

A, =V /v,

(Iin X Rp)/(Iiy X R;p)

Rm/Rm

Therefore, gain is simply the ratio of
the value of the feedback resistor di-

<l

[

Fig.12. A circuit you can use to calculate the gain of anon-

vided by the value of the input
resistor.

Input impedance is R;, because V,
is 0.

All remaining circuit specifica-
tions are essentially defined by the
parameters discussed earlier and can
be estimated by consulting the manu-
facturer’s specification sheet.

Using the same assumptions as
above for the noninverting op-amp
circuit, you can see that:

Lnx Rm
in X Ry

in

Vi

Closed-loop gain is calculated using
the following formula:

Vo/Vi, = Ln Ry, + Ly X R/ X Ry
ACl = l + be/Rin

Keep in mind that the gain for the
noninverting amplifier configura-
tion can’t be less than 1.

The input impedance looking into
the noninverting input is infinite be-
cause the current into the device is
zero. With the current not being 0 for
a741, youobtain aninput impedance
of 2 megohms. Input impedance for
the AD843, on the other hand, is
1010, or 10,000-million ohms.

Coming Next Month

Next month, we’ll discuss building
an inverting amplifier that has a gain
of 5 and an input impedance of
50,000 ohms. You’ll measure gain,
risetime, frequency response and
output levels as a function of fre-
quency and compare your results
with those expected from the specifi-
cation sheet for the 741 op amp.
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so, thoroughly clean the enclosure
and make sure it’s completely dry.
Then use a spray enamel to paint it.
Spray on two or three covering coats,
allowing each coat to thoroughly dry
before spraying on the next.

When the paint has completely
dried (preferably for 24 or more
hours), loosely mount the circuit-
board assemblies to the floor of the
enclosure and mount the potentiom-
eter controls and rotary switch on the
control panel and place a pointer-
type control knob on the shaft of
each. Rotate the control knob of
each potentiometer in turn over its
entire travel and note if the stop
points are symmetrically located to
either side of the central axis. If not,
adjust the positioning of the controls
until the stops are symmetrical and
tighten the hardware. Repeat with
the positions for the rotary switch.

Once you have the potentiometers
and switches properly positioned, re-
move the control knobs from their
shafts and use a dry-transfer lettering
kit to label the panel, referring to the
lead photo for details. When you’re
done, use masking tape to protect the
controls and switch as you spray two
or three light coats of clear acrylic
over the entire panel to protect the
lettering. Allow each coat to dry be-
fore spraying on the next.

Mount the meter movement, POW-
ER switch and binding posts in their
respective locations on the control
panel and the fuse holder on the rear
panel. If there’s a connector on the
output cord from the power supply,
clip it off and discard it. Separate the
conductors a distance of about §
inches and then strip % inch of insula-
tion from both conductors. Tightly
twist together the fine exposed wires
in each conductor and sparingly tin
with solder. Pass this end of the cord
through the hole you drilled for it in
the rear panel of the enclosure and tie
a strain-relieving knot in it about 1
inch from the separation.

Connect the leads of a dc voltmeter
or multimeter set to the dc-volts
function across the output leads of
the power supply and power up the
supply. Determine the polarity of the
conductors and mark them accord-
ingly. Power down the power supply.

Now, referring to Fig. 5, finish
wiring the circuitry. Use appropriate
lengths of hookup wire for each in-

Super-Charger . . . (rom page 53)

PWR SUP

FROM 12vDC

e

Qfﬁ
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SENSOR CARD ASSEMBLY

T £
BAT.SENS! TE

Fig. 5. Overall wiring details for interconnecting all components that make up

the Super-Charger.

terconnection, and strike off each
conductor run as you make it. Make
absolutely certain that each connec-
tion goes to the appropriate lug on
the circuit-board assemblies and off-
the-board components.

Leave installation and connection
of the light-emitting diodes for last.
When you arrive at this point, make
sure to observe the polarity markings
on the bases of the LEDs. There
should be a flat on the *‘skirt”
around the base of each LED, which
usually identifies which of the two
leads goes to the cathode. In some
cases, lead length can be used as a po-
larity indicator.

If you aren’t sure of LED polarity,
connect the LED in series with a
1,000-ohm resistor across a 12-volt
dc power source and note if it lights.
If it does, the lead connected to the +
sideof the supply is the anode and the
other lead is the cathode.

Ifany LED fails to light, reverse its
connections to the power supply so
that it does so that you can determine
polarity. As you determine the polar-
ity of each LED, clip its cathode lead
to alength of ! inch and form a small
hook in the stub.

Having determined the polarity of
each LED, slide a 1-inch length of

small-diameter heat-shrinkable tub-
ing over the ends of the LED wires
coming from the sensor card. Crimp
and solder the cathode wire to the
cathode lead of LDI and repeat for
the remaining LEDs.

Next, clip the anode leads of the
LEDs to a length of % inch and form
a small hook in the stub of each.
Then crimp and solder the cathode
wires coming from the sensor card to
the respective cathode leads of the
LED:s. Slide the tubing up over both
connections for all LEDs until
they’re flush with the bottoms of the
LED cases and shrink into place.

Use chassis clips to mount the
LEDs in their respective locations in
the front panel. Alternatively, you
can press-fit the domes of the LEDs
directly into the holes if you made
them small enough for this. If you go
thelatter route, any LED that fails to
remain in place can be secured with a
small drop of plastic cement.

When you’re done wiring the proj-
ect, neatly dress all wiring. Use small
plastic cable ties or waxed lacing cord
to collect the wiring into neat bun-
dles, as shown in the completed proj-
ect pictured in Fig. 6. Then tighten
the mounting hardware for circuit-
board assemblies.
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Preliminary Tests

Connect the common lead of a d¢
voltmeter or multimeter set to the dc-
volts function to any convenient
point that’s supposed to be at ground
potential. Place a fuse in the fuse
holder. Then, with no DIP ICs
plugged into the sockets on either cir-
cuit-board assembly, plug the power
supply into an ac outlet, and set the
POWER switch to ON.

Touch the ‘‘hot’’ probe of the me-
terto pin 16 of the U7 and U2 sockets
and pin 8 of the U3 sockets and to pin
1 of U5 on the power-card assembly.
In all four cases, you should obtain a
reading of + 5 volts.

Touching the ‘“‘hot’’ probe of the
meter to pin 16 of the {/] and pin 3 of
the U4 sockets should yield readings
of approximately + 12 volts on the
sensor-card assembly. Your reading
at pins 4, 10, 12 and 14 of the U3
sockets on the sensor-card assembly
should be + 5§ volts.

If you fail to obtain the proper
reading at any one or more points in
the circuit, power down the project
and rectify the problem. Do not pro-
ceed until you obtain the proper
readings in all cited locations and are
certain that your wiring is correct.

When you’re certain that every-
thing is okay, power down the proj-
ect and plug the ICs into their various
sockets. Make certain each is proper-
ly oriented and that no pins overhang
the sockets or fold under between ICs
and sockets. Then place an Ni-Cd
battery in an appropriate battery
holder and connect an ammeter (pre-
ferably using the ammeter function
of a digital multimeter), in proper
polarity, between the negative side of
the battery holder and the BAT. NEG.
connection on the power card.

Before you power up, make abso-
lutely sure your meter is in the proper
mode. Otherwise, you can damage
your meter, especially if it’s acciden-
tally set to the resistance function.

Set the charging VOLTAGE, CUR-
RENT and LOAD controls to MINI-
MUM. Power up the project and note
if the voltmeter on the control panel
indicates a small voltage. If it does,
adjust the charging VOLTAGE control
slowly clockwise to a point about
50% beyond the rating of the bat-
tery. You can estimate this setting of
the control. Fully counterclockwise

is the minimum of 1.2 volts; fully
clockwise is about 11 volts. The volt-
meter will probably indicate actual
battery voltage, regardless of the set-
ting of the charge VOLTAGE control.
This is due to the current-limiting ac-
tion of the current circuit.

While monitoring your DMM,
slowly adjust the charging CURRENT
control clockwise. As you do this,
you’ll observe that the current begins
to increase. For initial testing, use
about 100 mA of charge current.

At this point, the Super-Charger
will becharging the battery. Tocheck
out the test phase of the charging cy-
cle, you need patience! The project
charges the battery for several min-
utes before it begins its first test.
When the test phase is entered, the
green CHARGING LED extinguishes
and the yellow TESTING LED illumi-

nates. Watch your battery ammeter,
which should be indicating a negative
number and represents load current
in milliamperes.

Quickly adjust the LOAD control to
obtain a reading of approximately
100 milliamperes. Set the SLOPE con-
trol fully clockwise. After a few sec-
onds, the project should resume the
charging phase.

Set the TIME switch to the 0.5-hour
position and let the unit run for
about 30 minutes. After the Super-
Charger times out for 30 minutes, it
will light the BAD LED. You may
have to re-time this cycle several
times and adjust the value of timing
capacitor C2 on the power card until
you get close to 30 minutes (+4 or 5
minutes should be close enough).
You can either try several different
2.2-uF capacitors until you obtain

Fig. 6. Interior view of completed Super-Charger prototype.
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one that’s close, or you can try
changing timing the values of R3 and
R4 to obtain proper calibration.

To calibrate the timebase, move to
the final slope test. Start charging
once again by switching power, but
this time set the SLOPE control fully
counterclockwise. After a few min-
utes, the Super-Charger enters its test
phase as usual. However, this time,
charge the battery enough to pass the
minimum slope test. Rather than re-
turning to the charge mode, the unit
should light the Goob LED, indicat-
ing a charged battery.

Using the Project

Super-Charger is a very flexible bat-
tery-charging device. If you don’t
know much about Ni-Cd battery
characteristics, start reading up on
the subject. This project allows you
to pick and choose among the vari-
ous charging methodologies. Some
people feel that charging Ni-Cd bat-
teries should be done at low charging
currents for extended periods of
time. Others feel that greater charg-
ing currents can be safely used for
shorter periods of time.

It’s up to you to experiment with
Ni-Cd cells and batteries and the Su-
per-Charger to determine optimum
charging performance. There are
now available ‘‘rapid charge’’ Ni-Cd
cells and batteries that can tolerate
much greater charging currents than
heretofore. Obtain as much informa-
tion as you can on Ni-Cd batteries
from manufacturers. While I don’t
know that it’s necessary, I never
leave my Super-Charger unattended.
If a cell or battery or the project
behave unpredictably, I’m always
ready to intervene. You should also
always remove cells and batteries
from the battery holder when fully
charged. If you don’t, the voltmeter
built into the project can eventually
run them down.

It should be possible for you to
‘““up-scale’” your Super-Charger to
accommodate larger-capacity bat-
teries. A larger power supply would
be in order, as would be larger heat
sinks and even semiconductors with
greater power-dissipating capability.
If you use the Super-Charger wisely
and safely, it will provide you with a
reliable and versatile Ni-Cd battery
charging system for years to come!
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Math Equations For Word Processors

K-Talk’s MathEdit2.0 creates
typeset-quality math equa-
tions that can be easily im-
ported into word-processor
documents. It is compatible
with  WordPerfect, Word,
WordStar, MultiMate, Page-
Maker and other programs
that can import TIFF, PIX or
EPS graphics.

Users see their equations as
they are being created, and all
commands are visible on-
screen. MathEdit requires

|
|

l

DOS 2.11 or later, a graphics-
compatible word processor,
400K RAM, a hard disk and a
graphics-compatible  moni-
tor. Price is $199.

CIRCLENO. 290N CARD

Technical Support Software
expanded the capability of its
HP Driver Disk to support the
HP DeskJet for the mathe-

Hand-Held Printer

The Syntest (Marlboro, MA)
SP-401B battery-powered
hand-held thermal printer al-
lows users to produce quiet,
low-cost hard-copy output
anywhere. Housed in arugged
aluminum case, the SP-401
measures 5.7”D X 4.5"W x
3.1”H and weighs only 4.13
Ibs. Featuring 40-column
print technology and a re-
placeable Ni-Cd battery pack,
the SP-401B has an enclosed
paper supply. The battery al-
lows it to print up to 7,000

Enhanced Laptops

Sharp’s MZ-200 and MZ-250
laptop computers are en-
hanced versions of the popu-
lar 100 series. Both models
feature 10” 640 x 400 high-

definition back-lit, triple su-
pertwist CGA LCDs with four
shades of gray. Measuring
only 11.17 x 11" x 23",
these models weigh in at 8.8
pounds. The MZ-200 has dual
1.44M 3.5"7 floppy-disk
drives, whilethe MZ-250 has a
single floppy and a 20M hard
disk. Both unitsuse a 10-MHz
8088-compatible CPU.
Options include color/
mono-chrome CRT interface,

matical typesetting program,
EXACT. EXACT is a RAM-
resident program that cooper-
ates with a user’s word proces-
sor to permit creation of com-
plex mathematical expres-
sions in a WYSIWYG envi-
ronment. The program is
compatible with the latest ver-
sions of WordPerfect, Word,
WordStar, MultiMate, Dis-
playwrite, Samna and most
other PC-based word process-
ors. Drivers are available for
all common dot-matrix and
laser printers. Depending on
the number of fonts loaded,
EXACTTrequires from 64K to
128K of RAM. The company
provides a free demo disk that
allows users to test the com-
patibility with their word pro-
Cessors.

CIRCLENO. 26 ON CARD

lines of text between charges.
A multinational character set,
Barcode 39 and IBM graphics
capability are built in. Input
interfaces include RS-232C,
20 mA and Centronics paral-
lel. $410 in OEM quantities.

CIRCLE NO. 27 ON CARD

a second serial port, an exter-
nal 5.25" floppy-disk drive,
1,200- and 2,400-bps mo-
dems, 768K EPROM card and
carrying case. The MZ-250
lists for $2,499, the MZ-200
for $1,999.

CIRCLE NO. 28 ON CARD
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Classified Commercial Rates: $1 per word, 15-word minimum ($15.00) prepaid. (Word
count includes name and address; ZIP code and abbreviation each count as one word;
P.O. Box number and telephone number count as two words each.) Indicate free cate-
gory heading (Computers, Communications, Electronics, Video or Miscellaneous). A
special heading is available for a $6 surcharge. First word only is set boldface caps at no
charge. Add 20% for additional boldface words.

Non-Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A
recent COMPUTERCRAFT mailing label must accompany ad.

(All advertisers with P.O. Box addresses must supply permanent address and telephone
number. Copy is subject to publisher approval.)

Mailing Information: Copy must be received by the publisher by the 25th of the third
month preceding the cover date. Send Advertising material with check or money order or
credit card information (Visa or MasterCard only) with number and expiration date to:
COMPUTERCRAFT, Classified Department, 76 N. Broadway, Hicksville, NY 11801.

CABLE-MATE, INC.

Are You Tired of Paying
Outrageous Fees?

All makes and models of cable
equipment shipped within 24 hrs.
Quantity discounts. For free
catalog send S.A.S.E. to:
Cable-Mate, Inc., 450 Shag Bark
Algonquin, IL 60102
C.0.D. orders accepted
CALL FOR PRICES TODAY!!
800-422-0525
- (708) 658-2121
W - No fllinois orders
Hours—8:00 am-5:00 pm central time

Ll

VIDEO

T.V.NOTCHFILTERS, PHONE RECORD-
ING EQUIPMENT, BROCHURE $1.00. MI-
CRO THinc., BOX 63/6025, MARGATE, FL
33063 1-(305) 752-9202.

VHS-VCR Repair Solutions Sets I, I1, III, IV,
V, VI. Each contains 150 symptoms and cures,
updated cross reference chart, free assistance,
$11.95 each all six $59.95. Eagle Electronics
Box A, 52053 Locks Lane, Granger, IN 46530.

VIDEO . . . Training Tape - *‘VCR Mechani-
cal Problem Diagnosis’’ - SMPTE standards
explained, shows how professionals diagnose
mechanical problems on VCR’s. 65 minutes,
$24.95, includes shipping in U.S.A. Send
check, VISA or M/C. TENTEL, 4475 Golden
Foothill Pkwy., El Dorado Hills, CA 95630.

SATELLITE TV DECODER. Build your
own. Easy to follow instructions, parts list,
circuit board and wiring diagram. Send $9.95.
ABG Enterprises, 27081-M Halifax, NS, Can-
ada B3H-4M8.

ELECTRONICS

KINETIKITS from KINETICO: electronic
kits outputting light or sound. Free catalog:
KINETICO, P.O. Box 1634, NY, NY 10114-
0508.

MINIATURE FM TRANSMITTERS! Track-
ing Transmitters! Voice Disguisers! Bug De-
tectors! Phone Devices! More! Available in
kits or assembled and tested! Catalog $2.00:
XANDI ELECTRONICS, Box 25647,
“Bl11”’, Tempe, AZ 85285-5647.

SURVEILLANCE / COUNTERSURVEIL-
LANCE devices catalog. Cameras, bug detec-
tors, video camera detectors, transmitters,
communications, and much more. Catalog
$3.00. DSP, P.O. Box 1275-ME, Redondo
Beach, CA 90278.

SURVEILLANCE—Audio/Video/Infra-red/
Laser Equipment. Industrial or Private. 500
Item Catalog $7.00. Security Systems, 3017D
Hudson, New Orleans, LA 70131.

DIGITAL AUDIO SAMPLER. Digitally re-
cord and playback any audio source with spe-
cial effects. Microprocessor controlled elec-
tronic project. For detailed plans, send $10.00
to: P.O. Box 341, Dearborn Hts., MI 48127.

TECHNOLOGICAL SURVIVALISM - Elec-
tronics, computers, energy, security, weapon-
ry, medical, financial, Special Projects. Cata-
log $2. CONSUMERTRONICS, 2011 Cres-
cent, Alamogordo, NM 88310.

SURVEILLANCE Electronics, Plans, Kits,
Assembled. Catalog $4.00, S & S Electronics,
P.O. Box 36505-123M, San Jose, CA 95158.

REMOTE CAR STARTER PLAN. UNIVER-
SAL, SIMPLE, EASY. 30PGS; ILLUSTRA-
TIONS, SCHEMATICS, TEMPLATE, IN-
STRUCTIONS, PHOTOS. INEXPENSIVE,
WORKS! $12.75. SCHLITZER, 414 ALVA,
GRAND PRAIRIE, TX 75051.

SURVEILLANCE - COUNTERSURVEIL-
LANCE. Guaranteed lowest prices! Unbeliev-
able, Detectors, Jammers, Transmitters,
Phone Security, Cameras, Personal Protec-
tion, Books, More! Huge catalog $5.00 (Re-
fundable) PROTECTOR P.O. Box 520294-B,
Salt Lake City, UT 84152.

SWR and POWER METER, assembled, kit or
plans, with Alarm and Set Points. FREE infor-
mation. Rupp Electronics, 5403 Westbreeze,
Fort Wayne, IN 46804 219-432-3049.

PARANORMAL Experimenter’s plans, inves-
tigate paraphychological wonders etc. Catalog
$3 U.S. M.O. (refundable). R. Poulin, 3395
Marcil Road, Bourget, Ontario, Canada KOA
1EO.

CABLE TV
DESCRAMBLERS

ALL TYPES 800-582-1114
FREE CATALOG

M.K. ELECTRONICS ¢ 7958 Pines Blvd
Suite 276 ¢ Pembroke Pines, FL 33024

—m S ES GRS $249.
converts any scope into a
100MHz spectrum analyzer
60dB display dynamic range

SMITH DESIGN 30 day refund, VISA/MC
1324 Harris, Dresher, PA 19025 (215) 643- 6340

E"'( 16) 349-7620 1(800) 645-9212) = *=+ *+
L

AC/DC VOLTAGE
AC/DC CURRENT PRO 400

DIODE TEST Stock No.
LOGIC TEST 900002 $ 6 9 95
LED TEST GOOD/BAD
5 FREQ RANGES
30 BAY

5 CAPACITANCE RANGES e
1 1y ol
LOW BATTERY Warnin, woney aack FUE ,"\':
GuaranTee:! [iEfS b

CONTINUITY TEST/BUZZER
TRANSISTOR CHECKER

20 wnz FREQ COUNTER V55 &,
IID KEL VIN__Electronics {__w-" X ; |

airchild Ave., Plainview, NY 11803

FAX (516) 349-7830 .

CABLE-TV BOXES

Descramblers ¢ Converters
FREE CATALOG
TRANS-WORLD CABLE CO.
12062 Southwest 117th Ct., Suite 126
Miami, Florida 33186
800-442-9333

MINIATURE F.M. transmitters. Tracking
transmitters, phone devices, notch filters and
more. Available in kits or assembled. Must see
to believe. $3.00 catalog. Paul Acton, Rt.3,
Box 140, Seymour, IN 47274,

REMOVE LEAD VOCALS from standard
stereo records, CD’s, tapes, FM broadcasts, so
YOU can be the lead singer of your favorite
band. Detailed plans $6.95. PC Board and
Parts also available. WEEDER TECHNOLO-
GIES, D=pt. E, 14773, Lindsey, Mt. Orab, OH
45154,

CALLER ID displays phone number of person
calling you, $79.95 ppd., SURVEILLANCE
catalog, $5.00. EDE, P.O. Box 337, Buffalo,
NY 14226 (716) 691-3476.

CABLE Converters ALL MAJOR BRANDS
¢ For information & orders call 1-800-782-0552
¢ FREEWVAY, INC. s.m.p. P.O. Box 5036,
Burnsville, MN 55337.

Cable TV

Descramblers

If you find a better deal,
we'll better our deal. -
*Jerrold *Tocom *Hamlin *Oak
*Sclentific Atlanta *Zenith
Ask about our extended warranty
program.
COD, Visa, M/C welcome.
Free Call - Free Catalog.

video Tech 800-B62-6884

3702 S. Virginla St., Ste. 160-304
Reno, NV 89502.
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CABLE TV DESCRAMBLERS!
BARGAIN HEADQUARTERS!

«JERROLD™ ¢TOCOM eHAMLIN
«QAK oZENITH
*SCIENTIFIC ATLANTA

6 month warranty! We ship C.O.D.!
Lowest retail/wholesale prices!

FREE CATALOG:
Global Cable Network
1032 Irving St. Suite 109
S.F, CA 94122
NO CALIFORNIA SALES!!

ORDER TODAY! 800-327-8544

CIRCLE NO. 67 ON FREE INFORMATION CARD
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Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer
& MORE! OUR PRICES ARE BELOW WHOLESALE!

CABLE+PLUS
14417 Chase St. #481-C Panorama City, CA 91402
1-800-822-9955 ¢ Other Info. 1-818-785-4500

NO CALIF. SALES — DEALERS WANTED
RVE AN ;

DL
:jl[' I\ R
Monitor reom conversations $175.00 ‘/ Avallable

Monitor room & telephone conversations $275.00  m the telephone
lDlaIer tap, calls you when phone is used. $305.00 0 small plastic

case
Range Unlimited - 6 month warranty - Phone Tap Catalog $3.00
LISTEN ELECTRONICS. 603 Elgin, Muskogee. DK 74401

1-800-633-TAPS

CABLE TV CONVERTERS
Attention Cable Viewers!

Jerrold, Zenith, Oak, Scientific Atlanta,
Hamlin, Tocom, and many others. m‘

m2~ BEST PRICES! * 1-800-826-7623 @
B&B Inc. * 4030 Beau-D-Rue Dr., Eagan, MN 55122

"B

PICKS UP A WHISPER 50 FEET AWAY!

The model WAT-50 miniature FM tranmitter uses a
4-stage circuit NOT to be confused with a simple wire-
less microphone. Simply snap the unit on top of a 9V
battery and you can hear every sound in an entire house
up to 1 mile away! Use with any FM radio. Tunes to any
frequency from 70mhz - 130mhz. Easy to assemble kit
includes all parts and instructions. Only 29.98 tax incl.

[ ]

The WIRELESS TELEPHONE TRANSMITTER model
WTT-20 is only about the size of a dime, yet transmits
both sides of a telephone conversation to any FM radio
with crystal clarity. Completely automatic. Uses power
from the telephone line itself - never needs a battery!
Up to ¥ mile range. Tunes from 70mhz - 130mhz. Easy
to assemble kit includes all parts and instructions. On-
ly $29.98 tax incl.

Call or send MO, VISA, MC for immediate delivery.
Single kit orders include $1.50 S&H. FREE SHIPPING
on orders of 2 or more. All orders shipped by U.S. Mail.
COD add $4.00. Personal checks allow 21 days.

DECO INDUSTRIES
BOX 607, BEDFORD HILLS, NY 10507
914-232-3878

CIRCLE NO. 65 ON FREE INFORMATION CARD
88 / COMPUTERCRAFT / May 1991

FREE catalog. Connectors: centronics, serial,
audio, rf. Cables: shielded, coax, ribbon. Plus
more. PO Box 121575H, Fort Worth, TX
76121.

OPERATE YOUR IR REMOTE FROM ANY
ROOM in your home. This kit will allow you to
use any of your remotes from any place that
isn’t within line of sight of your IR remote con-
trolled appliances. Complete kit of parts $40,
plans only $20. Send check or money order to
HAS ELECTRONICS, P.O. BOX 8210,
ROCKFORD, IL 61125.

SAMS books and Photofacts, TV, VCR, and
Computer, new and surplus, ARRL books.
Aim audio and video accessories and connec-
tors, EKI Kits, NTE replacement parts, Surplus
tubes. ATKINSON & SMITH, INC., 17 Lewis
St., Eatontown, NJ 07724 1-800-542-2447.

PAN-COMM INT’L CATALOG. Over 350
Kits, Plans, Books about Licensed/unlicensed
AM/FM broadcasting, Ham/CB/SW/DX
electronics amplifiers, 1750M transmitters,
Surveillance devices, Computers/Software,
Science Projects, MORE. $1.00 refundable.
Box 130-MES5, Paradise, CA 95967.

COMPUTERS

ANALOG TO DIGITAL converter. Scans
eight TTL inputs. Kit includes board, chips
software. $24.95. Plans $2.00. PC, XT, AT.
Gary Bach, P.O. Box 9131ME, Dayton, OH
45409.

WHOLESALE Ram! 64Kb to 4Mb, All

speeds. New, used or surplus. Low Cost Hard
Drives, 20 Megabytes and up. Send one dollar
for catalog and price list subscription to Stor-
age Industries, PO Box 221, Waterford, WI
53185.

AMIGA X-Rated Software & More! $8 per
disk. SASE. J. Paris, 53 Mark St., Milford,
CT 06460-7927.

ALPHA/THETA BRAINWAVE STIMU-
LATION SOFTWARE. Why pay $300.00 or
more for brainwave stimulation devices when
you can experiment on your IBM or 100%
compatible clone? Our program provides a
low-cost alternative allowing selection of col-
ors, patterns and frequencies in the Alpha-
Theta ranges. Do these hypnotic pulses really
offer a method of drugfree relaxation and
mind exploration? Requires color monitor
and EGA/VGA. WARNING! EPILEPTICS
MUST NOT USE! 5% " $19.95, 34 “ $21.95.
Templehof, Dept. 113-ME, Box 19300, Aus-
tin, TX 78760-9300.

COMMUNICATIONS

2600/2510 owners dual band operation 10/12
meters. $49.95 all parts supplied. Edward
Oros, 2629 Sapling, Allison Park, PA 15101.

HUGE COMMUNICATIONS CATALOG.
88 pages including amateur, shortwave and
scanner equipment. Universal Radio, 1280
Aida Drive #ME, Reynoldsburg, OH 43068.

CLASSIFIED ADVERTISING ORDER FORM

Mail this form with payment to COMPUTERCRAFT, Classified Dept.

ville, NY 11801.

Name:

, 76 N. Broadway, Hicks-

Street Address:

City: State: __ ___Zip:
Free Boldface 2 3 4
5 6 7 8
9 10 11 12
13 14 15($15) 16 ($16)
(PLEASE ADD)
$ Extra Bold Words @ 20 cents Special Heading ($6)

TOTAL PAYMENT ENCLOSED (Check or Money Order): $

Payment may also be made by MasterCard or Visa. For this, please fill in information below.

Credit Card Number

Expire Date

Print Full Name

Signature

*If a box number is used, please supply your permanent address and telephone number for our records.
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MORSE Code? No Problem. You can in-
crease your speed, no matter how many times
you’ve failed before. Results guaranteed when
you follow the instructions. PASS Publish-
ing’s CW Mental-Block Buster program helps
you explode mental blocks that hold you back.
Based on 40 years of research, the CW Mental-
Block Buster uses guided meditation, dynamic
visualizations, and powerful affirmations to
blast through mental blocks. You can do
code! That means new bands, more contacts,
more fun! (This is not a CW practice tape.)
The CW Mental-Block Buster audio cassette
and practice booklet are only $24.95 ppd. in
the US (NY residents add $1.87 sales tax).
(Quantity discounts available for classes.)
PASS Publishing, P.O. Box 570, Stony
Brook, NY 11780.

AUDIO

POWERAMP Professional 60 Watt module
with xover. Build for under $100.00. Parts,
kits available. Gremlin Audio, 4107 Cherry
Street, Springfield, FL 32401 (800) 248-5912.

CABLE

TOCOM VIP TEST CHIP. For Models 5503
VIP and 5507. Unlike any other turn-on, this
one works! Easily installs in just seconds.
$50.00 each. No Calif. sales. Call (213)
867-0081.

CABLE DESCRAMBLERS - Jerrold 400,
450, Tri-Bi SB-3. Scientific Atlanta, Oak, To-
com. Lowest Prices. Example: Jerrold from
$25.00. No Calif. Sales. Call us last and see!
(213) 867-0081.

ZENITH Z-Tac. Special ‘‘test’’ board installs
easily in minutes, and turns-on decoder for all
modes. Great for ‘‘flashing’’ problems. Only
$50.00. No Calif. Sales. Call (213) 867-0081.

CABLE DESCRAMBLERS, new X-12 Oak
descrambler $49.00; 10@%$39.00 ea.; 20 @
$29.00 ea; Oak RTC-56 w/r $135.00,
TOCOM 5503 w/r $189.00, Sylvania 4040 w/r
replaces Jerrold 400 DIC $125.00, SA-3B, Su-
per Tri-Bi, $79.00, Hamlin w/r $125.00.
Mount Hood Electronics 1-503-253-0459.

DESCRAMBLERS, TOCOM, Zenith, Ham-
lin, Oak, S.A., Jerrold, Tri-Bi, example Oak
RTC-56 $135.00, TOCOM 5503 $189.00,
C.0.D. OK. S.A.C. Info 1-702-647-3799; Or-
ders 1-800-622-3799.

CABLE TV EQUIPMENT

CABLE. TV converters and descramblers dis-
count center. Jerrold, Tocom, Hamlin, Scien-
tific Atlantic, Oak, Zenith. Order yours today
800-962-6836.

BUSINESS OPPORTUNITIES

MAKE $$8$! Become an American Electronics
Dealer! Profit opportunities since 1965. Call
Jerry Norville, 1-800-872-1373.

CABLE EQUIPMENT

CABLE TV SECRETS — the outlaw publica-
tion the cable companies tried to ban. HBO,
Movie Channel, Showtime, Descramblers,
Converters, etc. Suppliers list included. $9.95.
Cable Facts, Box 711-ME, Pataskala, Ohio
43062.

FOR SALE

DESCRAMBLERS. All brands. Special:
Combo Jerrold 400 and SB3 $165. Complete
cable descrambler kit $39. Complete satellite
descrambler kit $45. Free Catalog. MJO IN-
DUSTRY, Box 531, Bronx, NY 10461-0208.

BOOKS

FREE ELECTRONIC COMPONENT
DATA BOOKS when you know who to call
and what to say. $4.00 for complete literature
package. Data Books, 1908 Kenny Ave.,
Champaign, IL 61821.

ANALOG TO DIGITAL CONVERTER

A-TO-D KIT, scans eight inputs! IBM com-
patible, $24.95. Plans $2.00. FREE INFOR-
MATION. Gary Bach, P.O. Box 9131, Day-
ton, OH 45409.

MISCELLANEOUS

ASIAN LADIES want correspondence for
friendship, marriage. SUNSHINE INTER-
NATIONAL-Dept. TW, Box 5500, Kailua-
Kona, Hawaii 96745. (808) 325-7707.

AMATEUR RADIO no Morse code require-
ment license approved by FCC effective Feb.
14, ’91. Complete details with question and
answer pools, rules & regulations. Send $15.00
for everything you need to obtain Amateur li-
cense to Dan Mobley, 1800 Williams St., Val-
dosta, GA 31602.

PLEASE HELP! Have Multi I/0 Plus Card
in AT; Need switch/jumper docs. (717) 735-
4016 Ccllect.

ROBOTICS! Engines! Inventions! Muscle
Wires contract with amazing strength when
powered. Send business SASE for latest flyer.
MONDD-TRONICS %ME, 2476 Verna Ct.,
San Leandro, CA 94577.

PAY TV and Satellite Descrambling 1991 Edi-
tion. Tte very latest in build-your-own, turn-
ons, bypasses, ECM’s and the very latest in de-
scrambling cable, wireless and satellite. Only
$14.95. Scrambling News Monthly. This
month an in depth article on the new ‘‘Plain
Vanilla’ descramblers which do VCII, VCII
Plus, Orion, B-Mac. They really work.
$19.95/YRALL New Catalog $1. COD’s are
OK. Scrambling News, 1552 Hertel Ave., Buf-
falo, NY 14216.

INVENTORS, ENGINEERS, & SCIEN-
TISTS can benefit from our Proprietary In-
formation Documentation Manual; a 50+
page legal, registered, bound manual for re-
cording data and facts during the patent pro-
cess. Includes commonly used forms and in-
structions. To insure legal documentation
send $25.00to EMC PO Box 50155, Santa Bar-
bara, CA 93150. Full Refund if you’re not
completzly satisfied! Postage Included!
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Computer Games By SF Sparrow

Links: The Challenge of Golf

Golf enthusiasts who own personal com-
puters can rejoice. Finally, there’s a golf
game wherein the trees, greens and other
scenery all look real. The game is called
Links from Access Software.

Access Software has helped move
ahead the computer-game market with its
cutting-edge use of digitized graphics and
sound. Links is another step forward for
games, especially golf simulations. As a
whole, the game sports useful features
that make it very enjoyable to play.

Graphics display is the first noticeable
feature as the game starts. The digitized
256-color images are near-photograph
quality. Terrain and sky, green and sand
all look convincingly real. When the on-
screen golfer winds up and takes his shot,
swing and snap are perfectly fluid.
Digitized sound reports the sharp click as
the golf ball takes off on its flight.

These remarkable graphics are not en-
joyed without a price. As computer gam-
ers know, detailed graphics demand pro-
cessor time and can be slow to manipu-
late. When loading graphics from one
scene to the next, the length of waiting
time can become significant even when
using an average-speed ’386 computer
with a fast video card. The first thing that
helps solve this problem is installing the
game on your hard drive. Don’t even
think about playing from floppies! An-
other thing that helps is to have 3M of ex-
tended memory for the game to use.
When doing so, an extended memory
manager must be installed, such as Mi-
crosoft’s HIMEM or Quarterdeck’s
QEMM386. The game can also use ex-
panded memory, but extended memory
runs faster.

LINKS »

4 START A

| sTarT | NEW GAME

{ OF GOLF
o

P';:Acn'gzs RESUNME

a‘ e

PLAYERE| SYSTEM
—_—

The simulation aspect of Links is
equally impressive. The player has con-
trol over virtnally every aspect of the
gamee. Difficulty levels can be set from
Beginner to Professional. Beginner level
is designed for children and is very forgiv-
ing of poor technique. The higher levels,
especially Professional level, demand ac-
curacy in timing, power, hook and slice.
Varying terrain, wind strength and wind
direction all have an effect on the roll and
flight of the ball.

Player tendencies toward hooking or
slicing can be compensated for by adjust-
ing settings for Draw and Fade. Further-
more, the scene at any particular green
can be viewed from top or can be rotated
and looked at from various angles. This
helps to better size up terrain conditions
for a good shot. And, if you find yourself
in a difficult situation, you can pick up
your ball and place it somewhere else.
This does, however, incur a stroke penalty.

Additionally, players can make such
finer adjustments as swing plane, stance,
ball position and the six different types of
club face. Serious golf enthusiasts will
greatly appreciate these advanced fea-
tures plus the fact that the game adheres
to USGA rules.

Access Software is busy designing a
variety of golf courses to go with the
game. Bountiful Golf Course in Utah,
the first of a line of new courses, is al-
ready available. New courses will add va-
riety to the game.

Linksis a brilliantly executed golf sim-
ulation that is fun for the beginner, yet
challenging to the experienced golfer. Its
advanced graphics, digitized sound and
player features put it far ahead of other

golf simulations. It is an excellent simula-
tion that celebrates the look, feel and
beauty of real golf. [ ]

Bird’s Eye View

Links, $59.95

Championship Course #1, $9.95 (Regis-
tered Users Only)

Access Software

4910 W. Amelia Earhart Dr.

Salt Lake City, UT 84116
800-800-4880

Requirements:

Memory 640K, Extended, Ex-
panded

Graphics VGA, MCGA

Sound RealSound, AdLib,
Sound Blaster, Msound;
IBM Speech Adapter

Controllers Joystick, Mouse

Evaluation

Documentation Good

Graphics Excellent

Learning Curve Short

Complexity Medium

Play Length Medium
Playability Good

In Brief: Successful golf sim-

ulation with excel-
lent graphics. Rec-
ommend a fast com-
puter with extended
memory for opti-
mum performance.

T TaE sTack

=

Samples of dazzling graphics for Links: Main Menu; Using the grid to get a feel of the course terrain; Lining up a shot.
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Learn to Use Your
Computer’s Full Potential.

If you've been hesitating about upgrading your
computer skills because you couldn't find the time or
locate the right program to teach you everything you
need to know to be successful in today's world of
computers, you'll be happy to hear that CIE's new
career course can provide you with the computer
technology curriculum you seek in an independent
study program you can afford to invest your time in.

CIE's COMPUTER OPERATION and
PROGRAMMING course was designed and devel-
oped by CIE to provide a complete overall under-
standing of the unlimited potential today's computers
offer, once you learn and discover their full capabili-
ties, in today’s high tech environment. CIE's new
computer course quickly provides you with the
electronics fundamentals essential to fully understand
and master the computer’'s technological potentials for
your personal and professional advancement. Upon
mastering the fundamentals you will move into high
level language programming such as BASIC and
C-Language and then use that programming in order
to relate the interfacing of electronic hardware circuitry
to programming software. As a gradu-
ate of the Computer Operation and
Programming course, you will be able
to successfully understand, analyze,
install, troubleshoot, program and
maintain the various types of electronic
equipment used in business, manufac-
turing, and service industries.

Since 1934, CIE has been
the world leader in home
study electronics by
providing our 150,000-
plus graduates with the
curriculum and hands-on
training they’ve needed to
become successful in

3

New Career 1
Course from -«
CIE! A

today's highly competitive and computer oriented
society. As a CIE student you'll receive a first rate
education from a faculty and staff with only one
desire. Your future success!

We encourage you to look, but you won't find a
more comprehensive computer course anywhere!
And it's a course designed to fit
around your lifestyle and commit-
ments today, so you can be assured
of professional successes and
financial gains tomorrow.

Please, do yourself a favor and
send the attached card or fill out and
mail the coupon below for more

information about CIE's
Computer Operation
and Programming
course. Do It
Today!

Computer not
included with
course

3 YES! [ want to get started. Send me my CIE school catalog including details about the Associate Degree program

(for your convenience, CIE will have a representative contact you - there is no obligation).

Print Name 3
Address Apt.
City State Zip
Age Area Code/Phone No
Check box for G.1. Bulletin on Educational Benefits (3 Veteran O Active Duty ST s,
==t & e [ CLEVELAND & % A school of thousands.
$ 2
ELECTRONICS 3 g A class 9"5 L
| 1776 East 17th Street , $ Since 1934.

E| Cleveland. Ohio 44114
(216) 781-9400

A007

LY ot
Ome sTY
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: 5 Performance Kits C ONNER

‘40Mb 25ms $299 104Mb 25ms $529

Maxtor

MAGAZINE

EDITORS’ 80mp | 97 craous cr3108

MX7080A .
$399 8O0mb 25ms %479 | 209mb 16ms 5899

CP3134 CP3204

CHOICE

June 27, 1989
Mass Storage Mail Order

Bare Drive
IDE-17ms Kit 439

YOU GET - 16 bit Hard/Fioppy controller <IDE interface. embedded PC/AT controller » Disk
Manage- formatting software « "1 1o 1" Interleave « 32K or 64K “Look Ahead” read buffer «
50G's ncn-operating shock «Dual Cables » Mounting frame » Grey and Black Bezels.

High Capacity Drives ESDI or SCSI PC PAKS Each pC PAK comes COMPLETE
with 2SDI Controller for dual floppy/dual hard drives. All kits include cables, mounting hardware, installation sofiware
and our comprehensive Installation Manual. Network drivers available. SCSI versions are available at equivalent prices.

160Mb Complete Kit 340Mb Complete Kit 66 | Mp Complete Kit SOLgnIy)

Y e 74 & Seagate  IMPRIMIS

o K i 40n55 65niniras
20Mb ' 189 ST251-1 :
KL320 40ms 40Mb$249

30Mb $2 19 [ KL343 28ms IDE 16 bit hard/

KL330 40ms floppy controller with adaptor.

ST277R-1 RLL - 22ms 3 1/2"« HH

80 Bare Drive 3319
Mb IBM PC/XTKIT %369
sT296N $329 IBM AT KIT 5399

28ms Kits include controller. cables. mounting hardware. | & black bezels, rails. cables.
Each kit includes drive. cables. controller. How-To manual and mounting hardware. SCS1 partitioning/formatting sofware. and installation manuals. | - software & manual.

°gk7-p
AL HARD DRIVES ARE OUR BUSINESS!
WE CAN MEET ALL OF YOUR STORAGE NEEDS-CALL TODAY!
A

Z :
Card Drivew

Card Drive 20 KL320 40ms %239
Card Drive 30 KL330 40ms %259
Card Drive 50 ST157R 28ms $339
Card Drive 65 MK 134 22ms %399

CD ROM/OPTICAL

+CD ROM-WORM

TAPE BACKUP

)R\'RASYS% INC.
120Mb

‘REWRITABLE
-« JUKEBOXES

You name it-we have it,
can ship it, and support it!

Internal External

A Gigabyte Complete Kit
Mc1654 16ms HH Y995 Bmcicss 14ms nu $1545 f mcises 16ms F1 $2095 W vicisos 1ams ra $2895

TOSHIBA

Mxmm65Mb | 104Mb MK234FCH

IDE - 22ms 51/4" - FH

$499 IBM 16 bit KIT

Includes 16 bit host adaptor, beige

60Mb/ S $2 40

Card Drives use quality Kalok. Miniscribe, Seagate
or Toshiba hard drives, with controller and cables
mounted orito a sturdy metal frame. Pre-tested and
pre-formatted, Card Drives are available tor IBM
PC/XT. compatibles and most Tandy models.

SUPER EASY INSTALLATION!

Bt bt
HARD DRIVES §

International

1912 West Fourth St.
Tempe, AZ 85281 =
Sales: (602) 350-1128 M

CHINON 5449 %599

TOSHIBA 3629 %749
PACKARD BELL N/A 5599

YOUR OPTICAL LXPERTS: EVERYTHING YOU NEED!

U.S. and Canada APO/FPO

(800) 488-000] (602) 350-1145

Order Status:

FAX: R
(800) 729-1490 (602) 829.9193 International

Sales:
(602) 350-1144

FAX:
(602) 921-8312

Corp.« Gov't. «Institutional

PURCHASE Sales: (800) 733-0882
ORDERS FAX: (602) 350-1180

MWW americanradiohisto om

FLOPPY DRIVES

Toshiba TEAC
(5)24. “ 350 Comp/e[()

559 564 with )
69 574 [nstallation
569 $74 Kit!

Never a surcharge

All orders for Visa or MC!

shipped via | w ,
=l

¢l Prices and availability subject to change without

notice. All items are NEW P O.'s accepted from

quaitied buyers -Net 20 {some conditions may

apply). A0d $13 shipping for EXPRESS APO.FPO

orders. 30 Day Guarantee conditions: shipping &

Come visit handhing charge 1s not refundable: product must be
4 undamaged and in onginal condiban, 1 Year Re-

aunr retail placement Palicy may have some restnctions. Hard

. ’ Drives Internatanal is a division of Insight Distnbu-

ontlet in A7 tion Network, inc  All trademarks are the properties
of ther respective owners. KAO49]
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