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How to quickly re

If you'd like to turn the agony
of small business bookkeeping
into the ecstasy of total control,
you've come to the right place.

Because even if you're starting
with a shoe box full of invoices
or a pile of checks hidingunder a
pile of deposit slips, we can tell
you how to centralize, organize
and monitor all that information,
and manipulate it in ways that
will make your business a

pleasure —all with an Apple*lll
Personal Computer.

Attaiq instant
financial status.

An Apple I1], teamed with the
BPI General Accounting Package,
can put every basic accounting
function right at
your fingertips.

Technically,
that means
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General Ledger, Accounts
Payable, Accounts Receivable
and Payroll —all in one package.
Meaningfully, that means you
can turn numbers into answers.
With BPL, your Apple Ill can
give you a snapshot of your
company's financial condition,
an up-to-the-instant
balance sheet. It
can also generate
instant and

detailed
AP reports
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oain your balance.

on your customers and vendors.

So you know who owes whom,
how much, and how come.

And just how well your cash
flow is flowing.

And where to give credit where
credit is due (a customer inquiry

D ettt

urrent .c-;mlwe -
Periods Ending May 31, 1383 and May 31, 1982

My 31 1963 % May 31, 1982 %
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Your Apple can generate instant income statements
(with expense ratios) or balance sheets, and let you
compare them to last month’s or year’s, then print
them out to suit your banker.

feature allows you to make credit
decisions based on the most
current information).
You can also list your
purchases by discount
dates. And take advantage of
them in no uncertain net terms.
You can even keep payroll records
without paying more, because it's
part of the same package.

Profit from history.
N In business as in life,

experience is the best
teacher. And the Apple/BPI
system can provide you with
instant comparisons of
this-month-this-year vs.
this-month-last-year, or
this-year-to-date vs.
last-year-to-date.
So you can quickly
spot changing expense
ratios and make decisions with

20/20 foresight.

Call (8O0) 538-9696 for the location of the authorized Apple dealer nearest you, or for information reg :
(800) 267196 or (B00) 268-7637. Or write Apple Computer Inc,, Advertising and Promiotion Dept., 20525
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The BPI General Accounting
Package also lets your income
statements be coded by location,
department or product line. So
you know where your money’s
coming from.

And where it's not.
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It can also allow you to take full advantage of
merchandise discounts. So you'll know whom to pay
when to pay, how much to pay—and save a lot of
clams in the process.

Make a timely
statement.

Add an Apple Dot Matrix or
Daisywheel printer to your Apple
III, and you can print out your
entire balance sheet in minutes.

Or any number of reports, from
cash receipts to payroll ledger to
income. You can even print
checks and customer statements.

The impressively professional

Circle 29 on inquiry card.

s el

results will make an important
statement to everyone you deal

with —including your banker.

More ways Apples pay.
There are more people in more
places doing more things with

Ichiban Fish Supply Company
#s of
85431783
Custoser
Ko Hane Folio

Accounts Receivable Ledger Page |

Ealance Cuerent

Forwsrd honth Balance

1 foser's Scle Food 89: 79

Tavgige 1124
Tnwoice 1189
UTERE
95715783

To avoid fishy transactions, you can instantly’
dis&lay customer’s payments, charges and current
balance. In this case, a few more cans of tuna

would put Mr. Moser over his $2,000 limit.

Apples than with any other
personal computer in the world. \
Because for one thing, there's
more software for Ap Fes than
for any other personal computer
in the world. So the same Apple
that handles all your accounting
needs can also handle financial
spreadsheets, word processing,
and electronic filing. :
You'll also find programs that
are designed specifically for your
kind of business. Be it dentistry, -
architecture or swine herding.
Of course, the best way to learn
all the ways Apples can help you
make better business decisions
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Themes

33 Computing on the Run by Staniey J. Wszola / Incorporating new design concepts, innovative
hardware, and easy-to-use software, portable computers are proof that you can take it with you.
This month’s theme articles and reviews explore the issues that affect the portable marketplace. the
advances in technology. and some of the latest models.

34 How to Choose a Portable by Stanley J. Wszola / You're sure you want one, but which
one? With at least 50 models to choose from, deciding on a portable is no easy matter. This article
and the accompanying computer comparison table will help you make an informed choice

51 High-IQ Modems by Stephen Durham | The more intelligent the modem, the more it can disap-
pear into the background of your computer system and provide unattended communications capability.

66 Developing a Truly Portable Vislcalc by William T. Johnson | Hewlett-Packard's adapta-
tion of Visicorp’s popular electronic-spreadsheet program for its HP-75 portable computer doesn't
sacrifice the program’s compatibility with other Visicalc products.

80 The Gavilan—A Full-Function Portable Computer by F. John Zepecki/ The machine’s
designer details the evolution of this completely self-contained system with integrated software.

94 Inside CMOS Technology by Martin B. Pawloski, Tony Moroyan, and Joe Altnether | An
overview of how complementary metal-oxide semiconductor memory chips are manufactured and
a look at three of them—intel’s 80C51. National Semiconductor’s NSC800, and CMOS dynamic RAM.

127 The Chalienge of Hard-Disk Portabltity by David A. Sutton / How one hard-disk-drive
manufacturer worked around the problems of designing a removable hard disk.

139 The Radlo Shack TRS-80 Model 100 by Mahion G. Kelly I This powerful portable with
its built-in. well-integrated software is just what the author ordered.

166 The New Microfloppy Standards by Thomas Jarrett | From the beginning, size has been
a bone of contention among microfioppy-disk manufacturers. In today’s marketplace. the 3%z-inch
disk has emerged as the de facto standard.

Reviews

178 The HP-75 Portable Computer by Rowland Archer Jr. | Hewlett-Packard's entry into the
mid-priced portable computer fray offers powerful real-time scheduling capabilities.

188 The Access Portable Computer by Terry Kepner I This portable comes with a host of soft-
ware and practically all the hardware you'll ever need.

193 Epson’s HX-20 and Texas Instruments’ CC-40 by David Ramsey / The HX-20 offers an
integrated microcassette and printer. So far, the CC-40 doesn't fulfill its potential; it lacks peripherals
and software.

208 The Pled Piper Portable Computer by Seth P. Bates / Because it does not include a monitor,
this low-cost Z80 computer makes lightweight portability possible.

212 The Kaypro Il by Roger Fager and John Bohr / A complete system that offers dependable
hardware and extensive software, the Kaypro Il is a practical solution for many applications.

226 The Corona Portable by Rich Malloy / This reasonably priced system with its eye-catching
display offers stiff competition to other IBM PC-compatible machines.

Features

20 Bulid the Micro D-Cam Solid-State Video Camera, Part 1: The IS32 Optic RAM and
the Micro D-Cam Hardware by Steve Ciarcia | A 64K-bit dynamic RAM chip is the visual sensor
in this digital image camera.

230 A Report on the Consumer Electronics Show by Phil Lemmons | Coleco’s Adam dominated
the summer CES in Chicago. but that wasn't all the exhibition offered. Our West Coast Bureau Chief
surveyed the scene.

BYTE s published monthly by McGraw-Hill, Inc., with offices at 70 Main St. Peterborough NH 03458. phone
{603) 924-9281. Office hours: Mon—Thur 8:30 AM — 4:30 PM. Friday 8:30 AM — Noon. Eastern Time Address
subscriptions to BYTE Subscriptions. POB 590. Martinsville NJ 08836. Address changes of address. USPS Form
3579. and fulfiliment questions to BYTE Subscriptions, POB 596. Martinsville. NJ 08836 Second-class postage
paid at Peterborough. N.H. 03458 and additional mailing offices. USPS Publication No. 528890 (ISBN 0360-5280)
Postage Paid at Winnipeg. Manitoba. Registration number 9321 Subscriptions are $21 for one year. $38 for two
years, and $55 for three years in the USA and its possessions. In Canada and Mexico. $23 for one year. $42
for two years. $61 for three years $53 for one year air delivery to Europe 17.100 yen for one year surface delivery
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233 The Next Five Years in Microcomputers by Jerry Pournelle | Our prescient user forecasts
the trends that will influence the microcomputer industry over the next five years.

246 The Second BYTE Games Contest Winners by Gregg Williams / This year's competition
turned up five outstanding diversions: a tank-versus-tank battle, an arcade-style chase that takes
place on a moving barbecue grill, a simulated juggling game. a maze-and-dots game. and a survival-
strategy challenge.

250 Update on Personal Computing In Japan by Phil Lemmons I At the Japan Microcom-
puter Show 83 in Tokyo, notebook-size and hand-held computers were the center of attraction.

257 The Unix Tutorlal, Part 2: Unix as an Applications-Programs Base by David Fiedler /
Make Unix more useful from both a user-interface and an applications perspective.

283 BYTE West Coast: Just Rewards for Programmers by Barbara Robertson / Some program-
mers have superstar status, while others crank out code for a weekly paycheck. What's an enter-
prising programmer to do?

289 A C Language Primer, Part 2: Tool Bullding In C by James Joyce / In this second and
final part, the author explains how code can be packaged into a general-purpose function and
employed in solving more than one problem.

307 User's Column: Eagles, Text Editors, New Compllers, and Much More by Jerry
Pournelle I Jerry turns his eye to eclectic subjects.

331 TheIBM PC and the Intel 8087 Coprocessor, Part 2: Interfacing to IBM Pascal by Tim
Field | The 8087 Numeric Data Processor can speed up most Pascal programs by a factor of three.
356 Echonet, Part 1: A Flexible Programming System by C. Bradford Barber I This interac-
tive system lets you link programs in countless combinations to create larger, more complex programs.
376 Data Flle Management Methods by Robert B. Johnson I A simple data file management
system will help you organize your files with minimal maintenance.

385 An Introduction to Layered Protocols by Michael Witt / Once you understand layered
protocols. you can evaluate network architectures of data-communications products.

411 Does Your Printer Work with Wordstar? by Charles Stephenson / How to get around
the compatibility problems that arise from using the popular word-processing program with your
1BM PC.

419 In-Circult Emulation for the Apple Il Computer by John D. Ferguson / Adding a simple
circuit converts your Apple into a host for testing a target system’s hardware and software.
445 Add Multlpie Tasks to Your Communlication and Control Program by Jerry Holter / By
using a compact set of routines called a multitask kernel, you can handle several tasks concurrently.
549 An Operations Research Schedullng Program by Walter A. Stark Jr. and Richard A.
Reid I A scheduling algorithm can help you determine the best sequence for processing a set of
disparate tasks.

Nucleus
4 Editorial: The FAA and Portables 500 Clubs and Newsletters
7 MICROBYTES 504 Software Received
10 Letters 519 Ask BYTE
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The FAA and Portables

Lawrence ]. Curran, Editor in Chief

The next time you use your portable computer on a commercial airliner,
the flight attendant may eye you with some interest, and it won't be because
you've switched to an after-shave lotion that has made you suddenly more
attractive. The attendant’s interest will stem from the fact that Federal Avia-
tion Administration regulations prohibit the use of portable computers on
commercial airliners, and it's the flight attendant’s duty to seek compliance
with that regulation. The use of portable computers is also banned on private
aircraft unless the operator—the pilot—has determined that use of the
machine will not interfere with the safe operation of the plane’s navigation
or communications equipment.

Section 91.19 of Federal Aviation Regulations outlaws the use of all but a
few portable electronic devices aboard a commercial airliner or other aircraft
flying under instrument flight rules because there’s a risk that electromagnetic
interference (EMI) from the device could hamper reception of navigation and
communications signals, jeopardizing the safe operation of the plane. The
only exceptions allow the use of heart pacemakers, hearing aids, tape
recorders, and electric shavers in flight. If the regulation were strictly en-
forced, even electronic watches and hand-held calculators would be outlawed.

But the regulation isn't strictly enforced; it would be impossible to expect
flight attendants or private pilots to enforce it. The FAA wants the airlines
and private pilots to enforce the rule, but the airlines are especially chary
of enforcing a regulation that may drive passengers away.

Bill Walters, product line manager for Radio Shack’s TRS-80 Models 4 and
100 (portable), has some thoughts on the issue. He compares the FAA's posi-
tion on EMI from portable electronic devices to that of the Federal Com-
munications Commission on EMI from home computers interfering with
television signal reception six years ago. Walters, a former commercial airline
pilot, believes the FAA should establish an EMI standard with which all
mabkers of portable electronic devices would have to comply, just as the FCC
did in the case of home computers. We agree.

In order to gain certification to use electronic devices on aircraft under the
current regulation, the device manufacturer would be required to demonstrate
that use of the device does not interfere with the navigation and communica-
tions equipment on every type of aircraft that every airline uses. The cost
of such testing to the device manufacturer would be prohibitive.

Walters says it’s time for the FAA to establish and enforce an emission stan-
dard and bandwidth guidelines governing portable electronic devices. Cer-
tainly some reasonable test procedures can be established that would allow
portable computers to be certified for safe operation aboard aircraft that
wouldn't also bankrupt the FAA to administer.

Or perhaps there’s a simpler alternative that would not require testing of
any kind. No smoking is permitted aboard aircraft at takeoff and landing
times to lessen the chance of fire in case of an accident. Warning signs and
flight attendants alert passengers to this short-term smoking ban. Perhaps
the use of portable computers could be banned for similar periods and in
a similar manner when their use would be most likely to interfere with air-
craft instrument landing systems. It's worth considering.m
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How to buy a computer

by the humbers.

Introducing the Cromemco C-10 Per-
sonal Computer. Only $1785, including
software, and you get more profes-
sional features and performance for the
price than with any other personal
computer on the market. We've got the
numbers to prove it.

The C-10 starts with a high-resolu-
tion 12" CRT that displays 25 lines with
a full 80 characters on each line. Inside
isa high-speed Z-80A microprocessor
and 64K bytes of on-board memory.
Then there's a detached, easy-to-use
keyboard and a 5'%" disk drive with an
exceptionally large 390K capacity.
That's the C-10, and you won't find
another ready-to-use personal com-
puter that offers you more.

But hardware can't work alone.
That's why every C-10 includes software
—word processing, financial spread
sheet, investment planning and BASIC.
Hard-working, CP/M*-based software

at meets your everyday needs. Soft-
k waye that could cost over $1000 some-
J

where else. FREE with the C-10. There's
really nothing else to buy.
But the C-10's numbers tell only
part of the story. What they don't say
is that Cromemco is already known
for some of the most reliable
business and scientific
computers in the industry.
And now for the first
time, this technology
is available in a
personal computer.
One last number.
Call 800 538-8157 x929
for the name of your
nearest Cromemco
dealer, or to request
literature. In California ' . -

ssee Cromemeo

Cromemco, Inc., 280 Bernardo
Avenue, P.O. Box 7400, Mountain

Tomorrow’s computers today
Circle 119 on Inquiry card.

View, CA 94039. In Europe, write
Cromemco A/S, Vesterbrogade 1C,
1620 Copenhagen, Denmark.

cP/MRisa registered trademark of Digital Research, Inc.
All Cromemco products are serviced by TRW.
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The system builder's best choice
for color graphics is a €$5000
color system from SCION. Its basic
component is MicroAngelo?, the
single board graphics display
computer that has revolutionized
monochrome display capability
with low cost 512x480 pixel
graphics resolution and 40 line
by 85 character text capacity.

When MicroAngelo boards are combined, they create
high resolution color graphics that have a unique ad-
vantage. The displayed image is a combination of
transparencies. So you can add, modify or delete
images by transparency rather than as an entire image.

SCION's Series CS5000 builds an image with up to 8 bit
planes, each generated by a MicroAngelo board. You
select the assignment of those bit planes to transpar-
encies. Each transparency can display 2"-1 colors where
nis the number of bit planes it uses... 2 bit planes would
make a three color transparency, 8 bit planes would
make a 255 color transparency. Once each transparency
has been defined, your host can work with it inde-
pendently, generatlng and modifying its graphics and
text without interacting with the others. The indepen-
dent transparencies are combined by the Color Mixer
board which also assigns one of 16.8 million possible
colors to each color of each transparency.

Your computer talks to the SCION
Color System in SCREENWARE™,
SCION’s high level display firm-
ware language. SCREENWARE
commands are used by the com-
puter in each MicroAngelo bit
plane to generate graphics and
text primitives. User interface is
made simpie with prompted SYys-
tem set-up using SCION’s ColorPak.

MlcroAngelo based color graphics systems are easy to

use. Just plug the boards into your Multibus or $-100
host. Or use the freestanding work station configuration
withits RS-232 interface. In each case, you get highreso-
lution color graphics for such a low price you can't
afford to design your own.

Think SCION for your graphics display needs.
Think MicroAngelo. Call us at (703) 476-6100.

System shown is a Model CS5050S.
‘A trademark of Intel Corp.

SLCION

if the image is important.
12310 Pinecrest Rd./Reston, VA 22091
(703) 476-6100 TWX: 710-833-0684

For S-100 circle 510 on inguiry card, For Multibus circle 511 on inquiry card.
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MICROBYTES

Staff-written highlights of late developments in the microcomputer industry.

CONVERGENT TECHNOLOGIES INTRODUCES A NOTEBOOK-SIZE COMPUTER
Convergent Technologies, Santa Clara, CA, has introduced a portable computer that measures 8% by
11 by 1 inches and weighs 3 pounds. The Convergent Workslate uses a 6303 processor—the CMOS
version of the Motorola 6800 —and comes equipped with 16K bytes of RAM and 64K bytes of ROM, in-
cluding a ROM-based spreadsheet and datebook software. A microcassette drive, a speaker phone, a
300-bps modem, and a 15-line by 46-character liquid-crystal display are built-in features. The Workslate
will be available through American Express in September for $895.

DATA GENERAL UNVEILS A MULTIUSER MICROCOMPUTER
Data General, Westboro, MA, has announced a 16-bit microcomputer that includes both an intel 8086
and a Data General Microeclipse processor. The Desktop Generation Model 10 can use CP/M-86, MS-
DOS, or Data General’'s RDOS or AOS operating system. It also can run different operating systems
simultaneously in a multiuser configuration. A single-user system with 128K bytes of memory, a single
5%-inch floppy-disk drive, and either MS-DOS or CP/M-86 costs $3265. A four-user version with
256K, a 15-megabyte hard-disk drive, three terminals, and RDOS and CP/M-86 selis for $10,960.

LEADING EDGE PRODUCTS ANNOUNCES A COLOR WORD PROCESSOR FOR THE IBM PC
Leading Edge Products, Needham Heights, MA, has announced its first internally developed product, a
$300 color word processor for the IBM PC. Featuring an extensive help facility, a user-definable
glossary to store any series of keystrokes, and the ability to restore deleted or overwritten text, the
word processor will be the basis for an integrated package to be released later this year. The package
will include spreadsheet, graphics, database-management, and spelling-checker capabilities.

DOCUTEL/OLIVETTI SHOWS AN INK-JET PRINTER, UPGRADES M20 COMPUTER
Docutel/Olivetti Corp., Dallas, TX, has introduced an ink-jet printer for $549. The PR2300 uses a single-
jet replaceable printing head and either a Centronics parallel or an RS-232C serial interface.
Docutel/Olivetti has also added an 8086 processor to its 8001-based M20 computer. The M20 BP with
two floppy-disk drives and 128K bytes of RAM will sell for $3295. An 8086 expansion board for the
standard M20 will cost $395.

BALCONES, STRATEGIC TECHNOLOGIES, OTRONA PREPARE 16-BIT PORTABLES
Balcones Computer Corp., Austin, TX, is at work on a portable computer based on the Xerox 820 8/16
computer. The Xport will include an 8-bit Z80 with 64K bytes of RAM and a 16-bit 8086 with a
separate 128K-byte RAM (expandable to 256 or 512K). The two processors will run concurrently; the
Z80 runs CP/M-80, and the 8086 runs MS-DOS 2.0. The system, which will probably only be available
with one 3%:-inch hard-disk drive and one 5% -inch floppy-disk drive, may cost as little as $3000.
Strategic Technologies, Norcross, GA, is preparing a portable computer with a full-size plasma display.
The PC Traveler will come in a briefcase measuring 14 by 19 by 6 inches and weigh less than 28
pounds. It will include an Amlyn 5-disk cartridge drive, a built-in full-size dot-matrix printer, dual 80186
processors, 128K bytes of RAM, an 80-character by 25-line gas-plasma display, and a bundied soft-
ware package. The PC Traveler will sell for less than $5000 starting in November.

Otrona Advanced Systems Corp., Boulder, CO, has introduced a dual-processor version of its por-
table computer. The Attaché 8:16 includes an 8-bit Z8BOA and a 16-bit 8086 processor, the CP/M 2.2
and MS-DOS operating systems, two floppy-disk drives, and an IBM-compatible display format for
£3795, An upgrade board to convert an Attaché to an Attaché 8:16 will cost $1495.

RADIO SHACK AND SHARP INTRODUCE NEW POCKET COMPUTERS
Radio Shack’s newest pocket computer, the PC-3, fits into a shirt pocket and can run programs written
for the PC-1. Weighing in at 4 ounces, the PC-3 has 1.4K bytes of memory and a 24-character liquid-
crystal display for $89.95. A PC-3 interface and recorder and a PC-3 printer/cassette interface each
cost $119.95.
Sharp Electronics Corp., Paramus, NJ, has introduced a nearly identical computer, the PC-1250, for
$110. The PC-1250 measures 5-5/16 by 2% by 3/8 inches.

September 1983 ® BYTE Publications Inc. 7
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TEXAS INSTRUMENTS RELEASES DOW JONES NATURAL LANGUAGE INTERFACE, DOT-MATRIX PRINTER
Texas Instruments’ new Dow Jones Natural Language interface for its Professional computer enables
users to request information in ‘’plain English,’” translating requests into Dow Jones’ command format.
The $130 package includes a $50 account fee and an hour on the Dow Jones News/Retrieval service.
Texas Instruments is also expected to announce its Omni 800 Model 855 dot-matrix printer. Using a
32 by 18 printing head, the printer will include graphics capabilities and selectable fonts for under
$1000.

MICROS GAIN MORE ATTENTION AT SIGGRAPH

Microcomputers received increased attention from vendors showing new products at the Siggraph con-
vention in Detroit. Micro-based products announced at the show included a graphics board for the IBM
PC from Number Nine Computer Engineering Inc., Hartford, CT, for less than $1200. The board, which
NNCE plans to begin shipping late in the third quarter, is based on an NEC 7220 VLSI graphics display
controller. The company has been shipping a similar board for the Apple for several

months . . . .3Design, Seattle, WA, announced an optional Wordstar interface for its graphics card for
the IBM PC. The interface lets users mix Wordstar-generated text and graphics. The basic graphics
card, which costs $250 and requires 128K bytes of memory in the PC, enables users to create
designs, then rotate, translate, and scale them independently or in reconfigurable groups, relative to
any coordinate in the system . . . . Cubicomp Corp., Berkeley, CA, displayed its CS-5 graphics system
for three-dimensional solids modeling. The under-$ 9000 system, which includes an interface adapter
and a CS-b graphics module, requires an IBM PC with at least 320K bytes of RAM and a high-
resolution RGB monitor with long-persistence phosphors. The software runs under IBM

PC-DOS . . . Precision Visuals, Boulder, CO, announced that it will support NAPLPS videotex standards
in its DI-3000 graphics software.

NANOBYTES

Zilog has announced the Z8000O0, a 32-bit microprocessor chip that is compatible with the 16-bit
Z8000. Featuring a 256-byte on-chip cache, instruction pipelining, and memory management, the
Z80000 can run at 10 to 25 MHz. It should be available in late 1984 for $150 in 1000-unit

lots . . . . Silicon, the basic material in microprocessors and memory chips, may be in short supply later
this year if semiconductor companies fail to plan now for future needs, warns Monsanto Electronic
Materials Co., Palo Alto, CA. The company bases its prediction on trends in the economy and the
semiconductor industry and on the sustained increase in orders for semiconductor products. Monsanto
is the leading supplier of single-crystal CZ silicon, the primary ingredient of semiconductor

devices . . . . Hewlett-Packard, Palo Alto, CA, has introduced a new 6-pen graphics plotter, the HP
7475A, for $1895. The company has dropped the list price of the HP 7470A 30 percent from $1575
to $1095 . . .. Olympia USA Inc., Somerville, NJ, has introduced the People computer, which includes
both CP/M-86 and MS-DOS and two floppy-disk drives for $3596. Concurrent CP/M-86 is also
available . . . . American Bell has unveiled a videotex terminal to be sold through Bell Phone Center
Stores. The terminal, which includes a 1200-bps modem and keyboard, connects to a standard televi-
sion. As part of a videotex program in southern Florida, the terminals will sell for $600 there;
elsewhere, they will retail for $800 . . . . Coin-operated computer terminals with attached printers are
being marketed by Data and Research Technology Corp. (Pittsburgh, PA} in an effort to become ‘‘the
McDonald’s of information.”” Users with valid accounts can access local nodes of such popular net-
works as Compuserve, the Source, and Dow Jones for $1 for 3 minutes. The company hopes to have
terminals in 50 cities by the end of the year . . . . Tandy, parent of Radio Shack, says its preliminary
sales figures for the year ending June 30 were $2,472,484,000, up 22 percent from fiscal

1982 . ... Microsoft's MS-DOS operating system is now being supported on Digital Equipment Corp.’s
Rainbow 100 and Fujitsu’s Micro 16s . . . . Corvus Systems Inc. has lowered the prices of its Concept
personal workstations to $3995 for the 256K-byte version and $4695 for the 512K-byte

model . . . . The American Society of Interior Designers, New York, NY, has introduced a hardware-
software package for interior designers, architects, and space planners. Based on a Victor Technologies
8/16-bit computer, the package includes drafting, accounting, word-processing and mailing-list soft-
ware. Priced under $10,000, it includes training for end users and a hot-line query service . . . . Apple
Computer Inc. announced that the one millionth Apple computer was produced in June . . . . The
British-designed Dragon computer {January 1983 BYTE, p. 46) is being manufactured and sold in the
U.S. by Tano Corp. (New Orleans, LA). For $399, the machine includes 64K bytes of RAM, sound,
256 by 192 color graphics, and Extended Microsoft BASIC.
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Pick the positively
perfect practical,
peripheral
package, from
PERCOM DATA!

ol iy S

| PEFRGEM NATA

That's right... the positively perfect PERCOM DATA 54", floppy disk drive with a BUILT-IN
PRINTER-PORT, for your Atari® 400/800 is now availabiel

Until now, Atari computer owners who wanted to hook a printer to their computer had only one
choice... spend about $220 for an interface device. THOSE DAYS ARE OVER. PERCOM DATA has
built a parallel printer-port right into its new AT88 PD model. Now you can add a quality disk drive

system AND have a place to plug in a printer... WITHOUT BUYING an interface.
The AT88 S1 PD™ disk drive operates in both single density (88K bytes formatted) and double
density (176K bytes formatted).
Whatmore could youwant? NO INTERFACE ... a high quality PERCOM DATA disk drive... AND a
built-in PRINTER-PORT.... all with a price of $599.

Pick up a positively perfect PERCOM DATA disk drive, with
A sl Perfectly Priced

For the name of an authorized PERCOM DATA Dealer near you,
call our TOLL-FREE HOTLINE 1-800-527-1222 NOW, or write
for more information. ]

|PERCOM OATA |

CORPORATION
Expanding Your Peripheral Vision

DRIVES * NETWORKS °* SOFTWARE

11220 Pagemiil Road, Dalias, Texas 76243 (214) 340-5800
1-800-527-1222
Atarl Is a registered trademark of Atarl, Inc. # AT88 S1 PD is a trademark of Percom Data Corporation. « GOPYRIGHT PEHCOM DATA CORPORATION 1983,
Prices sub]ect to change without notice.

Circle 355 on ingulry card,
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Circle 168 on inquiry card.
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LLOYD'S
OF
LEMON

Now, along with a very
impressive insurance guarantee
from Lloyds of London, EPD
can offer you excellent protection
backed up by excellent protection.

While the expert technology of
EPD keeps your equipment safe
from “surges,” “'spikes,” and
““glitches,”" you're also protected
from these unpredictable hazards
by a million dollar blanket cover-
age policy that insures your equip-
ment you're plugged into ours.

The Lemon™, The Lime™,
The Orange™, The Peach™, The
Grizzly™ and The Hawk™ all
offer this double ability to keep
our promise to deliver clean, sta-
ble power and effective protec-
tion from powerline fluctuations.
So when you plug in with EPD
you plug in with Lioyds of
London too.

DON'T PLUG IN WITHOUT US.

s [ _H-=
| 4
Electronic Prolectior: Devices inc.

PO. Box 673, Waltham, MA02254
(617)891-6602 « 1-800-343-1813
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Multiplying without Zero

Multiplication by doubling and halving
(""Novel Methods of Integer Multiplica-
tion and Division,” June, p. 364) is dis-
cussed by Karl Menninger in his excellent
book, Number Words and Number Symbols
(MIT Press, 1969). Menninger credits the
Egyptians with the invention of the
algorithm.

Multiplication and division are difficult
in any number system that does not have
a zero, such as Roman numerals. The
Romans bypassed the problem by
doubling and halving on a counting
board.

Joseph J. Brigham
1293 Brighton Sq.
St. Paul, MN 55112

Bug-Free But Meaningless

Those seeking a textbook illustration of
the dictum “’garbage in, garbage out’’
need look no further than John Merrill’s
article ("’Regression Fitting to Economic
Indexes,”” May, p. 474). The author
presents a lovely piece of code, perfectly
logical and internally consistent, which
nonetheless produces completely mean-
ingless output because it is based on the
fallacy that holds that economic data can
be treated in the same way as a con-
tinuous function in mathematics—i.e.,
that it can be analyzed by the methods
of calculus.

The reasoning that refutes this fallacy
is quite straightforward and need not be
rehashed here. Rothbard, among others,
has argued persuasively against the no-
tion that it is possible to treat market
phenomena in terms of *’infinitely small’’
differences (Man, Economy, and State, Van
Nostrand, 1962, p. 440n). Intuitively, it
should be clear that economic data, by its
very nature, is discrete because it is
ultimately resolvable into individual deci-
sions to buy or not to buy, and the buy-
ing population is finite. (It does not help
to argue that the population is large
enough to ‘‘approximate’’ infinity
because the market for any given good
at any given time cannot be predicted in
advance and may in fact consist of only
a handful of people.)

Even if we concede that it is sometimes
permissible, for the sake of simplicity, to
work with smoothed-out supply and de-
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mand curves, it makes no sense at all to
maintain that an ‘underlying rate of in-
flation’’ can somehow be measured by
cataloguing the history of prices. Such a
measurement, if it could be made at all,
would have to be derived from
money-supply figures. The econometri-
cians claim to be able to use the methods
of statistics in order to “’fit"" Consumer
Price Index data to a smooth logarithmic
curve and then to be able to “'see’’ the
effects of the Viet Nam war in the result!
Even if the CPI were accurate and con-
sistent (and it's neither), so many
variables go into determining a market’s
equilibrium price that you might just as
well claim you can ‘’see’’ the next presi-
dent’s face in a lump of soggy tea leaves.

The moral for programmers is that our
work can be logical, consistent, and bug-
free, yet still produce meaningless
results. If seemingly plausible, these
results may mislead vast numbers of
people, particularly when the govern-
ment has involved itself in the matter. I
have no fear of 10 million machine-read-
able files in private hands, but when the
state uses its coercive authority to collect
even one small database, I tremble. The
issue for society is compulsion, not com-
puterization.

G. M. Harding
POB 7556
Carmel, CA 93921

Kudos for the Model 100

The warts to which Rich Malloy al-
luded (‘’Little Big Computer: The TRS-80
Model 100 Computer,’’ May, p. 14) are,
in fact, beauty marks! I'm a 25-year
veteran of the computer field who cut his
teeth on tubes and drum memory, but
the bubble hasn’t burst even after the first
two weeks of 22-hour days of reveling in
the delights of the Model 100. The de-
signers seem to have been blessed with
a Midas touch that has enabled them to
turn what initially seem like drawbacks
into delightful and surprising assets.

I've yet to see a criticism of the Model
100 that doesn’t wither under close
scrutiny. Malloy’s review is the best in-
depth effort I've seen so far. My only
query is about the surprise of the
author regarding the individual who put
an $800 deposit on one the day he read
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With all the clamor about personal computers,
a fundamental fact 1s often overlooked:
some simply work better than others.

Consider the COMPAQ Portable.

computer will make you
A more productive. A
computer will make you
more efficient. You hear
it everywhere. But you
don’t hear much about
which computer actually
works best.

The COMPAQ Portable
fitsunder a standard airline
seat for business trips.

Works in more
places

With the COMPAQ™
Portable,you can be as pro-
ductive in your hotel room
or your lake house as in your

own office. It’s a reliable companion
on a business trip. It's a powerful sales
aid in your customer’s office.

You can move it from office to of-
fice to share its resources. You can
move it into the conference room to
answer questions.

What's more productive than a
computer? A computer that works for
you in more places.

Works with the greatest
number of programs

The most important consideration
when choosing a computer is “what
programs will it run?”

The COMPAQ) Portable runs more
programs than any other portable. In
fact, it runs more than most non-
portables because it runs all the pop-
ular programs written for the IBM®
Personal Computer without any mod-
ification. There are hundreds of
them. They are available at computer
stores all over the country.

Imagine the power of a portable
word processor. There are dozens of
word processing programs available
for the COMPAQ Portable.

Planning, problem-solving, and
“what-ifs” are a cinch with a variety
of popular electronic spreadsheet

programs. The COMPAQ) Portable

runs them all.
There are accounting
programs for any-
thing from comput-
erizing your family
budget to full-scale
professional man-
agement of payables,
receivables, inventory,
and payroll.
There are programs
for making charts and
programs for com-
municating with other
computers.
So you get portability
and you don'’t give up
problem-solving power.
The combination adds
up to the most useful personal
computer on the market today.

Add-on options make it work
the way you work

Inside the COMPACQ Portable are
three open slots. Most portables
don’t have any. Electronic devices
called expansion boards fit those slots
and give the COMPAQ Portable new
powers. As with programs, expansion
boards designed for the IBM will
work. With them, you can make your
personal computer more personal.

Want to check a stock price? One
expansion board enables
the COMPAQ Portable
to handle those communi-
cations over ordinary
phone lines.

Want to use your com-
pany’s central computer
files while you're on a
trip? There are boards
that allow the COMPAQ
Portable to communicate
with a variety of large
computers.

Other boards let you hook
up controllers for computer
games, increase memory
capacity, or connect several

The added usefulness is free
The COMPAQ Portable doesn’t cost

any more than an ordinary desktop
computer. In fact, it costs hundreds less
than a comparably equipped IBM or
Apple® IlI. The COMPAQ Portable
comes standard with one disk drive
and 128K bytes of
memory, both of
which are usually
extra-cost options.
The bottom line
) is ghis—yop
L just can't

All the popular
programs written
for the IBM PC run
as is on the COMPAQ
Portable.

buy a more
practical, useful, productive computer.

Compare the COMPAQ Portable.

For the location of the Authorized
Dealer nearest you, call 1-800-
231-9966.

©1983 COMPAQ Computer Corporation
COMPAQ™ I 2 trademark of COMPAQ Computer Corporation.
1BM3 &s 2 regisecred trademark of | 1 Business Machines

Corparation.
Applc® is a registeved trademark of Apple Computer Carporation.

personal computers in a
network.

OmPAG

Common sense and uncommon design
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Circle 50 on Inquiry card.

SERIAL PORTY
EXPANDER
AND

MORE

—————————————————————
BTA's MODEL 524 MULTIPORT
CONTROLLER is a code activated one
to four serial port expander — but that's
not all since it has separate and indepen-
dent UARTS, buffers and handshaking
each port can operate with a different
configuration, i.e. different baud rates,
stop bits, etc. These features also permit
two or more devices to communicate
with the 524 simultaneously.

—
Letter-quslity / (_
I _pr]ntnr I ey |
High speed
printar

Terminel \

N
\ umi-rr;’1

Full duplex with EIA RS-232 protocol
Baud rates up to 19,200
Expansion to 16 ports by cascading

Peripheral ports may be configured
by user software

One year warranty

*sMODELS524............... $249.00
*MODELS24A ............. $279.00
same as model 524 except has 256 byte
rx/tx buffers per port

*MODELS524D............. $269.00
same as model 524, plus continuous poll-
ing of each peripheral device for data
transfer requests. The device is auto-
matically connected when its ‘turn comes
up . ON, BUSY and OFF messages are
sent to the peripheral device.

®Other models available — Contact us or
your dealer for additional information.

BAY TECHNICAL ASSOCIATES, inc.

HIGHWAY 603,P 0. BOX 387
BAY ST. LOUIS, MISSISSIPPI 39520
16011467-8231
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about it. I went out and bought 12! I now
do all my correspondence with it, keep
office records on it, relish the sounds of
my text-to-voice synthesizer, and enjoy
threatening the wags and critics with my
bar-code reader wand. I estimate that I
will recoup the cost of the machines
within a few months.

Radio Shack has caught at least one
customer hook, line, and sinker.

R. E. Cassidy

DC Consultants

38 Riddell St.
Woodstock, Ontario
Canada

Eek: Another Mouse?

I am sorry to see Apple, Visicorp, and
possibly Microsoft jump onto the Xerox
bandwagon and introduce a mouse into
their new integrated computing software.
The mouse is an inherently bad pointing
device for at least three reasons: it con-
sumes one to two square feet of flat desk
space; it requires users to move their
hands one to two feet from the keyboard
in order to point at a screen object; and,
because the mouse is not in a fixed place
relative to the keyboard, users must look
away from their work to find the mouse
whenever it is to be used.

A much better solution to the problem
of efficiently pointing at the screen is to
use a trackball device located just below
the space bar of the keyboard. This re-
quires only four square inches of space,
allows users to keep their fingers on the
home keys of the keyboard during use,
and does not require users to divert their
eyes from the work. Trackballs are not
more expensive than mice when both are
manufactured in quantity.

Henry Hoeksma

112 Minota Hagey Res.
University of Waterloo
Canada

The Price Is Wrong

I was very excited by the article by
Larry Sarisky, president of Syquest Tech-
nology, en the company’s removable
media hard-disk drive ("’"Will Removable
Hard Disks Replace the Floppy?’’ March,
p. 110). Too bad the prices quoted in the
article don’t come close to the actual
figures on the price list Syquest sent me.
(Unless, of course, I buy 50 or more units.

www americanradiohistorv com

Do your readers often buy 50 or more
units when purchasing hard-disk drives?)

The article said ‘*3.9-inch drives cost
less than $800, the 3.9-inch (cartridge)
about $35.”” Also, *The drive costs only
slightly more than a floppy-disk drive.
The cost of a cartridge is comparable to
the cost of a box of 10 floppy disks.”

The price list that I was sent quotes the
price of the removable media drive and
cartridge in quantities less than 10 as $995
for a drive and $70 for a cartridge. Please
be more sensitive to such exaggerated
claims in the future.

K. S. Scriba
4602 Alpine
Enid, OK 73701

Larry Sarisky replies:

At the time my article was submitted, our
pricing was $800 for either the SQ306R or
SQ306F disk drive. The Q-Pak cartridge was
$35. Recent cost increases in material and
manpower resulted in a price increase on the
SQ306R and Q-Pak. To quote all of our exist-
ing customers and prospects who have signed
up to the slightly higher prices, "It is still
the best deal around.”’

Lam sorry for any inconvenience this may
have caused you.

Make Mine Modula-2

""Modula-2: A Worthy Successor to
Pascal’’ by Joel McCormack and Richard
Gleaves (April, p. 385) is by far the best
exposition to date on Modula-2. How-
ever, the subtitle of the article might have
read “And a Worthy Competitor to
Ada.” Clearly, Modula-2 could give Ada
a run for the money, if only the Modula
Research Institute had a tenth of the
funds the Department of Defense (DOD)
has allocated for Ada promotion.

In Earl McCoy’s “Strongly Typed Lan-
guages,” (May, p. 418) he says that Ada
“is expected to attain wide use in both
civilian and military applications.” Ob-
viously, the many firms and organiza-
tions on the military “’gravy train’’ will
indeed use Ada because it is being forced
upon them. Civilian applications, how-
ever, are a different matter. Ada has not
established its superiority to even extend-
ed Pascal, let alone Modula-2. It is a
nightmare for compiler writers and is
clearly top-heavy with complex features,
whereas Modula-2 is a simpler and much
more readable systems programming lan-
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Introducing the Most Powerful
Business Software Ever!

TRS-80™ (Model I, I1, 111, or 16) e APPLE™ ¢ IBM™ e OSBORNE™ ¢ CP/M™e XEROX™

GENEBAL LEDGER?

VERSA' papowncie: ST
LEDGER i e o e e

T I WS . - - o o
L et s

CAN BC USED WITH 1 or MORE O¥ER ORIVES

VERSALEDGER HAS BEEN CREATED
WITH TRE FIRST TIME COMPUTER USER IN MIND

o The VERSABUSINESS™ Series

el Each VERSABUSINESS module can be purchased and used independently,
or can be linked in any combination to form a complete, coordinated business system.

VERSARECEIVABLES™ . $99.95

VERSARECEIVABLES™ I8 a complete menu-driven accounts receivable, invoicing, and
monthly statement-generating system, It keeps track of all information related to who
Owes you Or your company money, and can provide automatic billing for past due ac-
counts. VERSARECEIVABLES™ prints all necessary statements, invoices, and summary
reports and can be linked with VERSALEDGER II™ and VERSAINVENTORY™.

VERSAPAYABLES™ $99.95

VERsAPAYABLES™ is designed to keep track of current and aged payables, keeping you
in touch with all information regarding how much money your company owes, and to
whom. VERSA PAYABLES™ maintains a complete record on each vendor, prints checks,
check registers, vouchers, transaction reports, aged payables reports, vendor reports,
and more. With VERSAPAYABLES™, you can even let your computer automatically select
which vouchers are to be paid.

VERSAPAYROLL™ $99.95

VERSAPAYROLL™ is a powerful and sophisticated, but easy to use payroll system that
keeps track of all government-required payroll information. Complete employee records
are maintained, and all necessary payroll calculations are performed automatically, with
totals displayed on screen for operator approval. A payroll can be run totally, automati-
cally, or the operator can intervene to prevent a check from being printed, or to alter
information on it. If desired, totals may be posted to the VERSALEDGER II'™® system.

VERSAINVENTORY™ $99.95

VERSA INVENTORY™ is a complete inventory contral system that gives you instant access
to data on any ltem. VERSAINVENTORY™ keeps track of all information related to what
items are in stock, out of stock, on backorder, etc., stores sales and pricing data, alerts
you when an item falls below a preset reorder point, and allows you to enter and print
invoices directly or to link with the VERSA RECEIVABLES™ system, VERSAINVENTORY™ prints
all needed inventory listing;, reports of items below reorder point, inventory value re-
ports, pericd and year-to-date sales reports, price lists, inventory checklists, etc.

:CORMPUTROMNICS:

50 N. PASCACK ROAD, SPRING VALLEY, N.Y. 10977

VERSALEDGER II™ $149.95

VERSALEDGER II™ is a complete accounting system that grows as your business
grows. VERSALEDGER II™ can be used as a simple personal checkbook register,
expanded to a small business bookkeeping system or developed into a large
corporate general ledger system without any additional software.
® VERSALEDGER II™ gives you almost unlimited storage capacity
(300 to 10,000 entries per month, depending on the system),.
® stores all check and general ledger information forever,
® prints tractor-feed checks,
® handles multiple checkbooks and general ledgers,
® prints 17 customized accounting reports including check registers,
balance sheets, income statements, transaction reports, account
listings, etc.

VERSALEDGER IT™ comes with a professionally-written 160 page manual de-
signed for first-time users. The VERSALEDGER I[™ manual will help you become
quickly familiar with VERSALEDGER II™*, using complete sample data files
supplied on diskette and more than 50 pages of sample printouts.

SATISFACTION GUARANTEED!

Every VERSA BUSINESS™ module Is guaranteed to outperform all other competitive systems,
and at a fraction of their cost. lf you are not satisfied with any VERSA BUSINESS'* module.you
may return it within 30 days for a refund. Manuals for any VERSA BUSINESS™ module may be
purchased for $25 each, credited toward a later purchase of that module.

To Order:

Write or call Toll-free (800) 431-2818
(N.Y.S. residents call 914.425-1535)
* add $3 for shipping in UPS areas * add $5 to CANADA or MEXICO
* add $4 for C.0.D. or non-UPS areas * add proper postage elsevshere
Circle 200 on inquliry card. S e m
DEALER INQUIRIES WELCOME
All prices and specifications subject to change / Delivery subject 1o availabifity.

* TRS 80 is atrademark of the Radio Shack Division of Tandy Corp. - *APPLE is a trademark of Apple Corp. - *IBM is a trademark of IBM Corp. - *OSBORNE 15 2 trademark of Osborne Corp.
*CP/M is a trademark of Digital Research - *XEROX is a trademark of Xeror Corp.
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Intertec Offers
TheWarranty

Your First Computer
Should've Offered.



www.americanradiohistory.com

The rationale behind the
conventional 90-day warranty
is that anything likely to go
wrong will go wrong inthe first
3 months.

But it can take 3 months
just to get comfortable with a
new system. That'’s the honey-
moon-period, when you treat
your equipment with the deli-
cacy of a safecracker.

See —unlike other makers,
we know what we're standing
behind.

We don't slap Intertec
nameplates on other people’s
parts. We build virtually all our
equipment ourselves.

Andwe assemble it ourselves.

And we test and re-test it
ourselves.

More Bytes

T, |0 Bk

CompusStar can network up to 255 intelligent
terminals and give each of them access to
common or restricted databases.

Ah, but now it’s 5 months
down the road, the honeymoon
is over, your equipment has
finally begun to justify its cost,
and that’s the afternoon your
processor’s fan succumbs to
fatigue.

Or maybe the malfunction
is more gradual, like a disk-
head drifting increasingly out
of alignment.

Or more elusive, like an in-
termittent failure due to border-
line components.

WhenYou BuildThem
Stronger, You Can Back
Them Longer.

And that’s why all Intertec
terminals, computer networks
and disk storage systems come
with a full year of coverage.
Not because you'll need it,but
to assure you that you won't.

*CPIN is a registered trudenark of Digital Research,
* Microsoft Basic is  registered trademark of Micrasolt Corporation.

That's also why
we can offer you flatly
superior dollar-values.

In single-user
desk tops, for example,
our SuperBrain offers
twin Z80s, standard;
64 kbytes of dynamic ram,
standard; up to 1.5 mbytes of
disk storage, standard;

CP/M 2.2* and MBasic}
standard.

And compared to conven-
tional multi-user systems, our
CompuStar systems can give
you many more hours of
productive labor every day—
because, instead of depending
on acentral processor for data
manipulation, each worksta-
tion in a CompuStar network
has its own processor and its
own 64 kbytes of ram.

As a result, you can have
anywhere from 2 to 255 work-
stations workingsimultaneously
without suffering noticeable
declines in execution-time.

Why Just Expand When
You Can Up-Grade?

In fact, if you assess your
expansion alternativesin terms
of relative payback potential,

Circle 233 on inquiry card.
www americanradiohistorv com

you’re very likely to find that
up-grading with Intertecequip-
ment from scratch would be
more cost-effective than
burdening your existing instal-
lation with add-on’s.

Dollar for dollar, the Inter-
tec system is apt to be not only
faster,more powerful and more
versatile, but more reliable and
better supported.

Service On Site?
Within4 Hours?

In addition to our one-year
warranty, and the carry-in
service provided by authorized
Intertec dealers, we also have
600 factory-trained technicians
to provide service on-sitein 120
U.S. cities,often within 4 hours.

To arrange for that service

Since we build our
equipment from
scratch, we can
affordtodo it right
and still hold down
our prices.

just call our Customer Services
Department at 803/798-9100.
Atthe same time we’ll be happy
to give you the name of your
nearest Intertec dealer.

Or writeon yourletterhead
to Intertec Data Systems Cor-
poration, 2300 Broad River
Road, Columbia, SC 29210.

intertec
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Circle 145 on inquiry card.
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Apple® 11, 1le
5 megabyte
Removable

HARD_DISK"
$1,295

HARD_DISK is
designed for fast access
to large data files.
The Removable
HARD_DISK PAC™
can even replace floppy
diskettes as a very
reliable backup media
and eliminate the need

to add floppy disk
drives.

One Year Warranty
205-871-0987

Digital Electronics Systems

107 Euclid Avenue
Mountain Brook, AL 35213

HARD_DISK, PAC are trademarks of Digital Electronic
Systems, Inc.

Apple I, llc isa k of Applc Comy Inc.
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guage.

Perhaps it would be useful to follow the
example of David Packard, founder of
Hewlett-Packard. Having witnessed the
DOD as an insider (he held the title of
Deputy Secretary of Defense), he later
ran H-P on the principle that it should
stay as far away from military business
as possible. Maybe he knew something
we all should know.

Luckily, the nonmilitary option is avail-
able, and it happens to embody the best
elements for successful systems
implementations.

Lee Scott Jacobson
Bebo White

1440 Catalina St.

San Leandro, CA 94577

Wanted: a Conversion Program

I find myself viewing the advent of
16-bit personal computers with mixed
emotions.

Having purchased an 8-bit personal
computer some years ago, I have in-
vested considerable time and money in
software for the 6502 MPU. A good deal
of this investment was expensive “un-
copyable’’ business and business-related
programs.

My initial reaction of elation for the
IBM PC quickly disappeared when I real-
ized the limited software available at that
time and the inability to convert my ex-
isting software to the new OS/DOS used
by that machine. Despite the relatively
low cost of the IBM PC and its obvious
advantages, | was discouraged from pur-
chasing it due to the tremendous expense
in time and money to convert my existing
software to the new system.

As other newer MPUs and machines
are released to the general market with
expanded capabilities, the companies
who published their proprietary pro-
grams push their early supporters to
either repurchase the same software (if
it exists) to upgrade to a new system or
simply to make do with a smaller, less ef-
ficient system.

The personal computer industry takes
justifiable pride in the tremendous strides
it has made toward industrial standards,
while the software industry struggles
mightily to maintain parity (no pun in-
tended). The introduction of new MPUs
results in new OS/DOS systems—CP/M,
CP/M-86, Concurrent CP/M, CP/NET,
Unix, Xenix, and the UCSD p-System, to

www americanradiohistorv.com

name a few. While some of these are
cross-translatable and others can be used
on a variety of MPUs, some tremendous-
ly brilliant software is compatible with
only one or two systems. No sys-
tem = no software.

Now, I'm no expert, and it may be that
an inexpensive conversion program
exists, but I haven’t seen it advertised at
any price. On the other hand, if a trans-
lator doesn’t exist, someone stands to
make a fortune on a single program
series.

A small business or serious hobbyist
simply cannot afford to repurchase or
retype numerous programs after expend-
ing the necessary capital to purchase a
new machine. Therefore he either
declines to purchase the machine or
resorts to writing his own programs—
bugs and all. Either way, one portion of
the industry suffers.

It may be poor form to discuss price,
but for me at least, cost-effectiveness is
of paramount importance. If I want to
purchase $8000 to $10,000 worth of equip-
ment and then be forced to repurchase
a similar dollar value of software that I
already own, cost-effectiveness ceases to
exist.

John Winney
8326 228th St. SW
Edmonds, WA 98020

Corrected CASE Structure
for Fig-FORTH

Your August 1980 issue featured several
excellent articles on FORTH. Since that
time, the issue appears to have become
a reference for individuals and companies
as more and more attention is paid to
FORTH. Peopleware Systems specializes
in FORTH products, and we have re-
ceived inquiries about the Miller and
Miller article, “Breakforth into FORTH,”
(p. 50).

An example on page 180 has a subtle
bug. The example as it appeared in
essence is as follows:

: CASE <BUILDS SMUDGE ] DOES >
SWAP 2 * + @ EXECUTE ;
: OPET .”” AARDVARK " ; : 1PET
" BEAVER " ; : 2PET
" COUGAR " ;
CASE: ANIMAL OPET 1PET 2PET ;

where 1 ANIMAL will print BEAVER,

Circle 473 on inquiry card. e
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etc

The problem revolves around ter-
minating the list of cases after CASE:
( OPET 1PET 2PET ) with { ; }.

The function of the terminator is to
reset STATE to 0, which indicates execu-
tion mode. While { ; } does this, it also
does some other things in fig systems

. it toggles the SMUDGE bit, and
hence the need for SMUDGE in the
<BUILDS clause in the definition of
CASE: . { ; } also executes ?CSP, and
here lies the bug.

If the above cxample = keyed wmoas
shown, it will work as expected. How-
ever, if the stack is altered after defining
2PET but before defining ANIMAL by
putting a number on the stack, the ?CSP
test will fail, giving an error message #14,
"'definition not finished.”

If { [ }is used to terminate the list of
cases, no ?CSP test will be performed,
and the problem will be eliminated. If this
is done, SMUDGE should be omitted
from the definition of CASE:.

Better yet, a synonym for { [ } can be

A L
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Leading Edge Z-80. $100 Distributed Pracessing.
5475.00

Memory transfer rates of 517Kbytes/second,
direct memory access, memory mapping and
host to slave requests via interrupt control make
the CPS-MX fast. And easy to integrate. Fully
compatible with TURBOdos™, Intercontinental
Micro System’s slaves are available in four
versions: synchronous or asynchronous serial
port, 4Mhz or 6Mhz. The choice is yours. The
CPS-MX also atlows the bus master to utilize
slave memory at the user’s discretion. The stave
then acts as a 64K RAM card.

The CPS-MX is also easy to integrate with
Intercontinental's full line of S100 products:
CPZ-48000 SBC
single board
computer with
64K on board
RAM, 41/0

channels, memory management, on board
floppy controller, DMA and vectored priority
interrupts; and 256K bank selectable or
contiguous memory.

A complete fine of personality boards allow
easy interface to anything from a floppy to a
winchester, including modems and printers, and
don't take up any S-100 bus space.

Best of allis the price. The CPS-MX starts at
$475.00. That's right, up to 65% less than what
you have been paying for products that may not
measure up.

Call Intercontinental Micro Systems today.
We'd like to send you information
on the S-100 slave alternative.

F o
CMIERG “minias corsasime

1733 South Douglass Road, Suite E, Anaheim, California 92806 (714) 978-9758 Telex: 678401-TAB-RIN
TURBOdos is a trademark of Software 2000.Inc.
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Circle 231 on Inquiry card.
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defined to terminate the list of cases

: ENDCASE [COMPILE] [ ;
IMMEDIATE

Note that { [ } is IMMEDIATE and,
therefore, requires the use of [COM-
PILE]; note also that ENDCASE must be
IMMEDIATE.

This bug can show up if CASE: is made
part of your FORTH kernel. Thus, if you
boot your FORTH system after turning
power on and the first definition uses
CASE: to define a word, CSP will con-
tain garbage, and the ?CSP error will
result. Our P-FORTH card automatical-
ly saves compiled FORTH code in non-
volatile EEROM, which makes this bug
more likely to appear.

The correct example would then be

: CASE: <BUILDS | DOES> SWAP 2
* + @ EXECUTE ;
: ENDCASE [COMPILE] | ;

IMMEDIATE
: OPET .”” AARDVARK " ; : 1IPET
.""BEAVER "’ ; : 2PET .”” COUGAR "’ ;

CASE: ANIMAL OPET 1PET 2PET
ENDCASE

Note the definition of CASE: is a fairly
advanced FORTH topic, but the use of
CASE: is very simple.

Fred Olson

Peopleware Systems Inc.
5190 West 76th St.
Minneapolis, MN 55435

Coding between the Lines

I was considering buying the Apple
Logo for my children until I read Gary
Drescher’s letter (March, p. 20). I have no
intention of paying for the advertising of
his favorite cause or anybody else’s. I
wonder what he would think if, for ex-
ample, his or his friend’s child received
a FORTRAN compiler error message
such as ‘’Evolution stinks.”” Would he
send the ACLU to the rescue or recognize
the rights of anti-evolutionists to resist?
Certainly, in a democratic society there
are less sneaky ways of exercising one’s
rights to differ from and/or resist prevail-
ing public opinions.

George Jerinic

7 Robinwood Rd.
Acton, MA 01720m

Circle 212 on Inquiry card. em=p
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A 64K-bit dynamic RAM chip is the visual sensor in this digital

I f you've followed the activities

in the Circuit Cellar for any
period of time, you have probably
realized that my writing a monthly
column is just an excuse to investigate
and experiment with whatever I find
currently fascinating. One of my
longtime fascinations has been the
input of visual data to a computer.
While I've presented interfaces that
allow computers to determine direc-
tion and measure distances, receive
a variety of sensory inputs via touch
or remote signal, and even speak
their minds through voice synthesis,
until now I have not presented a pro-
ject that enables a computer to see.

There was a time when most com-
puters communicated via klunky
teletypes at 10 characters per second.
Improving output technology—high-
speed video graphics displays, dot-
matrix printers, and voice synthe-
sis—has vastly improved the com-
puter’s ability to communicate
results and conclusions to its user.
Except in specialized applications,
however, input technology has been
discouragingly static. We still plod
along using keyboards or mice as the
primary input device even when the
input data may be graphical.

So much of our existence involves
visual recognition that it only stands
to reason that the potential applica-
tions of computers would be en-
hanced if a versatile sensory-input
channel were available to the ma-
chines. Then, instead of spending
hours entering digital coordinates
from a picture or map into a com-
puter using a keyboard, you could
easily use a "’computerized camera”’
to make a visual snapshot of the
material, instantly producing a
digitized picture. Once you had such
a picture in the computer, it could be
interpreted, enhanced, or stored as
the application might dictate.

Photo 1: In this prototype, the Optic RAM
is mounted inside a light-tight box with a C-
mount lens focusing light onto one of its cell
arrays. The ribbon cable leads straight from
the Optic RAM to the interface card in the
Apple.

image camera

Computers and Vidicon Cameras

Computerized-image cameras are
not new, but up to now they have
always been too expensive for wide-
spread practical use and casual ex-
perimentation. Most of the computer
image-input devices currently avail-
able use a conventional black-and-
white television camera as the image
sensor. The camera’s video output
must be converted to digital logic
levels for the computer: a difficult
task, because the output, produced
using a Vidicon-type pickup tube, is
a high-frequency analog signal di-
vided into 30 complete frames of pic-
ture information transmitted and
scanned each second (or 25 frames
for most TV systems outside North
America).

Most high-quality TV-camera inter-
faces convert the analog signal for
computer processing through “frame
grabbing,” in which one of the frames
is sampled, digitized, and stored dur-
ing a 1/30-second frame-scan interval.
In these sophisticated visual sensing
systems, a high-speed A/D (analog-
to-digital) converter digitizes the
analog signal in real time at sampling
rates exceeding 5 megahertz (MHz)
and stores the PCM (pulse-code
modulated) data in a high-speed buf-
fer made of semiconductor memory.
Because they operate so fast, such
units are insensitive to camera mo-
tion and fast scene changes.

In less sophisticated TV-camera in-
terfaces, the designer has assumed
that the camera and the object in its
view will remain still long enough for
the picture to be processed by slower,
cheaper circuitry. When the TV pic-
ture is stationary, all frames in the
signal are identical, so a sequential
line-sampling technique is often em-
ployed. In units of this type, a low-
speed A/D converter (sampling from
100,000 to 1,000,000 times per second)
operates in bursts of activity shorter
than a frame interval, with each suc-
cessive period of activity, or sampling
window, triggered at a slightly later
time during the frame interval by line
and pixel (picture element) position

Copyright © 1983 Steven A. Clarcia. All rights reserved.
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counters. In between the sampling
windows, the support circuitry has
time to store the digitized informa-
tion and get ready for the next burst
of activity. As a result, the interface
assembles the single image from
pieces snatched from many frames.

High-speed frame grabbers gener-
ally cost more than $10,000, while the
slower units cost somewhat less, de-
pending upon speed and resolution.
You can expect a 256 by 256 pixel-
resolution low-speed interface, the
kind used in the computer systems
often seen at conventions printing
images on T-shirts, to cost between
$500 and $1000; half of that price is
for the camera and lens.

Solid-State Arrays to the Rescue?

The problem with the Vidicon-type
camera is that it is an analog device,
which must be adapted to work in
digital applications. It would be far
better to have a computer video
camera that is inherently digital and
dispense with the analog-to-digital
conversion. Why not use semicon-
ductor devices, the outputs of which
are digital signals that change as a
function of light level?

The barrier has been price. A va-
riety of semiconductor optical sen-
sors, such as photodiode and
charged-coupled-device (CCD) ar-
rays, fill the bill nicely. When I first
started to think about building a
solid-state image camera, I thought I
could just order a 256 by 256 pixel
CCD array and add a few binary-
counter chips for a quick project. This
idea evaporated quickly when I dis-
covered that CCD arrays cost from
$800 to $2000, depending upon the
number of bad pixels you get.

My success with photodiode arrays
wasn’t much better. It seems that for
about $100 you can buy a 128 by 1 or
256 by 1 array, but arrays more than
one element wide are hard to find.
To create a 256 by 128 or 128 by 128
picture, ] would have needed to
devise an optical, mechanical, or
electronic way to move the array
across the image plane, or move the

September 1983 © BYTE Publications Inc. 21
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image across the array, stopping
periodically for the values of the pic-
ture elements to be registered and
stored. After tentatively sketching a
screw drive and its associated control
electronics, I gave up in disgust at the
thought of how hard it would be to
build.

If Memory Serves...

I had almost decided to join the
bandwagon and use a Vidicon
camera when I remembered experi-
menting with the optical sensitivity
of dynamic RAM (random-access
read/write memory) chips back in
1976. I had even seen a design pub-
lished for a 64 by 64 pixel resolution
camera that used a type-1103 1K-bit
dynamic RAM chip as an optical sen-
sor. If the bit-storage cells in those
early dynamic RAMs were light-sen-
sitive, could the newer ones be also?
If T popped the top off a 64K-bit
dynamic RAM chip, wouldn’t I find
a 256 by 256 array?

Well, yes and no. I took the lids off
a few brands of 64K-bit dynamic
RAM chips, and it does appear that
they are light-sensitive. The problem,
however, is that they were designed
only as memory devices and not op-
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tical arrays. To my knowledge, none
of the 64K-bit dynamic RAMs on the
market are configured as an ortho-
gonal array laid out 256 elements
long by 256 wide. In fact, most have
4 or 8 sections of 16K or 8K bits, and
many include redundant sections
that can be wired in to replace bad
sections on the chip. The bit ad-
dresses don’t proceed linearly
through the chip either; one bit may
be in the upper-left corner and the
next bit in the lower-right corner.

Just as I was about to abandon all
hope, I found an unconventional
dynamic-RAM manufacturer that has
recognized the light-sensing potential
of its 64K-byte device. Micron Tech-
nology Inc., of Boise, Idaho (certain-
ly an unconventional place to make
integrated circuits), produces a
dynamic RAM chip that has its mem-
ory cells laid out in only two sections,
both of which are 256 by 128 cells, as
shown in figure 7 on page 31. With
this configuration, the chip can easi-
ly be used as an optical sensor. One
specially tested 64K-bit dynamic
memory device, called the 1532 Op-
tic RAM, comes in a package with a
see-through quartz lid (see photo 4
on page 30).

www americanradiohistorv com

Per pixel, the Micron Technology
1532 Optic RAM costs 1000 times less
than the earlier generation of image-
sensing chips such as the CCD. The
Optic RAM'’s spectral sensitivity is
generally the same as that of other
silicon-based light-sensing media,
but its bit-for-bit uniformity is not as
good as CCDs. Nevertheless, the Op-
tic RAM can bring capabilities to your
computer that were previously avail-
able only to large industrial users.

Build the Micro D-Cam

This month, using the 1532, Il
show you how to build a relatively
low-cost digital image camera I call
the Micro D-Cam (see photo 1). Its
resolution of 256 by 128 pixels is ade-
quate for many applications in graph-
ics, pattern and character recogni-
tion, robotics, process control, and
security. (Of course, the output of the
‘Micro D-Cam is a digital signal; it
cannot be used to directly drive a
composite-video monitor.) I've put
together versions of the Micro D-Cam
for use with the Apple 11 computer
(II-Plus and Ile, see photo 3, page
30) and the IBM Personal Com-
puter; however, the Micro D-Cam is
serially interfaced and requires only
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five wires for connection, so I'm also
working on an RS-232C version that
can be attached to any computer that
has a serial port.

The Micro D-Cam project is rather
complex, so I'll present it in two
parts. This month I'll explain how the
IS32 Optic RAM and the Micro D-
Cam hardware work. Because appro-
priate software is vital to the success
of this project, next month I'll include
a lengthy listing of a typical control
program for use with the Apple II-
Plus version of the Micro D-Cam.
We'll also look at some of the Micro
D-Cam'’s capabilities.

I1S32 Optic RAM

The 1532 from Micron Technology
is an all-digital image-sensing device.
Its pertinent characteristics are
shown in table 1.

The [S32 contains 65,536 (64K)
light-sensitive memory cells laid out
in two planar, rectangular arrays of
32,768 elements, each a matrix of 128
rows and 256 columns. The two
arrays are separated by an optically
nonsensitive “dead” zone about 25
elements wide. To avoid having a gap
in the image or using complicated op-
tical systems to eliminate it, only one
of the arrays is usually used as an
image sensor. Each of the memory
elements in the matrix can be ac-
cessed randomly when the control
circuitry strobes in the appropriate
row and column address of the ele-
ment being accessed.

Theory of Operation

An image camera built around the
IS32 focuses reflected light from the
viewed object and passes it through
a lens onto one of the 32,768-element
arrays. When an individual element
is struck by photons of light, the
capacitor in the cell, which is initial-
ly precharged to a fixed voltage,
begins to discharge toward zero volts.
The capacitor discharges at a rate pro-
portional to the light intensity
throughout the duration of the
exposure.

After the exposure interval has
elapsed, the circuitry reads the ele-
ment by addressing it as a memory
cell. During the cell access, sense
amplifiers within the IS32 read the
capacitor’s voltage value and compare
it to a fixed threshold voltage. If the
potential is above the threshold, the
picture element is deemed to be
black; if the potential is too low, the
picture element is declared white.
The D... pin of the Optic RAM is set
to a logic 1 or 0 during the corre-
sponding bit interval as a result of
this decision. The raw “gray scale” of
the 1S32, therefore, has only two
shades, white and black. (We'll see
how to compensate for this shortly.)

All dynamic-memory devices re-
quire refreshing for operation; the
charge representing the data stored
in each cell capacitor will leak away
if left alone (exposure to light merely
hastens the leakage). The charge
must be sensed and brought back to

3600027010

Photo 2a: The Micro D-Cam can focus on UPC bars. Both photos
shown here used the Apple II's high-resolution graphics routines to

reproduce the camera’s output.

the nominal voltage for the logic state
it represents. This can happen when
the computer reads a bit value from
the cell, but more frequently it hap-
pens when circuitry external to the
memory chip periodically activates
the cell’s address just for the purpose.
(Many memory chips, including the
IS32 Optic RAM, can refresh their
cells a whole row at a time.) The 1532
can be used this way as a regular
memory device can, but in optical
service there is a twist in the refresh-
ing. The chip is light-sensitive only
when it is not being refreshed; the
key to using it in a camera is to care-
fully control its sensitivity by per-
forming the refresh operation in a
special way.

In the beginning of an image-sens-
ing cycle, the Micro D-Cam’s circuitry
addresses all the cells in the active ar-
ray, filling them with the positive
voltages that represent logic 1s. The
exposure begins with the receipt of
a SOAK command, which is the
equivalent of opening the shutter (to
allow the array to “soak” in light).
Then, after the appropriate exposure
interval has elapsed, the control cir-
cuitry issues the refresh command,
which freezes the states of the mem-
ory cells (or pixel cells, if you will).
Then the control circuitry activates
the interrupt state, during which the
value of one cell is fetched and trans-
mitted. Interrupt cycles are continued
until all the bits in the array have
been transmitted. (The interrupt

Photo 2b: The Apple II's display represents gray levels as different
densities of white dots. Several different-length exposures are com-

bined to form the gray-scale image.
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mode is not maintained constantly
because the IS32 cannot be refreshed
during the interrupt.) The Micro D-
Cam then causes all the cells to again
be set to 1, and the image-sensing
cycle starts over.

A white pixel (logic 0) in the out-
put indicates that the capacitor was
exposed to a light intensity sufficient
to discharge it past the threshold
point. A black pixel (logic 1) indicates
the light intensity was not enough to
discharge the capacitor past the
threshold point.

How fast the camera can scan the
image varies according to the light in-
tensity. The faster the elements are
scanned, or read, the greater the light
intensity required. The Micro D-Cam
can scan approximately 15 frames per
second at maximum speed.

The Optic RAM Resembles Film

The operation of the digital image
sensor can be compared to that of a
black-and-white film emulsion in a
conventional photographic camera.
Like the film, the IS32 contains many
light-sensitive elements lying in a
single plane. The image is focused
(optically) on the plane, the user can
adjust the aperture (measured in f-
stops) and the length of exposure.
The aperture is an adjustment of the
size of the opening through which
the light is allowed to pass on its way
to the light-sensitive medium
(changed in both cases by mechani-
cally opening or closing an iris). The
length of exposure (corresponding to
photographic shutter speed) is ad-
justed in the Optic RAM by the scan-
ning function of the drive electronics.
And in the Optic RAM, the film is
advanced, so to speak, by refreshing
the voltage on all the memory
elements.

Also like film, the Optic RAM's
elements respond to light in a binary
fashion, indicating only black or
white, the presence or absence of a
certain amount of light during the ex-
posure. However, in a photographic
film, the light-sensitive elements

_

1. 128- by 256-element array measuring
5504 by 1.088 millimeters

2. Element size: 8 microns by 9 microns

3. Vertical centerto-center spacing: 215
microns

4. Horizontal spacing: 85 microns

5. Spacing between left and right arrays: 150
microns

Table 1: Specifications of the Micron Tech-
nology 1532 Optic RAM, a 64K-bit
memory chip that has the extra talent of
serving as a digital image detector.

(grains of silver-halide compounds)
come in different sensitivities and re-
spond to different intensities of light,
whereas the 1S32’s cells all respond
at about the same intensity for any
given condition. To circumnavigate
this limitation with the Optic RAM,
varying shades of gray can be re-
corded by making multiple scans of
the same optical image, averaging the
results obtained from either changing
the sensitivity of the cells, using a dif-
ferent threshold voltage for each
scan, or varying the scan rate.

By changing the threshold voltage
and keeping both the scanned image
and light intensity constant, areas on
the Optic RAM where intermediate-
ly bright portions of the image fall
will give differing output levels. The
nominal threshold potential, 2.1 volts
(V), can be adjusted though pin 1
(Analog Threshold) on the IS32 from
1.5V to 3V, but Micron Technology
suggests that gray-scale capability be
achieved by varying the scan rate
rather than by adjusting the thres-
hold voltage. Changes will be ex-
hibited in the response of the pixels
where the image is gray (of inter-
mediate brightness) so that the
amount of light striking the cell
capacitors is near the threshold volt-
age. Of course, a darker area of the
image will generate more logic 1s as
output than logic Os, and a lighter
area will generate more logic 0s. By
averaging these outputs over a num-
ber of scans, the appropriate shade

of gray can be produced in a com-
posite image representation.

The Micro D-Cam may not contain
a mechanical shutter, but its elec-
tronic equivalent is easily controlled
by sending the appropriate com-
mands to the control circuitry. The
Optic RAM’s sensitivity to light varies
according to the electrical voltages
present on it, allowing for precise
continuous control of the Micro D-
Cam’s exposure values.

Ease of Use

Hooking up the Micro D-Cam to a
computer is easy. The unit’s control
circuitry provides all the requisite
timing signals and circuitry to execute
commands received from the com-
puter. The Micro D-Cam automati-
cally sequences the Optic RAM so
that each image-sensing cell is ac-
cessed and the appropriate video in-
formation transmitted to the com-
puter for display or processing.

The Micro D-Cam uses a C-mount
lens (the type commonly used in
16-millimeter movie cameras and
small television cameras) with vari-
able focus. The lens I chose was de-
signed for viewing objects from a dis-
tance of at least 18 inches (45 cm);
from this distance, the Micro D-Cam
can distinguish characters of the size
you are now reading. For viewing ob-
jects under greater magnification,
you can insert a close-up adapter be-
tween the lens and its mount to ex-
tend the focal length of the lens. (See
photo 2.)

The link between the computer
and the Micro D-Cam is a TTL-
(transistor-transistor logic) level serial
interface. The external data-rate clock
signal allows the computer to be syn-
chronized to the Micro D-Cam, so
the camera can operate at a speed of
its own choosing.

Five lines run between the camera
and the computer, carrying the trans-
mit, receive, ground, and external
clock signals and +5V power. A gen-
eral-purpose type-6850 ACIA (asyn-
chronous communication interface

Editor’s Note: Steve often refers to previous Circuit Cellar articles as reference material for each month'’s current article. Most of these past articles are available
in reprint books from BYTE Books, McGraw-Hill Book Company, POB 400, Hightstown, NJ 08250.

Ciarcia’s Circuit Cellar, Volume 1 covers articles that appeared in BYTE from September 1977 through November 1978. Ciarcia’s Circuit Cellar, Volume
Il contains articles from December 1978 through June 1980. Ciarcia’s Circuit Cellar, Volume III contains articles from July 1980 through December 1981.
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adapter) buffered chip performs
serial-to-parallel and parallel-to-serial
data conversion, mating the Micro D-
Cam’s nonspecific circuitry to the
host computer, as illustrated by the
Apple II Plus in this article.

Hardware Details: Timing,
Refreshing, and Interrupts

The timing-generator circuit (see
figure 1), which generates the timing
signals for the operation of the Micro
D-Cam, contains a CMOS (comple-
mentary metal-oxide semiconductor)
oscillator circuit that generates the
fundamental clock rate. This signal is
divided down to produce the fre-
quencies for various possible output
data rates and controlling the 1S32.
The data-rate-clock signals control
the sequence of operation of the
interrupt generator and the transmit-
ter circuit.

The oscillator circuit emits a fun-
damental 4.9152-MHz signal, which
is buffered by a type74C04 inverter
section (IC20a). This clock signal is
divided again by a type-D flip-flop
and brought out to a set of data-
rate-selection jumper connections.
IC26 divides the frequency by in-
creasing powers of 2; these various
subharmonic outputs lead to other

SERIAL
COMMAND

data-rate-selection jumpers. Jumper
connections 5 through 8 select the
data rate used in the transmitter and
interrupt-generator circuit (figure 5
on page 28), while connections 1
through 4 are 16 x clock signals used
in the receiver circuit. The output of
IC26’s pin 7 drives the Optic RAM’s
timing circuitry, which generates the
familiar RAS (row-address strobe),
CAS (column-address strobe) and
R/W (read/write) signals as used by
most dynamic RAM chips.

When the camera is transmitting
data from the Optic RAM, it is in the
interrupt mode, and the CAS and
R/W signals are provided to the
Optic RAM. When the camera is not
transmitting, the interrupt mode is
off, and CAS and R/W are dis-
abled; the active-high interrupt sig-
nal INT islow and its complement
INT is high, so the output of the
AND gate driving CAS remains
high and the OR gate driving R'W
remains low.

During an interrupt cycle, INT
goesb_lgb and INT goeslow, enabl-
ing CAS and R/W . The high state
of RAS’ (RAS-bar-prime) passes
through a delay line consisting of two
inverter sections (IC20d and f) and an
R/C (resistance/capacitance) network,

and then, combined with INT

~ through an AND gate (IC9c), causes

CAS to go high. When this hap-
pens, the column address is latched
into the Optic RAM. At this time the
R/W signal is still high, so the value
stored in the accessed pixel is read
out. After another delay period,

R/W goes low, writing a 1 bit into the
accessed cell to restore its charge and
make it again able to react to light.
When RAS’ returns low, the inter-
rupt cycle is terminated and CAS

and R/W are disabled.

Command-Receiver Circuit

The serial command line carries
commands from the computer to the
camera. This data enters the com-
mand-receiver section (figure 2) a
single bit at a time and is assembled
according to the following protocol.
The first bit to arrive is the start bit,
followed by 8 data bits and then the
stop bit. The start bit enables opera-
tion of the input shift register and
starts the shift-register clock, which
is initially low. When the clock goes
high, the start bit, always a high level,
is latched into the first of eight data
positions in the shift register. When
the clock goes low, the first data bit
arrives at the shift register’s input.
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Figure 2: The serial command line carries commands from the computer to the camera. The data enters the command-receiver section serially
and is assembled by the shift register into a decodable word stored in the latch.
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When the rising edge of the clock
pulse is detected, the shift register
moves the high start bit from position
1 to position 2 and shifts the first data
bit from the shift register’s input in-
to position 1. As successive bits ar-
rive, each one is shifted into the shift
register when the rising edge of the
clock pulse is detected.

When the start bit finally reaches
position 8, the camera has received
the entire command byte, so the first
6 data bits are transferred from the
shift register into a latch (a I-byte
memory) called the command register.
The clock is then disabled and the
shift register cleared, leaving the 6
camera-command bits in the com-
mand register. The receiver is now
ready to accept another command.

Address Registers

The address registers of the circuit
(see figure 3) latch the row-address,
column-address, and refresh pointers
for the Optic RAM addressing. Ad-
dress registers IC22 and IC16 hold the
row and column addresses, respec-
tively, while the third register, IC10,
is the refresh register.

The first two registers are activated
only when the camera is to fetch and

transmit a single bit of information
from the Optic RAM. (This fetch
operation is the interrupt cycle,
which, as we saw before, is initiated
by the INT signal going high.) The
cycle starts on the occurrence of the
falling edge of the RAS signal and
ends on the next falling edge of RAS.
When the camera is not fetching in
an interrupt cycle, the refresh register
is active. This third address register

An unconventional
dynamic-RAM
manufacturer has
recognized the light-
sensing potential of its
64K-bit device.

continually increments the row-
address value from 0 through to 255.
Except during interrupts and expo-
sures, this value passes through to
the address lines of the 1S32, per-
forming a refresh operation. All three
address registers have three-state out-
puts (that is, their outputs can
assume a high-impedance condition,
not driving the bus either high or
low), and only one register is active

at any one time.

The selected register drives its data
onto a common bus called the present-
address bus. The present address
passes through the descramble-and-
soak circuitry (which will be dis-
cussed shortly) to the Optic RAM,
where it is used to select a row or col-
umn. The present-address bus also
connects to the address circuit, where
avalue of 0, 1, or 2 (depending upon
software-selected options) is added to
the present-address value. The re-
sulting sum is driven out of the adder
onto the next-address bus, which con-
nects to the inputs of each of the ad-
dress registers. The value on the next-
address bus is latched into the
selected address register, and then
that register is disabled.

The array-selection circuit simply
selects whether one or both of the
1S32’s cell arrays are to be used. If
2ARRAY is high, the output of the
OR gate (IC21, pin 11) is always high,
and the row-register value (IC22) will
never be less than 128, so only the
second array (rows 128 to 255) will
be addressed and transmitted. If
2ARRAY is low, however, the OR
gate will appear transparent and the
value on the next-address-bus line D7
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Figure 3: This section of the circuit latches the row-address, column-address, and refresh pointers for the Optic RAM addressing. Address
registers IC22 and IC16 hold the row and column addresses, respectively, while the third register, IC10, is the refresh register.
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will be driven onto IC22. This means
all addresses from 0 to 255 will be
selected and the values in both arrays
will be transmitted.

Address Descramble
and Array Soak

The internal circuitry in the Optic
RAM scrambles the row and column-
address values when accessing a cell.
(After all, the IS32 chip was designed
for use only as a memory device, not
as an optical sensor.) But because ele-
ment location is a critical issue in op-
tical work, the address-descramble
circuit (see figure 4, below) un-
scrambles the values into a new ad-

dress, which the Optic RAM de-
codes to access the desired pixel.

Charged with the task of trans-
forming the data from the address
registers into a new address, which
the Optic RAM decodes to access the
desired pixel, the descrambling cir-
cuit consists of two inverters, three
exclusive-OR gates, and a multiplex-
er (ICI1). The inverters and exclu-
sive-ORs do the actual descrambling
on the row and column addresses;
the multiplexer selects between the
descrambled row and column ad-
dresses at the appropriate times and
transmits the address to the Optic
RAM.

The multiplexer uses RAS to
determine which address is selected.
If RAS is low at the multiplexer’s
SELECT input (IC11, pin 1), the de-
scrambled row addresses (on the B
inputs) are selected. When RAS is
low, the A inputs, or descrambled
column-address inputs, are selected.

The purpose of the SOAK circuit
is to prevent the refresh addresses
from reaching the Optic RAM during
the exposure cycles. (Remember, the
Optic RAM is light-sensitive only
when it is not being refreshed.) Dur-
ing periods when INT is inactive-low
(with the refresh register therefore ac-
tive) and SOAK is active-low, the
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Figure 4: Consisting of two inverter sections, three exclusive-OR gates, and a multiplexer, the address-descrambling circuitry undoes the
internal address scrambling done by the Optic RAM. The soak circuit makes the Optic RAM light-sensitive by depriving it of refresh cycles.
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The circuitry for transmitting the pixel data to the host computer and for generating the interrupt states that allow data to be

read from the pixels in the 1532.

.
.

Figure 5
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output of NOR gate IC15d is high.
This sets the multiplexer’s enable in-
put high and drives the multiplexer’s
outputs low. The high NOR-gate
(IC15d) output also forces a low state
at the inverter output IC18d, which
forces the outputs of the four AND
gates IC23a, b, ¢, and d low. These
AND gates stand between the pre-
sent-address bus and the IS32’s four
low-order address inputs. Thus, the
Optic RAM’s address inputs remain
low, and the refresh function is per-
formed on only address 0. When
SOAK goes inactive-high, the
multiplexer and AND-gate outputs
are enabled and the refresh ad-
dresses reach the Optic RAM so that
the entire chip is refreshed, making
it insensitive to light.

Transmitter and
Interrupt-Generator Circuit

This circuit, shown in figure 5,
transmits the pixel data serially to the

host computer, inserting start and
stop bits where appropriate, and
generates the INT and INT signals
for fetching the pixel information
from the 1532.

At the heart of this circuit is the rip-
ple counter, IC4, enabled when the
e e

The output of the
Micro D-Cam is a
digital signal; it cannot
be used to directly
drive a composite-video
monitor.

Micro D-Cam has been commanded
to transmit data. It inhibits the inter-
rupt generator when start and stop
bits are being transmitted (preventing
accessing of the Optic RAM) and
enables the interrupt circuit when it
is transmitting data. The transmitter’s
frequency is determined by the data-
rate clock. During each clock cycle

Q0 Q1 Q2 Q3

only one start, stop, or data bit is
transmitted.

The interrupt generator is enabled
by both the ripple counter (IC4) and
the data-rate clock, but the interrupt
cycle itself is clocked by RAS. Be-
cause the purpose of the interrupt
cycle is to fetch a single pixel for
transmission, only one pixel can be
transmitted on each clock cycle. The
rising edge of the data-rate clock
enables the interrupt circuit. The next
falling edge of the RAS waveform
initiates the interrupt cycle, causing
a pixel to be read from the Optic
RAM. The INT signal feeds back
into the interrupt circuit, resetting the
interrupt enable.

When RAS goes low again, the
interrupt cycle is terminated. The
next falling edge of the data-rate clock
enables the interrupt circuit again
(unless a start or stop bit is to be
transmitted). Thus, only one pixel is
transmitted during each data-rate-
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Figure 6: The adder circuit allows the Micro D-Cam to keep track of the proper values for the row, column, and refresh registers.
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clock cycle.

The WIDEPIX circuit is used to
help compensate for the mismatch in
aspect ratios of the Optic RAM and
most computer graphics screens. The
Optic RAM has a ratio of 2.5:1, com-
pared with the 4:3 aspect ratio of
most cathode-ray-tube (CRT) dis-
plays, and the pixels are not square.
If the image data is displayed on a
screen with an aspect ratio that close
to 1:1, the image will appear to have
been squeezed horizontally. The
WIDEPIX circuit helps compensate
for this by causing each pixel to be
transmitted twice, doubling the
width of the image. The circuit is
enabled when the Micro D-Cam is
transmitting and the WIDEPIX com-

Photo 3: The control circuitry for the Micro D-Cam image camera is shown here in pro- mand line is Ihigh. This causes the
totype form mounted in an input/output slot in an Apple Il Plus computer. flip-flop IC8a’s output to toggle on
every data-rate-clock cycle. This flip-

flop inhibits the interrupt cycle on
alternate data-rate clock cycles. Dur-
ing data-rate-clock cycles in which
the interrupt is inhibited, the pixel
from the previous interrupt cycle is
transmitted again.

The LINE and LINE signals indi-
cate that the column-address register
has reached terminal count, meaning
that the last column has been
scanned. These signals, when active,
inhibit the occurrence of further in-
terrupts during the transmission of
the current byte so that the value of
the last accessed data bit is repeated
to fill out the bits in the byte. This
guarantees that the next byte trans-
mitted will start off with information
from the next row, i.e., that no single
byte will contain picture information
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Photo 4: The IS32 Optic RAM, a 64K-bit dynamic memory device specially packaged with
a quartz lid for optical use in image-sensing applications, is made by Micron Technology
Inc., 2805 East Columbia Rd., Boise, ID 83706, (208) 383-4000.

Number Type +5V GND Number Type +5V GND from two rows. When the stop bit is

c c " s to be transmitted, assertion of the
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o1 P & 0 Adder and End-of-Frame Circuit

Table 2: Power wiring for integrated circuits in the Micro D-Cam. The adder and end-of-frame sec-
tion, shown in figure 6, adds the
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proper increments to the row, col-
umn, and refresh registers and gen-
erates signals indicating end-of-frame
(EOF) in the Optic RAM.

When any one of the address reg-
isters drives a value onto the present-
address bus, the adder circuit re-
ceives this value, adds a0, 1, or 2 to
it (depending on the control inputs
RAS, LINE, ALTBIT and INT), and
places the sum onto the next-address
bus. When the refresh register is ac-
tive, the INT line causes a 1 to be
added each cycle. During interrupt
cycles, the row and column registers
are active. The adder sequences these
registers through the Optic RAM in
a “column-fast” mode, i.e., the adder
adds 0 to the row address and 1 to
the column address until the end of
the column (or end of the line) is
reached. The adder then adds a1 to
both the row and column, thus in-
crementing the row register and
resetting the column register to 0.

The ALTBIT input simply adds an
extra 1 to the value on the present-
address bus during interrupt cycles;
thus the row and column registers
are incremented by a total of 2 rather
than 1.

Control and Use

The software routines that control
the Micro D-Cam are menu-driven.
While the camera is running, several
real-time commands are available to
alter the operation of the camera from
frame to frame. The real-time options
are displayed on the screen.

When the camera is first turned on,
you start the image-gathering process
by selecting one of the options from
the menu offered by the software,
which Ill discuss in detail next
month. If everything is working
properly, an image of what the Micro
D-Cam is seeing is shown on the
computer’s video-display screen. If
the display screen remains dark, the
exposure interval may be insufficient;
this situation may be remedied by in-
creasing the exposure time. If the ex-
posure time is excessive, the screen
will be white. This situation may be
remedied by decreasing the exposure
time or changing the aperture on the
lens. Eventually, a clear picture will
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(NOT DRAWN TO SCALE)

Figure 7: A diagram of the topology and pinout configuration of the IS32 Optic RAM (not
to scale). Each of the two cell regions, visible through the quartz package lid, contains a 128-

by 256-cell array.

appear on the computer’s screen as
you reach the proper adjustments.

Next Month:

In part 2, we'll look at the software
you'll need to read the Micro D-Cam’s
images, including a complete listing for
the Apple II Plus, and I'll explain the
computer interface and how the Micro D-
Cam communicates with its user.®

Steve Ciarcia (POB 582, Glastonbury, CT 06033)
is an electronics engineer and computer consultant
with experience in process control, digital design,
nuclear instrumentation, product development, and
marketing. In addition to writing for BYTE, he has
published several books.

Special thanks to Carl Baker and Jim Herrud of
Micron Technology for their contributions to this
project.
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The following items are available from:
The Micromint Inc.
561 Willow Ave.
Cedarhurst, NY 11596
(800) 645-3479 (for orders)
(516) 34-6793 (for information)

1. Complete Micro D-Cam unit including
interface card, extension cable, 1532
Optic RAM, lens, remote housing,
operators manual, and utility software.
Specify Apple 11 (Plus or E), or IBM
Personal Computer.

Assembled and tested . ..... $295

2. Same as Item 1 except in kit form.
Specify Apple Il or IBM Personal Com-
puter version.

Complete kit .............. $260
3. 1832 Optic RAM sold separately
IS32 each ................. $42

4. RS-232C-interfaced Micro D-Cam for
general use. Call for price and delivery.

Please add $4 shipping and insurance in
continental United States, $20 overseas.
New York residents please include 7 per-
cent sales tax.
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nnovative technology
brings you quality color
printing

for only $599

he technology of the all-new Transtar 3156 color printer

revolutionizes color impact printing! Unlike old-fashioned
printers needing multiple passes with pins to print color, the
Transtar 315 employs an innovative 4-hammer print head to
allow 7 colors and more than 30 shades to be printed in

a single pass!

A unique 4-color diagonal ribbon maximizes the efficiency
of the 316's color imaging and enhances its simple reliability.
Built by Seikosha, the most experienced manufacturing
company of the famous Seiko group, the Transtar 315 is
available now and has been designed to be compatible with
the IBM, Apple I1/lle and Franklin personal computers. An
optional PICS card also allows Apple and Franklin users to
simply depress the 315’s “‘copy”’ button to print any high-
or low-resolution screen without exiting a program!

Transtar is bringing the technology of tomorrow to you
today. Your future in color printing is only $599 away.

Transtar

P.0. Box C-96975, Bellevue, Washington 98009

Circle 455 on inquiry card.

www americanradiohistorv com
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riable computers are definite-

wave of the future. Incorpor-

b design concepts, innovative

e, and easy-to-use software, these

machines are bound to change

think about computers. This
';'v_ icles will take you on a guided

the main features portables offer

am among them, and the com-

a]or computer manufacturer has intro-

' 1s in the process of introducing a por-

mth goes by that BYTE doesn't get wind

uter system. According to the Venture

eport “The Portable Briefcase Computer

ane 12:1987: A Strategic Analysis,” portable com-

_ putes "«‘ ore than $4 billion by 1987. That figure is

7 rtable computers, it doesn't include hand-held

Intire -'\

his plethor of p { 5 b jers more computing power and convenience
for their money the ba t it also means that selecting a portable computer
for personal or business useis* v lved than ever. Each manufacturer has a different
design philosophy for producin ftable. Sorting through the number of features and
options available onyth bl8 tes selecting the right one for your needs even more
- difficult than choo sktop demputer.
' 1ssue will help fo eliminatesome of the confusion surrounding portable computers. In addi-
tion to Mahlon Kelly’s analysis of the Radio Shack Model 100, we'll take a look at the Pied Piper, a
briefcase CP/M system; the powerful HP75; and the Access Matrix portable, which some disparagingly
refer to,% the “Swiss army knife” of portables, while others swear by its conveniently built-in printer and
acoustic modem. We also review the Kaypro 11 and its big brother, the Kaypro 10, with its built-in 10-megabyte
hm disk; youlll see why these portables are gtvmg the Osborne a run for its money. The Corona Portable PC,
which comes under one reviewer’s scrutiny, is described as an 1BM-compatible portable that goes beyond being a
mere clone.

In addition to system reviews, this issue offers in-depth views of the larger issues that affect the portable marketplace.
A comprehensive article on CMOS technology explains how improvements in chip-fabrication technology have brought down
the price of CMOS RAMs. The problems of moving delicate equipment are addressed in “"The Challenge of Hard Disk Port-
ability.” To top off the issue, you can read about how the designers of the new Gavilan portable computer decided on which features
to include in their computer.

To start you off, the article that follows offers a general overview of the portable fiéld and covers some of the major features
of portable computers, their pros and cons, and how to choose the portable that best suits your needs. The Portable Computer
Comparison Table starting on page 36 lists the latest portables available and their spec'r cations.

"

—Stanley | Wszola
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Photo 1: The Sharp PC-1500 is a typical pocket computer.

Factors to consider before you take the plunge

Just a year and a half ago the
Osborne 1 portable microcomputer
had no competitors. Today at least 50
portables fight for a share of the
market, and new machines are an-
nounced almost daily.

There’s definitely something going
on out there, and it bodes well for the
consumer. Manufacturers, trying to
outdo the competition, are offering
better, more powerful, and more at-
tractive portable computers. It’s the
free market at its best. The only prob-
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by Stanley J. Wszola

lem with this abundance of portables
is that buyers often don’t know
where to begin. To that end, we'll
start with an explanation of what a
portable computer is and then ex-
plore its various components. While
that won't tell you which portable to
buy, it will provide some signposts to
help you make an informed choice.
(For a directory of portable com-
puters, see table 1.)

The sudden appearence of portable
computers results from a con-

www americanradiohistorv com

vergence of technologies. Many fea-
tures found on portable computers
have been used and refined on prod-
ucts such as digital watches and
pocket calculators. In addition, the
products of the years of research and
development that went into creating
today’s desktop microcomputer have
finally come together in the portable
computer. What we have is reliable
hardware and proven software in a
machine that can be shuttled easily
from office to home or wherever. Por-
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table computer users include busi-
ness people who like the flexibility of
working at home or on the road,
scientists and engineers who take
their portables into the field for on-
site computer applications, and peo-
ple who simply like to take their com-
puting power with them.

What Is a Portable?

A portable computer is, of course,
a computer first and foremost. It
must have a central processing unit,
memory, a method for data entry, a
device for or method of displaying
data output, and usually a means of
storing data.

A portable computer must be easy
to carry from place to place. Don't
confuse “portable” with “transport-
able” Any computer can be trans-
portable if you have a big enough
truck. For the purposes of this arti-
cle, a portable computer is one that
can be carried by one person—but
not necessarily easily carried. Cur-
rently, portable computers can be
divided into three rough categories:

Pocket computers: These can be
characterized as pocket-size, battery-
powered, lightweight computers
with a 1-line display, limited memory
(0.5 to 10K bytes), and usually BASIC
in ROM (read-only memory). Most
use cassette tape for data storage. The
keyboards on these computers are
not suitable for touch-typing, and the
I-line display is adequate only for
simple programming. Many of these
computers can accept accessories
(ie., printers, serial- and parallel-port
interfaces, and modems) to increase
their usefulness. A good example of
an adaptable pocket computer is the
Sharp PC-1500 pictured at left.

Briefcase computers: As the name
implies, these computers are small
enough to be placed in a briefcase.
They usually have a 4- to 8-line dis-
play, a full-size keyboard, provision
for increasing internal memory, serial
and/or parallel ports, and AC or bat-
tery power. Most briefcase computers
feature BASIC in ROM, and some in-
clude applications programs for word
processing, telecommunications, and
appointment scheduling. Data stor-
age can involve micro- or full-size
cassette tapes, auxiliary floppy-disk

drives, or bubble and CMOS (com-
plementary metal-oxide semiconduc-
tor) memory cartridges. Most have
full-size keyboards that are suitable
for touch-typing. Their light weight
(5 to 10 pounds) and small size let
you use them almost anywhere. One
example of a briefcase computer is
the Radio Shack Model 100.
Transportable computers: These
are the heavyweights of the portable-
computer field in terms of size,
weight, and capabilities. I've used the
term transportable because some so-
called portable computers are noth-
ing more than a boxed desktop
computer with a handle on top. Most
are the size of a small suitcase, weigh
15 to 40 pounds, and usually have a
CRT (cathode-ray tube) display with
one or more floppy-disk drives. Most

Any computer can be
transportable if you
have a big enough

truck.
—————— e

use CP/M-80 or CP/M-86 and MS-
DOS operating systems. These com-
puters can do anything the desktop
models can do, but their portability
is limited by the necessity for AC
power or a heavy battery pack. The
Osborne Executive is a transportable
computer.

Power Sources

The growing use of low-power
CMOS RAM (random-access read/
write memory) chips and CMOS
microprocessor chips, such as the
80C85 used in the Radio Shack
Model 100, has decreased depen-
dency on AC power sources. Battery-
powered portables can be used
almost anywhere. But batteries can
be a curse as well as a blessing; they
add overall weight to the package and
always run out just when you need
them most.

Most portable computers can run
from 2 to 10 hours before they need
a recharge. Battery life depends on
the power requirements of the com-
puter, the length of time it has been
operating, and the rating of the bat-
tery. Some portables have low-voltage
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indicators to alert you when the bat-
teries run low. The transportable
models are more power hungry than
the smaller portables. The CRT and
the disk drives in the transportables
require a lot of energy.

Some briefcase computers use
CMOS memory chips and an aux-
iliary nickel-cadmium battery to
preserve data in memory if the main
batteries fail. For example, the nickel-
cadmium batteries in the Model 100
can maintain data for 8 to 30 days,
depending on how much memory
the computer has. This gives you an
extra margin of safety if you are
unable to replace or recharge the
main batteries right away.

Many transportable computers
have auxiliary battery packs as op-
tions. Of course, you still face the
problem of carrying the batteries as
well as the computer. Finally, some
manufacturers offer an optional auto
adapter, which lets you plug your
computer into your car’s cigarette
lighter. They recommend using the
computer with the engine off to
eliminate lost data due to voltage
spikes and surges. That’s just as well;
you don’t want to be downloading a
program and downshifting at the
same tirne.

Video Displays

The new portables use one of three
types of displays: CRT, LCD (liquid-
crystal display), or ELD (electro-
luminescent displays). CRTs have
been around for a long time and are
a proven medium. LCDs, although
limited in their ability to display
graphics, are lightweight and don't
consume too much power. The newer
ELDs have the same display capabil-
ities as CRTs with an extra advan-
tage—their flat shape makes them
ideal for use in portables. I'll explain
each in detail.

The most commonly used display
for portable computers is the reliable,
flexible, and easy-to-use CRT. Most
users are already familiar with it. Its
primary disadvantages are a bulky
shape and high power consumption.
The CRT itself, a large, fragile glass
tube, must be protected from harsh
environments and airport baggage

handlers.
Text continued on page 44
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Manufacturer/Location
Model

Access Matrix Corp. San Jose, CA
Access

Adcock Johnson Fort Worth, TX

Model 3000 (TRS-80 Model lll in a briefcase)

Athena Computer and Electronics Systems
San Juan Capistrano, CA
Athena |

Casio Inc. Fairfield, NJ
Model FP-200

Casio Inc. Fairfield, NJ
Model FX-700P

Casio Inc. Fairfield, NJ
Model FX-801P

Columbia Data Products Inc. Columbia, MD
Columbia VP

Commodore Business Machines Wayne, PA
Executive 64

Compag Computer Corp. Houston, TX
Compaq Portable Computer

Computer Devices Inc. Burlington, MA
DOT 30008

Compal Beverly Hills, CA
Electric Briefcase

Computershop Cambridge, MA
STAR-Lite

Computer Systems St. Clair Shores, Ml
PC/8088

Corona Data Westlake Village, CA

Corona Portable PC Models PPC-1 and PPC-2

Digital Microsystems Qakland, CA
DMS-3/F Fox

Digital Microsystems Oakland, CA
DMS-15

Table 1: The portable computer comparison table.

Size (Inches)
16.5 by 10
by 10.8

19%2 by 14V2
by 82

3% by 1174
by 14%2

12%2 by 2V
by 8%

6%2 by 2%
by %

6% by 32
by %

18 by 16 by 8

14Y2 by 142

by &

20 by 15V
by 8%z

18 by 14%
by 7v2

9 by 20 by 15

16 by 16
by 72

19 by 16
by 7V2

20 by 20 by 8

172 by 14%
by 7%

172 by 14%
by 7%

Weight

33 Ibs.

28 Ibs.

15 Ibs.

4 |bs.

4.2 oz.

9.1 oz.

32 |bs.

27.6 Ibs.

28 Ibs.

31 Ibs.

26 Ibs.

34 Ibs.

25 Ibs.

30 Ibs.

30 Ibs.

36 Ibs.

Power Supply
AC

AC

batteries or AC

batteries or AC

batteries or AC

batteries or AC

AC

AC

AC

110 or 220V AC
(optional battery
pack)

AC

AC

AC (optional
12V DC battery-
power supply)

AC

110 or 220V AC

110 or 220V AC

Price

$2495

$2895

$3950

$499

$99.95

$149.95

$2995

$995 to

$1495

$2995

$4344

$1995

$2695

$3388

$2395

$3995

$7495

_——

Type of
Microprocessor

Z80A

Z8B0A

NSC-800
(low-power Z80)

proprietary

proprietary

proprietary

8088

6510 (optional

280 for CPIM)

8088

8088

Z80A

Z80A

8088

8088

Z80A

Z80A

36
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Operating
System

CP/M-80

TRS-DOS 1.3

CP/M-80

n.a.

n.a.

Casio BASIC

CP/M-86
MS-DOS

Commodore

DOS

Compag-DOS
(same as
MS-DOS)

MS-DOS

CP/M-80

CP/M-80

MS-DOS

MS-DOS or
CP/M-86

CP/M-2.2

CPIM-2.2

RAM Memory
Min./Max.

64K

48K min.,
64K max.

68K

8K min.,

32K max.

2K min.
2K max.

2K min.
2K max.

128K min.,
256K max.

64K min.
64K max.

128K min.,
512K max.

128K min.,
704K max.

64K

64K min.,
1 MB max.

64K min.
512K max.

128K min.,
512K max.

64K min.,

64K max.

64K min.,
64K max.

Mass Storage
Type, Size

2 5%a-inch
floppy-disk
drives

2 5%-inch
floppy-disk
drives

1 megabyte
RAM disk,
optional 5%-inch
floppy-disk

cassette, n.a.

cassette, n.a.

n.a.

2 5Y-inch
floppy-disk
drives

1 or 2 5%-inch
floppy-disk
drives

1 or 2 5Va-inch
floppy-disk
drives

2 3%2-inch
floppy-disk
drives

2 5%-inch
floppy-disk
drives

2 5Ya-inch
floppy-disk
drives

2 5%-inch
floppy-disk
drives

1 or 2 5Vs-inch
floppy-disk
drives

2 5Y%-inch
floppy-disk
drives

2 5Va-inch
floppy-disk
drives,

1 15-megabyte
hard-disk drive

Display
Type, Size

7-inch CRT,
80 characters
by 24 lines

9-inch CRT,
64 characters
by 16 lines

LCD,
80 characters
by 4 lines

LCD,
20 characters
by 8 lines

LCD,
20 characters
by 1 line

LCD,
20 characters
by 1 line

9-inch CRT
80 characters
by 25 lines

7-inch CRT,
40 characters
by 25 lines

9-inch CRT,
25 lines
by 80 characters

5- by 9-inch
CRT, 25 lines by
80 characters

9-inch CRT
80 characters
by 24 lines

9-inch CRT,
80 characters
by 24 lines

7- or 9-inch
CRT,

80 characters
by 24 lines

9-inch CRT,
80 characters
by 25 lines

9-inch CRT,
80 characters
by 25 lines

9-inch CRT,
80 characters
by 25 lines

Color or
Graphics
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
graphics
16 colors
and
graphics
graphics
graphics
n.a.
n.a.
color and
graphics
graphics
n.a.
n.a.

Software
Included

Perfect Series and
Fancy Font

JRT Pascal,
Profit Plan,
Mini-Vedit

built-in electronic
spreadsheet

program library for
math, science,
finance, other uses

program library for
math, science,
finance, other uses
Pertect Series,
Home Accountant
Plus, Fast Graphs,
and others

n.a.

n.a.

n.a.

n.a.

Perfect Series

GSX graphics
interpreter,
Multimate word
processor and
an assembler

n.a.

n.a.

Comments

IBM PC compatible

compatible with all
software for the
Commodore 64

IBM PC compatible

IBM PC compatible,
optional built-in modem
and printer

S-100 system bus with
4 expansion slots for
peripherals

IBM PC compatible
with optional color CRT

IBM PC compatible

can link with HiNet
local-area network,
HiNet electronic mail

can link with HiNet
local-area network,
HiNet electronic mail

T
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Manufacturer/Location
Model

Dynalogic Info-Tech Ottawa, Ontario
Hyperion

Dynalogic Info-Tech Ottawa, Ontario
Hyperion Plus

Epson America Inc. Torrance, CA
Epson HX-20

Gavilan Computer Corp. Campbell, CA
Gavilan Computer

GRID Systems Mountain View, CA
Compass

Hewlett-Packard Palo Alto, CA
HP-75C

Jonos Anaheim, CA
Escort C1100

Jonos Anaheim, CA
Escort C2100

Management Techniques Inc. Boston, MA
Escort Assistant

Management Techniques Inc. Boston, MA
Escort Administrator

Micro Source New Lebanon, OH
MB000P-Voyager

Modular Computer Systems Inc. Ft. Lauderdale, FL
Zorba 2000

Modular Computer Systems Inc. Ft. Lauderdale, FL
Zorba 2000/4

Size (Inches)

185 by 11V
by 8%

18% by 114
by 8%

11%a by 8%2
by 1%

1124 by 112%
by 2%

11V2 by 15
by 2

1% by 5
by 10

17 by 13Va
by 7Va

17V by 13Vs
by 7Va

7V2 by 17V
by 13Va

72 by 17Va
by 13Va

17 by 20 by 7

17V2 by 5
by 9

172 by 5
by 9

Weight

18 Ibs.

21 |bs.

3 Ibs.

13 oz.

9 Ibs.

10 lbs,,

122 oz.

26 oz.

25 Ibs.

25 Ibs.

25 Ibs.

25 Ibs.

32 Ibs.

21 Ibs.

21 Ibs.

Power Supply

120 or 240V AC

120 or 240V AC

batteries or AC

batteries or AC

110 or 220V AC

batteries or AC

110 or 220V AC

110 or 220V AC

AC

AC

120 or 220V AC

AC

AC

Price

$3395

$4995

$795

$3995

$9210

$995

$3995

$3995

$3995

$5995

$3900

$1995

$2495

Type of
Microprocessor

8088

8088

Dual 6301

CMOS

8088

8086,
8087

CMOS HP
Series 80

Z80A

Z280B

280

280

Z80A

780

Z80A
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“

Operating
System

MS-DOS

MS-DOS

na.

MS-DOS

INGRID
(proprietary)
or MS-DOS

proprietary

CP/M

CP/M

CPIM

CP/M

CPIM

ceim

CP/M

RAM Memory
Min./Max.

256K min.,
256K max.

256K min.,
256K max

16K min.,
32K max.

80K min.,
336K max.

256K min.,
256K max.

16K min.,
24K max.

64K min.,
128K max.

128K min.,
128K max.

64K min.,
64K max.

64K min.,
64K max.

64K min.,
512K max.

64K min.,
320K max.

64K min.,
320K max.

Mass Storage
Type, Size

5%-inch
floppy-disk
drive

2 5Y%-inch
floppy-disk
drives

microcassettes,
35K/side

3-inch
microfloppy-
disk drive

348K nonvolatile
bubble memory

magnetic card,
n.a.

2 5Y-inch
floppy-disk
drives

2 3V2-inch
floppy-disk
drives

2 3Vz-inch
floppy-disk
drives

2 3%2-inch
10-Mb hard-disk
drives

2 5Va-inch
floppy-disk
drives

5Va-inch
floppy-disk
drive,
DS/QD

2 5Va-inch
floppy disk
drives,
DS/DD

Display
Type, Size

7-inch CRT,
80 characters
by 25 lines

7-inch CRT,
80 characters
by 25 lines

LCD,
20 characters
by 4 lines

LCD,
66 characters
by 8 lines

6-inch ELD,
80 characters
by 24 lines

LCD,
32 characters
by 1 line

9-inch CRT,
B0 characters
by 25 lines

9-inch CRT,
80 characters
by 25 lines

9-inch CRT
80 characters
by 24 lines

9-inch CRT
80 characters
by 24 lines

9-inch CRT,
80 characters
by 24 lines

9-inch CRT,
80 characters
by 24 lines

9inch CRT,
80 characters
by 24 lines

Color or
Graphics

graphics

graphics

graphics

n.a.

graphics

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

Software
Included

Microsoft BASIC

Microsoft BASIC,

Muitiplan, In:scribe,

In:touch

Skiwriter word-
processing pro-
gram in ROM

optional word-
processing

GRID-PLAN,
-PLOT, -FILE,
-TERM, -WRITE

text editor, time of
day, scheduler,

optional HP-IL inter-

face loop for
printer, digital

cassette drive, and

CRT adapter

BASIC-80,
Multi-Plan,
Spellbinder,
Spellcheck

(see above)

BASIC-80

(see above)

BASICZ, Wordstar,
Calcstar,
Mailmerge,
Spellstar, Superfile,
Archivist,

6 expansion slots

word processor,
spelling checker,
spreadsheet,
database man-
ager mailing list,
and CBASIC

(see above)

Comments

IBM PC compatible,
can be upgraded to
Hyperion Plus level

IBM PC compatible
with built-in direct
connect modem

built-in 24-column
dot-matrix printer

communications
scheduling and
electronic spreadsheet
packages in capsules

built-in modem,
software update and
more file storage in
GRID Central main-
frame computer

optional dot-matrix
printer attaches to
back of computer

(see above)

Multiplan, Spellbinder,
Spellguard

(see above)

6 expansion slots;
can add 8086
processor for IBM PC
compatibility

optional 8088
coprocessor and
and internal

300- to 1200-bps
modem; can read
other disk formats.

optional 8088
coprocessor and
internal 300- to
1200-bps

modem; can read,
write, and format disks
for 30 different
microcomputers.
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Manufacturer/Location
Model

Modular Computer Systems Inc. Ft. Lauderdale, FL

Zorba 2000/8

Modular Computer Systems Inc. Ft. Lauderdale, FL

Zorba 2000/16

NEC Electronics Chicago, IL
PC-8201

Non-Linear Systems Solana Beach, CA
Kaypro Il

Non-Linear Systems Solana Beach, CA
Kaypro 4

Non-Linear Systems Solana Beach, CA
Kaypro 10

Olympia USA Inc. Somerville, NJ
Portable Computer OL-HO04

Olympia USA inc. Somerville, NJ
Portable Computer OL-0008

Osborne Computer Corp. Hayward, CA
The Executive

Osborne Computer Corp. Hayward, CA
Executive |

Osborne Computer Corp. Hayward, CA
Osborne 1

Otrona Corp. Boulder, CO

Attache

Panasonic Co. Secaucus, NJ
Hand-Held Computer RL-H1800

Panasonic Co. Secaucus, NJ
JR-800

Size (Inches)

172 by 5
by 9

17V by 5
by 9

114 by 8%
by 2V2

19 by 16 by 8

19 by 16 by 8

19 by 16 by 8

1% by 9
by 3%

1%2 by 9
by 3%

202 by 13
by 9

20%2 by 13
by 9

20Y2 by 14%2
by 82

12 by 13%2

by 5%

1by9by3

10% by 5%
by 1%

Weight

21 lbs.

21 Ibs.

3.8 Ibs.

26 ibs,

26 Ibs.

27 lbs.

21 oz.

21 oz.

28 Ibs.

28 Ibs.

23 Ibs.,
8 oz

18 Ibs.

21.9 oz.

11b.
10 oz.

Power Supply

AC

AC

batteries or AC

110 or 220V AC

110 or 220V AC

110 or 220V AC

batteries or AC

batteries or AC

AC

AC

AC

120 or 220V AC

batteries or AC

batteries or AC

Price

$2495

$2995

$675

$1595

$1995

$2795

$380

$480

$2495

$3195

$1795

$3995

$380

$499.95

#

Type of
Microprocessor

Z80A

Z80A,
8088

80C85

Z80A

Z80A

Z80A

proprietary

proprietary

Z80A

8088

Z80A

Z80A

proprietary

80C85

September 1983 © BYTE Publications Inc.
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Operating
System

CPIM

CPIM,
CP/M-86.
MS-DOS

proprietary

CP/M

CPM

CP/M

proprietary

proprietary

CP/M,
UCSD Pascal

MS-DOS,
CP/M-86,
UCSD Pascal

CP/M

CPIM

n.a.

proprietary

RAM Memory
Min./Max.

64K min.,
320K max.

64K min.
512K max.

16K min.,
64K max.

64K min.,
64K max.

64K min.,
64K max.

64K min.,
64K max.

4K min.,
4K max.

8K min.,
8K max.

128K min.,
256K max.
(with copro-
cessor)

256K min.,
384K max.

64K min.,

64K max.

64K min.,
156K max.

8K min.,
8K max.

16K min.,
24K max.

Mass Storage
Type, Size

2 5Va-inch
floppy-disk
drives,
DS/IQD

2 5Va-inch
floppy-disk
drive,
DS/QD

cassette, n.a.

2 5Va-inch
floppy-disk
drives

2 5Va-inch
floppy-disk
drives,
DS/OD

5Va-inch
floppy-disk
drive, 1 10-Mb
hard-disk drive

n.a.

n.a.

2 S5Va-inch
floppy-disk
drives

2 SVa-inch
floppy-disk
drives

2 S5%a-inch

floppy-disk
drives

2 5Y-inch
floppy-disk
drives

cassette, n.a.

cassette, n.a.

Display
Type, Size

g-inch CRT,
80 characters
by 24 lines

9-inch CRT,
80 characters
by 24 lines

LCD,
40 characters
by 8 lines

9-inch CRT,
80 characters
by 24 lines

9-inch CRT,
80 characters
by 24 lines

9-inch CRT,
80 characters
by 24 lines

LCD
26 characters
by 1 line

LCD,
26 characters
by 1 line

7-inch CRT,
80 characters
by 24 lines

7-inch CRT,
80 characters
by 24 lines

5-inch CRT
52 characters
by 24 lines

5Y%-inch CRT,
80 characters
by 24 lines

LCD,
26 characters
by 1 line

LCD,
32 characters
by 8 lines

Color or
Graphics

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

graphics

n.a.

Software
Included

word processor,
spelling checker,
spreadsheet,
database manager,
mailing list and
CBASIC

(see above)

built-in text
processor and
communication
software

MBASIC, SBASIC,
Profitplan, Perfect-
Writer, -Speller,
-Calc, -Filer

MBASIC, SBASIC,
Profitplan, Perfect-
Writer, -Speller,
-Calc, -Filer

MBASIC, SBASIC,
Profitplan, Perfect-
Writer, -Speller,
-Calc, -Filer

n.a.

n.a.

Wordstar,
Mailmerge,
Supercalc, Personal
Pearl, CBASIC,
MBASIC

(see above)

CBASIC,
MBASIC,
Wordstar,
Mailmerge,
Supercalc

BASIC-80,
Wordstar Plus,
Charton, Valet

n.a.

n.a.

Comments

optional 8088
co-processor and
internal 300- to
1200-bps modem; can
read other disk
formats.

optional internal
300- to 1200-bps
modem; can read
other disk formats.

optional 32K bubble
memory cartridge

IBM PC compatible

optional double-density
disk drives

modular construction
allows 1-hbur repair
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Manufacturer/Location
Model

Peripheral Systems Marlton, NJ

Eagle

Quasar Franklin Park, IL

Quasar Hand-Held Computer

Radio Shack Fort Worth, TX

PC 1

Radio Shack Fort Worth, TX

PC 2

Radio Shack Fort Worth, TX

TRS-80 Model 100

Sarasota Automation Sarasota, FL

Husky

Seequa Computer Annapolis, MD

Chameleon

Sharp Electronics Corp. Paramus, NJ

PC-1250

Sharp Electronics Corp. Paramus, NJ

PC-1500

Sharp Electronics Corp. Paramus, NJ

PC-5000

SKS Computers Inc. Columbus, OH

SKS 2502 Nano

SKS Computers Inc. Columbus, OH

SKS 252 Pico

SMC Corp. Atlanta, GA
Compucase

SORD Computer Tokyo Japan

M23P

STM Electronics Corp. Menlo Park, CA

Pied Piper |

Size (Inches)

18 by 17Va
by 8

3V by 8%,

by 1Va

67 by 2%
by Vs

716 by 3%
by 1%

117 by 8
by 2
9v2 by 8

by 1%

18 by 15v2
by 8

5% by 2%
by %

7% by 1
by 3%

121%¢ by 12

by 3%e

1554 by 18%
by 62

1554 by 18%
by 62

5%2 by 18
by 13

17% by 1576
by 5%

20%
by 10% by 4

Weight

18 Ibs.

14 oz.

6 oz.

1 Ib.

4 |bs.

4.5 Ibs.

28 Ibs.

4 oz.

2 Ibs.

11 Ibs.

30 Ibs.

22 |bs.

25 ibs.

16 Ibs.
8 oz.

11 ibs.

Power Supply

110 or 220V AC

batteries or AC

batteries or AC

batteries or AC

batteries or AC

batteries or AC

110 or 220V AC

batteries or AC

batteries or AC

batteries or AC

AC

AC

AC

110 or 220V AC

115 or 230V AC

Price

$3495

$329

$149.95

$199.95

8799

$2995

$1995

$110

$300

$2995

$2495

$2495

$7995

$2595

$1299

#

Type of
Microprocessor

Z80A

6502

proprietary

proprietary

80C85

280

8088

proprietary

proprietary

8088

Z8OA

ZB0A

ZBOA

ZBOA

Z8B0OA
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Operating
System

CP/IM

n.a.

n.a.

n.a.

proprietary

CPIM

MS-DOS or

CPIM-86

na.

n.a.

MS-DOS

CP/M

CP/M

CPIM

CP/M 3.0

CPIM

RAM Memory
Min./Max.

64K min.,
156K max.

2K min.,
8K max.

1.9K min.
1.9K max.

2.6K min.,
16K max.

8K min.,
32K max.

16K min.,
144K max.

128K min.,
700K max.

2.2K min.,
2.2K max.

16K min.,
20K max.

128K min.
256K max.

80K min.
80K max.

80K min.
80K max.

64K min.,
64K max.

128K min.,
128K max.

64K min.,
128K max.

Mass Storage
Type, Size

2 3Y2-inch
floppy-disk
drives

cassette, n.a.

cassette, n.a.

cassette, n.a.

cassette, n.a.

n.a.

2 5%-inch
floppy-disk
drives

cassette, n.a.

cassette, n.a.

128K bubble-
memory
cartridge

2 5Y-inch
floppy-disk
drives

2 3%-inch
flioppy-disk
drives

SVa-inch
floppy-disk
drive

2 3V2-inch
tiopppy-disk
drives

5Va-inch
floppy-disk
drive

Display
Type, Size

7-inch CRT,
80 characters
by 24 lines

L.CD,
32 characters
by 1 line

L.CD,
24 characters
by 1 line

LCD,
26 characters
by 1 line

LCD,
40 characters
by 8 lines

LCD,
32 characters
by 4 lines

9-inch CRT
80 characters
by 25 lines

LCD,
24 characters
by 1 line

LED),
26 characters
by 1 line

LCD,
80 characters
by 8 lines

5- by 9-inch
CRT,

80 characters
by 24 lines

5- by 9-inch
CRT,

80 characters
by 24 lines

gas plasma,
50 characters
by 12 lines

LCD,

80 characters
by 8 lines

n.a.

Color or
Graphics

graphics

n.a.

n.a.

n.a.

n.a.

n.a.

graphics

n.a.

n.a.

graphics

n.a.

n.a.

n.a.

color and
graphics

graphics

Software
Included

electronic
spreadsheet,
spelling checker,
word processor,
inventory control

n.a.

n.a.

n.a.

built-in text editor,
scheduler,
address handler,
and communi-
cations program

n.a.

MBASIC,
Perfect-Writer,
-Calc

n.a.

n.a.

word processing,
electronic
spreadsheset,
database man-

ager and scheduler

Pertect Series

Pertect Series

n.a.

SORD BASIC,
PIPS

Perfect-Writer,
-Speller, -Calc,
-Filer

Comments

optional built-in modem
and hard-disk drive

built-in direct-connect
modem

IBM PC compatible

optional printer,
floppy-disk drive,
modem, and cassette
recorder

optional 80186
MICroprocessor

optional 80186
MiCroprocessor

optional port for bit-
mapped graphics
with color or mono-
chrome monitor

requires @ monitor or
television screen,

optional LCO with 80
characters by 2 lines
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Manufacturer/Lacation
Model

Sunrise Systems Inc. Carroltown, TX
KP-C8

Teleram Communications White Plains, NY
Teleram 3000

Televideo Systems Inc. Sunnyvale, CA
Teletote |

Texas Instruments Inc. Lubbock, TX
CC-40

Toshiba America Inc. Tustin, CA
T100

Universal Data Inc. Clarkston, Ml
UDI-500

Type of

Size (Inches) Weight Power Supply Price Microprocessor

16 by 9 by 2 42 |bs. batteries or AC approx. NSC800A

$2000
13 by 9% 8 Ibs., Built-in recharge-  $2995 Z80L
by 3% 13 oz. able 12-V bat-
tery (3-10 hrs.)

18 by 8 by 15 23 Ibs. AC $1499 Z80A

9Y2 by 5% 22 oz. batteries or AC $249.95 TMS 9995

by 1

162 by 4 na. AC $1995 Z80A

by 11

11 by 13 12 lbs,, batteries or AC $3995 LH5080

by 3% 13 ozs. ({CMOS 280),
1805

But the advantages of the CRT out-
weigh the disadvantages. First, it is
a luminescent display—it produces
light. Therefore, it can be used under
poor lighting conditions. Second, it
is extremely flexible. Given a monitor
with sufficient resolution, you can
display any type of image upon it, in-
cluding color, such as with the Com-
modore Executive 64. Finally, there’s
enough software available to take ad-
vantage of that flexibility.

The second most popular form of
display is the small, lightweight LCD,
which usually requires little power
and is relatively immune to damage.
One disadvantage is that an LCD’s
response time is slower than that of
a CRT display in terms of speed re-
quired to write and erase a character
on the display. Additionally, the LCD
bit-mapped graphics are at best crude
because the individual pixels (picture
elements) aren’t small enough to give
sharp definition. And at tempera-
tures below freezing, the LCDs may
slow down even more or stop
altogether.
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The Sharp PC-5000 has the largest
LCD currently available on a portable
computer, 8 lines by 80 characters
(see photo 2). Whether such a display
is large enough for effective work is
a matter of personal taste. Portable
computers with a 1-line display are
minimally usable. The HP75 has a
l-line by 32-character display. The
Epson HX-20 (see photo 3) has 4 lines
by 20 characters. The Radio Shack
Model 100 has an 8-line by 40-char-
acter display. You can work with all
of these displays, but they are only
a fraction of the size of a standard
CRT display of 80 characters by 24
lines. You should carefully consider
the display size in terms of your par-
ticular application and choose the
portable that best fits your needs.
Word processing on a 4-line display
is awkward at best.

Finally, the new ELD and gas-
plasma display technologies provide
still another choice. ELDs use a
chemical coating and a wire grid
placed between two glass plates. The
chemical coating emits light when an

www americanradiohistorv com

AC voltage is applied to the wires.
Alphanumeric characters can be
formed by applying the voltage to the
correct sequence of wires. The gas-
plasma display is similar to the ELD
except that a gas fills the space be-
tween the two plates. The Grid Com-
pass computer has an ELD screen.

ELDs combine the advantages of
the CRT and the LCD. They can dis-
play a full 80 characters by 24 lines,
offer good bit-mapped graphics res-
olution, and their flat shape makes
them ideal for portable applications.
The only disadvantage is that both
their price and power consumption
exceed the level of other displays. For
now, field testing will have to deter-
mine whether the electroluminescent
and gas-plasma displays are econo-
mical and reliable enough to replace
the CRT display for portable
computers.

Data Storage

Developments in data-storage tech-
nology have enabled portable com-
puter users to take their data along
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Operating RAM Memory Mass Storage
System Min./Max. Type, Size
proprietary 80K min. microcassette,
144K max. 512K
CPIM 64K min., 256K nonvolatile
64K max. bubble memory
CPIM 64K min., 5Vs-inch
160K max. floppy-disk
drive
proprietary 6K min., n.a.
16K max.
CPIM 32K min., 2 5Va-inch
64K max. floppy-disk
drives
CP/M, 64K min., 2 3%z-inch
Micro DOS 256K max. floppy-disk
drives

Display
Type, Size

LCD,

40 characters
by 6 lines or
80 characters
by 3 lines

LCD,
80 characters
by 4 lines

9-inch CRT,
80 characters
by 24 lines

LCD,
31 characters
by 1 iine

LCD,
40 characters
by 8 lines

LCD,
40 characters
by 8 lines

Color or
Graphics

color and
graphics

n.a.

graphics

n.a.

graphics

and color

n.a.

Software
Included

buiit-in word
processing,
calendar,
communications,
and auto-dialer

Teletalk
communications
program

Wordstar.
Visicalc

22 applications
packages

Word Right
word-processing
package

Vedit

text pro-

cessor and
communications
package

Comments

optional flat-pack
expansion box for
8088 microprocessor
and floppy-disk drives

optional portable disk
drive can read Apple,
Osborne, and IBM for-
mats; optional office
station with CRT, disk
drive, and 8 ports

includes mouse port

optional plotter, printer,
and stringy-floppy
drive

optional CRT display

built-in 300-bps
modem and card slot
for use with RCA
CMOS microboards

with them. The newer half-height
5%-inch and 3%-inch floppy-disk
drives have as much storage capaci-
ty as the older 8-inch drives. Hard
disks are also becoming portable. For
example, the Kaypro-10 has a built-in
10-megabyte hard-disk drive. Some
portables feature bubble-memory
cartridges for convenient long-term
data storage.

Memory is the working medium of
any computer, and portables are no
exception. Yet portables, because they
incorporate the latest technology, of-
fer more memory options than stan-
dard desktop computers. You can
have a portable with CMOS RAM,
bubble-memory cartridges, mini- or
micro-floppy- disk drives, or hard
disks. Each option has its own par-
ticular advantages and disadvan-
tages.

CMOS memory is widely used in
briefcase computers because of its

Photo 2: The flip-up 80-character by 8-line
LCD screen on the Sharp PC-5000 is only
one-third the size of a standard CRT screen.
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Photo 3: Space limitations on the front panel forced the designers
of the Epson HX-20 to use a 20-character by 4-line display.

low power consumption. The recent
improvement in chip-manufacturing
technology has lowered the price and
increased the performance of these
memory devices. CMOS chips are
still slower in operation than cor-
responding TTL (transistor-transistor
logic) memory devices, but their
speed is improving. In actual use the
speed of a CMOS memory chip does
not adversely affect the operation of
a portable computer.

Bubble-memory cartridges have
been around for a while but haven't
been widely used because of their
high price. But, like CMOS memory,
their price is dropping and their use
is increasing, especially for the brief-
case computers. Bubble-memory car-
tridges offer several advantages over
other storage media such as floppy
disks. They operate like a floppy-disk
drive but much faster; they have no
moving parts and no disk-drive head
to move from track to track. Data is
stored in the cartridge as a pattern of
magnetic bubbles, and when the car-
tridge is removed or power fails, the
stored data is retained. The cartridges
do not require an auxiliary battery to
retain data. They require very little
power to operate and are much more
rugged than conventional floppy
disks.

Floppy disks are still very much the
medium of choice for people who
work with portable computers. They
are widely used, dependable, and
have a broad base of available soft-
ware. With the introduction of half-
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of disk formats.

height and microfloppy-disk drives,
floppy disks remain the primary
data-storage medium. The disadvan-
tages of floppy disks include occa-
sional incompatible recording for-
mats for 5%-inch disks and the con-
fusing differences between the
various standards for the micro-
floppy-disk drives.

Before buying a portable or trans-
portable computer, find out if it can
read and write to disks from other
computers. The Kaypro Il (see photo
4), for example, can read and write
to disks created with a Xerox 820-II.
And the Kaypro Users Group has
software available that will enable the
Kaypro II to read other disk formats.

Rather than carry a lot of floppy
disks, you can opt for a portable with
a built-in hard-disk drive. Portables
such as the Kaypro-10 (see photo 5)

Photo 7: The Columbia VP is one of the best
of the IBM-compatible computers.

www americanradiohistorv com

Photo 4: The Kaypro 11 has the ability to read and write to a variety

with its 10-megabyte hard disk and
the Starlite HD20 (see photo 6) with
its 20-megabyte hard disk can serve
users with very large data-storage
needs. Both have a staggering
amount of storage for a portable com-
puter system and can handle almost
any application.

Hard-disk-drive manufacturers
carefully studied the typical environ-
ment of a portable computer and
have developed drives that have
special shock mountings and head-
positioning controls to withstand
shock and vibration. For example,
both the Kaypro-10 and the Starlite
HD20 have utility programs to posi-
tion the read/write head in a "safety
zone” on the disk that is isolated
from the data tracks; if a head crash
occurs while the computer is in tran-
sit, you will probably be able to
recover your data. In addition, the
read/write heads have been rede-
signed to be lighter and less prone to
shock.

Hard-disk drives are an expensive
option, but their price is dropping.
However, they are heavier than
floppy-disk drives and consume
more power because the disk is con-
stantly spinning while it's on. An-
other potential problem is the possi-
bility of data loss due to a head crash.
This occurrence is more serious with
a hard disk loaded with great quan-
tities of data than for a set of floppy
disks.

For most of the transportable com-
puters that use the Z80 micropro-
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Photo 5: With its 10-megabyte hard disk preloaded with the bundled
software, the Kaypro-10 can store 50 disks’ worth of information.

cessor, the de facto operating system
is CP/M. Compatibility is reasonably
assured regardless of the type of
computer, magnetic media, or dis-
play used. Practically every major
software application package is avail-
able in a CP/M format. By using a
standard operating system, you have
access to a tremendous number of
programs, programming utilities, and
languages.

But the issue of compatibility
becomes much more complicated
when computer manufacturers try to
make their computer emulate the
functions of another machine, as is
the case with the many IBM Personal
Computer work-alikes. This con-
tinues to be a confusing issue
because three levels of compatibility
have emerged.

Incompatible disk formats or differ-
ent-size media characterize the first
level. For example, the DOT com-
puter uses an 8088 microprocessor
and runs MS-DOS, but it uses the
Sony 3%-inch floppy-disk drives,
which are not compatible with the
standard 5%-inch drives used on the
IBM. As a result, you would have
some work to do to transfer programs
from the IBM to the DOT computer.

The second level is data compati-
bility. Most “IBM-compatible” com-
puters fall into this category. With a
data-compatible portable, you can
transfer data created on an IBM disk
to a portable computer. But you can-
not transfer the program used to
create those data files. For example,

you can create a data file with an elec-
tronic spreadsheet program on the
IBM and use that data on a compati-
ble portable as long as you have the
same version of the spreadsheet pro-
gram for the portable.

The last level of compatibility in-
cludes computers that are “almost a
clone” These systems, such as the
Columbia VP (see photo 7), offer the
same graphics capabilities and key-
board as the IBM and use the same
software. They differ from the IBM
PC only with respect to the informa-
tion stored in ROM. The PC has a
copyright notice in its ROM. Some
programs such as Visicalc only work
correctly after locating the copyright
notice in ROM. Most software will
work correctly, but in some cases you
need to get a version of the program
specifically tailored to your computer.
Before choosing a portable, find the
software you want, and then make
sure it runs on the computer you like.

Software

Bundled software is a great value.
It lets you get the computer up and
running as soon as you take it home.
Manufacturers usually offer word-
processing, electronic spreadsheet,
database-manager, and perhaps com-
munications packages. Some por-
table computers have as much as
$2500 worth of software bundled
with the hardware. Bundled software
also enables you to try the various
programs before you buy a complete
system.
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Photo 6: The Starlite HD 20 offers a staggering 20 megabytes of
storage in a portable computer.

But don't let the lure of bundled
software sway your decision on
which portable computer to buy. You
may not like a particular software
package that is included with the
portable computer you choose.
Selecting software is sometimes a
very subjective decision. The soft-
ware and hardware must combine to
meet your needs. If they don't do
what you need, you shouldn’t buy
them.

Defining the Workplace

When considering the purchase of
a portable computer, ask yourself one
more question, “Where do I need a
computer most?” Do you really need
a heavy-duty CP/M system that can
be transferred from the office to
home? Or do you need a computer
that can go on the road for data col-
lection in the field? You may be the
ultimate computer junkie who likes
to work in pajamas in bed at 2 o'clock
in the morning. Your ideal working
environment is critical in your choice
of a computer.

Summary

Choosing a portable computer isn't
easy. The number of portables and
the variety of available features make
the choice a tough one. But with the
right background and some in-depth
research, you'll be able to find one
that suits your needs.m

Stanley ]. Wszola is a BYTE technical editor. -
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Rana’s disk drive was
twice as good as Apple’s
with one head.
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Now we have two.
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We added another head
so you won’t have to buy another disk.

That's the beauty of a double sided head. A
floppy disk which allows you to read and write on
both sides. For more storage, for more information,

for keeping larger records,
and for improved perfor-
mance of your system.
That's what our new Elite
& [[™= Twoand Elite Three offers.
Rana’'s double sided heads give Apple
Il superior disk performance power
than second generation personal com-
puters such as IBM's.

It's the first double headed
Apple® compatible disk
drive in the industry. And of
course, the technology is
from Rana. We're the com-
pany who gave you 163K
bytes of storage with our Elite One, a 14% increase
over Apple's. And now with our high tech double
sided heads, our Elite Two and Three offers you two
to four times more storage than Apple’s. That's
really taking a byte out of the competition.

We put our heads together
to give you a superior disk drive.

We designed the Elite Three to give you near
hard disk capacity, with all the advantages of a
minifloppy system. The double sided head oper-
ates on 80 tracks per side, giving you a capacity of
652K bytes. It would take 4V2 Apples to give you
that. And cost you three times our Elite Three's
reasonable $849 pricetag.
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The Elite Two offers an impressive 326K bytes
and 40 tracks on each side. This drive is making a
real hit with users who need extra storage, but
don't require top-of-the-line capacity. Costwise, it
takes 2V2 Apple drives to equal the performance of
our Elite Two. And twice as many diskettes. Leave it

to Rana to produce the most cost efficient disk
drive in the world.

It takes 4V2 Apples 10 equal the capacity
of our superior Elite Three.

D e
EiEI

We've always had the guts to be a leader.

Our double sided head may be an industry
first for Apple computers, but nobody was surprised.

® Apple is a registered trademark of Appile Computer. Inc.

Circle 379 on inquiry card.

They've come to expect it from us. Because Rana
has always been a leader. We were the first
with a write protect feature, increased capacity,

Your word processor stores 5 times as many pages of text on an Elite Three
diskette as the cost ineffective Apple.

and accurate head positioning. A first with attrac-
tive styling, faster access time, and the conve-
nience of storing a lot more pages on far fewer
diskettes. We were first to bring high technology to
a higher level of quality.

So ask for an Elite One, Two, or Three.
Because when it comes to disk drives, nobody
uses their head like Rana.

NOW AVAILABLE FOR THE APPLE IlI. . .
THE ELITE TWO.THREE AND ELITE THREE.THREE

RanaSystems

21300 Superior St., Chatsworth, CA 81311  (213) 700-5484. For dealer information cali toll
free: 1-800-421-2207. In Califomia only Call: 1-800-262-1221. Source Number. TCT-854

Available at all participating Computeriand stores and other fine computer dealers.

BYTE September 1983 49

www americanradiohistorv com


www.americanradiohistory.com

T S LIPS

Microcomputer System.

As featured on the cover of “BYTE” magazine, November 1982.
Also featured in Ciarcia’s Circuit Cellar, November, December 1982 & January 1983.

These are all the tools you’ll need
to build the world’s most powerful
single board microcomputer.

The Micromint MPX-#6. Put one together tonight.

Once assembled, the most useful tool will be your own ‘ To get the MPX-16 up and running only requires one disk

imagination. Thie possibilities are limitless. Micromint will A & | drive, power supply and serial terminal.
help you tailor the MPX-16 system to your particular needs # « MPX-16 i led. tested
and budget. Purchase the MPX-16 as a bare pc board, as ; and"t’,‘u‘rﬁei}’}ﬁ"v’vﬁﬁagﬂ,f %ﬂggtg{gmmg%gg i

a semi-kit with all the IC sockets, |/0 connectors and
discreet components wave soldered to the pc board,
or as an assembled and tested unit.

- or MS-DOS operating system* ................ $1,895.00
o + MPX-16 with 256K bytes of RAM e ..., $2,135.00
| &7« MPX-16 Semi-Kit (wave soldered pc board) less ICs . .. .. $595.00
” « Complete kit of IC's burned in and tested with 64K

+ Directly boots CP/M-86 or MS-DOS." bytesof RAM. ... ... ... ........$595.00
« Runs all CP/M-86 or MS-DOS * applications * With 256K bytes of RAM. ............................5800.00

programs. + MPX-16 Unpopulated (bare) pc board, silk screened
and solder masked . ........ $300.00

On board features. ;
« [BM PC bus compatible with 9 expansion slots.
= Intel 8088 16-bit microprocessor. :
- Optional Intel 8087 math COProCessor.
« 256K bytes on board memory.
- Up to one megabyte of system men
« Up to 64K bytes of s?lstem ROM/EP
« Two RS-232C serial I/0 ports.
« Three parallel /0 ports.
« Floppy disk controller for 51/4" or 8" singlé
double density disk drives. !
« Four independent DMA channels.
« Sixteen levels of vectored interrupts.

» CP/M-86 Operating System on 51/4” or 8" diskette. . $200.00
« MPX-16 Switching Power Supply including
power supply harness .. ..................$300.00
+ MPX-16 Technical Reference and User's Manual $50.00
Call for current pricing on serial terminals, floppy disk
drives, metal enclosures, hard disk systems, etc.

To Order: Call Toll Free | MICROMINT INC.
1-800-645-3479 561 Willow Avenue
I N.Y. 1-516-374-6793 | Cedarhurst, NY 11516

C Y- -

O

S
rx&‘&\é

MS-DOS is a trademark of Microsott Corp

.
L

*Available Soon. st

3, _
v :
Circle 290 on inquiry card. M Xq16 ]
Micromint F tn

The System with the Winning Combination.
1BM PC 15 a.trademark of International Business Machines. Inc.. CP/M-86 is a trademark of Digital Research. Inc.,
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High-1Q Modems

A new generation of intelligent modems lets users concentrate on
applications rather than on modem-interfacing details

With the incorporation of
sophisticated microcomputers, high-
density RAMs, and advanced com-
munications ICs, the so-called dumb
modem is being replaced by a new
generation of intelligent modems.
These modems not only offer fea-
tures that enhance data-communica-
tions applications, but also can deter-
mine the parameters of the systems
in which they’re installed and adjust
their operation to meet system re-
quirements. Some models, for exam-
ple, can learn such system specifica-
tions as a host computer’s bit speed

by Stephen Durham

and parity and set their own opera-
tion accordingly.

The high degree of “intelligence”
contained in this new generation of
modems allows telephone links be-
tween computers to be operated vir-
tually unattended. This capability
makes possible a wide range of new
telecommunications applications, in-
cluding electronic mail, central-data-
base access, remote diagnostics, and
remote-peripheral sharing.

The level of intelligence incorpo-
rated into modems determines their

ability to disappear into the back-

o

ground of your computer system and
to provide unattended communica-
tions capability:

By and large, while most of these
new-generation high-IQ modems
provide such features as automatic
dialing, automatic answering, and
automatic disconnecting, they do not
take full advantage of the advanced
microprocessor and memory tech-
nologies with which they are built.
Largely ignored are a wide range of
what can be called “system con-
figuration” problems, which result
from differing transmission proto-

Photo 1: A command-driven auto-dial, auto-answer modem (Cermetek’s Info-Mate 212A).

www americanradiohistorv com
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Circle 21 on inquiry card.

ALPHA
OMEGA

CONPUTER FRODULTS

DISKETTES
SCOTCH3MSSDD. ........
MAXELL MD2 DD DD
PRINTERS
CITOH 8510 PARALLEL . . . . . .

GEMINI 10 X e e . 295.00
OKIDATA MICROLINE 92 . . . . . .509.00
EPSON FX-80, .. .. ..8CALLS

EPSON FX-100.

MODEMS

HAYES SMARTMODEM 300. . . .
HAYES SMARTMODEM 1200. . . 495.00
HAYES SMARTMODEM i .

MONITORS

TAXAN 12" AMBER .
USIPI 3 12" AMBER .

AMDEK 300 G. . . .

AMDEK COLOR | 13" :
AMDEK COLOR 1 13" RGB . . .

' 147.00
...133
275.00

IBM PERIPHERALS & SOFTWARE

TANDON TM55-2 THIN LINE. . . $CALL$
TANDONTM100-2. . . .. . ... .245.00
MICROSOFT MOUSE . . . . . . .. .145.00
QUADRAM QUAD BOARD W/64K275.00
KRAFT & T.G. JOYSTICKS . . . . . .46.00

DBASE II. | ... .395.00
WORDSTAR . .. ...........264.00
HOME ACCOUNTANT + . 98.00
VOLKSWRITER .. 125.00
LOTUS 1.2.3, .. .$CALLS
MULTIPLAN ., ., . ... ..., 175.00

FLIGHT SIMULATOR. . . .34.00

APPLE PERIPHERALS & SOFTWARE

VIDEX VIDEOTERM 80 COLUMN. 219.00
MICROSOFT PREMIUM PAK. . . . 469.00
MICROSOFT 16K RAMCARD. . . . 69.00
KRAFT & T.G. JOYSTICKS . . . . . .44.00
QUENTIN APPLEMATE DRIVES . . 235.00
SUPER 5 THIN LINE DRIVES. . . . 265.00
WIZARD BPO16K BUFFERED INT . 139.00
EPS KEYBOARD. .. . .. S—1 1 ]
COOL & TIME (Fan, Time, Surge). . 69.00

PFS FILING SYSTEM 83.00
PFS REPORT 83.00
DBASE II. . . . 395.00

WORDSTAR . . 264.00

CALL FOR COMPLETE PRODUCT
LINE AND CURRENT PRICING

2 345-4422

4847 LA MONTANA CIRCLE
@& TARZANA, CA 91356 2

All products are in factory sealed packages. We
guaranteeallitems for 30 days. Withinthis penod.,
defective merchandise returns must be accom:
panied by RMA number. All other returns will be
subject to a 10% restocking fee. For prepaid
orders there will be a 3% shipping charge. $5.00
minimum, There will be an additional $4.00 sur-
charge on COD orders.Cash or Cashiers Checkiis
required on COD orders. Calif.residents add 6.5%
sales tax Prices subject to change without notice
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cols, differing modem bit rates, lack
of automatic dial-mode selection,
conflicting parity states, and the lack
of any means of testing the computer,
the modems, or the transmission line
to determine where potential failures
could occur.

The traditional solution to system-
configuration problems has been no
solution at all. Hence, the user has
been left to take care of all those nas-
ty little details by either tweaking the
hardware or reconfiguring specific
application programs. In neither case
is the modem operating procedure
transparent to the user.

How well intelligent modems per-
form system-configuration functions
depends not so much on how
sophisticated and advanced the built-
in microprocessor is or on how ad-
vanced the applications software
used by the computer to operate the
modem is but on the efficiency and
cleverness of the modem’s firmware
design. In other words, the degree to
which a modem performs such func-
tions depends on how transparent its
implementation can be made to the
user by incorporating functions into
the internal operation of the modem
itself.

While the price difference between
a dumb modem and an intelligent
modem is still substantial, it is much
less so between a moderately intel-
ligent modem and one with a maxi-
mum of transparency. That’s because
the ability of an intelligent modem to
perform is not a function of how
much expensive and sophisticated
electronics hardware it uses but of
how much thought has gone into its
overall design and into the internal
firmware instructions that tell the
microprocessor what to do. To deter-
mine a modem’s IQ and therefore
how easily it can be integrated into
a data-communications system, you
can examine its ability to handle auto-
dial, auto-answer, and auto-discon-
nect operation as well as automatic
system-configuration tasks.

Auto-Dial Operation

First, consider modem auto-dial
operation, which is much more com-
plex than simple automatic genera-
tion of dial tones or rotary-dial

www americanradiohistorv com

pulses. The modem must resolve all
of the call-failure conditions that
commonly exist when dialing to
allow its host to make efficient use of
the communications facility. Com-
mon call-failure features include line
busy, no modem-answer tone, voice
answer, no answer (constant ringing),
no dial tone, and inability to break
dial tone.

These functions are roughly
equivalent to the functions of an
operator making a call, including lift-
ing the telephone handset, waiting
for the correct dial tone or tones,
dialing each digit of the telephone
number in proper sequence, waiting
while the phone rings until the dialed
number answers, hanging up and
possibly redialing later if the number
is busy or if the call has not been
answered after a reasonable length of
time, and hanging up the handset at
the end of the completed call.

When properly implemented, the
auto-dial feature dramatically in-
creases line utilization.

Auto-Answer Operation

When integrated into a modem, an
auto-answer feature enables the
modem to be placed in the answer
mode automatically upon receipt of
a telephone-line-ringing signal. A
modem with this feature makes it
possible for data transmission to oc-
cur between a remote terminal and a
computer or another terminal inter-
faced to a modem with auto-answer
capability without operator interven-
tion at the receiving end. A modem
with auto-answer capability is also
useful in timesharing installations
where a large calling population calls
a number of computer dial-in lines
on a random basis.

Auto-Disconnect Operation

An auto-disconnect feature permits
a modem to either disconnect if a car-
rier signal is not maintained after a
data call has been set up or upon
command from the host computer.
This feature is useful in preventing
the tie-up of expensive computer
facilities due to such things as
wrong-number calls, failure of the
distant party to disconnect from a
timesharing system, or line failures.
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THE FORTH SOURCE™

MVP-FORTH

Stabie - Transportable - Public Domain - Tools

You need two primary features in a software development package a
stable operating system and the ability to move programs easily and
quickly to a variety of computers. MVP-FORTH gives you both these
features and many extras. This public domain product includes an editor,
FORTH assembler, tools, utilities and the vocabulary for the best selling
book “Starting FORTH". The Programmer's Kit provides a complete
FORTH for a number of computers. Other MVP-FORTH products will
simplify the development of your applications.

MVP Books - A Series
[J) Volume 1, Alf about FORTH by Haydon. MVP-FORTH
glossary with cross references to fig-FORTH, Starting FORTH

and FORTH-79 Standard. 2" Ed. 325
[ Volume 2, MVP-FORTH Assembly Source Code. Includes
CP/M® | IBM-PC® . and APPLE® listing for kernel $20

MVP-FORTH Software - A Transportable FORTH

[J MVP-FORTH Programmer’s Kit including disk, documen-
tation, Volumes 1 & 2 of MVP-FORTH Series (A/l About
FORTH, 2nd £d. & Assembly Source Code). and Starting
FORTH. Specify [J CP/M, [J CP/M 86, [J CP/M+. [0 APPLE

Q& 01BM PC, [0 MS-DOS, [ Osborne, [ Kaypro, [1 H89/Z89.

& [0 2100. O TIPC, O MicroDecisions, [ Northstar,
Compupro, [J Cromemco $150
MVP-FORTH Cross Compiler for CP/M Programmer’s Kit
Can also generate headerless code for ROM or target

CPU $300

[J MVP-FORTH Meta Compiler for CP/M Programmer's kit. Use
for applicatons on CP/M based computer. Includes public
domain source $150

MVP-FORTH Fast Floating Point for APPLE Programmer's

Kit. Includes 9511 math chip on board with disk and
documentation. $400
MVP-FORTH Programming Aids for CP/M, IBM or APPLE
Programmer's Kit. Extremely useful tool for decompiling,
callfinding, and translating. $150
MVP-FORTH by ECS Software for IBM-PC or ATARI®

400/800. Standalone with screen editor. License required.
Upgradeable $100
MVP-FORTH by ECS Software for IBM-PC or ATARI 400/800.
Enhanced with color animation, multitasking sound. utilities,
and unlimited run time license. $175
MVP-FORTH Professional Application Development System
(PADS) for CP/M, IBM-PC, or APPLE. A three level integrated
system with complete documentation. Complete system $400

B

L

C

C

[0 MVP-FORTH PADS Enhanced virtual system $150
[} MVP-FORTH PADS  Programming Aids $150
[ MVP-FORTH PADS  Meta Compiler $150

* & * MVP-FORTH operates under a vanety of CPU's. computers. and
operaling systems. CP/M® disks can be supphed 8~ SS/SD. 3740
format or 5' for Osborne® Northstar® Micro Decisions® Kaypro®™ or
HB89/Z83* Specily your computer and operating system. « & &

FORTH DISKS

FORTH with editor, assembler, and manual
O APPLE by MM $100 [ |BM-PC® by LM $100
O APPLE by Kuntze $90 ) NOVA by CCI 8" DS/DD$150

ATARI® valFORTH $60 280 by LM $50
CP/M® by MM $100 8086/88 by LM $100
HP-85 by Lange $90 VIC FORTH byHES. VIC20

HP-75 by Cassady & $150 cartridge $60

Enhanced FORTH with: F-Floating Point, G-Graphics. T-Tutorial.
S-Stand Alone, M-Math Chip Support, MT-Multi-Tasking, X-Other
Extras. 79-FORTH-79.
APPLE by MM.
F.G. &79 $140
ATARI by PNS, F.G. & X. $30
CP/IMby MM, F&79 $140
Apple, GraFORTH by | §75

Extensions tor LM Specity
IBM. Z80. or 8086
Soitware Floaling
Point $100
8087 Support
(IBM-PC or 8086) $100

Multi-Tasking FORTH by SL. 9511 Support
CP/M. X & 79 3395 (Z80 or 8086} $100
TRS-80/I or Il by MMS Color Graphics
F.X.879 d $130 (BM-PC) $100

it Data Base
;’lgmex by FD. tape G.X. &sAP;EW Management P
TUTORIAL by LH. Inchud Requires LM FORTH disk

y LH. Includes -

Starting FORTH $95 Victor 9000 by DE. G,.X NEW

$150
fig-FORTH Programming Aids for decompliing. callfinding.
and translating. CP/M, IBM-PC, Z80. or Apple $15C

CROSS COMPILERS Allow extending. modifying and compiling for
speed and memory savings. can also produce ROMable code
eRequires FORTH disk.

CPIM $300 [ IBMe $300
8086+ $300 Z80¢ $300
Northstar $300 1 Apple I/l + $300

FORTH Computer - Jupiter Ace $150
[ 16K RAM Pack £ $50
48K RAM Pack ‘{o $125
Par/Sec Interface $100

Key to vendors:
CClI Capstone Computing Inc.
DE Dal-E Systems MMS Mlller Microcomputer Services
FD Forth Dimenslon NS Nautllus Systems
| Insoft PNS Pink Noise Studio
LH Laxen and Harris SL Shaw Labs

LM Laboratory Microsystems
MM MicroMotion

FORTH MANUALS, GUIDES & DOCUMENTS

ALL ABOUT FORTH by 1982 Rochester FORTH
Haydon. See above $25 Proc. $25

FORTH Encyclopedia by A FORTH Primer $25
Derick & Baker. 2" Ed Threaded Interpretive
Programmer’s manual 1o fig- Languages $23

FORTH with FORTH-79

51,
references. Flow charted, $25 AIM FORTH User Man 512

APPLE User's Manual

- MM $20

FORTH Encyclopedia &
Pocket Guide ® $7 gETM;ORTH Dy %95
And So FORTH by Huang. A o R o _
college level text $25 Systems Guide to fig-

. FORTH %25
FORTH Programming by
Scanlon $17 Caltech FORTH Manual $12
FORTH on the ATARI by E Invitation to FORTH $20
Floegel $8 PDP-11 User Man. $20
Starting FORTH by Brodie. CPIM User’s Manual,
Best Instructional manual MM $20

available. (soft cover) $18
Starting FORTH (hard

FORTH-79 Standard $15
FORTH-79 Standard

cover) $22 Conversion $10
1980 FORML Proc. $25 Tiny Pascal fig-FORTH $10
1981 FORML Proc 2 Vol $40 NOVA fig-FORTH by CCI

1982 FORML Proc. $25 Source Listing $15
1981 Rochester FORTH NOVA by CCl User's Manual
Proc. $25 includes editor. assembler.

and utilities $25
Installation Manual for fig-FORTH $15

Source Listings of tig-FORTH, for specific CPU's and computers. The
Installation Manual is required for implementation. Each $15

1802 ] 6502 [J 6800 AlphaMicro
8080 _] 8086/88 9900 APPLE Il

PACE 6809 NOVA PDP-11/LSI-11
68000 (] Eclipse VAX Z80

Ordering Informatlon: Check. Money Order (payabie to MOUNTAIN VIEW PRESS.
INC ). VISA. MasterCard COD's $5 exira. No billing or unpaid PO's. Caiifornia
residents add sales lax. Shipping costs in US included in price. Forelgn orders. pay
in US tunds on US bank. include for handling and shipping by Air: $5 for each item
under $25. $10 tor each item between $25 and $39 and $20 for each itlem over
$100. Minimum order $15. All prices and producls subject to change or withdiawal
without notice. Single sysiem and/or single user license agreemen! required on
some products

DEALER & AUTHOR INQUIRIES INVITED

MOUNTAIN VIEW PRESS, INC.

PO BOX 4656

Circle 310 on inquiry card.

MOUNTAIN VIEW, CA 94040

(415) 961-4103

BYTE September 1983
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o 300/1200-bps operation

FCC Part 68 registered telephone-line
interface (DAA)

Serial modem command interpreter
Intelligent command protocol
Auto/manual dialing

Five dialing procedures:

DIAL LAST, IMMEDIATE, ALTERNATE,
FROM MEMORY, or UNTIL
ANSWERED

Fifty-two 32-digit telephone numbers or
log-on message memory locations

o 32-digit last-number-dialed storage
DTMF (dual-tone multifrequency) and
pulse-dialing: adaptive or interpretive
selection of DTMF or PULSE-DIALING
Auto/manual answer

Auto speed select

Auto parity select

Call-progress-tone detection:

DIAL, BUSY, RING-BACK, MODEM-
ANSWER TONE, and THE HUMAN
VOICE

Eight diagnostic test modes

Table 1: Info-Mate 212A features.

Automatic System Configuration

What good is a highly intelligent
modenm if its installation into the host
terminal or computer system is un-
manageable or difficult? While it’s not
absolutely essential in an intelligent
modem, automatic system configura-
tion does make such devices much
easier to use. And incorporating this
capability into the modem does not
add significantly to its cost.

It is not uncommon to encounter
computer- or modem-option incom-
patibilities during installation. Such
parameters as serial speed, data bits
per word, parity, and stop bits per
word can initially have settings that
prohibit data transmission through
the modem. An installer can, of
course, get out the users manuals of
all the equipment involved and,
through a detailed process of posi-
tioning option straps on each ma-
chine, effect a compatible installation.
Many times, however, determining
the specific parameters that are not
aligned can be complex, especially
for someone who is not an expert in
communications technology.

System-configuration features en-
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ADAPTIVE
DIALING

NO DIAL TONE

e I
T e
PUTER

TONE
DIAL
REMAINING
DIGITS

STOP

PULSE
DIAL

ALL
DIGITS

STOP

Figure 1: The adaptive-dialing procedure, in which tone-dialing is preferred. If the local
telephone equipment does not accept tone-dialing, the intelligent modem uses pulse-dialing.

able a modem to be installed and
used by a nonspecialist in communi-
cations, assuring that the modem
user can concentrate on data-com-
munication application problems in-
stead of modem compeatibility.

A Typical High-IQ Modem

Typical of the more advanced
“high-IQ” modems now becoming
available is Cermetek’s Info-Mate
212A, shown in photo 1. This
modem’s architecture bears a strong
superficial resemblance to others
now on the market.

Where it does differ, however, is in
the nature of the instructions incor-
porated into its firmware. As shown
in table 1, this 212-type intelligent
modem incorporates not only the
standard automatic dial, answer, and
disconnect features but a wide range
of system-configuration enhance-
ments as well. All of these features
may not be necessary for any one ap-
plication, but the degree to which
they are implemented in a modem is
a good indicator of how much
thought and design went into the
modem.

www americanradiohistorv com

The Info-Mate modem automatical-
ly selects tone- or pulse-dialing, as
shown in figure 1. Tone-dialing is
preferred, but if it is not-accepted by
the local telephone equipment, the
modem falls back to pulse-dialing.
After dialing is completed, the
modem monitors the following call-
progress conditions and reports them
back to the host data terminal or com-
puter over the serial RS-232C link:
dial tone, busy tone, ring-back tone,
modem-answer tone, and voice. Each
call-progress signal detected is in-
dicated to the host through a serial
status message.

The host can direct control over the
selection of pulse- or tone-dialing
through the DIAL command.
Call-progress monitoring can also be
deleted under host-command con-
trol, which enables the modem to
auto-dial on telephone systems that
use nonstandard call-progress tones.
This method of dialing is generally
referred to as “blind” dialing, but a
more accurate term would be “deaf”
dialing. In either the automatic or
blind-dialing modes, the modem
supports the following dialing pro-
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Teletek’s

New Combo
Could Make
You A Hero!

The SBC-Il could be just the
right ingredient for your latest
concoction. The newest member
of Teletek’s family of multi-user,
multi-processing S-100 products,
the SBC-ll essentially combines,
or “sandwiches” two Teletek
SBC-I’s into one board. The SBC-
Il provides the capability to sup-
port two users from one standard
N : . - ;o S size IEEE-696/5-100 slave board.

< - The SBC-1I maintains full
performance for each user with
an independent CPU (Z80A or
Z80B), 64K RAM, Serial 110, and
FIFO communications port to
the system master. The system

. o P ) integrator benefits by getting
e v e, 1220 R~ == ol R complete support for two users
N P I M I N f f b
AT~ Y o W R r—— T for the price of one board.

TurboDOS and MDZ
operating systems will support
combinations of SBC-I's and
SBC-II's offering system design
efficiency and flexibility never
before possible.

If you're hungry for value
and efficiency, order an SBC-lI
from Teletek. You’ll love every

TELETEK

4600 Pell Drive
Sacramento, CA 95838
(916) 920-4600
Telex 4991834 TELETEK
Dealer inquiries invited.

© Teletek 1983
Circle 441 on inquiry card.
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Command

<com> Answer <CR>
<com>Break n<CR<
<com> Count n<CR>

<com> Dial s<CR>

<com> End<CR>
<com> List<CR>
<com> Message n<CR>

<com> New n<CR>
<com > Originate<CR >
<com> Program n<CR>
<com> Query<CR>
<com> Reset<CR>
<com> Store n 'S <CR>

<com> Test n<CR>
<com> Unlisten n<CR>

<com> Zzzz<CR>

ﬂ

Command Summary

Table 2: Info-Mate 212A command notation.

Description

Force off hook and answer call
Send break, n x 250 ms

Ring and ring-back counter: 0—ignore ring signal,
1.9—answer after n rings; give up dialing after n+4
ring-back signals

Dial last, immediate, from memory, next number, or
until answered

Hang up immediately
List stored telephone number or log-on messages

Send stored log-on message or messages to the
remote modem

Set new value of command character <com> to n
Force off hook and enter originate data mode

Set internal modem options

Return modem status

Reset modem options to defaults

Store telephone number or log-on message at loca-
tion n (32 characters maximum)

Start/stop modem tests

Set modem to LISTEN or UNLISTEN to commands
during data transmission

Make modem quiet

Command Notation

<com>

<LF>
<CR>
(]

(r

n...m
<SP >
<letter >

< command >
<n>
<qQuote >
<number >

—

Table 3: A description of the Info-Mate 212A's commands.

Description

Command character; defaults to control N at power-
up but can be set to another character with the NEW
command

Linefeed

Carriage return

Optional parameter

Optional parameters that may occur 0 to n times
Specifies the inclusive set n through m
Space

A.Zora.z

Command, including argument if needed
Number

Single quote or apostrophe
Dialed-number string

cedures: dial last number, dial im-
mediate, dial from memory, dial
alternate number(s), and dial until

answered.

All modem functions are controlled
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by ASCII (American National Stan-
dard Code for Information Inter-
change) encoded commands issued
from the host terminal or computer
over the serial RS-232C interface.
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The Info-Mate automatically adapts
to the host’s speed (110, 300, or 1200
bps) and parity (odd, even, mark,
and space) using a simple training se-
quence. To train the modem, you
must send the sequence “XY. The
modem uses the trained speed to
originate calls at either 110, 300, or
1200 bps. On answering calls, the
modem automatically adapts to the
transmitting modem’s speed but
sends a serial change-speed status
code to the host at the old speed
before switching.

Command Structure Is the Key
Key to an intelligent modem’s abili-
ty to protect the user from the dirty
details of its operation is its command
structure, or its ability to interpret
commands from the host. In this
context, the Info-Mate supports 16
different host commands (see table
2), each of which is preceded by a
single command character <com>.
Each command line is terminated by
a carriage return <CR>. Multiple
commands can be placed on one line
and separated by commas. Table 3
describes the commands available.
Each command consists of the
command character followed by the
command word, a delimiter, all argu-
ments, and then the closing carriage
return or comma. The maximum
length of any command line, how-
ever, is 40 characters. Two examples
of commands include the following;:

<com> DIAL ‘(408) 996-1010
<CR>

<com> DIAL ’(408) 996-1010/,
QUERY <CR>

In both cases, the notation <com >
is equivalent to the single command
character. The delimiter separating
the command from the arguments is
always a space. Only the first char-
acter of the command is significant.
All remaining characters are ignored
up to the first space following the
command. In other words, DIAL and
DANCE are treated identically by the
command interpreter. Both upper-
case and lowercase characters are ac-
cepted. You can transmit the com-
mand character itself by sending it
twice in a row— <com> <com > —if

Circle 23 on inquiry card. sm=p
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This book can save
your company

a lot of money.

|

You can rent
all these products
NOW!

Amplitiers

Acsistance
Digital Melers

I
B(gﬂll Printing
orders/Plotiers .
Event Racorders

8§ ok 4
Temperature Aecotders .
X-¥ Rocordens

Sources .

Grophic Temminkia
Modems end Acoustic Cou
Bridges

T

Genstar Rental Electronics, Inc.
0

It’s free, too.

GSA Contract GS-045-23560

GENSTAR

Rental Electronics, Inc.
(800)227-8409

In California (213) 887-4000 » (415) 968-8845 » (714) 879-0561

This coupon brings you a recession-beating catalog by return maill
0O It's free, so send it quick! O The equipment I'm most interested
] O rd also like a free catalog on in is:

| “like new" items you're selling.
O Don't wait. Call me today at:

! NAME TITLE
I orGanIZATION
] ADDRESS MAIL STOP
| CITY/STATE/ZIP
TELEPHONE

Complete coupon and mail to: Genstar Rental Electronics, Inc, 6307 De Soto Ave.,
‘ Suite J, Woodland Hills, CA 91367 B-9/83 ® Genstar Rental Electronics. Inc. 1983
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the modem is in the middle of a data
call. Two other methods of transmit-
ting the command character exist:
changing it to another character and
then transmitting the former com-
mand character, or placing the
modem in the UNLISTEN mode to
be discussed and then transmitting
the character.

If an argument is not given in the
command, the modem assumes the
default value as the argument. The
arguments are all ASCII numbers
and/or characters. The numbers
themselves are ASCII-encoded hexa-
decimal (0 to 9 and A to F) characters.
All commands are absorbed by the
modem, which means it doesn’t send
them on through the telephone line.

Once a command is received by the
modem, it returns a status message
to the host. These status messages
are framed as follows:

<com > <status character >
<LF><CR>

A command character precedes each
message to let the host know that the
message regards status and not data
from a remote modem. All status
messages are made up of a single
status character, except for those re-
sulting from the commands LIST,
QUERY, and DIAL. These three com-
mands are necessarily longer to
return command information. Table
4 summarizes the Info-Mate's reper-
toire of status messages.

Dialing Command Variations

There are five basic variations of
the dialing command: dial last, dial
immediate, dial-immediate alternate,
dial from memory, and dial-from-
memory alternate. All dialing com-
mands can initiate either DTMF or
rotary-pulse dialing.

Each dialing variation refers to a
number string as a source for the
number to be dialed. For immediate-
type dialing commands, the number
string is supplied with the command,
whereas the dial-last- and dial-from-
memory-type commands refer to
number strings previously entered
into the modem.

Along with the telephone digits,
the number string can contain con-
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trol characters that direct the Info-
Mate to dial adaptively or inter-
pretively using tone- or pulse-dialing.
Pause or wait characters can also be
inserted that enable tandem dialing
through PBXs or carrier facilities such
as MCI or SPRINT. Table 5 shows the
characters allowed in the number
string. Table 6 shows some typical
number strings.

After a dialing command is given
to the Info-Mate, it interprets the ap-
propriate number string to determine
how the dialing process should pro-
ceed. As the number is dialed, the
dialed number string is returned to
the host in the form of a status
message:

<com> < NUMBER >
<LF><CR>

This message enables the host to fol-
low the progress of the number
dialed.

During the dialing process, if the
modem is directed to pause and wait
for the dial tone, and if the tone is not
found after 5 seconds, the modem
aborts the call, returning a number
string that terminates with the failed-
pause-for-dial-tone character. In ad-
dition to this character, a NO DIAL
TONE status is returned:

<com> < TERMINATED NUMBER
STRING > <LF> <CR>
<com> X <LF><CR>

After a call has been successfully
dialed, the modem monitors the tele-
phone line for call-progress tones. If
the number string is terminated with
a Z, however, the modem takes no
further action. Instead, the modem
is left OFF HOOK, with its
modulator silenced. Employing this
OFF-HOOK mode is typically how
you would use the modem to initiate
a voice call.

Phone Number Storage

The modem can store as many as
fifty-two 32-character strings, either
phone numbers or log-on messages,
or a combination of both. Each entry
is stored by sending the following
command from the host to the
modem:

Et_a_tﬁ Description
<com>A<LF><CR> Data call answered
<com>B<LF><CR> Busy number reached
<com>D<LF><CR> Modem disconnect
<com>N<LF><CR> No answer or command failure
<com>R<LF><CR> RING-BACK tone or ring signal
<com>V<LF><CR> Voice received
<com>W<LF><CR> Modem answer but host is at wrong speed
<com> <LF><CR> Command-complete acknowledgment
<com>?<LF><CR> Command-entry error
<com> <DIALED

NUMBER> <LF> <CR> Number dialed
<com> <HHz;> <LF> <CR> HqH2 represent hexadecimal status of the program
register
Table 4: Info-Mate 212A status messages.

Number-String

Character Positions Meaning

0.9 1 Dialed digits

*and # 1 Dialed digits, tone only

A 2 Adaptive dialing; pauses for dial tone, then automatically

selects tone- or pulse-dialing for the remaining number-
string digits. At the beginning of each number string,
adaptive dialing is assumed unless otherwise specified.

T 2 Pauses for dial tone, then dials the remaining digits in
the number string using DTMF tones

P 2 Pauses for dial tone, then dials the remaining digits in
the number string using pulse-dialing

8 4 Inserts a blind wait of 2 seconds into the dialing se-

quence without monitoring dial tone, then continues to
dial the remaining digits in the number string using
DTMF tones

PB 4 Inserts a blind wait of 2 seconds into the dialing
sequence, then continues to dial the remaining digits in
the number string using rotary-type pulses

B 2 Inserts a 2-second pause in the dialing sequence

0 2 If the number string is terminated with an "0," only the
modem-answer tone is monitored for call-progress after
dialing

4 2 If placed as the last character in the number string, the

modem terminates the dialing command without going
into the originate-data call mode. The modem stays OFF
HOOK with its modulator squelched

y
( 2 Placeholding characters
<SP> Spaces are illegal

Table 5: Permissible dialing-string characters.
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RS-232

Starbuck Model 8232

A general purpose reai-world
interface: connects to ANY
computer or terminal via RS-232

TYPICAL APPLICATIONS:

+ Use with printing terminal:
create low-cost data logger

+ Use with modem and phone for
remote acquisition & control

= Capture data bursts for
subsequent analysis/plotting

« Monitor experiments; transfer
data daily to main computer

FEATURES:

* 8 analog inputs, 0-5 VDC
=8 digital input channels
« 8 opto-isolated outputs

+ Allinputs and outputs fully
protected to withstand abuse

* 8 bit (0.4%) analog accuracy
» On-board 2000 point buffer

= Up to 5000 analog readings/s
« Triggered acquisition

* Units may be chained for
extra channels

+Controlled by ASCII strings

= Application manual details
interfaces for common sensors

+ Applications engineer on call

*THRIFTY PRICE: $540. complete!
Applications manual only: $5.
TRS-80 version also available

J STARBUCK 4

DATA COMPANY

PO Box 24, Newton, MA 02162
(617) 237-7695

Dealer and OEM inquiries welcome
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Number Strings

PBX.
TOP7771234T1234574087671111

Table 6: Typical dialing commands.

Meaning

Dials 767-1111 and adaptively selects tone- or pulse-
dialing, if unspecified adaptive dialing is assumed

Dials 767-1111 using tones after pausing for dial tone
Dials 767-1111 using pulses after pausing for dial tone

Dials 767-1111 using tones after waiting 2 seconds. After
dialing, call-progress-tone detection is limited to modem

Dials 767-1111 using tones after waiting 2 seconds. After
dialing, call-progress-tone detection is limited to modem

Dials 767-1111 using pulses after waiting 2 seconds. After
dialing, call-progress-tone detection is limited to modem

Same as previous number string except after dialing
7671111 the modem does not go into the originate-data
mode. It stays off hook with its modulator squelched,
waiting for the next command. This is very useful for

767-1111
T7674111
P767-1111
BT767-1111

answer tone.
TB767-1111

answer tone.
PB767-1111

answer tone.
PB767-1111Z

placing voice calls.
T9A(408)745-0450

Tone-dials 9 after pausing for dial tone, then adaptively
selects tone- or pulse-dialing to dial 745-0450. This is a
typical format used for dialing tandem calls through a

Tone-dials 9 after pausing for dial tone, then waits for dial
tone again before pulse-dialing 777-1234. After pausing
for dial tone a third time, the number 12345 is tone di-
aled. Finally, after a fourth pause for dial tone, the
number (408) 767-1111 is tone dialed. This is a typical
number string used for calling through long-distance-
carrier facilities such as MCl or SPRINT. It should be
noted that the number string is 31 characters long, one
less than the maximum allowed.

<com> STORE <LETTER >
‘ MESSAGE ' <CR>

In this command sequence, LET-
TER specifies one of fifty-two
32-character memory locations. Al-
though it can be a word of any
length, it must begin with an alpha-
betical letter (A to Z or a to z). The
message to be stored —MESSAGE—
can be a telephone number or a log-
on message, but it must be bounded
by single quotes or apostrophes. Any
character except <com>, QUOTE,
and Control-H can be embedded be-
tween the quotes, even <CR> and
<LF> characters. QUOTEs are
reserved as delimiters, while Control-
H or the backspace key is used to

backspace over entry errors. If a’

<com>is entered in the message,
the entire command is aborted and
a new one is begun.

The @ sign is a special storage char-
acter that, when entered as the first
character in the message, inhibits dis-
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play of that memory location when
using the LIST command. Only an @
is listed as a placeholder, which is
meant to ensure log-on or pass-
word-message security.

To list the numbers or log-on
messages stored in the modem, a
host need only send the following
command to the modem: <com>
LIST<CR>. In response, the list ap-
pears on the video screen, with the
last number stored listed first, fol-
lowed by as many as 52 stored num-
ber or log-on-message locations.

For example, to' send a message
stored in location A to a remote
modem for database-password ac-
cess, the following command would
be sent to the modem:

<com> M A <CR>

As many as 16 letters can be specified
within the message (M) command.
After the message referred to by the
first letter, the modem sends the sec-
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easy enough for any user.”

credibility to my claims of its usefulness.”

D v R
a t a u A Complete Information Management Facility

Here’s What They’re Saying About Us

"It seemns that each time | would tell someone about the package since they had never heard of it they
would automatically discredit it as “cheap” — which itis in price, not quality. You have now lent some

Michael Dawson

Saskatoon Legal Assistance Clinic Society. Saskatoon, Sask.
“Thank you!! for DATAVU. After spending hundreds of dollars and hours on DBASE 11, Condor and
other DBASE systems, with little or no results in applying them in my business | feel that DATAVU is a
SUPER DBASE system that can be implemented by any small business.”

James E. Proctor

President, Valcom, Inc., White River, VT
“This relational data base system in perhaps the finest value in software today. You include an easy-to-
use screen formatting utility and a powerful forms processor that truly make setting up a data base a task
Scott M. Baker

Assistant Manager, Heathkit, Jericho, NY

Leigh B. Willard

Nelson Data Services, Lovingston, VA 22949
“I purchased DataVu for my Osborne last December and | now use it in many applications of my work. |
find it has many features that are not available on much more expensive data management programs. "

J

Account tuster: [

Last Mase:

Poaily Mesoers:
Cods Piret/niddie Nese

Asorevel
Tity:

Prone (01
[

Search for Account Musber:
Search tor Hoss Pone @

Automatic Screen Design (ASD): This
feature permits you to specify the design
of a form (which may be multi-page) that
you wish to use for data entry and data
viewing. You simply layout ascreen mask
and within seconds, without any
programming, a data entry program can
be generated.

See DataVu™ at your local
software dealer. We also
have a demonstration
system up and running. You
candialinand try mostof the
DataVu™ features. Call us for
more information.

Thinkers
Soft, Inc.

P.O. Box 221
Garden City, NY 11530

(516) 294-8104
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MEDICAL OFFICE BILLING BYSTER

Updste/View Procedure Code
Updste/view Pstient Reglatration
Post Payments

.
Tetration List snd Ags Belences

Print Daily/Monthly Tranesction Liet

Print Monthly Susasry of Account Salances

Print 111100 Stetesents

Press RETURN to exlt
OPTION (1.100: |

Automatic Menu Generation: This feature
permits you to design your own menus in
which each optionin the menu may invoke
an executable program ora batch file. You
simply layout the menu pages, and within
seconds, without any programming, your
menu program can be generated. This
allows you to construct user-friendly
menu-driven packages.

Report Generation: Reports generated
from your data base(s) that become
routine and have enduring value may be
specified by you in detailed format to the
Report Generation feature. It is designed
to retrieve information from the data base
with simple statements and perform
arithmetic operations.
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Relational Data Base Management:
Having established data base(s) through
use of the ASD feature, you may use the
Relational Data Base Management feature
to manipulate and retrieve these data. This
feature supplies 12 commands and four
utility programs to support activities like
Select, Sort, Index, Join, Reformat, and so
on.

All This. ..

for only

$ 2 5 O *complete

Available for IBM PC, CP/M®-80: Osborne,
Northstar, Micro Decision, Kaypro, Superbrain,
Heath 89/Z2100, Televideo, NEC, Sanyo. Xerox,
Apple Il, and 8" SSSD disk. CP/M®-86

CP/M is a registered TM of Digital Research, Inc

* If you wantto impress your boss, or
your friends. we'll gladly charge you

$700. for this software package.
BYTE September 1983 61


www.americanradiohistory.com

ﬁ

Query-Status Table

o] OFF HOOK asserted

C carrier detected

H high speed (1200 bps)

S self-test enabled

A analog loop test enabled

R remote originated digital
loop

D digital loop locally enabled

U UNLISTEN mode enabled

X modem Xecho's transmitted
data

z remote digital loop enabled

IX1X2 current hexadecimal TEST
error count

Table 7: Query-status symbols.

ond referenced message, and so on.
Each message can be any length but
must begin with an alphabetical let-
ter. Only the first letter is interpreted
to determine which one of the fifty-
two 32-character memory locations is
selected. Messages sent are not dis-
played in order to protect the log-on
password security.

Questioning the Modem

At any point during the operation
of the modem, it is useful to deter-
mine its current status. With the Info-
Mate, status can be determined by
entering the following command:

<com> QUERY <CR>

If modem status is normal, the
message <com> OCHSARDUXZ/
X1X2<LF> <CR> is sent to the
host system. Each character has a
specific meaning, as shown in table
7. 1f a period (.) replaces any of the
status characters, it implies the nega-
tive or opposite status condition.

Testing the System

No matter how sophisticated or in-
telligent the modem, if, for some
reason, you cannot communicate
your data, all the features in the
world are no help at all. When a fail-
ure occurs, it is normally a rather
long and drawn-out process to deter-
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Info-Mate Test Modes

When a problern oecurs during tearsmis-
sion of a message over your moden, you
can direct the Info-Mate 2124 to perform
any of eight self-dingnostic tests, The test
rumbers shown in parentheses replace the
argrement 1 in the test command described
i the main text,

Analog loop tests (0,1). In these two
tests for the originate and answer modes,
respectively, the host's transmitted data is
modwlated and. looped back Hhrough the
modemt'’s demodulator, and the resultant re-
ceived data is iransmilted to the host. This
meoide lets you determine if the modem and
data-terminal host are operating correctly
together Iy checking b see if the recefved
data matches the transmitted dala.

Analog loop self tests (2,3). These
two tests are similar to we analog loop
tests, except that the modem transmits a
psendorandom data pattern in place of the
host data, [t Hien checks to see that the cor-
rect date pattern is recerved. These tests
check the modem ttself,

Digital loop test (4). This test loops
the demodulated received data back to the
transmit modulator, enabling the modem
o retransmil all data sent to it fromr a re-
miote moder,

Remote digital loop (5). [n thes test,
a remote modem mather than the local
moderm i5 requested to begin the digital-
loop test. The procedure enables the host
computer to send data through the local
miodem fo the remote modem and inspect
Hee reburned data for accuracy, This test
werifies that both local and remote modems
anid the telephone lime are operational,

Remate digital loop self test (6), This
test is the same as the remote digital loop
test, except that data from the modem’s in-
ternal random pattern generator and
checker 1s substituted for the host's data.

Self test, end-to-end (7). In this fest,
the local modem sends a psendomndom test
pattern to the remote modem and expects
lo see that same pattern from the remole
modent, This tes! can isolate data errors
dowmt to the direchion of transmission,

mine where in the system the error
has occurred: in your modem, in the
telephone line, or in the other
modem. This diagnostic process is
simplified considerably in the Info-
Mate, which can perform any of eight
different tests (see box, “Info-Mate
Test Modes”) upon transmission of
the command <com>TEST

www americanradiohistorv com

n<CR>, where the argument n in-
dicates the appropriate test mode.

To Listen Or Not to Listen

The Info-Mate's on-board com-
mand interpreter supports two
operational modes: LISTEN and
UNLISTEN. In the LISTEN mode,
host commands are decoded and ex-
ecuted. But in the UNLISTEN mode,
host commands are transmitted just
like data and are not interpreted. This
mode allows the modem to ensure
total data transparency. A unique
algorithm allows the host terminal or
computer to dynamically direct the
modem to move in or out of the
LISTEN mode.

Either of these modes is initiated
using the UNLISTEN command:
<com>UNLISTEN n<CR>,
where n is either 0 or 1.

When n=1, the modem does not
listen for commands in the data
mode. When n=0, the modem does
not listen for commands in the data
mode until the host transmits a break
(a start bit, all-0 data bits, and a 0 stop
bit). Thereafter, the modem listens
for the host until it is commanded to
again UNLISTEN. The host’s break
signal is absorbed by the command
interpreter and does not pass
through to the phone line. This com-
mand assures that inadvertently em-
bedded commands in blocks of data
sent through the modem do not af-
fect the data transmission. Both
binary and ASCII files can therefore
be passed through the modem with
complete data transparency ensured.

Quiet, Please

Finally, there is the ZZZZ com-
mand—<com>ZZ7Z7Z n <CR>—
which, appropriately enough, makes
the modem quiet. When the com-
mand is given, the modem silences
its transmitter and stays OFF HOOK.
This command typically serves as a
transition from data mode to voice-
communication mode. To return to
the data mode, the ORIGINATE or
ANSWER command may be issued.®

Stephen Durham is director of applications and
advanced product planning at Cermetek Microelec-
tronics (1308 Borregas Ave., Sunnyuvale, CA
94089-3565).
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CUSTOMIZABLE
FULL SCREEN EDITOR

]|

Widely acclaimed as an editor, VEDIT has
evolved to be much more. Only VEDIT offers
the combination of a versatile full screen
editor integrated with a powerful command
language. For the first time you'll be able to
perform complex, yet useful, text manip-
ulations that are virtually impossible with
other editors or word processors. Plus, its
customizability and hardware support
ensure that VEDIT will be perfectly matched
to your individual needs and to any
microcomputer you are ever likely to own.

With two modes of operation, VEDIT never
compromises its speed or ease of use for its
power and sophistication. As one reviewer
(Bradford Thompson, BYTE) wrote: ‘If this
review gives you an appetite for simplicity
while editing, then VEDIT is well worth
considering.’ Its command language, based
on TECO, is virtually a text oriented
programming language, allowing command
macros to be created, loaded and saved on
disk. Yetits simplicity allows even a novice to
perform tasks beyond the capabilities of any
word processor.

The Professional’s Editor for

Program Development

Word Processing

Source Code Translations

VEDIT cuts programming time in half - with
muitiple file handling, macro capability and
special features for Pascal, PL/1, ‘C’, Cobol,
Assembler and other languages. And it can
help with source code translations (example
ZILOG to/from INTEL translator macros are
included). A complete line of translators will
be available by the year's end.

Word processing is a snap with word wrap,
paragraph and print functions. Command
macros free you from tedious search/re-
place operations. Hundreds of search/re-
place on dozens of files can be performed by
VEDIT without waiting or intervening.

VEDIT easily configures to your favorite key-
board layout. Use any function or cursor
keys you wish. It optimally supports nearly
every 8080, Z80 and 8086 computer.

Go ahead and expect a lot from VEDIT. lts
performance and our support will satisfy
your most exacting needs.

To order, please specify your 8080, Z80 or
8086 microcomputer, operating system and
disk format.

IBM PC, Displaywriter ° Zenith Z100 and Z89 ° NEC APC ° DEC Rainbow and VT 180 ° Televideo 802
TRS-80 1, I and 16 ° Xerox 820 ° Apple 1l Softcard ° SuperBrain ° NorthStar

MP/M ° CP/M-86 ° MP/M-86 ° Concurrent CP/M-86 ° Cromix ® Turbo DOS ® MSDOS ° PCDOS

VEDIT - Disk and Manual

8080,Z80orIBMPC ....... $150
CP/M-860rMSDOS ........ $195
Manualonly . .............. $18

CP/M and MP/M are registered rademarks of Digital Research Inc. Appie Il is 8 registered trademark.
of Apple Computer, Inc. MS-DOS and Softcard are trademarks of Microsoft . TRS-
of Tandy Corporation. 1BM is a trademark of Intemational Business Machines.
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is a trademark

COMPARE VEDIT'S FEATURES

True Full Screen Editing
Horizontal scrolling
Edit files one disk in length
Automatic Disk Buffering
Compact (only 16K) and Fast
Display of line and column #
Set/Goto text markers
‘Undo’ key to restore line
Automatic Indent/Undent
Adjustable Tab positions
Repeat function key
Text Move and Copy
10 Scratchpad Buffers
Load/Save buffers on disk
Powerful command macros
Directory display
Edit additional (small)

files simultaneously
Insert another disk file
Unlimited file handling
Recovery from ‘Full Disk’
® Change disks while editing
® Word wrap, format paragraph
@® Simple Printing
® 150 page indexed manual
® Startup command file
@ Menu driven installation
@® Program CRT function keys
@® Support newest CRT terminals
@® Support smart CRT functions
® Flexible Memory Mapped support
@ Customizable keyboard layout

CompuVlew

PRODUCTS, INC.

1955 Pauline Blvd., Suite 200 ° Ann Arbor, Michigan 48103 ° (313) 996-1299
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Introducing A 16-Bit
Microprocessor System
Designed To Expand
Your Knowledge.

&-—- - WAAN. americanradinhicstary com
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Here’s How You Can Learn 16-Bit Technology.
And Graduate To One Of Today’s Most Powerful
And Advanced Microcomputers.

Now you can master 16-bit technology with an all-new
Advanced Microprocessor course. And build hands-on
experience with the only 16-bit microcomputer specifi-
cally designed for the hobbyist, working engineer and
student.

Advanced Microprocessor Course
This all-new self-study course (EE-8088) provides in-
depth coverage of 16-bit, state-of-the-art technology.

You will gain a thorough understanding of micro-
processors from this 1200 page course. In 10 easy-to-
understand units, starting with
microcomputer basics, you'll
cover all phases of 16-bit micro-
processing. Assembly language.
Program writing. Addressing
modes. Dynamic and static RAM.
And hardware interfacing.

And by using your 16-bit Train-
er/Learning Computer for hands-on
, experiments (over 60 included), you'll
] gain actual circuit interface and soft-
ware programming experience with an
8088 microprocessor system.

Trainer/Learning Computer

A unique combination of design features makes this
versatile microprocessor system much more than a
“teaching machine.!” Use it as a trainer with the Ad-
vanced Microprocessor course. Use it as an experimen-
tal design computer. And use it to run a wide variety of
16-bit software —including
Z-Dos, Multiplan, Z-Basic,
Condor File Manager,
and much more.

In its most
basic form,
the Trainer/
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Computer
is a 16-bit,
cassette-based microcomputer.

Its unique design features access ports

and solderless breadboards to allow you to build inter-
faces, design and modify circuits, or simpty experiment
with the inner workings of the microprocessor system.

The basic system has an 8088 processor, 32K ROM (in-
cluding assembiler, editor and debugger) and 16K RAM.

meeessessss Heath kit

Circle 206 on inquiry card.

A subsidiary of Zenith Radio Corporation
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The unit also features a serial |/0 printer port, cassette
interface and a detached 95-key keyboard (including 16
function keys and a numeric keypad) which generates a
full ASCII character set. It's available either in kit form or
factory assembled.

And you can take advantage of the system’'s H/Z-100
computer design heritage. by easily upgrading it to a
disk-based, 16-bit microcomputer that will run H/Z-100
series software
and many other
forthcoming
programs.

Fully
Upgradeable
The powertul
upgrade pack-
age and variety
of accessories
allow you to
make the basic
16-bit system
more power-
ful and ver-
satile. You
can add 128K
or 192K bytes
of RAM. Floppy disk controller. 48TPI double-sided,
double-density, single or dual floppy disk drive. Bit-
mapped video graphics or full-color graphics. Two
RS-232 ports. Programmable timer. And a Centronics-
compatible printer port.

Learn on it. Design with it.
Use it as a 16-bit computer.

It's the only 16-bit microprocessor system specifically
designed to integrate theory with a hands-on under-
standing of how 16-bit computers work. And it's from
Heathkit/Zenith Educational Systems, the world-leader
in problem-solving courses, trainers and accessories to
help you learn state-of-the-art technology.

o

S ——— —— — — — —— —— —

Get more information in the

FREE
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Heath Company, Dept. 001-094
Benton Harbor, Ml 49022
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Developing a Truly Portable

Visicalc

Now you can use an electronic worksheet on your

One of the most flexible and use-
ful tools busy professionals can have
in a portable computer is an elec-
tronic spreadsheet. In addition to
providing standard analysis capabili-
ty, a spreadsheet can help keep track
of travel expenses, sales transactions,
and data collection in the field, and
answer urgent “what if” questions for
the user on the run.

With the goal of providing such
capability, Hewlett-Packard’s Portable
Computer Division decided to adapt
Visicorp’s popular electronic spread-
sheet, Visicalc, to the HP75 portable
computer. The primary objective was
to provide a truly portable version of
this powerful software while retain-
ing its close compatibility with other
Visicalc products. Users already
familiar with Visicalc will quickly
recognize its characteristic features in
the adapted version.

Another design criterion was to
take full advantage of some of the
HP-75’s sophisticated capabilities—in
particular, the computer’s multiple-
file structure in RAM (random-access
read/write memory), which permits
a variety of file types: BASIC pro-
grams, text and appointment files,
and, with the introduction of Visicalc,
worksheet files. This structure per-
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by William T. Johnson

mitted development of some unique
Visicalc features, including multiple
worksheets in RAM, data references
from one worksheet to another, and
formulas in cells that call BASIC pro-
grams. In addition, BASIC programs
can operate on worksheets.

To meet these criteria, an HP soft-
ware team generated ‘all-original
code. The result was a 32K-byte plug-
in ROM (read-only memory) module
that connects to one of the HP75's
three expansion slots. To speed devel-
opment, the team programmed the
functional shell (VCBASIC) in 11K
bytes of BASIC. VCBASIC is sup-
ported by 21K bytes of assembly lan-
guage that assist in speed-critical
areas and allow interaction with the
HP-75 operating system. Assembly
support for VCBASIC is called via
keywords, which also enable other
BASIC programs to create and
manipulate worksheets. Table 1 lists
those keywords and their functions.

The Portable Environment

The HP-75 provides the power and
sophistication of a high-level-lan-
guage computer in a portable system.
Measuring 10 by 5 by 1% inches, it
weighs 26 ounces and is fully bat-
tery operated. The unit features a
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HP-75 portable computer

single-line, 32-character LCD (liquid-
crystal display) and has a built-in
Hewlett-Packard Interface Loop
(HPIL), so it can be used with a full-
sized video display and other periph-
eral devices (see photo 1). A built-in
magnetic card reader can be used for
storing RAM files, or a digital cassette
connected through the HPIL can be
used for mass storage.

Standard memory consists of 16K
bytes of CMOS (complementary
metal-oxide semiconductor) RAM,
expandable to 24K bytes. The 48K-
byte BASIC operating system in-
cludes time- and appointment-mode
capabilities. The keyboard is fully re-
definable and overlays are available
for special user needs. The HP-75 can
also run BASIC and assembly lan-
guage from up to three plug-in ROM
modules with as much as 32K bytes
apiece.

To adapt Visicalc to this portable
environment, the design team had to
decide how to implement the single-
line display as a window into the
worksheet while preserving the pro-
gram'’s character. It chose to have the
display show one cell of a worksheet
at a time. Each cell can be accessed
using either standard cell coordinates
or user-defined labels for column and
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Photo 1: Visicalc spreadsheets can be viewed on the HP75's single-line display, on a video monitor, or on printouts.

row headers. Pressing the Time key
toggles between a cell’s default
headers (columns A, B, C, etc. and
rows 1, 2, 3, etc.) and such user-
defined headers as January, February,
March (columns) and Rent, Auto,
Taxes (rows). Similarly, touching the
Appt key toggles between the result-
display mode for a cell and the
formula-display mode.

For example, suppose the column
Cheader is defined as March and the
row 4 header is Expenses, which
covers the sums of items in rows 1 to
3. If March expenses were $1000, this
figure can be accessed by using either
the default coordinates:

C4: 1000

or the user-defined coordinates:

March * Expenses: 1000

You can also choose to view the for-
mula that was used to calculate the
$1000 figure, either in terms of default
headers:

C4: SUM(CI...C3)

or as more meaningful, user-defined
headers:

March " Expenses:
SUM([March “ Rent] . . .
[March ~ Taxes])

A problem that arises with this ar-
rangement is how to examine a cell’s
entire contents when they exceed the
32-character capability of the LCD. If
you are viewing (not editing) the
worksheet, arrow keys move the win-
dow framed by the display from cell
to cell, across the columns or up and
down the rows. Then, within a cell,
the Run key scrolls the contents for-
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ward and Shift-Run scrolls them
backward. To help you read very long
contents, Tab and ShiftTab keys cause
the contents to skip forward or
backward across the display one win-
dow length at a time. However, dur-
ing the editing of cell contents, move-
ment within the cell is controlled by
the arrow keys.

To gain the full benefit of using the
portable spreadsheet, you must also
be able to use peripherals freely, as
with a conventional desktop system.
To permit such use, the HP75 Visicalc
must use the HPIL capability to full
advantage. Provisions have thus been
made to vary column width for video
and printer outputs and to set line
length and width parameters for
HPIL video interfaces. A special
printing option allows column-order
listings of all the formulas used in a
worksheet, along with their cell coor-
dinates. Finally, Visicalc was also
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made compatible with the HPZ75
mainframe COPY command to per-
mit storing worksheets on a magnetic
card or digital cassette tape.

Product Design

Rather than running as a program,
Visicalc was added to the HP75 as
another operating mode, along with
Time, Appt, and Edit. One advantage
of this approach is that the Attn key
does not halt Visicalc but instead
always returns you to the top opera-
tional level. The top level is used for
viewing the spreadsheet and enter-
ing the other two operational levels,
cell-entry and command. Several
operations can be carried out at the
top level, including window move-
ments. In addition, a Go To operation
moves the window directly to the cell
specified, and an alternate window
can be defined to allow single-key
toggling between two closely related
cells.

The cell-entry level is entered auto-
matically by merely selecting a cell
and beginning to enter data. Full cell
editing is allowed during cell entry;
user-defined headers in formulas can
also be entered there. Several func-
tions are available at the cell-entry
level to help create formulas, in-
cluding AVERAGE, which computes
the average of numbers in a list;
MAXL, which computes the max-
imum value of numbers in a list; and
SUM, which computes the sum of
numbers in a list. Moreover, you
can create additional extension func-
tions using BASIC programs that can
be used in formulas in the same man-
ner as standard cell-entry functions.

You enter the command level by
pressing the slash (/) key, which
brings a command menu onto the
display. Commands are then chosen
by pressing the corresponding letter
keys, which include D (deletes the
column or row in which the cell dis-
play resides), M (moves the column
or row within the worksheet), R
(replicates cell entries across a col-
umn or row), I (inserts a blank col-
umn or row), and H (enters user-
defined headers). Using BASIC pro-
grams, you can also define extended
commands, which then have their
own letters added to the command
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Keyword
ACTIVES
AVERAGE
BLANK
CALLVC
CELLTYPE

CHOICE$
CLRLCD
CLRSCR
COL
COLWIDTH$

COORD$
CURSOFF
CURSON
DECOMPS$
DELCOL

DELROW
DIR$
DSP$
DUMP
ENDVC

ERROR
FIRSTREF$
GETFORMAT

GETFORMULAS

GETLABEL$

GETSETUP$
GETSTATUS
GETVALUES
GETWIDTH
HIGH$

INCAT
INLINES
INPBUF$
INPPTR
INPWIN

INSCOL
INSROW
INTERP$
IRFLAG
LEGAL

%

Description

returns the file name of the active worksheet
returns the average of a list

blanks a cell

similar to the HP-75 CALL statement

returns the type of a cell

returns the legal choices from a message
clears the LCD

clears the video

returns the column number of a coordinate
returns a local column width

returns a coordinate given the column and row
turns off the cell cursor on the video

turns on the cell cursor on the video

returns a formula from Visicalc scratch space
deletes a column in a worksheet

deletes a row in a worksheet

returns file names chronologically

returns the name of the DISPLAY IS device
sends a worksheet to the printer or video
ends Visicalc

returns the value ERROR

returns the first cell reference in a formula
returns a local format from a cell

returns a formula from a cell

returns a label from a cell

returns a printer-setup string from a worksheet
returns status information from a worksheet
returns a value from a cell

returns a local column width from a worksheet
returns a string that is highlighted

checks the existence of a file

extends keyboard input capabilities

returns the contents of the input buffer

returns the position of the edit cursor

returns the position of the first character in the LCD window

inserts.a column in a worksheet

inserts a row in a worksheet

calculates a formula in VisicalC scratch space
returns the cursor type

checks the syntax of a coordinate

Table 1: These 82 keywords were developed in assembly language to support VCBASIC.

menu. (This capability will be dis-
cussed later in more detail.)

To program these capabilities ex-
peditiously, Visicalc was broken
down into functiondl modules. One
module, for example, handles top-
level functions and another defines
special-key functions. Each com-
mand-level function has its own
module. Additional support modules
perform functions that are generally
transparent to you, including video
support, user interface and memory
management, and parsing, inter-
preting, and decompiling formulas.
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Many of these functions can be in-
voked using the keywords developed
in assembly language to support
VCBASIC. The capability to imple-
ment user-defined column and row
headers was integrated into all
modules.

Product Development

As much of the software as possi-
ble was developed in BASIC because
that language is easier than others to
write, debug, and modify. Its disad-
vantages are that it is not compact,

presenting ROM space constraints,
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marks a cell reference as being relative
returns the maximum column from a worksheet

returns the maximum row from a worksheet

returns the next cell reference in a formula
converts a formula into its internal form
returns the name of the PRINTER IS device

puts a printer setup string into a worksheet
puts status information into a worksheet

puts a local column width into a worksheet

recalculates a cell or a worksheet
returns the row number of a coordinate

establishes the source range for REPLICATE
displays the internal form of a formula

establishes the target range for REPLICATE

returns the column boundary to be displayed or printed
returns the row boundary to be displayed or printed

similar to the HP-75 VAL function

similar to the HP-75 KEY$ function

returns the size of the LCD window

Keyword Description

MARK

MAXCOL

MAXL returns the maximum of a list
MAXROW

MEAN returns the mean of a list
MESSAGES returns a message

MINL returns the minimum of a list
MOVCOL moves a column in a worksheet
MOVROW moves a row in a worksheet
NA returns the value NA
NEXTREF$

PARSE

PRTS$

PRWIDTH? teturns PWIDTH
PUTFORMAT puts a format into a cell
PUTFORMULA puts a formula into a cell
PUTLABEL puts a label into a cell
PUTRLABEL puts a repeating label into a cell
PUTSETUP

PUTSTATUS

PUTVALUE puts a value into a cell
PUTWIDTH

RCLVAR recalls variables

RECALC

REPLICATE pertorms reptication

ROW

SETWIN sets the LCD window
SOURCE

SPEW

STOVAR stores variables

SUM returns the sum of a list
TARGET

UNMARK unmarks marked cell references
UPCOL

UPROW

VALCHK

vC runs Visicalc

VLENGTH sets the length of the video
VWIDTH sets the width of the video
WAITKEYS

WINSIZ

WORKSHEET

specifies the active worksheet

nor does it effectively perform speed-
critical calculations. Many functional
modules that would eventually be
converted to assembly language, at
least in part, were initially sketched
out in BASIC. An example of how
this approach was followed can be
seen in the development of the parser
module.

The parser’s role is to check for
proper syntax of formulas entered in-
to worksheet cells. One problem is
that a variety of nonstandard syntac-
tical combinations are possible. A for-
mula can, for example, include user-

defined headers, such as

January * Remain:
[Net Pay] - [January " Expenses]

or include cell references to other
worksheets:

April ~ Sales:
1.02*[April ~ Sales|:FY1982

where FY1982 is the name of another
worksheet in RAM. It can also in-
clude calls to BASIC programs, such
as
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Group A" std dev:
STD ([Group AJl.
[Group A] 47)

where STD is a program that calcu-
lates the standard deviation of a list
of parameters. Making a first pass in
BASIC permitted rapid development
of the parsing algorithms needed to
take into account all these combina-
tions. Assembly-language subroutine
calls to the HP75 mainframe parser
were then used to gain speed in
critical areas.

Once assembly language had been
used to develop display and key-
board-control keywords, BASIC
proved adequate for producing the
LCD user interface for each func-
tional module. Care was taken in de-
signing key functions to optimize
user friendliness. For example, to
alteviate potential confusion over the
dual role of arrow keys, a flashing
cursor appears when the arrows are
used for cell editing, and no cursor
appears when, in the top level, ar-
rows are used to move the display
window about the worksheet.
Similarly, the split-window feature of
other Visicalc versions was adapted
by creating an alternate window that
can be accessed via one keystroke.
Assembly language was also needed
to program other support modules
such as memory management.

The memory-management module
stores worksheet data in a compact
format as it is entered into cells. Each
data item is matched to its cell loca-
tion by a pointer table. A goal of the
design was to return every usable
byte to the user. Visicalc overhead in
RAM, plus HP75 operating system
overhead, is approximately 4600
bytes, which means that you have
either 12K bytes (with standard HP75
memory) or 20K bytes (with the HP
82700A memory module added)
available to store worksheets and
other files. Even the coordinate loca-
tion 0,0 of the pointer table was uti-
lized, providing an intercept for
BASIC programs at start-up, cell en-
try, and end of Visicalc. This efficient
memory management thus permits
the HP75’s 20K-byte RAM to hold
31K bytes of HP-86/87 worksheet in-
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LABORATORY
AUTOMATION

(TAURUS LAB) + (YOUR PC) = (LAB COMPUTER SYSTEM)

Now a new micro computer based data acquisition and
control front end that gives you:—

Power that's easy to use:— Plugs into any RS232C, R§422,
or IEEE port on your Personal Computer ¢ Powerful Com-
mand functions that include: simple reads and

writes, high speed block analog reads. pulse
accumulation, frequency, change of state
detection. and more ® Results in engineering
units ¢ Convenient screw terminal panels ¢
Compatible with 3 amp AC/DC switch-
ers for control of valves, pumps,
motors, etc. ®

Power that's easy to cost
justify:— Standard conti-
guration includes:
64 twelve bit
analog inputs
with 4 program-
mable gains for
inputs from

+ 10mV to = 10V,
64 digital I/O points,
optional — seven

16 bit counters,

4 output pulsers,

4 analog outputs o
Stand alone mode
with direct terminal support ¢ Communicates
simultaneously to three computers e

Low maintenance cost due to internal
diagnostics e

Power that's easy to expand:— Plug in expansion to 1024
points of digital and analog I/O e User memory allows
downline load of user written functions and programs e
Rack mount hardware available for all options

TAURUS LAB

Write or call for more information to: INUS.A, IN CANADA
CIO LM.S. P.O. BOX 911
TAURUS P.O. BOX 1663 STATION “U”
COMPUTER BUFFALO. N.Y. L(gg(gggo. ONT.
14203
PRODUCTS {603) 679.6662 (613) 226-5361
INC. TELEX: 053-3577

Circle 433 on Inquiry card. www americanradiohistorv com

formation or 27K bytes of HP-85
worksheet information when the sys-
tem is used in conjunction with
HP-85, 86, and 87 personal com-
puters.

Although the maximum allowable
number of rows or columns is 255,
available RAM determines the prac-
tical limits on the size of worksheets.
How much of this space is actually
available depends on how many cells
are filled as well as the information
in them. An empty worksheet of any
size requires only 22 bytes of mem-
ory. As cells are filled in, the mem-
ory-management module dynamical-
ly reconfigures the worksheet to ac-
commodate the data into a rectangle
just large enough to include the
highest-numbered column and row
that contain filled cells.

The interaction between VCBASIC
and assembly language in a func-
tional module can be illustrated using
the Insert command to insert a new
column. VCBASIC first sets up the
following prompt in the LCD:

Insert: Col Row

After the C key is pressed, a
VCBASIC routine checks to see that
this input is valid and branches to the
appropriate line in the functional
software shell. Assembly language,
meanwhile, provides VCBASIC with
necessary information on the spread-
sheet—using the keyword MAXCOL,
which returns the last active column
on the right—and performs the re-
quired memory management for a
column insert, using the keyword
INSCOL. The line of VCBASIC that
initiates the inserting of a column is
thus IF MAXCOL <255 THEN
INSCOL C, which translates into: “If
the maximum column number in the
worksheet is less than 255, then in-
sert another column at the current
column position designated by the
VCBASIC variable C”

Using Keywords

A total of 82 keywords have been
developed in assembly language to
support VCBASIC. Some, such as
those just described, are involved in
memory management. Others are

Circle 430 on inquiry card. ===p
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In today’s hard disk 3= Follow the Tallgrass path to your local computer

jungle, Tallgrass clears dealer and watch your personal computer transform

a path by offering high performance into a powerful data processing system.

integrated mass storage solutions for the From $2,995.00 U.S. including integral tape backup.
IBM®PC and compatibles, the T.1. Professional

and the Victor 9000 computers. Available from COMPUTERLAND® Entré® |

Computer Centers, MicroAge® Computer

TALLGRASS INNOVATIVE FEATURES Stores and other participating computer dealers.

MASS STORAGE SYSTEMS with formatted New!

HardFile™ capacities of 6, 12, 20, 35 and 70 Mb, IBM-XT Cartridge

all with built-in tape backup. Tape Backup

CONVENIENT INTEGRAL TAPE BACKUP et ,

SYSTEM allows rapid tape “image” streaming, World Headquarters: Tallgrass Technologies Corp. /11667 W. 90th St. |
or incremental file-by-file backup and restore on. Overland Park, .KS 66214/913-492-6002/ Telex: 215406 TBYT UR |
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owgFap aCIty removab]e Wmcheste,r dev1ces. European Distributor: CPS Computer Group, LTD

NETWORK READY and fully compatible with Birmingham, England B276BH/ (021) 7073866

networks such as PCnet®and EtherShare™ Australian Headquarters: Tallgrass Technologies {Australia) / Five Dock PMlaza,
HIGH RELIABILITY with dual dixectory and Suite 12/50 Great North Road/Five Dock / Sydney, N.S.W. 2040/(02) 712-2010

read-after-write verify options. A dedicated
landing zone, where the read/write heads reside
when the disk is idle, provides data protection

during powerdowns and transportation.
EtherShare'™ is a registered trademark of 3Com Corp.

'PCnet® is a trademark of Orchid-Technology

IBM® is a registered trademark of lnternanonal Busmr« Machines COTNW amprlranradlohmmrv -
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/ Technologies

Corporation
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Listing 1: A BASIC program for recording travel expenses.

10 ! travel expense data collector — wtj - 05/11/83

100 CLRSCR € WORKSHEET "trvlexps" € M$=5TRs$ (MAXCOL-2)

105 INPUT "Enter day number: “,M&;N

110 N=INT(N) @ IF N<! OR N> DR N>MAXCOL-1 THEN BEEP & GOTO 105
120 FOR C=1 TO HAXCOL-2

130 IF C=N THEN 300

140 NEXT C

150 DISP "Please wait..."

200 INSCOL C € PUTFORMAT C,1,4 € PUTFORMAT C,2,4
205 PUTLABEL C,0,"Day "&STR$(N) @ PUTRLABEL C,8,"—"
208 C$=CHR$ (564+4C)

@ PUTRLABEL C,20,"—"

210 PUTFORMULA C,9, "sum("&C$&"3. ..  "&Cs&"7) "
220 PUTFORMULA C,21, "sum("&Cs&"11..."&C$&"19) "
230 PUTFORMULA C,23,Cs&"9+"&Cs&"21"

300 C$=GETLABELS$ (C,0)

305 FOk R=1 TO 2

310 V$=GETLABELS$ (C,R)

320 DISP COORD$(C,R,S);":
330 NEXT R

400 B=3 @ E=7 @ GOSUB 1000
410 B=11 e E=19 € GOSUB 1000

490 DISP "End of program”

500 END

1000 FOR R=B TO E

1010 IF CELLTYYPE(C,R)=6 THEN V$=""
1020 DISP COORD$(C,R,S);": “;
1030 ON ERROR GOTO 1050

1040 PUTVALUE C,R,Vs

1050 OFF ERROR @ NEXT R

1060 RETURN

"; @ INPUT "©

e INPUT

»VE5

V$ @ PUTLABEL C,R,V$

ELSE V$=GETVALUES (C,R,0)
S T

Listing 3: A filled-in worksheet of travel expenses.

Travel Expense Report

83/05/30 23:47:10

TRVLEXPS!: Day 1 Day 2 Day 3 Day 4 Day S5 Total
date H May 4 May S May & May 7 May 8!

city i SF SF LA LA Prtind:

air H 217.87 112.34 256.10! 586.31
auto ' 45.13 12.47 45.32 H 102.92
mileage ! 11.54 2.45 10.34 H 24.33
parking ! 5.00 6.00 : 11.00
addtrans! 13.3%9 15.12 15.00! 43.51
Transpor ! 279.54 28.31 174.00 15.12 271.10: 768.07
room : 35.57 4367 48.89 48.89 H 177.02
brkfast ! 5.87 4.33 7.89 5.13 ' 23.22
lunch : 12.65 10.03 5.12 7.56 3.77% 39.13
dinner i 15.34 21.44 17.76 16.34 H 70.88
bus conf! 30.00 H 30.00
porter 7.00 5.00 H 12.00
laundry ! &6.70 12.00 H 18.70
phone H 12.72 4,62 14.462 H 31.96
addlodge! : .00
Lodging ! 89.15 121.17 84.28 104.54 3.77¢ 402.91
Expenses! 368.69 149.48 258.28 119.466 274.87: 1176.98

used in the parser and decompiler or
for user-interface support. Together
these keywords comprise what could
be called a spreadsheet language,
which provides the programmer with
the tools to access and manipulate
HP-75 Visicalc worksheets from
BASIC programs. Use of this power-
ful language extension is fully de-
scribed in a programmer’s reference
manual included with the Visicalc
software.

The use of keywords can best be in-
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troduced by an example. The BASIC
program in listing 1 uses the spread-
sheet language to prompt you for
travel-expense items and enters the
collected data into the appropriate
worksheet cells. Listing 2 shows the
initial appearance of the travel-
expense worksheet.

The BASIC program uses keywords
to create and open the worksheet
“trvlexps” (line 100) and to prompt
you for day entry number. If a new
day number is specified, the program
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Listing 2: An empty travel-expense
worksheet.

Travel Expense Report

83/05/30 23:45:33

TRVLEXPS H A B =
H Day 1 Total
1 date ' H
2 city 4 H
3 air H H -00
4 auto : H .00
S mileage | H -00
& parking ! : .00
7 addtrans: - 00
8 :
9 Transpor: .00} -00
10 H H
11 room H - 00
12 brkfast ! H .00
13 lunch H : .00
14 dinner ! H .00
15 bus conf! H .00
16 porter ! H .00
17 laundry ! H .00
18 phone H H . 00
19 addlodge: H .00
20 :
21 Lodging ! .00} .00
22 H H
23 Expenses! .00 .00

expands the worksheet by inserting
a new column and puts the appropri-
ate formulas into the new column
(lines 200 to 230). Next, the program
steps through the worksheet, access-
ing column and row headers and cur-
rent cell entries, then prompts for
more information using the work-
sheet headers and the cell data as
default values. Finally, the program
puts the collected inputs into the
worksheet (lines 305 to 1060). An ex-
ample of a completed travel-expense
worksheet appears in listing 3.

Calling BASIC Programs

BASIC programs can be called from
cell formulas because HP-75 Visicalc
uses its own interpreter in assembly
language instead of the HP-75 main-
frame interpreter. In addition, this
module also interprets VCBASIC
(Visicalc thus interprets itself) and a
Visi-command BASIC program that
extends the Visicalc command set.
Using this. interpreter gives Visicalc
two important types of control. First,
it allows Visicalc to intercept any
errors from called BASIC programs,
so that you are returned to the work-
sheet and not locked out. Second, it
prevents the Attn key from halting
VCBASIC and therefore exiting
Visicalc.

Calling BASIC programs from for-
mulas in cells introduces a new
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WHEN YOU BUY AN ATARI COMPUTER,
WE PUT OUR EXPERTISE ON THE LINE.

There's no limit to what you can do with a home of your ATARI Computer. Just call 1-800-538-8543 "

computer...and no way any mere instruction man- And if you ever need anything fixed,

ual can help you discover all the possibilitics. ATARI has over 1,600 ATARI SERVICE ™ Centers
So ATARI gives you the extra help you nced: nationwide. You'll find the nearest one listed

an ATARI computer expert to answer your under “Computers” in your Yellow Pages.

questions. Free. He'll help you write your own ATARI SERVICE isn't the only good reason
programs, learn how to do new ’ to buy an ATARI system. But it's
things, and diagnose problems w. an awfully good rcason not
when the things you're trying =2 to choosc any other kind.
to do just don’t work out.

It's the ATARI Help Line.
A toll-frce help-and-information
service to help you get more out

Circle 42 on inquiry card.

1-800-538~8547
THE ATARI SERVICE “HELP LINE”

A)'!‘%- © 1983 Atari, Inc. All Rights Reserved. ©®A Warner Communications Company
*California: 1-800-672-1404
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Circle 498 on inquiry card.

256K BYTE MEMORY CARD

IBM-PC

=YOU CAN'T BEAT ITABIT=
WHEN IT COMES TO RELIABILITY

GLCL-Xd 13AO0ON

Nesigned with reliability in mind

® Full Parity checking

® Small parts count

® All chips soldered directly

®First-gfade quality components employed
®Longtime burning-in

® 1.50m min. gold-plating on 3 Oum min. nickel base
256KB 64-Kbit chips

Addressable on any 64KB boundary

Full speed. no-wait required

Rugged metal card guide attached

Source listing for extensive menory testing
Full parts and labor warranty

8. Off-the-shelf delivery

9. incredible price

N A wN

Call your local dealer!

DISTRIBUTOR

SOUTH EAST ASIA & CHINA
RENFUL COMPUTER LTD.
8/F..CHIYU BANK BLDG.,,
78 DES VOEUX ROAD, C.,
HONG KONG

ISA Co., Ltd.

TOKYOQ 160 JAPAN. PHONE : 03-232-8570
TELEX : 2324496 1ISATOK CABLE:1SAHEIAN.

HETAN BLDG.. 2-6-16 OKUBQ, SHINJUKU-KTI.
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Listing 4: This investment-analysis worksheet includes worksheet formulas.

Investment analysis on the sale of property.

B3/05/31 14:51:11

INVEST H A B C
amount number period

e e T B e
1 cf1 H —4850. 00 1 11/80
2 cf2 i -180.00 7 12/80-046/81
3 cf3 | -192.00 4 07/81-10/81
4 cfa H -310.00 1 11/81
5 c#5 : -192.00 11 12/81-10/82
6 cfb H —350.00 1 11/82
7 c¥7 H -192.00 ? 12/82-08/83
8 Hate ]
9 total i -11378.00 <————— cash invested
10 H
11 selling: 25000.00

12 balance:! -10767.00

13 closing: -2290.00

14 i

15 net ¢ 11943.00 <————— cash returned
16 H

17 IRR H 2.40 7 per year

1B NFV -1174.33 7.Q0 7 discount

Worksheet formul as:

83/05/31 14:52:25

INVEST

amount~total: A1%B1+A23B2+A38BI+A4EtBR4+ASER5+A6EBS+ATEB7

amount”~closing: —.1%2A11+210
amount~net: A11+A12+A13

amount~IRR: TVM(1,2,A1...A7,A15,Bi...B7,1)812
amount~NFV: TVM(2,2,A1...A7,A15,B1...B7,1,B18/12)2(1+B18/ (128100))~SUM(B1...B7)

dimension in spreadsheet capability
and is a unique feature of HP-75 Visi-
calc. Again, the easiest way to intro-
duce this capability is through a brief
example, this time a program (listing
4) for analyzing investments.

Here, calls are made in two for-
mulas to the custom program TVM
(time value of money). In cell A17,
TVM is called to calculate the inter-
nal rate of return (IRR) realized by
sale of property. In cell A18, TVM is
called to calculate the net future value
(NFV) of the cash returned, assum-
ing a 7percent discount rate. The
multiple-file-structure capability is
used here for passing parameters be-
tween a worksheet and a BASIC ex-
tension function. At recalculation,
TVM reads the worksheet values
written to a data file named VISI-
DATA and returns the calculated
value back to the worksheet cell
through that file.

Other BASIC programs can also be
called from the command level of
HPZ75 Visicalc, although the process
is somewhat more complicated. First,
a change must be made in the com-
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mand-level prompt. This prompt is
built from message 21 (command)
and message 22 (DFGHIMPRVW-)
in the Visicalc ROM. The keyword
MESSAGES is used by VCBASIC to
access these messages. Alternative
messages can be accessed through
MESSAGES if they reside in the text
file named VISIMSGS. By entering a
replacement for message 22 into
VISIMSGS:

22 DFGHIMPRVW-E

the command-level prompt will ap-
pear as

Command:
DFGHIMPRVW-E

The final letter E provides the hook
needed to call a BASIC program that
defines a new command-level func-
tion. Such “Visi-command” pro-
grams are numbered sequentially in
the order of the letter or letters that
follow the hyphen in the command-
set message. Pressing the letter E in
response to the new command-set
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PRINTER MODEM ADAPTOR BUFFER SPOOLER
REMOTE CONTROLLER FILTER TRANSLATOR
JOB CONTROLLER IN

(-]

In short:
Printer Optimizer,
probably the most useful
computer accessory you may
ever own.

Super Holding Tank
We don’t need to tell you
that a spooler will greatly improve
the performance of your
computer. The Printer Optimizer
comes with up to 256K of
memory.
Universal Adaptor
The myriad of printers,
computers and programs have
made for a giant incompatible
mess. The Printer Optimizer can
adapt almost anything to
anything, not only electronically
but software-wise, including
filtering and translating the actual
data.
Remote Controller
Most people who buy a dot
matrix printer get a bunch of
features they can’t even use,
unless they can
write their own
programs. The
Printer Optimizer
mabkes controlling
a smart printer as
easy as using a
remote control
TV set.
Complete User Control
Even better, it can do the
controlling automatically based on
the data coming through it. The
user can make up his own
commands to access every trick
the printer is capable of, plus
some of our tricks as well . . .

- OPTI-GUIDE
S

| m M oRMAL

2 = ConpEHsED
3= EHHAHCED
o= |ThLICE

RRINIER

=optimizer

PAUSE

1 4

APPLIED CREATIVE TECHHOLOGY, INC,

g u THRELS [ampany

—

Multi-Printer Switcher
Most people use two

printers: a matrix printer and a
letter quality printer. The Printer
Optimizer can connect as many
as three printers to a single
computer output, with switching
at the press of a button or upon
receipt of a user defined
command.

Job Controller
The Printer Optimizer can
change the order in which jobs
are printed, with multi-copy and
selective reprinting, cutting down
computer use as well as the
number of forms changes.

ofsLe LETTERS
GESES

& T
SRS CHECKS

Creative Problem Solver
It can pause for paper
changes, shrink spacing, translate
languages, provide an X-ray of
incoming data, cleanup the
appearance of a spreadsheet . . .

and my (PRINTER
and my PRINTER
because ( turns on bold & italics

Feb .00 | Feb: n/a
Mar 545 | Mar: 545
before after

add headings to a listing or graphics
to a letter, send printer output
through a modem . . . creative
applications are endless. And yet
the Printer Optimizer is as easy to
use as a telephone auto-dialer.
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TEGRATOR, ABC SWITCH
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Actually Exists
The Printer Optimizer is also
competitively priced, has a one
year limited warranty, and is
available through business
computer dealers worldwide.
Other Products
We also make two fine
typewriter adaptors for IBM
Electronics and Olivetti portables.

For more information call toll free

800-433-5373
(in Texas 817-261-6905)

~ APPLIED
CREATIVE
TECHNOLOGY ne.

PO Box 5263, Arlington, TX 76011

OSend details on the Printer Optimizer.
OSend details on typewriter interfaces.
OHave a representative call me.

Name

Title
[

pany _

Add

City State Zip
Teleph _Ext

Printer Optimizer, MEDIAMIX ETl and TYPE & PRINT
are trademarks of Applied Creative Technology, Inc.
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message above would call a user-
written BASIC program called
VISICM1. If another letter were
added, it would call VISICM?2, and
so forth.

Visi-command programs define a
set of commands that act as exten-
sions of those defined in VCBASIC.
They provide the means by which
you can customize Visicalc in an un-
precedented manner. Using this
capability, for example, you can com-
mand the sorting and alphabetizing
of data by column or row. Worksheets
can be translated into other data for-
mats. Considerable amounts of text
can be entered and then formatted.
Other possible command extensions
include plotter and printer graphics
output, creation of schedule charts,
and utilities for collection and
management of data.

The Resulting Product

The final HP75 Visicalc package
contains the 32K-byte plug-in module
that supports the features described
here, an owner’s manual and a pro-

grammer’s reference manual, and a
keyboard overlay indicating rede-
fined keys used with Visicalc. In ad-
dition, magnetic cards provide you
with a sample worksheet, a sample
BASIC program (that solves for inter-
nal rate of return), and some BASIC
Visi-command programs for use with
the command-extension feature.
Command extensions provided in-
clude sorting, alphabetizing, and
clearing data from worksheets.

The HP-75 Visicalc offers at least
five unique features: (1) the first
spreadsheet capability on a fully por-
table personal computer that can also
operate as a desktop system, (2) the
ability to define extended functions
as BASIC programs, (3) the ability to
extend the feature set for special ap-
plications, (4) the ability to overlay
multiple worksheets in RAM, and (5)
the ability to automate the creation
and manipulation of worksheets
from BASIC programs using a
spreadsheet language.

The designers anticipate that by
combining sophistication and por-

tability, this new version of Visicalc
will find a wide market. First-time
users of an electronic spreadsheet
will be able to use most of the impor-
tant product features within a few
hours, and sophisticated users can
take advantage of its hooks to
develop enhancements for an almost
unlimited variety of special applica-
tions. In addition to providing the
features described here, the portable
Visicalc can support multilingual
prompting for international markets.

In short, the HP75 Visicalc pro-
vides the active professional with
worksheet capability that can be used
almost anywhere. Its unique features
promise to set a new standard for
power and convenience in software
designed for the truly portable com-
puter market.®

William T. Johnson, a research and development
engineer at Hewlett-Packard’s Portable Computer
Division (1000 NE Circle Blvd., Corvallis, OR
97330), headed the team that designed the HP75
Visicalc.

AZTEC C — ' C’' PROGRAM DEVELOPMENT SYSTEM
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PORTABLE SOFTWARE APPLE CPIM IBM

Shipping: COD. 2nd day delivery, or Canada. add $5. Canada 2nd day or US next p;ﬂgc cos
day delivery, add $20. Qutside North America. add $20, and for 2nd day add $75.

www americanradiohistorv com

Circle 274 on inquiry card.
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This time, select

{ autocontrol's autonet A¢
o to run your CP/M*

applications, then

|ig||f il_l
can siri
fwice!

o
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The first flash was your initial decision to install a computer system...

Congratulations on your foresight! You were
smart to realize what it could do for your busi-
ness at a time when the decision wasn’t easy.
Thus, your firm benefited from the increased
efficiency. Now, as an experienced computer-
user, you have an improved vantage point. If
you make the right decision again, lightning
can strike twice.

You know the phenomenal rate of innovation
and change in data processing. We are setting
the pace with a system that makes it easy to
create a network at no extra cost—AUTONET®!

What's so special about AUTONET®? Plenty!

1. Local network from 2 to 255 addressable
work stations

2. Lower cost work stations need no disks or
printer

3. Any work station can have own disk stor-
age and printer

4. No new software to write

Autocontrol’'s AUTONET® System & CP/M*
can revolutionize your entire data processing
system. To insure lightning striking twice. ..
add AUTONET®.

Call to request catalog. Dealer inquiries welcomed. u “'0‘0“"0' -

314-739-0075

Circle 43 on inquiry card.
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“Trademark of Digital Research
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If you guessed that a Practical
Peripherals Microbuffer™
printer buffer saves time,
you're right. For the way it
works, this inexpensive prod-
uct is the most practical addi-
tion to your microcomputer
system ever.

With Microbuffer, you
don’t have to wait for your
printer to finish before you
resume using your computer.

Data is received and
stored at fast speeds, then
released from Microbuffer’s
memory to your printer.

This is called buffer-
ing. The more you print, the
more productive it makes your
workflow.

Depending on the ver-
sion of Microbuffer, these buf-
fering capacities range from a
useful 8K of random access
memory — big enough for
8,000 characters of storage —
up to a very large 256K —
enough for 256,000 characters
of storage.
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Practical Peripherals
makes stand-alone Micro-
buffers for any computer and
printer combination, including
add-on units especially for
Apple II computer and/or
Epson printers.

Each has different fea-
tures like graphics dumps and
text formatting besides its
buffering capabilities. You can
choose one that’s just right for
your system.

Best of all, they’re built
to last and work exactly like
they’re supposed to.

If you're still guessing
whether you can afford to have
one, talk with any computér
dealer. That's the best way to
find out how practical a
Practical Peripherals
Microbuffer is.

—PRACTICAL
PERIPHERALS

Practical Peripherals, Inc.
31245 La Baya Drive, Westlake Village,
California 91362, (213) 991-8200

Circle 361 on inquiry card.
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The Gavilan—
A Full-Function Portable

Computer

CMOS logic, LCDs, and increased integrated-circuit density helped
designers fit the computer and its printer into a briefcase

Gavilan Computer Corporation de-
signed its mobile computer to meet
the needs of the traveling profes-
sional. The company’s main goal
was to create a completely self-con-
tained, full-function computer sys-
tem small enough to slip into a brief-
case and light enough to be easily
carried.

The self-powered Gavilan (see
photo 1a) has a full-size keyboard
and numerical keypad, an easy-to-
use display, and an internal memory
large enough to support popular ap-
plications. In addition, it has remov-
able mass storage, a modem, and
serial port, and can perform every-
day computer functions such as
word processing and number
crunching with well-integrated soft-
ware. The system comes with an
add-on printer that uses 8%-inch-
wide paper and everything is built
into a case that measures approx-
imately 11 by 17 by 3 inches (see
photo 1b).

Design Criteria

At Gavilan, we decided that
several criteria had to be met if the
mobile computer was to be useful to
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by F. John Zepecki

the traveling professional. The com-
puter had to be able to run for a long
time on an internal battery pack
(ideally, for at least 8 hours without
recharging), yet it could not weigh
more than 15 pounds. It had to have
a standard QWERTY keyboard with
a numeric 10-key pad (we felt that

The Gavilan’s mouse is
actually a touch panel
formed by two parallel
resistive membranes
separated by spacers.

miniature keyboards did not lend
themselves to touch typing) and a
bit-mapped display that could repro-
duce at least 8 lines of text as well as
graphic symbols and icons. The com-
puter also had to have 64K bytes of
memory expandable to 1 megabyte,
a built-in or add-on cassette for disk
storage, an integrated modem, a
serial port, and a printer. Further-
more, it had to support a standard
operating system.

Incorporating all these features
into a small package was not as much
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of a problem as anticipated because
of the industry’s progress in increas-
ing integrated-circuit density, the
availability of CMOS logic, and the
perfection of relatively large-area flat
liquid-crystal displays (LCDs).

A Portable 64- by 400-Pixel
Display

To ensure the usefulness of the
new computer’s display, we agreed
that it would have to present con-
siderable amounts of data without
scrolling. Furthermore, a graphics
capability was essential to support
anticipated applications.

A 24-line, 80-character LCD would
have been ideal, but no such displays
were available. Eventually a 64- by
400-pixel bit-mapped LCD was de-
cided upon.

Resident firmware was then devel-
oped to produce lines of 80 charac-
ters. And, because the display is bit-
mapped, icons and other graphic ele-
ments can be displayed.

Use of the large LCD complicated
the design of the display controller.
Because crystal fluid’s persistence is
shorter than the time it takes to scan
through the display’s 64 pixel rows,
the LCD is divided into the horizon-
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(1a)

tal halves of 32 rows each, and the
drivers are multiplexed so that both
halves are scanned simultaneously.
As a result, the display controller
supplies two data streams, one for
each half of the display. This way,
the display’s 64 rows are painted in
the time it takes to paint 32 rows.

Although getting an 8-line,
80-character display in the limited
space available was an achievement,
an 8-line page restricted our ability to
process lengthy files. To simplify
this, a special Zoom function was
added in firmware. The Zoom func-
tion presents an outline image of a
document with the positions of the
eight active lines shown in a rec-
tangular overlay. Using this func-
tion, the overlay can be placed any-
where on the page outline, and the
enclosed eight lines are displayed by
a single-stroke command. Conven-
tional scrolling is also available
through a set of pressure-sensitive
scroll keys located on a panel above
the keyboard. Because an 8-line dis-
play might not be ideal for all appli-
cations (even with Zoom), addition-
al provisions make it possible to feed
a 24 by 80 composite video signal to
an external monitor.

The LCD, its logic, and associated
row and column drivers are housed
in a separate assembly attached by

hinges to the computer case over the
keyboard. A pair of spring-loaded
posts at opposite ends of the key-
board raise and lower the display for
easy viewing. The display lowers for
stowing as the keyboard cover.

The mechanical interface is made
by hinges fastened to the top of the
posts and bottom, or screen side, of
the display lid (see photo 2). The
electrical interface is provided by a
ribbon cable in one of the posts. To
operate the computer, the user
pushes a button on the right side of
the case, releasing the posts, which
lift the bottom of the display lid
above the top of the computer case.
The lid then swings manually into an
upright position. Mechanical detents
providing 15-degree indexing begin-
ning at 90 degrees let the user lock
the display into a comfortable view-
ing angle. When the user is done
computing, he or she folds the dis-
play lid over the keyboard and
pushes the case until it locks in place.

The Gavilan has a typewriter-like
keyboard with full-travel keys on the
industry-standard %-inch spacing.
The keyboard meets the DIN stan-
dards for home-row height and
angle. A numeric 10-key pad was in-
tegrated into the keyboard design to
suit the needs of the mobile
executive.
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(1b)

Photo 1a and 1b: The Gavilan mobile com-
puter offers a full-size, full-travel keyboard
with a numeric 10-key pad and a fold-up
8-line, 80-character liquid-crystal display. The
snap-on printer adds less than 5 inches to the
computer’s length, yet provides 50 cps
throughput onto standard plain paper. The
computer and printer fit easily into a
standard-size bricfcase and weigh less than 15
pounds.

O
W

»

Photo 2: Keys to the user-friendliness of the
Gavilan’s packaging are the two spring-loaded
posts and the hinge assemblies that attach the
display housing to the computer. The posts
permit the housing to form a cover that secals
the keyboard when not in use yet rises to lift
the display into its operating position.
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Photo 3: Memory expansion is provided in the form of unique capsules that contain the appro-
priate memory chips and the boards required to support them.

An Electronic Mouse

To make the new computer more
user-friendly than a conventional
desktop machine, we used a mouse
rather than an individual cursor and
function keys. With a mouse, sym-
bols and icons could simplify user ac-
cess of the applications software.

Because the size of the system
didn’t lend itself to the use of a hand-
held mouse, a pressure-sensitive
touch-panel electronic mouse was
developed.

The Gavilan’s electronic mouse is
actually two parallel resistive mem-
branes separated by spacers. The
sheets in the membrane assembly are
scanned so that the location of any
contact closure is quickly determined
and encoded. To operate the mouse,
the user presses a finger against the
touch panel and moves it in the
direction he wants the cursor to
move. The direction and speed of
finger travel are determined through
membrane scanning and encoding.
Finger speed is converted into
distance by a squares algorithm.
Thus, a short but rapid finger move-
ment can send the cursor across the
entire display. Conversely, very slow
finger movement results in pixel-by-
pixel cursor movement, providing
precise control of the cursor position.
The location of the finger’s contact
with the touch panel is unimportant.
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The touch panel supports software
presenting various directories. The
user selects a listing, positions the
cursor next to it, and taps the panel
to execute the selected action. The
listing is then highlighted in reverse
video. The cursor does not have to
be in a specific location; it need only
be positioned in the cell containing
the desired listing.

The entire panel above the key-
board is a membrane assembly. On
either side of the centrally located
touch area are pressure-sensitive
function keys that call up menus,
scroll the display, and permit other
communications with the processor.
The panel is covered with a layer of
mylar that should wear indefinitely.

Expandable Memory

The basic Gavilan has 64K bytes of
user RAM (random-access read/write
memory); 32K bytes are housed on
the main printed-circuit board, and
the remaining 32K bytes are supplied
in a special capsule designed to fit
into the limited space available. This
memory provides better protection
for the circuitry than plug-in cards or
chips.

Inside each capsule is a pair of
printed-circuit boards (see photo 3).
The edge of one board protrudes
from an opening in the capsule’s bot-
tom and serves as a male connector.
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There are four mating connectors
used for capsule inserts on the main
printed-circuit board in the left-rear
corner of the computer, next to the
3%-inch floppy-disk drive.

Levers are built into the top of each
capsule to facilitate removal of the
capsules from their mating sockets.
(Lack of space prohibits manual re-
moval of the capsules from the
sockets.)

A lithium-thionyl-chloride battery
in each capsule provides memory
backup. With ordinary use, the bat-
tery will last more than a year. The
condition of each lithium battery is
monitored through an A/D converter
by a resident 80C51 CMOS single-
chip microcomputer. When the bat-
tery needs to be replaced, the 80C51
signals the computer, which notifies
the user through a message on the
display. The contents of the capsule
can be loaded onto disk before the
battery is removed. Replacement of
the battery involves little more than
swinging out the bracket in the cap-
sule’s side and swapping batteries.

Although each expansion capsule
contains 32K bytes, the memory is
mapped as 64K bytes, with the re-
maining 32K bytes in ROM (read-
only memory) on the main board.
This ROM holds the Gavilan operat-
ing system. Although mapping the
operating system into four expansion
modules may seem redundant and
wasteful, it provides much faster
response to commands because the
processor doesn’t have to go some-
where else to pick up operating in-
structions. Even more significant,
mapping the operating system into
the memory space of all the capsules
permits them to be used as applica-
tions modules containing both pro-
gramming and operating-system in-
structions. Plugging in a capsule
with an applications program in
ROM converts the computer into a
dedicated business machine prepro-
grammed to provide user support
with nho other instructions. If more
than one applications capsule is in-
stalled, the program names appear in
the main desktop, or directory. In
this case, the touch panel is used to
select and execute the desired
application.
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IBM PC and PC-XT malfunc-
tions (according to PC Magazine,
March 1983). That's true for
other computers as weII

Protect against line house"that can im-
* pair software and data, and against
spikes and surges that can damage
your computer's circuitry.

UNE SMOOTH

NOBE

o (]

[ xn
SMOOTH
sumts CURRENT
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Power line associated probler'ns _
 to cause 70-90%

reach 4, OOQ
tronic devices, th ;s;a;,
tors and re‘fr-i'gei’*atc_J_Fsv-
lights, even distant lig

can damage the PC's mterhal circuits

fluo res:ent

leading to costly servicing. .

 PCSaver. Total Insurance "

PC Saver guards both against tran-

sients from the wall current and those
generated by devices (e.g. printers)
connected to the same outlet strip.

An ‘L' type filter attenuates com-
mon and transverse mode noise. The
insertion loss is 20 dB to 50 dB from
600 kHz to 30 mHz. Surges and spikes
are clipped to a safe 133 Volt RMS/189
Volt DC level.
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T,Qp of eleva-

Only $39.95 at your local dealer.

For phone or mail orders please include $2.50
shipping and handling. New York State residents
add 6%% sales tax.

VISA and MASTERCARD accepted.

Kensington Microware Ltd
919 3rd Avenue, New York, NY 10022
(212) 486 7707 Tix: 236200 KEN UR

N KENSINGTON
MICROWARE
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SOFTWARE

(602) 842-1133
TOLL-FREE
1-800-421-3135

CP/M. ﬁrograr.n names prefaced with # are
also available for IBM PC

BUY OF THE YEAR!
DBASEII*EVERYMANS DATA BASE
PRIMER+EXTRA DISKETTE WITH DBASE
ACCOUNTING, MAIL LIST AND INVEN-
TORY PROGRAMS. IBM PC AND CP/M—
CALL FOR OUR SPECIAL PRICE.

FOX AND GELLER QUICKCODE wng

DBASE PACKAGE .......ccouvviin $17

#Condor 1l AR ...... 5445
#NWA Statpack ................. . 8348
L L ey ¥ | . 5285
#INTOSHAr oo vio sy i sk b in broai Call
#Wordstar Mail | Merge Spellstar . $305
#Wordstar oo lus sl inini g 265
#Mail Merge _ . . 135
#Spell Star . ___ .. $145
#Lexisoft Spelibinder . $270
#Aspen Spelichecker , .$36
#Metasoft Benchmark ............. $335
#Sorcim Speliguard $135
Peachtext .. . ... $285
#CalCstar i ki i . $95
#Supercalc It RS $185
#Microsoft Multiplan .. _...........$185

#TCS o Equivalent of Peachtree ® Specially
Augmented By Warehouse Software Cus-
tomized For Your IBM e Terminal and Printer-

GL, AR, PA AP ... .....Each Module $75

................ . For All Four $275
#CYMA T ——— - ]| |
#Peachtree GL. AR, Ap S $285
C-Basic . SRPDTPRSP—  |
CB=80 ¢35 i fin it o T et $365
Microsoft Basic 80 ............... 250
Microsoft Basic Compiler . .. 315
Move-It, .. ... . A $95
IBM PC Move-It ......._........, $i110

Best Price in U.S.

Seven Function Board—Includes Async
Adapter, Parallel Adapter, Clock with Battery
Back-Up and Software, Game Port, 64K
Memory Expandable to 512K.

1 year warranty . ..$2?77?

Floppy Disk Controller w/Par or Sen;l

POt v s e r e el 23
Plantronics Color + Board . ... ... 365
Tandon 100-2 Drives . ......... Call
256 K Ram Board W/Async Port . 3365

i MONEY BACK GUARANTEE 1
For the IBM PC—Fifty Six Utility Programs
including: Label Program—Check
Reconciliation—Numeric Conversion—IBM
E EPSON Printer Set—Calculator
Program—Interest Computation—Function
Key Set—Menu Generation—Plus 47 others
all for $24.95 post pald — (requires 360K
drives —160K drive version with 40
programs only $19.95 post pald) If you are
not completely satisfied return within 15
days for full refund.

Hayes Smartcom Program .8$75
IBM PC Volkswriter ,.............. $125
PCltl Copy Program $34
Datamost Write-ON . .. ............. $9a
Real Estate Investment Prog A .. 9hd4
Microsoft Flight Simulator , ..., .... aa
Howard Real Estate Analyzer Il .... $185
IBMPCCP/MB6 .., .. ............ $49
CBasiCBb by bns siioyaiinina . $145
CIS CoboIB6:y L it taniis wbsatireny 595
Palcal MT+86 W/Spp , . ... 450

TERMS: Prices include 3% cash discount. Add 3% for
charge orders Shipping on most items $5.00
AZ orders +5% sales lax

4935 West Glendale Ave., Suite 12
Glendale, AZ 85301

]

——
{602) 842-1133 Technical Information —
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l:: 1/0 CONNECTOR
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RECHARGER
8088 CPU CONNECTOR - —-D
F=—""r7] SUPPORT
LOGIC
RS-232C MEMORY / DISPLAY
CONNECTOR PCB CONNECTOR —— o MODEM
CONNECTOR —e
8051 1/0
PROCESSOR L

Figure 1: Packing a 16-bit microcomputer complete with a 360K-byte floppy disk and full-
size keyboard into an 11.4- by 11.4- by 2.7-inch case required some creative packaging. In
the layout of the Gavilan, the 3%-inch floppy disk is mounted crosswise at the right rear
with access through the right side of the case. In front of the disk-drive access port on the
right side of the case jacks are located for connection to the built-in modem and for an external
24-line by 80-character monitor. The enclosure at the left-rear corner reserves space for up
to four-plug-in memory capsules. The main board fills most of the bottom of the case. Resi-
dent memory 1s contained on two boards mounted above the main board between the disk
drive and the keyboard. Above the memory boards is the display controller board.

Internal Layout

Most of the Mobile Computer’s
electronics are on the main
printed-circuit board on the bottom
of the computer’s 114- by 114-inch
interior (see figure 1). These elec-
tronics include the DC/DC converter,
the connectors for interfacing the
printer and/or the second disk drive,
an RS-232C port, a keyboard, an
integrated-mouse/function-key
touch panel, and a 300-bit-per-sec-
ond (bps) modem with auto-answer
and auto-dial. The modem accepts
domestic frequencies in accordance
with Bell 103 and European frequen-
cies in accordance with CCITT V.21.

Two memory boards housing 48K
bytes of resident ROM containing
the display messages and the operat-
ing systems and the 32K bytes of
user RAM are mounted above the
main board and are interfaced by
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connectors. These memory boards
are located between the battery pack
housing and the capsules’ housing.

A third board stacked above the
two memory boards contains the dis-
play controller, which can support
not only the computer’s own dis-
play, but a wide variety of other
LCDs. Included in the controller is a
proprietary gate array that accesses
a local memory to map the display
screen, which can be either the com-
puter’s 8 by 80 LCD or a 24 by 80 ex-
ternal CRT monitor. Selection of the
display format is made under soft-
ware control via the touch panel.

The computer uses a 3%-inch
floppy-disk drive, which offers the
ideal combination of large storage
capacity and small size. The drive is
mounted crosswise at the right rear
of the case with disk access on the
right side.
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Photo 4: The battery pack consists of 10 ¥-D nickel-cadmium cells, seven of which are in
tubwdar form beside the disk drive and memory capsule enclosure. The remaining cells are
housed side by side inn an upright position in the space between the disk drive and the capsule

enclosure.

Because no industry-standard
microfloppy format existed, we ini-
tially chose a 3-inch drive for the
computer. It was originally the only
microfloppy compatible with
5%-inch drives in terms of rotational
speed, disk format, and controller in-
terface. Since then, however, other
compatible 3%-inch disk drives have
become available and may become
the industry standard. With that in
mind, mechanical provisions were

made so that many different
sub-4-inch microfloppy drives can be
mounted to the case. The disk con-
troller was also designed to be com-
patible with any of these drives. Disk
access is through a detachable bezel
that is easy to replace, simplifying
drive changes during assembly.

Making It All Work
The Mobile Computer uses 10 2-D
nickel-cadmium cells that power a
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DC/DC converter, which in turn pro-
duces the voltages required to power
specific components or subassem-
blies (see photo 4). The 12-volt bat-
tery’s capacity is great enough to
continuously power all the elec-
tronics and the disk drive in typical
intermittent service for at least 8
hours on one charge. The battery can
be recharged to 80 percent of capac-
ity in less than 1% hours.

Originally, the DC/DC converter
was unable to supply enough power
to operate the battery pack for 8
hours. The problem was caused pri-
marily by the NMOS 8088 pro-
cessor’s large power draw. Because
there was no way to reduce the
8088’s power consumption during
operation, a scheme was devised to
shut down the 8088 when it was idle.
Upon completion of its task, the 8088
writes its internal states into memory
and then powers down. When action
is again required, the 8088’s off-state
is interrupted and it powers up.

The 8088 determines which circuits
need power and which do not. It
turns off power to circuits that have
nothing to do (most notably the
microfloppy’s spindle motor during
periods when the disk is not being
accessed).

The 8088's power-down feature
and its ability to control energy use
in other circuits enable the DC/DC
converter to supply the required 8
hours of power.

To maximize conversion efficiency
while minimizing the size of the
DC/DC converter, a flyback circuit
converter was used. This converter
supplies various voltages to power
the logic bus, the EIA interface, and
the disk drive. The main nickel-cad-
mium battery is monitored by the
80C51 microcomputer through an
A/D converter (as are the expansion
capsules’ lithium batteries), which
signals the user through the 8088 and
the display when it’s time to re-
charge the batteries.

Size and weight limitations pro-
hibited putting a charger in the com-
puter itself, but a separate battery
charger comes with the Mobile Com-
puter. The charger can operate the
computer while recharging the bat-
teries. The 80C51 monitors the bat-
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Only

the Texas Instruments
Professional Computer
offers these 7 advantages

that add up to more computer
for your money.

If you're a smart business profes-
sional, you want a business computer
that gives you the most productivity
power for your dollar. For you, Texas
Instruments has the answer: the T!
Professional Computer. With seven
obvious advantages that make buy-
ing T make sense.

The Disk Storage
Advantage.

The TI Professional Computer gives
you standard 320K floppy disk stor-
age. Thats twice the standard data
storage of the leading competitor.

The Function Key
Advantage.

We give you 12 function keys that
you can easily preprogram to make
your work simpler and easier. The
best the competition can do is 10 or
fewer function keys.

The Keyboard
Advantage.

Our standard touch-typing layout
makes word processing as easy as sit-
ting at a typewriter. The separate
numeric and cursor control keypads
let you isolate information and enter
numbers for spreadsheets more
quickly. And with our isolated edit/
delete keys, you'll never have to

Copyrighr € 1983 Texas Instruments
1.2-3 and Lotus are trademarks of Lotus Development Comporaion

worry about accidentally erasing val-
uable data.
The Monitor
Advantage.

Our monitor gives you 40-50%
better resolution than the leading
personal computers. Which means
you get clearer displays that are easy
on the eyes. And some of the sharp-
est graphics possible today.

The Software
Advantage.

There’ software available now for
the T1 Professional Computer that
meets virtually every professional
and small business need. And with
our memory expansion board, you
can use advanced integrated software
like Lotus 1-2-3™ to help you do
several kinds of work without
changing programs.

The Expandability
Advantage.

Our standard features like the floppy
disk controller and printer support
are built-in so they don’t take up the
valuable expansion slots you'll need
for adding optional features like
communications and up to ten
megabytes of hard-disk storage.
Which leads to one of our most
exciting advantages. ..
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The Future Enhancement
Advantage.

No one wants to buy a personal
computer that’s already on the road
to obsolescence. Thats why we're
developing exciting new features
that you can easily add to your

TI Professional Computer—like
speech recognition. Imagine being
able to say, “Spreadsheet, please”
and having it appear instantly on
your monitor. This and more will be
available this fall.

One additional benefit makes the
TI Professional Computer especially
attractive — the price. Feature for
feature, dollar for dollar, you'll get
more computer for your money.

Get the business computer that
puts these benefits to your advan-
tage. Visit your T1 authorized dealer
or write: Texas Instruments Data
Systems Group CA, Dept. 062B1,
P. O. Box 402430, Dallas,

TX 75240. Or call toll-free: 2
1.800-527-3500, J

TEXAS
INSTRUMENTS

Creating useful products
and services for you.

261477 -R1
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Photo 5: The snap-on printer is housed in a case measuring 11.4 by 4.9 by 3 inches and
weighs about 5 pounds including its self-contained battery pack. In spite of this small size
and light weight, the printer can handle standard plain paper.

tery through an A/D converter dur-
ing recharge, and at the appropriate
terminal voltage or temperature it re-
duces the charging rate to a trickle to
protect the cells.

The printer presented another
power problem. The printhead and
paper-feed motors required so much
power that the battery pack would
have had to be twice the size and
weight of the one required to power
just the computer itself. Although
the larger pack could have been ac-

commodated, there was little reason
to burden a user with the extra
weight. An analysis of computer
usage patterns indicated that a built-
in printer wasn’t essential—it could
be a peripheral.

Without the printer, the computer
case is 11.4 inches square and less
than 3 inches high, and it weighs
about 9 pounds.

A Snap-on Printer
The separate printer is housed in

Photo 6: To conserve space and mninimize power consumnption, a thermal print head is used.
Unlike other thermal printers, however, the Gavilan printer prints on plain paper. The key
is a special thermal transfer ribbon contained in a pop-out cartridge, which can be removed

when thermal paper is used.
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a box with the same cross section as
the computer. It can be snapped onto
the computer’s back panel, provid-
ing both a mechanical and electrical
interface (see photo 5). The electrical
interface consists of an edgecard plug
on the computer’s rear panel mated
with a jack on the front of the
printer’s case. The mechanical inter-
face uses a latching arrangement that
provides easy connection and dis-
connection and a high level of hold-
ing tension. The final design uses
two spring-loaded clamps (one on
each end of the printer’s front panel)
that bite thin stainless-steel brackets
on the computer’s rear panel. The
combination of the spring loading
and the slant of the brackets provides
a mechanical attachment between
the two units that, in effect, makes
them a single package. The
mechanical interface is so strong that
lifting the computer from its front
edge will also raise the printer as if
it were built into the same case.

The printer’s dimensions are 4.9 by
3 by 11.4 inches, allowing it to be car-
ried in the same standard-size brief-
case as the rest of the system. It is a
plain-paper thermal graphics type
with a special ribbon that transfers
dye to plain paper when it is heated.
The ribbon rides in a special cassette
between the paper and the 16-wire
ceramic printhead (see photo 6). The
same mechanism that advances the
printhead also advances the ribbon;
when the ribbon is being used, the
printer prints in one direction. When
used with thermal paper, however,
the ribbon cassette can be snapped
out of the printer, which then
operates bidirectionally. Unidirec-
tional and bidirectional printing and
printhead temperature are controlled
by a resident microprocessor, which
also manages character formation,
the input buffers, and handshaking
with the computer.

A standard ASCII character set,
along with special characters for six
foreign languages, and a graphics
character set are contained in ROM.
The printer operates at 50 cps (char-
acters per second) with or without
the thermal transfer ribbon.
Throughput is faster with thermal
paper, however, because of the
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FOX&GELLER

“The products make the difference.’

aves you 80-100% of programming using
dBASE II.” QUICKCODE is for business executives, businessmen,
accountants, salesmen, anyone who wants to make dBASE ||
faster and easier to operate.
QUICKCODE is a program generator. A com-
puter program that writes computer programs. Think of it as a
1 - ‘translator’ that sits between you and your computer telling it
daaceasEl B what you want and saving you from having to write a program
S ; everytime you want to get something done. If you own or use
dBASE I, or ever plan to, you need QUICKCODE by Fox & Geller.

“QUICKCODE is a well-written, easy-to-use program gen-
erator for dBASE II...”
BYTE MAGAZINE

w/ith dGRAPH, the high-quality, easy-to-use
graphics package from Fox & Geller, you tap the full power of
your computer to produce a wide variety of graphs and charts in
color. And there's no special knowledsge or prior programming
experience required.

dGRAPH is for businessmen, future analysts, sales
managers, division supervisors. Information is presented graph-
ically, comparisons are easier to make, stories more impactful,
arguments more convincing. Simply stated, it will make you e T
more effective. -

“dGRAPH can add dramatically to one's ability to
manage, analyze and present data.”

Fox & Geller, Inc. 604 Market Street  Eimwood Park, N.J. 07407 (201) 794-8883
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(86 - For Professional Programmers

Complete C Tight Code No Royalties Library Source

e C - The Language for Professional Programmers: C combines
full control of the machine with the best productivity features.
C is used by:
IBM Bell VisiCorp Digital Research MicroPro Wang Microsoft

¢ A Complete Implementation - C86 includes all of the features
described by Kernigan and Ritchie. C86 delivers portability,
consistency, FULL C.

* Extensions include long identifiers and additional data types.

e Tight code is produced by C86. Only needed code js linked
from the library. The January 1983 Byte benchmark shows
C86 as the fastest.

¢ No Royalties are payable to us on C programs you sell.

e Library Source provided includes UNIX I/O support, interface
with and control of the Operating System and of hardware, all
functions described in K & R, a Mathematics Library, and a
Trigonometry Library.

e Overlay Support allows development of large programs.

¢ Assembler may be used to write a function. Macro supportcan
increase productivity. Programs are ROMable.

¢ Our Update Policy helps you to keep the Best Personal Com-
puter C Compiler for the 8086 as the technology improves.

See your Dealer for:

O Free Information: “C86 Product Description”............. NC
0O “The C Programming Language”" by K& R.,......... $ 25.00
O“The C86 User Manual”. ...........covvivvvrennnn. 35.00
0O C86 Compiler Diskette and Manual ................. 395.00

We support all common formats under PC-DOS, CPM-86, MSDOS
and MPM-86.

VISA and Master Card accepted. They Say It All... We Do It ALL

Computer Innovations
10 Mechanic Street
Suite J-104

Redbank, NJ 07701
201-530-0995

C386 Is a trademark of Computer Innovations, inc. CPM-86
and MPM-86 are trademarks of Digital Research.
MSDOS is a trademark of Microsoft. PCDOS is a

trademark of Internatlonal Business Machines. Prices-subject 1o change without notice.

September 1983 © BYTE Publications Inc.
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bidirectional-printing capability. The
printer weighs about 5 pounds in-
cluding the internal battery pack,
which consists of 11 sub-C size
nickel-cadmium cells. The integrated
computer-printer package weighs 14
pounds.

The printer’s battery delivers about
60,000 characters between charges.
The computer charger will also re-
charge the printer’s battery pack.
Control lines handled through the
computer-to-printer interface permit
the 80C51 to monitor the printer bat-
tery’s charge and discharge just as it
does the computer’s.

A Snap-on Second Disk Drive

A second disk drive with a
self-contained battery pack is housed
in a case about the size of the printer.
A dual-drive system consisting of the
computer and the second drive (in
place of the printer) will also fit easi-
ly into a briefcase. The second drive
can include an additional 128K bytes
of main memory. The computer’s
80C51 monitors the voltage and
temperature of the add-on drive’s
battery as it does the battery in the
printer. The add-on drive’s rear
panel is equipped with the same
electrical and mechanical interface as
the computer, so the printer can be
snapped on to form a mechanically
stable, fully integrated computer sys-
tem with nearly a megabyte of re-
movable mass storage and an
8%:-inch-wide plain-paper printer.

We feel the Gavilan meets virtual-
ly all the computing needs of the
traveling professional. This com-
puter is enhanced by a proprietary
operating system that enables ap-
plications software to take full advan-
tage of the system’s hardware. In ad-
dition, off-the-shelf MS-DOS pro-
grams will run on the system. By in-
tegrating these elements plus ex-
panded memory, a snap-on second
disk drive and printer, and an exter-
nal monitor into a single system, we
believe the Gavilan mobile computer
rivals conventional desktop
computers. B

E. John Zepecki is vice-president of hardware
engineering at Gavilan Computer Corporation, 240
Hacienda Ave., Campbell, CA 95008.
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Circle 302 on inquiry card.

We deliver

the
information

age
to you ...

...today, within reach of your
telephone, there are information
utilities with almost any data you
could ask for.

If you have Crosstallkk and a
modem, you have what it takes to
hook almost any business
microcomputer into this incredible
information network.

The most widely used com-
munications program available,
Crosstalls helps your computer
transfer data to and from other
microcomputers, dial-up mainframes,
and information data bases that
provide data to the public.

You can gather the world’s latest
news, loolk over the most recent
hourly stocls prices, check an airline
schedule and make a reservation,
get the recipe for Chicken Kiev, find
out the weather forecast for Paris or
Peoria, do research on the wines of
Bordeaux, or answer complex legal
questions.

Almost anything you need to know
is now within your reach.

Crosstalk is available for most small
business computers including IBM,
Victor, Texas Instruments and DEC.
See your nearest computer retail
store, or write for the details.

Microstuf, Inc.

1845 The Exchange
Suite 140

Atanta, GA 30339
(404) 952-0267

Crosstotk is o Trademark of Microstuf. inc.

The Source is o Trademark of Source Telecomputing Co.
Compuserve Is a Trodemork of HGR Block

1BM is @ Trodemark of IBM. Inc.

Victor is o Trademork of Victor Technologies

Texos Instuments is @ Trodemork of Texos Instuments
DEC is o Trodemark of Digital Equipment Corp.
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Powerful text editing.
High-speed graphics. Color copies.
The new desktop family from Tek!

VT100 text editing and
PLOT 10 color graphics
are now packaged as
basic desktop units and
priced from $3995
complete.

Tek's new 4100 Series
desktop terminals answer
a range of resolution,
screen size, color palette
and local intelligence
needs. All three feature
outstanding 60 Hz non-
interlaced displays and
rapid 16-bit graphic pro-
cessing speeds.

Standard capabilities
include 38.4K baud com-
munications; easy color
selection from the key-
board; 4096 x 4096 ad-
dressable display space;
a separate display sur-
face for alphanumerics or
communications dialog;
and compatibility with
ANSI X3.64 screen edi-
tors, including DEC
VT100 extensions.

Each offers

‘ 4105 4107 4109
anuncondi-  pisplay Size  330mm(13") 330mm(137) 483mm (19")
tional, one- Displayable Colors R
year on-site Graphics 8 16 16
warranty. Tek Alphanumeric 8 8 8
Warranty-Plus  Palette 64 64 4.096
extends this  Resolution 480x360  640x480  640x480
cove(age two Segment Memory 128K Bytes 256K Bytes
additional ~  picg $3.995 $6.950 $9.950
ﬁ;rgjétrn'”" Warranty-Plus__ $195 $295  §395
For less than $1,600, provides up to 886K RAM

you can add Tek’s com-
pact, plug-compatible
4695 Color Graphics
Copier. With a palette of
up to 125 shades, the 4695
lets you reproduce graphic
and alphanumeric displays
on report-size paper or
transparency film at the
push of a button.

At any time, you
can plug into Tek’s new
4170 Local Graphics
Processing unit. The
CP/M-86-based 4170

www americanradiohistorv com

for standalone program-
ming and pre- or post-
processing—to help you
conserve host power
while you build upon a
central data base.

Factor in compatibility
with Tek PLOT 10 soft-
ware and 4110 Series
terminals, and you’'ll
discover the first
desktop graphics that
you can'’t outgrow. Call
your Tek Sales Engineer
for a demonstration.

For the number, or for
literature, contact:

U.S.A,, Asia, Australia,
Central & South America,
Japan

Tektronix, Inc.

PO. Box 4828

Portiand. OR 97208

Phone: 800/547-1512
Oregon only: 800/452-1877

Europe, Africa, Middle East
Tektronix Europe B.V.
Postbox 827

1180 AV Amstelveen

The Netherlands

Telex: 18312—18328

Canada

Tektronix Canada Inc.
PO. Box 6500

Barrie, Ontario L4M 4V3
Phone: 705/737-2700

Tektronix

COMMITTED TO EXCELLENCE

Circle 438 on inquiry card.
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Inside CMOS Technology
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Photo 1: The die for the 80C51, with the functions of the various sections identified.

How CMOS devices are manufactured and a look at three of them

by Martin B. Pawloski, Tony Moroyan, and Joe Altnether

94  September 1983 © BYTE Publications Inc.



www.americanradiohistory.com

CMOS (complementary metal-
oxide semiconductor) has often been
called the ideal technology. It has low
power dissipation, high immunity to
power-supply noise, symmetric
switching characteristics, and a large
supply-voltage tolerance. But CMOS
has rarely been used for advanced
VLSI (very-large-scale-integration)
microcomputer designs. Because of
the complexity of the CMOS process,
the ICs (integrated circuits) produced
have traditionally had a relatively
poor price/performance ratio.

As a result, CMOS was used only
in applications that required low
power and were neither performance
conscious (such as in calculators and
watches) nor cost conscious (many
military applications, for example).
Suddenly, however, all major semi-
conductor companies have an-
nounced either advanced CMOS
products or the intention of design-
ing their next generation of high-
performance microprocessors using
CMOS technology.

What has happened to make
CMOS both affordable and high per-
formance? For one thing, the domi-
nant VLSI technology, NMOS
(n-channel metal-oxide semiconduc-
tor), is rapidly approaching the pro-
cess complexity of standard CMOS.
It is not unusual nowadays for
NMOS technology to have up to four
transistor types with different
operating characteristics. Much of the
complexity of this process is added
simply to help VLSI designers keep
the operating power of their circuits
under control.

Second, CMOS circuit designers
are being more selective in the use of
static CMOS logic. Critically placed
dynamic logic, creative circuit design,
and use of modes that offer varying
degrees of power consumption are all
tricks designers are using to maintain
the advantages of CMOS.

Finally, aggressive reduction in
CMOS transistor size is being used
to bring CMOS performance in line
with that of NMOS. As a matter of
fact, many manufacturers are devel-
oping CMOS as a derivative of their
advanced NMOS processes. This not
only improves CMOS performance

levels but also boosts reliability and
reduces development costs.

The Evolution of LSI

Early LSI circuits were built with
p-channel MOS transistors, which
permitted high-circuit densities yet
were relatively slow and difficult to
interface to normal integrated cir-
cuits, such as TTL (transistor-
transistor logic). As an example, the
1103-type 1K by 1-bit dynamic RAM
(random-access read/write memory),
circa 1971, required ijts inputs (ad-
dress, controls, and data) to swing
between 1 and 15 volts (V) although
its output was measured in
millivolts—hardly TTL compatible!
About 1974, NMOS came to the
rescue. It provided faster speed, and
most of its inputs and outputs were
TTL compatible.

Low power
requirements are a
major advantage of
designing a system

that uses CMOS.

NMOS was more difficult to man-
ufacture than PMOS because con-
taminants would vary the thresholds
of the n-channel transistors, causing
deviations in speed and perfor-
mance. But this problem was quick-
ly overcome through ultraclean pro-
cessing rooms, and NMOS became
the workhorse technology because it
cost less to manufacture, was easy to
use, and had good speed-power
characteristics. And NMOS technol-
ogy had potential for greater im-
provement of its speed-power char-
acteristics through scaling (or shrink-
ing) of the silicon devices. The result
of this scaling was HMOS (high-
speed NMOS), which accomplished
three objectives: increased speed,
reduced power, and increased
density.

Over the past 10 years, the reduc-
tion in transistor size has, at the
device level, increased memory den-
sity by a factor of 64, increased speed
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by a factor of 3, and reduced power
consumption by a factor of 100. How-
ever, the scaling cannot continue ad
infinitum because of resolution
limitations of the photolithographic
equipment used to make the circuits
as well as breakdown mechanisms
within the devices. More important,
even before these limitations are
reached, heat dissipation will pro-
hibit major enhancements with
NMOS. Heat generation increases
exponentially with transistor count,
and, at densities approaching 150,000
transistors per integrated circuit,
special cooling measures are re-
quired. This heat can accelerate
failure mechanisms within the sili-
con, reducing device and system re-
liability. To hurdle this barrier, low-
power devices must be used.

The Importance of
Power Consumption

The development of NMOS was
spurred on by the semiconductor in-
dustry’s drive to produce high-
volume, large-capacity memory
devices, for which high density,
rather than low power consumption,
was the primary concern. As VLSI
began to emerge, however, power
dissipation became a limiting factor
in continued increases in NMQOS
packing densities. Thus, the semi-
conductor industry turned to CMOS
as a potential alternative.

CMOS achieves its low power dis-
sipation through the use of both p-
and n-channel transistors (hence the
name “complementary”). Essentially,
no DC power is dissipated in either
logical state, and AC power occurs
only during the relatively short
switching period. Because most cir-
cuitry in a complex design is active
only 10 to 20 percent of the time,
CMOS achieves a dramatic reduction
in power dissipation compared with
NMOS, which continually dissipates
DC power whenever an operating
voltage is applied.

Low power requirements are a ma-
jor advantage of designing a system
that uses CMOS. Reducing power re-
quirements has a domino effect that
often substantially reduces the cost of
the end product:
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Figure 1: A comparison of NMOS and CMOS technologies. Figure 1a shows the schematic
diagrams of an inverter as implemented in both NMOS and CMOS. A hypothetical input
waveform and the resulting transistor currents are shown in 1b and Ic.

elow power allows smaller, lower-
cost power supplies to be used

e power distribution in the system is
simplified

ecooling fans can be eliminated
eprinted-circuit boards can be
packed more densely and can thus
become smaller

With smaller power supplies, denser
circuit boards, and no fans, smaller
cabinets can be used, resulting in sav-
ings in chassis and enclosure costs.
Also, power fail-safe and hand-held
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use become possible if battery opera-
tion is feasible.

Basic CMOS Operation

To truly understand the promises
(and problems) facing both the
CMOS VLSI digital designer and the
CMOS systems designer, one must
first understand some CMOS funda-
mentals.

Figure 1 compares the circuit
diagrams and current characteristics
of both an NMOS and a CMOS in-
verter. The NMOS inverter uses an
n-channel depletion-mode transistor

wwWw americanradiohistorv com

as the pull-up device (which drives
the output line high) and an n-chan-
nel enhancement-mode transistor as
the pull-down device (which drives
the output line low). The pull-up
transistor is used as a load; its opera-
tion approximates that of a constant
current source. The pull-down tran-
sistor is used as the switching device;
when active, it discharges the load,
and when inactive it lets the pull-up
charge the load. MOS loads are
primarily capacitive and include the
parasitic capacitances of the inverter
itself, interconnect capacitances, and
the thin-oxide capacitances of all the
gates the inverter is driving.

Let’s note several characteristics of
an NMOS inverter. When the pull-
down device is turned on, it not only
has to sink the current from the ca-
pacitive load, but it also has to sink
the current supplied by the pull-up
load device. Even in the quiescent
state this current component from
the pull-up device still exists. Because
logic gates spend most of their time
in the quiescent state, this quiescent
current accounts for up to 90 percent
of the total power dissipated in
NMOS VLSI designs; the remaining
10 percent is switching or dynamic
power.

A second related characteristic is
that the inverter’s output voltage in
the low state, Vo, is dependent on
the ratio of the impedances of the
pull-down and pull-up devices. This
ratio affects the noise margin and
switching speed and is generally
around 4:1. Such a ratio results in a
Vor on the order of 0.2 Vto 0.3 V. 1t
also causes asymmetric switching
characteristics: the fall time of the in-
verter is significantly faster than its
rise time.

The CMOS inverter uses a p-chan-
nel enhancement-mode transistor as
the pull-up device and an n-channel
enhancement-mode transistor as the
pull-down device. In a CMOS in-
verter, both the pull-up and pull-
down transistors are used as switch-
ing devices. When the input changes
from low to high, the p-channel
device shuts off and the n-channel
transistor discharges the load. When
the input changes from high to low,
the n-channel device shuts off and
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micro computeron
printing terms

he Facit 4510 Low Cost 80-column

Serial Matrix Printer is a thoroughbred

micro printer. Engineered for quality

and professional computer outputs.
Facit 4510 fully configured features most printer
options as standard. State-of-the-art micro-pro-
cessor concept and a 2K-work buffer accepts print-
ing data as fast as your computer can send it.
Versatility comes from industry compatible inter-
faces — both parallel and serial RS-232-C.

Block graphics and pin graphics secure
optimum system performance and give complete
printing freedom.

Emphasizing multifont and high resolution
capabilities including 8 national character sets as
standard.

Fan fold tractor feed, single sheet and
telex roll with friction feed completes your
thoroughbred micro printer. The Facit 4510.

235 Main Dunstable Road
FACIT PO. Box 828 Nashua, N.H. 0306/,
[D/a\ /a8 Phone: (603) 883-4157.

PRODUCTS | Europe. §-10545 Stockholm, Sweden.
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Figure 2: The speed versus power consump-
tion characteristics of NMOS and CMOS
technologies. Note the advantages gained by
scaling (reducing the size) of the integrated
components.

n+ nt+

the p-channel transistor charges the
load. While almost all current from
the CMOS inverter is used to charge
or discharge the load, a small current
component does not flow through
the load. This is a result of the fact
that both the p-channel and n-
channel transistors are on for a short
period of time during the input volt-
age transition. This current compo-
nent is typically less than 10 percent
of the total inverter current, though
it depends greatly on the rise and fal]
times of the input signal.

With no quiescent power compo-
nent, a CMOS inverter's dynamic
power dissipation represents only a

E n-SUBSTRATE

(/] »-suBSTRATE

ED p-WELL

SAPPHIRE

Figure 3: Cross sections of transistors formed by each of the four major CMOS processes.

Figure 3a is a p-well bulk CMOS transistor; figure 3b shows an n-well bulk device; figure
3c is an example of a twin-tub bulk CMOS transistor; the transistor in figure 3d is formed

using silicon-on-sapphire technology.

98  September 1983 © BYTE Publications Inc.

wwWw americanradiohistorv com

small fraction of an equivalent
NMOS inverter’s power dissipation.
Also, the CMOS inverter is a “ratio-
less” design, having only one tran-
sistor active after an input transition.
This lets Vo, go all the way to ground
potential, resulting in better noise
tolerance than NMOS inverters. It is
also a simple matter to design CMOS
circuits with outputs that have equal
rise and fall times. While this is im-
portant in some circuits, it is general-
ly not taken advantage of in VLSI de-
signs because it requires greater chip
area.

For NMOS and CMOS technolo-
gies with similar transistor dimen-
sions and gate oxides, gate delays are
essentially identical. The speed-
power products for such a set of
NMOS and CMOS technologies are
shown in figure 2. This graphically il-
lustrates the tremendous power ad-
vantage CMOS offers when used in
high-performance VLSI designs.

While CMOS enjoys significant
electrical advantages over NMOS, it
does have a cost disadvantage. One
small factor is the larger number of
process steps needed to fabricate a
CMOS device. More significant is the
larger die required because CMOS
has lower gate density.

CMOS Technologies

Figure 3 shows the four major
CMOS technologies in use today: p-
well bulk, n-well bulk, twin-tub bulk,
and silicon-on-sapphire (SOS). P-
well CMOS uses a p-type diffusion
into an n-type bulk silicon substrate
to form an n-channel transistor. The
p-channel transistor is built directly
in the bulk. This is the original
CMOS technology, which has many
years of good performance and reli-
ability behind it.

The n-well CMOS process starts
with a p-type substrate. N-type
material is diffused into it to form the
n-well in which p-channel devices are
built. N-channel devices are built
directly in the bulk substrate. An n-
well CMOS process is usually de-
rived from an advanced NMOS pro-
cess. It also permits a highly opti-
mized n-channel transistor, which
yields a slight performance advan-
tage over a p-well CMOS process.
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Twin-tub CMOS combines n-well
and p-well technologies by diffusing
both an n-well for the p-channel tran-
sistor and a p-well for the n-channel
transistor. The twin wells are usual-
ly formed in a lightly doped n-type
substrate. While it is a slightly more
complex and costly process than
either n-well CMOS or p-well CMOS,
twin-tub CMOS has the advantage of
being able to optimize the perfor-
mance of both the n-channel and p-
channel devices. Thus, this process
gives the highest overall performance
of the bulk CMOS technologies.

The highest performing CMOS
technology is SOS. Silicon islands are
grown on an insulating sapphire sub-
strate. N-channel or p-channel tran-
sistors are then built on the islands.
High performance is achieved due to
the significant reduction of parasitic
capacitance. SOS also offers good
gate density because no parasitic
bipolar transistors are around to
cause a phenomenon called latch up.
Unfortunately, SOS devices are dif-
ficult and expensive to manufacture.
For example, unused sapphire wafers
cost approximately 10 times more
than bulk silicon wafers.

While CMOS suffers a cost penal-
ty of about 20 percent due to process
differences, it generally suffers more
significantly because of die size.
(While processing steps have a linear
relationship with cost, die size has an
exponential relationship.) CMOS
dies are larger than equivalent
NMOS designs even when aggres-
sive transistor scaling is employed.
Three major factors contribute to this:
the area used in trying to prevent
latch up, CMOS logic-gate structure,
and static design techniques.

Latch Up Prevention

Bulk CMOS technologies have
parasitic bipolar transistors that, if
improperly biased, can cause a phe-
nomenon called latch up. This poten-
tially destructive action results from
triggering an SCR (silicon-controlled
rectifier) formed by the transistors
and can cause extremely large cur-
rents to flow. Figure 4 shows the con-
struction of the parasitic SCR in an
n-well bulk CMOS device.
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Finally, Victor is cost-conscious. When it comes Lo price and performance,
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Figure 4: Parasitic SCR in bulk CMOS can cause latch up. Figure 4a shows how the parasitic
transistors are formed in the silicon; figure 4b is a diagram of the equivalent circuit.

Two well-defined conditions must
exist before latch up can occur. First,
for the SCR to be triggered, IR.., or
IR,., must be greater than or equal to
0.7 V. This forward-biases the base-
emitter junctions of the parasitic
bipolar transistors. Second, to sustain
the latch up condition, the product
of the Bs (gains) of the two bipolar
transistors must equal at least 1.

In order to minimize the chance of
one of the SCR’s transistors being for-
ward-biased, every attempt is made
to reduce the resistance values as
much as is feasible. This has the ef-
fect of requiring significantly larger
injected currents before the SCR can
be triggered. To reduce the resistance
values, guard rings are used in the cir-
cuitry. (Guard rings are low-resistiv-
ity connections to the supply voltages
placed around the CMOS p-channel
and n-channel transistors.) While
guard rings reduce the SCR bias
resistor values, they also increase the

www americanradiohistorv com

space between n-channel transistors
and p-channel transistors (thus
reducing the gate density). To some-
what minimize this effect, particular-
ly sensitive areas (like VLSI com-
ponent’s I/O pins) are heavily guard
ringed, while the more protected in-
ternal circuitry is less so.

A less controllable method of pre-
venting latch up is to try and de-
crease the @s of the parasitic tran-
sistors. While the vertical pnp tran-
sistor’s 8 is set by the process design,
the lateral npn transistor is more
directly controllable. Its 8 can be dras-
tically reduced by increasing the n-
well-to-n+ diffusion spacing (or p-
well-to-p+ diffusion spacing in p-
well technology). This method re-
duces the 8 by increasing the width
of the transistor’s base. While this is
an effective way of decreasing the
gain of the parasitic structure, it also
reduces the gate density.

In bulk CMOS technologies, to
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TDK Floppy Disks.
Invaluable security for irreplaceable information.

Today, more and more companies are relying on convenient floppy disks to record,
L store and safeguard information. Irreplaceable information which is vital to their business
interests. It is precisely the value placed on this information that makes the floppy disk an
invaluable tool for storage and security. And this is where TDK floppy disks become invalu-
able to you. TDK floppy disks are guaranteed 100% error-free at the time of manufacture
and certified for double-density encoding. Furthermore, each track of every TDK floppy
disk is tested fo exceed industry standards... including
those of IBM, Shugart, ANSI, ECMA, ISO and JIS. Once you
insert a quality TDK floppy disk into your computer system,
you're guaranteed highly reliable, ultra smooth perform-
ance. This is due to TDK's proprietary disk-burnishing tech-
nigue that provides optimum head-to-disk contact.

TDK floppy disks are available in 5% and 8-inch sizes in
the most popular formats. Each disk comes in its own pro-
tective Tyvek-type envelope. For a copy of our brochure,
“Some Straight Talk About Floppy Disks,” write to: TDK Elec-
tronics Corp., Computer Products Marketing Dept., 12 Harbor

— b S = M2DX'S 98TP1  park Drive, Port Washington, NY 11050, or call 516-625-0100.
i
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Think of Sierra Data
Sciences when you
think of performance.
As you can see from
the opposite page, it's
designed into each of
our products, both
boards and complete

systems. It's also the
standard of our
customer service and
support. And it’s
always retflected in
our reasonable prices.

Our new 8MHZ, Z8O
Master and Slave
boards and haxd disk
controller are proot
positive. While others
are just announcing
6MHZ boaxds, Sierra

Data is delivering 8MHZ

high performance.

When Pe:formcm& 2
Is A Factor...

PERFORMANCE!

-
{ .-s,".. a e L;i, mmuunum “

uumm r L gy by

;--u..

Winchester/SMD Haxd Disk Controller
(Shown with Sierra's new 8MHZ Boards)

This is an amazing high-speed
companion for your single-or

multiuser system. Features

NEC's new hard disk controller
chip, on-board Z80 processor,
buffered sector heads, full ECC
supported, SASI or SMD versions
available, and optional high-
speed DMA pass-thru port for

Master/Slave. With our 8MHZ
team and TurboDOS¥ the hard
disk transfers data directly into
the Master's RAM, vielding
200% increase in data transter
throughput. Also, the buss

is freed for Master/Slave
communication without disk
1/0 collisions.

use on Sierra Data's new 8MHZ
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SDS-MUX CARD

The perfect electronic switch. Allows
RS-232 input to multiple serial devices.
Place one printer or terminal between
two systems, or have one system
communicate with multiple peripherals.
With multiple boards, an infinite number
of arrangements are possible. Features
three independent channels and a
seven-segment, two-digit display.

]
LA e

— ﬁa‘u‘mmmmmmmmmmmmm

...Sierra’s most
advanced
system.

8MHZ-SBC Master and Slave Boards
Now, from a Z80O processor, the most
incredible throughput available today
in the S-100 industry! As the powerful
nucleus of a Sierra Data-supported CP/M
22* or 3.0* system, our master makes
any system look good. With networking
TurboDOS* and our new slave, the results
are absolutely unbelievable. Check
these features (M-master, S-slave):
¢ ZBOH (M & S) Z8OA (M optional)
¢ Dart, 2 serial ports (M & S)
¢ PIO, 2 parallel ports (M & S)
¢ CTC, 4 counter timers (M & S)
¢ From 64 to 512K on-boaxrd RAM (M & S)
¢ 8232 Math Processor (M & S)
¢ 4K/8K/16K EPROM (M & S)
¢ Meets IEEE-696/5-100 Standards (M & S)
¢ NEC 765 Floppy Disk Controller-controls 8 in.
and 5%in. floppy drives simultaneously (M)
¢ Multiple Master Buss Arbitration (M)
¢ DMA Controller (M)
¢ High-speed Winchester DMA port (M)
¢ 4K static RAM 8/16 bit independent
bus transter circuit (S)
¢ Either one or two users per slave
under TurboDOS* (S)

HARDWARE

5o ARE Fresno, CA

Circle 400 on inguiry card.

ZS10-4

A powertul four-port RS-232 serial I/0 and
real time clock board. Zilog SIO-chips
provide ideal links to CP/M-MPM-and
AlphaMicro-based systems for multiuser
processing with high speed data
communications.

SBC-100 and SBC-100S Boards

The workhorses of the single-board
computer industry. At 4MHZ these totally
IEEE-696 compatible champs out-perform
even the 6MHZ imitators. In standalone
or slave-satellite configurations you get
dedicated Z8OA processing with 64K
RAM, 4K EPROM,, 2 serial RS-232 channels,
2 parallel channels, 4 counter timers
and a host of floppy and hard disk
interfacing options. Teamed up with
Sierra-supported CP/M 22* or networking
TurboDOS* you get the most computer
power and upgradability for the money.

Out-perform your competition with a
company that stays a
step ahead. Ask

for our free
“Performance .7
Building Kit"”

today. \

216-892-1800

SIERRA DATA SCIENCES

Product Support Division ® 25700 First Street « Westlake, OH 44145
(216) 892-1800 » TELEX: 980131 WDMR

*TurboDOS is a Registered Trademark of Software 2000 Inc
*CPM is a Registered Trademark of Digital Research

wwwW americanradiohistory com
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Figure 5: A comparison of typical logic gates in NMOS and CMOS form. Figure 5a is an
NMOS NOR gate, while figure 5b is a CMOS version; figure 5¢ is an NMOS NAND gate,

and figure 5d is a CMOS wversion.

give absolute protection against latch
up is not only tremendously expen-
sive in silicon area, but it is also vir-
tually impossible. CMOS designers
sacrifice area to ensure there is
enough margin in their design to pro-
tect it from latch up in normal oper-
ating-system environments.

Logic-Gate Structures

Gate densities are also reduced in
CMOS because standard CMOS
logic gates are built from more tran-
sistors than their NMOS equivalents.
Standard CMOS logic-gate design
has a 1:1 ratio of n-channel transistors
to p-channel transistors. For example,
the two input gates shown in figure
5 take four transistors in CMOS and
only three in NMOS. The relative
density decreases as the number of
inputs increases. For example, three-
input gates require six transistors in
CMOS and only four in NMOS;
four-input gates require eight tran-
sistors in CMOS and only five in
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NMOS, etc. As a matter of fact, it is
rare to have a standard CMOS gate
with more than three inputs because
the self-loading and the transistor
stack make the structure inefficient in
both speed and area. On the other
hand, it is not unusual in NMOS to
have gates with as many as eight
inputs.

Static Design Techniques

A final reason for the lower CMOS
gate densities is the use of static logic
(modern VLSI NMOS microcom-
puter designs rely heavily on
dynamic circuitry). Dynamic circuitry
essentially uses a small capacitor as
a latch to store logic values. This tech-
nique saves both area (by reducing
the number of transistors in a gate)
and power (by reducing the number
of gates in structures like latches, flip-
flops, shift registers, etc.). Employing
dynamic design can reduce an
NMOS latch’s area by 30 percent and
its power consumption by 50 percent.

www americanradiohistorvy com

However, the problem with dynamic
circuitry is that the capacitor used to
store the logic value is leaky and will,
over time, discharge and lose its data.
This is the same problem faced by
dynamic memory designers, The
solution is to periodically refresh the
capacitor, which forces a minimum
operating frequency to be adhered to.

CMOS can also use dynamic cir-
cuitry, especially to increase the ratio
of n-channel transistors to p-channel
transistors. Because static CMOS de-
signs have a 1:1 ratio of n-channel to
p-channel transistors, being able to
increase this ratio will have the effect
of giving CMOS a higher gate densi-
ty (but the minimum operating-fre-
quency characteristic of dynamic cir-
cuitry often conflicts with the CMOS
potential of absolutely minimizing
power). Therefore, while true static
CMOS design does give the lowest
possible power consumption (by al-
lowing the device to operate at fre-
quencies all the way to DC), dynamic
CMOS designs, being more dense
and resulting in smaller die sizes,
tend to be more cost-effective. Thus,
two trends are developing in the use
of CMOS for VLSI microcomputer
design.

Designers of the next generation of
16- and 32-bit microprocessors are
choosing CMOS. Here, the goal is
not to operate at the lowest possible
power level but rather to keep the
operating power under a maximum
level for cooler junction tempera-
tures, higher performance levels, and
the ability to use standard low-cost
packages. In these designs, extensive
use is made of dynamic logic. The
ratio of n-channel transistors to p-
channel transistors is often as high as
3:1

Designers of 4- and 8-bit single-
chip microcomputers are choosing
CMOS to accommodate a host of
new portable, hand-held, and ultra-
low-power applications. Here, the
goal is to minimize the operating
power levels consistent with the per-
formance required by the application.
In the simpler microcomputers, true
CMOS static logic is used—their
simpler structure still allows a
relativel_y small die size, while the
low-performance applications they
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are appropriate for allow low operat-
ing frequencies. On the other hand,
the more complex, higher-perfor-
mance, single-chip VLSI components
still make maximum use of static logic
but are forced into dynamic logic for
large arrays to keep the die cost
down.

Future CMOS

CMOS will be the technology of
choice for VLSI microcomputer de-
signs. For one thing, with the advent
of hundreds of thousands of tran-
sistors on a die, CMOS is the only
technology that offers a cost-effective
solution to the power-density prob-
lem.

A second and more subtle future
issue is reduced supply voltage. As
MOS transistors continue to be
scaled to smaller dimensions to eke
out further performance and densi-
ty advances, the standard 5V supply
voltage must be reduced, if only for
internal circuitry, to limit substrate
current and hot-electron effects.
CMOS is better suited for lower sup-

ply-voltage operation because its
switch point is a fixed percentage of
the supply voltage. Also, due to its
“ratio-less” structures, CMOS enjoys
better noise tolerance than NMOQOS,
another important factor at lower
supply voltages.

Finally, CMOS has made and will
continue to make major strides in its
relative cost disadvantage to NMOS.
Where CMOS formerly sold at as
much as a fourfold premium, today
it is selling at somewhat less than
twice the price of comparable NMOS
devices. With its continued use of
standard, low-cost packaging tech-
nology as well as the more creative
use of dynamic circuitry and hybrid
static/dynamic designs, CMOS will
rapidly approach the cost of NMOS.
As a matter of fact, several major
semiconductor manufacturers have
stated that CMOS/NMOS price pari-
ty will occur this decade, and some
manufacturers say it will happen as
early as 1985. When CMOS and
NMOS cost the same, why would
anyone buy NMOS?m

A CMOS Single-Chip Computer:
Intel’s 80C51
by Martin B. Pawloski

Intel’s 80C51 is an interesting exam-
ple of how the static logic versus
dynamic logic trade-off was made in
an actual product design. The 8051 is
an 8-bit, single-chip microcomputer
with 4K bytes of ROM, 128 bytes of
RAM, two 16-bit counter/timers,
multilevel interrupt control, 32 I/O
pins, full-duplex UART (universal
asynchronous receiver/transmitter),
and on-chip oscillator and clock cir-
cuits. A die with the sections iden-
tified by functions is shown in photo
1 on page 9%4.

The CMOS version of the 8051,
called the 80C5], is targeted at a num-
ber of applications that require both
high performance and low power
consumption. In areas like telephony,
automotive control, industrial con-
trol, and portable instrumentation,
the 80C51 operates at or near its max-
imum speed, even if only for short
intervals. (For example, most real-

time applications need an external-
interrupt response time of less than
100 microseconds (us); more de-
manding applications require better
than 10-us response. While the re-
sponse must be quick, and the inter-
rupt routine executed quickly; the
processor spends a significant por-
tion of its time idle.)

Once the performance require-
ments of the application are known,
it is possible to specify a minimum
operating frequency. For the 80C51,
a hybrid static/dynamic design was
proposed that allows a minimum die
size and includes various modes of
operation to minimize power con-
sumption.

First, the only areas of the design
that were made dynamic were the
(very large) ROM and Control arrays.
These arrays contain almost 50,000
transistors and constitute a major
portion of the die. By making them

Circle 316 on inquiry card. ==—=p
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Get the
total

picture.

Improve your present computer
system with a high-resolution color
monitor from NEC.

NEC's JC-1203 gives you the highest
resolution you can get in a color monitor.
And it can reproduce as many different
colors and shades as the best microcom-
puters can generate. Compatible with a
wide variety of computers, including
IBM,* Zenith, H-R" and others, including
NEC's own PC-8000 and PC-8800.

Compare these specs with your present
monitor:

12-inch diagonal screen
RGB input signal with TTL level

Switchable Pos/Neg display
characters

80-character, 25-line display
690 {H) x 230 (V) resolution
8x8 dots, 8mHz video bandwidth

*Special interface required

™

Productivity at your fingertips

NEC Home Electronics (U.S.A.), Inc.
Personal Computer Division

1401 Estes Avenue

Elk Grove Village, IL 60007

{312) 228-5900

Nippon Electric Co., Ltd., Tokyo, Japan
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Microsoft languages
connect your softwareto
more 16-bit systems.

The largest market for 16-bit software. Over
95% of all 16-bit microcomputers run Microsoft«
operating systems, languages, or both. That means
your programs written in Microsoft languages find
their market in the largest installed base of 16-bit
systems. The IBM« PC, and systems from Wang,
Zenith, DEC, Victor, Altos, Texas Instruments

and Radio Shack, to name just a few. And, if you're
working with Microsoft operating systems and
languages. you'll find that it's far easier to trans-
port software between systems.

A full range of languages. The versatile MS-
BASIC interpreter and the fast MS-BASIC compiler,
Microsoft Business BASIC and MS-COBOL for
business use. MS-FORTRAN for scientific and engi-
neering applications. Microsoft C, a complete C,
that provides a productive alternative to assembly
language. And MS-Pascal, a high-level language
compiler specifically designed for microprocessor
system software implementation. All these lan-
guages are compatible with ANSI or ISO standards.
A total programming environment. Compatible
languages. Operating systems. Utilities. Plus
complete support. All the tools you need
to write software that sells.
Leadership in micros.
Microsoft wrote the
first BASIC
for the

www americanradiohistorvy com

first production microcomputer. Since then, we've
added a full range of 8-bit and 16-bit languages,
plus the MSm-DOS and XENIXm operating systems.
What's more, we are constantly enhancing both
languages and operating systems. And we make
those enhancements available to our customers.
That means Microsoft programming languages are
state-of-the-art programming tools. Tools that
allow your applications programs to reach more
systems. More effectively.

More information? See your Microsoft dealer
for complete information on Microsoft's 16-bit lan-
guages and operating systems. Or, write for our
booklet,"The Microsoft Language Family" A family
of tools that give your programs access to the
largest installed base of 16-bit systems.

BETTER TOOLS FOR MICROCOMPUTERS

MICRSSOFT.

MICROSOFT CORPORATION
10700 NORTHUP WAY
BELLEVUE. WASHINGTON 98004

Microsoft 1s a registered trademark.
and MS, XENIX and the Microsoft logo are
trademarks ol Microsoft Corporation.
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Normal
Vee Supply  Operating- Operating Power Down
Voltage Frequency Mode Idle Mode Mode
Product| Technology Range Range (lec Max) (lec Max) (lec Max)
12 MHz Max 24 mA 3 mA 50 pA
805 | /OMOB e 1.2 MHz Min 24 mA  03mA 50 4A
| 12 MHz Max 150 mA =" 20 mA
8051 | HMOS 4555V 1% MHz Min 130mA  — 20 mA
Table 1: A comparison of the CMOS and NMOS versions of the 8051.

dynamic, an area savings on the
order of 40 to 50 percent was accom-
plished.

Second, the processor, all the pe-
ripheral functions, the RAM, and the
1/O ports were made static. This al-
lowed two modes of operation other
than normal operating mode: Idle
mode and Power Down mode.

Because in many applications the
processor does nothing more than
wait for an event to happen, in the
Idle mode the major clocks of the de-
vice are stopped and only smaller an-
cillary clocks operate to drive the
peripheral counter/timers, external-
interrupt control, and the serial chan-
nel. When one of the peripherals
generates an interrupt, the processor
clocks are restarted and instruction
execution resumes in the interrupt-
service routine. The Idle mode
reduces power consumption by
almost an order of magnitude.

In Power Down mode, all the clocks
inside the device are shut off and
only the internal 128 bytes of RAM
are “kept alive” The only current
consumed is a minute amount due to

pn-junction leakage. Static logic was
designed in the peripheral sections in
order to support this mode because
no clocks are available to refresh
dynamic logic. In both the Idle and
Power Down modes, special provi-
sions are made for the dynamic cir-
cuits in the ROM and Control areas
to enter a pseudostatic condition that
prevents any extraneous power con-
sumption due to voltage drift on ca-
pacitive storage nodes.

Table 1 compares the NMOS 8051
to the CMOS 80C51. The 80C51, de-
signed in Intel’s HMOS-derived n-
well process called CHMOS, is less
than 10 percent larger than the
NMOS design and consumes only 15
percent of the normal operating
power. More significant power sav-
ings are possible by operating the
80C51 at lower frequencies or by
using the Idle mode.

Martin B. Pawloski (5000 West Williams Field
Rd., Chandler, AZ 85224) is involved in the prod-
uct planning, definition, and implementation of both
NMOS and CMOS single-chip microcomputers at
Intel Corp.

Z80 in CMOS Clothing;:

National Semiconductor’'s NSCS800
by Tony Moroyan

A CMOS processor particularly
suited to portable-computer applica-
tions, National Semiconductor’s
NSCB800 incorporates features typical
of state-of-the-art NMOS devices
with low-powered, high-density, sur-
face-mounted packages (with both
leaded and leadless chip carriers).

Internally the NCS800 has the
same instruction set and complement
of registers as Zilog's popular NMOS

processor, the Z80. Externally, the
NSCB800 features a multiplexed data

and address bus like that of Intel’s
8085 processor. It dissipates only 5
percent of the power that NMOS
devices in its performance class do,

and yet it is capable of operating at
speeds up to 4 MHz.

The chip is fabricated using Na-
tional’s P2CMOS process, a silicon-
gate technology that achieves high

Circle 317 on inquliry card. e==p
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Read the
fine print.

Improve the output of your present
system with a dot-matrix printer
from NEC.

For good-looking copy in a hurry, it's
hard to beat NEC's hard-working
PC-8023A.This is a bi-directional 120
CPS, 80-column printer that can operate
in a compressed-print mode to yield 132
columns. Special 2K buffer holds a page
of data, so the unit can print while you're
typing in something else. Compatible
with a wide range of computers, from
Apple" to Zenith"*

Compare these features with your
present printer:

Tractor and friction feed

Complete ASCil characters pius
Greel¢, math, and graphic
characters

Elite, pica, compressed print,
proportional spacing. subscript
and superscript

Standard parallel Centronics
interface, serial optional

Prints clear original and up to three
copies simultaneously

*Special cables may be necessary.
Contact your local NEC Home
Electronics dealer

Productivity at your fingertips

NEC Home Electronics (U.S.A.}, Inc.
Personal Computer Division

1401 Estes Avenue

Elk Grove Village, IL 60007

{312) 228-5900

NEC Corporation, Tokyo, Japan
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Plug 3,0 ew applications
into your Apple:

THE CP/M Card™ plugs CP/M Plus™ into your Apple. 300% faster than your Apple system! The CP/M Card is the
The CP/M Card gives you the option of running your Apple Il only Apple Il performance package that offers the speed and
with the speed and capability of a professional Z-80 system efficiency of CP/M Plus.
with CP/M*-compatible software. You plug in the CP/M A plug about quality.
Card. Then choose CP/M or your standard Apple software The CP/M Card was designed and built by Digital Research,
at your option. the creators of CP/M, and Advanced Logic Systems, the most
Plug into a big, new world of software. respected manufacturer of Apple performance products. So
The CP/M Card gives you instant access to the world's largest you know the CP/M Card is the most perfectly integrated
selection of microcomputer software—more than 3,000 Apple performance package you can buy.
CP/M-compatible applications, languages, and Why just keep plugging along? The CP/M Card
programming utilities. So, you, too can use pro- provides everything you need —including 64K of
fessional business programs such as WordStar,* on-board memory, CP/M Plus, CBASIC;
SuperCalc Condor,™ and other high-performance GSX™-80 and full documentation —for just $399.
software from Day One. Yet, you still have access Now available through the CP/M library.
to your present library of Apple software. | &—— I > | See your local microcomputer dealer today. Or

Plug into incred(i:ble performance. contact Advanced Logic Sys{ems, 1195 East
Together, the ultra-fast CP/M Card and . Arques Ave., Sunnyvale, CA 94086 (800)
CP/M Plus run applications up to Advanced LogicC Systems 538.8177. (in California (408) 730-0306)

The CP/M Card for your Apple II.

CP/M, CI/M Plus, the CP/M Card and CBASIC are either trademarks or registered trademarks of Digital Research Inc. Z-80 is a registered trademark of Zilog. Inc.
WordStar is a registered trademark of MicroPro International Corporation. SuperCalc is a trademark of Sorcim Corparation. Condor is a trademark ot Condor Computer
Corporation. GSX-80 is a trademark of Graphics Software System. Apple is a registered trademark of Apple Computer, Inc. ©1982 Digital Research Inc.

Circte 15 on inquiry card.
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density by employing one level of
metal for interconnection and two
levels of polysilicon. (Future products
will incorporate two levels of metal
for further density improvements.)

A major feature suiting the
NSC800 to modern computer appli-
cations is its compatibility with the
wealth of available Z80-based soft-
ware. Indeed, Z80-based develop-
ment software, operating systems
(such as CP/M), high-level languages,
and applications programs will run
without modification, and with no
speed penalty, on an NSC800 sys-
tem. This compatibility is a tremen-
dous advantage for the small-systems
builder.

With the Z80 architecture, the pro-
grammer has 158 instructions with 10
addressing modes, 22 programmable
registers, 256 directly addressable I/O
locations, and a 64K-byte memory-
address space. In addition, the multi-
plexed bus frees some of the IC's 40
pins for use in implementation of ex-
tra functions not found on the Z80.
These include:

sthree additional interrupt lines for
faster interrupt-response times
*two special status lines for decoding
processor states

ean onboard clock generator

ea power-save feature for further re-
ducing power consumption

The Multiplexed Bus

The NSC800s multiplexed bus
uses 16 lines to transfer 16 address
bits and 8 data bits. The upper 8 bits
of the address bus are present on
lines A8 through A1l5; lines ADO
through AD?7 carry the 8 data bits and
the lower 8 address bits, at different
times. Systems can use the multi-
plexed bus, or the buses can be sepa-
rated into a 16-bit address bus and an
8-bit data bus. All NSC800 family
components (including the NSC810
RAM-1/O-Timer, the NSC830 ROM-
I/O chip, and the NSC858 UART)
have a multiplexed-bus structure and
thus can interface directly with the
NSC800. The ALE (address latch
enable) control strobe of the pro-
cessor controls bus demultiplex
timing.

The multiplexed bus requires one-
third fewer bus lines to interconnect
devices, resulting in reduced circuit-
board comiplexity. (8085-type periph-
erals and many memory devices sup-
port this type of multiplexed bus.)

Interrupts

Three of the IC’s freed pins have
been used to provide more interrupts
than the Z80 offers. The standard
NMI (nonmaskable interrupt) and
INT (multimode interrupt) are com-
patible with the Z80 and 8080.

The NMI is used as the highest-
priority interrupt line and is useful
during, fot example, power failure
conditions, for which the processor
must be alerted for graceful power-
down operations. NMI is an edge-
sensitive input line and causes a
direct restart to memory location 0066
hexadecimal.

The INT input has three modes: 0,
1, and 2. Mode 0 corresponds to the
8080 method of interrupt handling.
An interrupting peripheral places a
restart instruction on the data bus,
and the processor then executes the
instruction, usually a call to a sub-
routine. Mode 1 provides transfer to
an automatic restart location (0038
hexadecimal). Thus, in small systems
the peripheral need not strobe the re-
start instruction onto the data bus.
With mode 2 interrupts, the pro-
cessor reads a vector from the inter-
rupting device; that vector is used
with the contents of the I register to
create a pointer to the address of a
table entry that contains the inter-
rupt-handler-routine address. This
interrupt is maskable on or off and
is controlled by system-interrupt-
enable flip-flops inside the NSC800.
These can be set by software, as they
are in the Z80.

The remaining three interrupt
lines, RSTA, RSTB, and RSTC, pro-
vide three different but fixed restart
addresses. These lines are similar to
the 8085 interrupts and are also
maskable under program control.

Power Modes
In many applications, power con-
sumption is so critical that it is help-
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Get the
picture

that’s worth
more than
a thousand
words.

Malce your present system easier to
look at with a monitor from NEC.

The JB-1201 is the best-selling monitor
NEC makes. Non-glare screen coupled
with high-resolution display make it
perfect for almost any application. Use
with NEC PC-8000 and PC-8800. Also
compatible with Apple" Il, Apple li+,
Apple NI} Atari; IBM Personal Computer,
Osborne, and many others.

Compare these specs with your present
monitor:

12-inch diagonal screen

80-character, 25-line display
:l.o-watt audio output power
20 mHz video bandwidth

8x8 dots, 90-degree deflection
800 (H) x 230 (V) lines

Audio standard

*Special interface required

Productivity at your fingertips

NEC Home Electronics (U.S.A.), Inc.
Personal Computer Division

1401 Estes Avenue

Elk Grove Village, IL 60007

{312} 228-5900

Nippon Electric Co., Ltd., Tokyo, Japan
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ful to put the NSC800 into a standby
mode whenever possible. A single
power-save input pin suspends pro-
cessor operation and reduces power
consumption by 50 percent. The
NSC800 can be held in the power-
save mode indefinitely: internal
register contents are saved during
this time, and the processor can re-
sume operation without interruption.
This feature does not stop clock
operation, however, so some power
is still consumed. With additional cir-
cuitry, even the clock can be sus-
pended for maximum power reduc-

tion. The new 6-MHz NSC800 (avail-
able in the first half of 1984) will have
this feature built in for ultralow
power dissipation.

The power-save line can also be
controlled by a switch to create a
single-step function. When the
switch moves to the normally open
(NO) position, the processor executes
one instruction, suspends operation,
and waits for the switch to return to
its normally closed (NC) position.

Another NSC800 extra pin freed up
by the multiplexed-bus structure per-
mits an on-chip clock generator,

which reduces system component
count and cost. In place of an exter-
nal clock-generator chip, the NSC800
requires only a crystal or RC-oscillator
circuit to produce the system clock.
A final difference from the Z80 is
that the NSC800 has an extra bit in
the refresh register used to automat-
ically refresh 64K-bit dynamic RAM
chips without any extra logic.

Tony Moroyan is marketing manager for the
NSC800 family in the Microprocessor Group at Na-
tional Semiconductor Corp. (2900 Semiconductor
Dr., Mail Stop D3667, Santa Clara, CA 95051).

A Look

The fast-growing portable-com-
puter market is placing severe de-
mands on semiconductor memory.
For optimum system performance,
these components must limit their
power dissipation to suit battery
operation and backup, and they must
achieve the high data bandwidths
and increased speeds needed for fast
processing and high-resolution
graphics. As the market reaches a
projected $4.8 billion level by 1987 (a
tenfold increase over 1982 levels),
these requirements will combine to
fuel the use of high-performance
CMOS dynamic RAMs.

One architecture that can increase
the speed of a CMOS dynamic RAM
incorporates static-column address
decoders: static circuits perform the
selection of the column address of
the RAM. Previously, this architec-
ture has not been used with dynamic
RAMs because of the increased
power consumption of the static cir-
cuits over that of the dynamic cir-
cuits, and the advantage of low
power consumption would have
been lost. But with CMOS, the in-
creased power consumption is neg-
ligible.

Memory-device Architecture
RAMs are organized internally as
rows and columns of storage cells.
Data access occurs at the intersection
of a row address and a column ad-
dress. In dynamic RAMs, the row
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at CMOS Dynamic Memory

by Joe Altnether

and column addresses are multi-
plexed to reduce package size and pin
count: the row addresses are clocked
into the device with the RAS (row ad-
dress strobe) signal, causing one row
of data (1 bit from each of the 256 col-
umns in a 64K-bit dynamic RAM) to
be fed into the 256 internal sense
amplifiers. (Because of the low inter-
nal signal levels, each column must
have an associated sense amplifier to
sense and restore memory-cell data.)
Next, column addresses are pre-
sented to the device and clocked into
it with the CAS (column address
strobe) signal. These column ad-
dresses are then decoded to select
one of the 256 bits. Faster access and
cycle times are obtained within a row
(or “page”) after the first access to it
because the 256 bits within the row
continue to reside in the sense ampli-
fiers and need not be refetched. Re-
applying only column addresses,
then, in what is known as Page Mode
operation, provides fast serial ac-
cesses and can increase cycle times by
a factor of 2.

The CMOS dynamic RAM can in-
corporate static-column circuits to
provide performance equivalent to
that of high-speed static RAMs. With
CMOS, the static-decoding circuits
reduce the internal number of clocks
by a factor of 3, eliminating the need
to allow for setup and hold times of
signals with respect to clocks and the
need to compensate for timing skews

wwwW americanradiohistory com

due to process variances. With static-
column circuits, precharge times are
drastically reduced (in Page Mode
operation of the Static-Column-mode
device, precharge time is reduced
from 30 nanoseconds [ns] to 5 ns).
This precharge time reduction and
the faster access times typically in-
crease the memory’s bandwidth to 20
MHz. (Performance of memory dis-
cussed here is based on the experi-
mental 64K-bit CMOS dynamic RAM
that Intel presented at the ISSCC
conference in February 1983.)

With static-column architecture,
two different types of Page Mode
operation are possible: Static Column
mode and Ripplemode. Static Col-
umn mode uses the RAS line and
row addresses in the conventional
manner, but once the row has been
selected, data can be accessed mere-
ly by changing column addresses. As
with a static RAM, column addresses
must remain stable and valid for the
entire address access cycle. Access
time is measured from column ad-
dresses rather than the occurrence of
CAS. (Typically, access from column
addresses is 30 ns; from CAS, it is 10
ns.)

In operation, CAS is used to place
the output in a high-impedance state
or to activate an output buffer. CAS
can be held active during the entire
page cycle. In fact, it is possible to
keep CAS permanently active (i.e.,
grounded). During a write cycle,

Circle 252 on inquiry card. ==
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and positive tactile feedback.

Special keyhoard available for the handicapped — factory direct.
Price: $269.00

' To Order Model KB-5150 Call Toll Free
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Los Angeles, CA (213) 538-9711 Montreal, Quebec (514) 694-7710
PERIPHERAL SUPPORT, INC. DIGITAL ENTRY SYSTEMS, INC. (800) 323-8437 Ottawa, Ontario  (613) 820-8313
Chicago, IL (312) 593-5900 Boston, MA (617) 899-6111 C~J SALES, INC. Toronto, Ontario  (416) 663-5563
SSE PRODUCTS, INC. COMPUTER-MATE, INC. San Francisco, CA (415) 941-6892  Calgary, Alberta  (403) 259-6408
Elmont, NY (516) 872-9001 Dallas, TX (800) 442-4006 (Texas) J C SALES Edmonton, Alberta (403) 486-0974
QED ELECTRONICS, INC. (800) 527-3643 (Continental U.S.)  Los Angeles, CA (213) 340-6136 Vancouver, B.C.  (604) 438-5545
Philadelphia, PA (215) 657-5600 COMPONENTS_UNLIMITED, INC. FORESIGHT COMPUTER
RHINO SALES COMPANY Lynchburg, VA (804) 384-6000 PRODUCTS, INC.
Brighton, MI (313) 227-1788 Sealtle, WA (206) 747-4005


www.americanradiohistory.com

ATTIMES ©
LIKE THESE, YOU'D PAY ANY
PRICE TO RECOVER THAT FILE.

NOW THE PRICE IS $20.

PROTECTION PROFESSIONALS USE. CALL FOR FAST

RECOVER™ has been a best seller in ,
the professional market for years, at many DEHVE RY-

times this price. RECOVER™ is an easy to
use utility program which allows you to I '800'2 47'3030
quickly retrieve deleted files. In Nebraska 1-800-642-9606

CHEAP INSURANCE Use your Visa or MasterCard.

. . 9 Orders taken 24 | day 7 days 4 k.
RECOVER™ is professional protection i e

3 5 3 Please have ready brand and model of
against accidental deletion of your program computer. operating system, diskelte size,

and data files. fBu_ttif YO‘_‘t}h’agt utnmly?:,” charge card information.
any price forit . . . it'll be too late.

i e MAIL ORDERS
ORDER NOW Send $20 + $2.50 S&H check or money order

RECOVER™ is available for any (COD $4 extra) to:
computer running CP/M or CP/M 86 as its National Systems, Inc.
operating system. P.0. Box 26023
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CP/M 86, DEC Rainbow, Xerox 820, Alabama residents add $1.00 sales tax, outside
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microcomputers. computer, operating system, diskette size.
The next time your compuler says
““Gotcha,”’ even the score. At $20, you [ /= NATIoNAL evaTama, inc.

PO. Box 2602¥/Bimingham. AL 35226

can’t afford not to.

CP/Mis a registered trademark of Digital Research. IBM is a registered trademark of International Business Machines.
Apple is a trademark of Apple Computers. Xerox 820 is trademark of Xerox Corp. TRS 80 is a trademark of Tandy Corp.
Osborne is a trademark of Osborne Computers. DEC Rainbow is a trademark of DEC. Kaypro is a trademark of Kaypro.
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however, addresses as well as data
are latched by CAS or WE, whichever
occurs last. Operation is identical to
that of an NMOS dynamic RAM in
this case. This action ensures that the
data is written into the proper mem-
ory location.

Although Static Column mode
provides fast, easy accesses, speed at
the system level is limited by how fast
addresses for the next cycle become
valid; the time to generate and stabi-
lize the addresses must be added to
the cycle time. Increased system
speed can be obtained by using Rip-
plemode. With this mode, static-
column circuits are again used to ob-
tain access from valid column ad-
dresses, but the addresses are latched
on the falling edge of CAS, removing
the requirement for addresses to re-
main valid throughout the entire cy-
cle. As aresult, during the current cy-
cle addresses for the next cycle can
be set up or pipelined.

Column addresses enter the RAM
through the internal address latch.
This latch, controlled by CAS, pro-
vides flow-through operation. When
CAS is inactive, the latch is open, and
addresses pass through continuous-
ly to the static-column decoders. Any
change in address is transmitted im-
mediately to the decoder. Conse-
quently, access to the RAM is again
measured from valid column ad-
dresses. The latch captures the cur-
rent address on the fall of CAS, per-
mitting the system address to change
while the access occurs. CAS also
serves as an output enable on the
data output. Static Column mode
and Ripplemode both permit con-
tinuous data streams up to 20 MHz.

CMOS technology and static-
column architecture provide more
than low power consumption and
high bandwidth. In addition, static-
column decoding simplifies system
design by eliminating critical timing
relationships while providing higher
system speed. Access from column
addresses gives usable speed for
single random accesses within the
RAM. Also, the CMOS technology
enhances reliability by incorporating
a mechanism to significantly reduce
soft errors. Finally, increased stored
charge creates larger internal signal
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STANDARD
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levels, which can more easily be dif-
ferentiated from noise. As a result,
the CMOS dynamic RAM has wider
operating margins and system reli-
ability is improved.

Power Consumption

At the system level, dynamic mem-
ory has three components of power:
active, standby, and refresh. The
system’s power consumption is de-
fined as

P=V(ML+KIs+NIg)

where P = system power, V = volt-
age (5.5 V worst case), I, = active cur-
rent, I, = standby current, Iz =
refresh current, M = number of ac-
tive devices, K = number of devices
in standby, and N = total number of
devices.

CMOS reduces the first term, the
active current, relative to NMOS by
a factor of 2. In addition, the lower
active current reduces supply voltage
transients, thus simplifying
printed-circuit-board design and
reducing decoupling-capacitor

EE/EPROM PROGRAMMERS
& UV ERASERS

CGANCGIROY ~
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GANGPRO-8* allows user lo progiam up io 8 EE/
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requirements.

The second term, standby current,
is also reduced by a factor of 2 at TTL
input levels. Driving the RAS signal
to a CMOS level (Vpp—0.5 V) places
the device in a low-power-standby
mode and typically draws 10 micro-
amperes (uA)—a factor of 50 reduc-
tion over NMOS!

Refresh current, the third term in
the equation, is cycle-time depen-
dent. Current increases with the fre-
quency of refresh. In dynamic RAMs,
data is stored on a capacitor that must
be replenished or recharged every 2
or 4 milliseconds (ms). This refresh
time is a function of the stored charge
and the leakage current. With the
CMOS dynamic RAM, the cell stor-
age capacitance is 0.125 picofarad (pF)
compared to 0.040 pF to 0.085 pF in
an NMOS dynamic RAM. This low
capacitance, coupled with lower leak-
age currents, permits the CMOS re-
fresh period to be extended to 64 ms
in standby.

At the standard 128 refresh cycles/2
ms (equivalent to a 15.625-us refresh
period), the NMOS device draws
about 4.8 milliamperes (mA) and
asymptotically approaches the stand-
by current of 4 mA as the refresh
period approaches infinity. Even
eliminating refresh entirely only re-
duces the current to 4 mA, which is
only a 16 percent improvement. As a
result, extending NMOS refresh does
not significantly reduce the system’s
power consumption.

Contrast this characteristic to the
improvement CMOS offers. At 15.625
us, the CMOS dynamic RAM draws
approximately 10 percent of the
NMOS current, or 042 mA at TTL
levels. Extending the refresh period
reduces the current asymptotically to
the standby current of 0.05 mA. At a
64-ms refresh period, the current is
reduced to 0.15 mA, a 300 percent re-
duction. When battery powered, the
CMOS system has a 10 times longer
life than does the NMOS system, and
an extended refresh mode offers
another fivefold improvement. A
256K-byte CMOS memory can retain
data for nearly one week on only AA
nickel-cadmium (nicad) cells—more
than sufficient for most portable
systems.
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the computer software that serves your personal
investment needs at home, accurately and
efficiently.

A Personalized System

With the INVESTMENT EVALUATOR, your
home computer and a telephone modem, you
have a personalized system for managing your
portfolio. A system that automatically updates
and tracks only those stocks you want to follow —

Easy Access to News/Retrieval”

This software automatically dials and connects
you with Dow Jones News/Retrieval®, the
world’s leading supplier of computerized infor-
mation on demand. It allows you and your family
access to current quotes, financial and business
news, general news, movie reviews, sports,
weather and even the Academic American
Encyclopedia.

Available for IBM PC and

T1 Professional. Compatibility
with Apple, Atari, Commodore
to follow.

“Your Portfolio, Sir.”

DOW JONES INVESTMENT EVALUATOR™—

allowing you to evaluate your position at a glance.

Dow Jones Investment Evaluator™

The Right Amount of Software
for the Job

The INVESTMENT EVALUATOR gives you
the capabilities you need without making you
pay for a lot of complex functions you may
never use. Menu screens lead you to what you
want with one-touch commands. The program
is completely reliable, comes with an easy-to-
follow manual and is fully supported by the
Dow Jones Customer Service hotline.

From Dow Jones, Publishers of
The Wall Street Journal

Dow Jones has been
serving the business and
financial communities for
over 100 years. Now
Dow Jones Software™
serves you at home.

For a free brochure call:
1-800-345-8500 ext. 262

(Alaka, thawali and farcign
call 1-215-789. 7008 ext. 262

Dow JONES SOFTWARE

...Bank on it.

Copyright © 1983 Dow Jones & Co., Inc. Al rights reserved.
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High-Speed
Applications

Ripplemode and Static Column
mode are ideal for applications in-
volving high-speed buffers, telecom-
munications, and graphics. Bit-
mapped graphics systems would
seem to be a natural fit with Page
Mode operation. However, this was
not always the case. Prior to the In-
tel 2164A 64K by 1-bit NMOS
dynamic RAM, it was difficult to re-
trieve all 256 bits within a single row
of memory because of the RAS-low
time limitation of 10 us. Even with a
Page Mode cycle time of 125 ns, to
retrieve all 256 bits would require 32
us—three times longer than allowed.
The 2164A extended the RAS-low
time to 75 us, permitting the extrac-
tion of all 256 bits during a single
Page Mode cycle.

At the end of the cycle, the device
cannot be reaccessed again until after
a certain off-time allows internal
nodes to be precharged to be ready
for the next cycle. As a result, the
2164A can stream data at greater than

a 7-MHz rate continuously. This func-
tion matches the timing and opera-
tion of low-performance, bit-mapped
graphics memories. One 2164A, for
example, can map all the data for the
256 by 256 matrix of a graphics dis-
play. During the horizontal scan time,
the RAM performs a Page Mode cy-
cle and one full line is displayed.
During retrace time, the memory
must be refreshed and can be up-
dated with new data if required. This
type of update is relatively slow; con-
sequently, it limits the speed of
animation on the screen because the
processor has access to the memory
only 25 percent of the time.

To increase resolution, more lines,
each with more pixels, must be used.
By performing two sequential Page
Mode cycles from two different
RAMs, pixel densities to 512 bits per
line can be achieved. As pixel densi-
ty increases, the memory cycle time
must decrease to paint more pixels on
a line in the same amount of time.
This cycle-time limitation plus the
fact that memory can be updated

only during blanking has precluded
dynamic RAMs from use in
higher-resolution graphics displays.
These systems are usually built with
high-speed, expensive static RAMs.

With Ripplemode, memory update
during screen display time, also
known as cycle stealing, is possible.
As an example, a 512 by 384 display
requires 512 bits/line and 1 bit every
67 ns. Data is read from four memory
devices in a series of eight Ripple-
mode reads each. Data is temporari-
ly stored in a video-output register
file and then shifted to the video
screen at a rate slower than the Rip-
plemode reads. Following this,
enough time is available to perform
an update cycle before the next eight
Ripplemode reads are performed to
continue screen refresh. Eight was
the number chosen to minimize the
time the processor must wait to up-
date the memory. In addition to this
cycle stealing, which updates during
display time, memory updates are
also performed during blanking.
Along with this system, a similar sys-

MegaPlus n& I/ O-Plus II

The Ultimate Expansion for IBM PC or XT

The AST Research MegaPlus lI™ has three func-
tions standard: Parity checked and fully socketed
memory up to 256k in 64k increments; clock/
calendar with battery back-up for automatic
loading of time and date when the computer is
turned on: and asynchronous communication
port [RS232C serial] which can be used as
COMI or COM2, [DTE for a printer, or DCE for
amodem). Also included is SuperDrive™ “elec-
tronic disk” software. This program builds “disk
drives” in memory which access your programs
at the speed of RAM. You get SuperSpooier™.
print spooling software. ltoperates your printer
while you continue to work with your computer.

Options include a 100% IBM compatible
parallel printer port {can be configured as LPT!,
or LPT2]. and a second RS232C asynchronous
port (COM! or COM2). Three MegaPak™ op-
tions can plug onto your MegaPlus I “piggy-
back™ style to give you an additional 128k or
256k of memory, or a game port.
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I/O-Plus 1™, is the answer for those who
don't need additional memory but would like
all those other muilt-funcuon board features.
The I/O-Plus I™ comes standard with a clip-on
battery powered clock/calendar, an asynchro-
nous communicatton port {RS232C serial). Su-
perDnve™ electronic disk, and SuperSpooler™
print spooling software.

Optional is a second asynchronous porn
{DTE. or DCE). a paralle! printer adapter, and
the best game paddie adapter on the market. It
is an IBM standard game pont, but it can also
use Apple compatible paddies and joystcks.
Options are all socketed so they may be added
later should the need arise.

Both boards come with a one year factory
warranty and the Qubie’ sausfaction guaran-
tee. If forany reason you are not sausified with
the performance of your board within thirtty
days of purchase. you may retumn it for a full
refund, including the postage o return it.
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TO ORDER BY PHONE:
Iy Califearmi (BOG) 4829829
Qe Califorria TOLL FREE (BOO) B21-44 79

PRICES:
I/ O-Plus 1™ with Clock/calendar, agync
SuptDrve™ and Superspool™ - 5129
MegaPlus II' with memory. clock, async
SuperDive™ and Superspool™ - $289
OPTIONS:
ok upgrades; insalied and 1esea 560

Prinner o 2nd asyrc part 535
Game Adapter. [1A0-Pius 1oty £35
MegaPak™ with 256k of Memary 5299

with 128k of Memory 5199
GamePak (MegaPius I onhd 550
ConnectAll Cable Bracket 58
Cabile (o Paraliel Printer 535
Cable o Modem or Sefial Printer 525

Comprenensive Diagnostics Programs 510

SUPERERITER by Sotcim 579
SLIPERCALCY by Sorcim S158
ABASE 1 by Ashiten-Tans 19

SHIPMENT:
Marmal sfipment 15 day after rectipr of
cHoer W pay LIPS surface charges, 2 day
air sepace 35 extra, No extra for chedit cands
or COD:

’
QUBIE DISTRIBUTING
4809 Calle Alto, Camarillo, CA 93010
Mon-Fri 8-5 pm

Tempo House ¢

15 Falcon Road., London, SW 11, UK, (01} 223-4569
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Completely Compatible with Universities,
Libraries, Hospitals and Small Businesses.

MACROTRON SYSTEMS CORP offers the ultimate in total terminal versa-
tility and adaptability in its new terminal, ET-2000. Now, universities, hos-
pitals, libraries and businesses can up-date their present systems by
adding the amazingly efficient and compatible ET-2000 terminal, or revolu-
tionize their work procedures by beginning with ET-2000 terminals if they
haven't installed any yet. . .

ET-2000, our durable, low budget terminal has years of research and experi-
ence to back it up. ET-2000's exclusive features enable it 10 surpass its
competitors, like Televideo 920¢, 925®, 950®, Hazeltine 1500%, ADM-3A*",
ADM-22®, and Regent 25®. We invite you to make the comparison for your-
self because it will reinforce our superiority in performance and price. Com-
parison really does prove ET-2000's value.

Our 12 inch diagonal non-glare CRT. 5 different methods for controlling text
or data entry, Protect Mode where defined screen areas may be set to
prevent data entries by the system operator. Smooth Scroll Feature that

MACROTRON

Systems Corporation

8147 Delmar Boulevard o St. Louis, MO 63130 » (314) 721-3356

prevents display jitters also allows displayed text to be read as it is
scrolled, a printer port that may be set for terminal page/date transmittal
and a semi-graphics feature, all add up to make ET-2000 terminals versa-
tile and dependable.

You don't need a terminal — you need what a terminal does. ET-2000's
terminal can fulfill all of your needs in addition to being especially adaptable
to your present system, regardless of the particular brand. Efficiency and
flexibility are what ET-2000 stand for, so we want you to make a compari-
son. In fact, we welcome it. Because we are absolutely sure that when you
do compare, MACROTRON SYSTEMS CORP will come out on top! At
$795.00, let ET-2000 terminals alleviate your present headaches by mod-
ernizing your system without breaking your budget.

Write or call MACROTRON SYSTEMS CORP. for our product terminal
comparison chart and get the facts about our ET-2000 terminals.

Dealer inquiries welcomed!

Dist. West: IRT Assoc., Inc

200 Valley Drive #6

Brisbane, CA 94005

(415) 468-2070

Dist. South: Micro Component Co.
2701-A Fondren, Suite 123

Dallas, TX 75206

(214) 361-9074
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ERG/68000
MINI-SYSTEMS

O] Full IEEE 696/S100 compatibility

HARDWARE OPTIONS

O 8MHz, 10MHz or 12MHz 68000
CPU

[ Memory Management

O Multiple Port Intelligent i/O

O 64K or 128K STATIC RAM
(70 nsec)

O 258K/512K or 1MB Dynamic
RAM, with full parlty (150 nsec)

O s%" - 8” DID, DIS floppy disk
drives

O 5MB-40MB hard disk drives

O Full DMA Disk Interface

[J SMD Disk Interface

[ %" tape streamer

[J 10 to 20 slot backplane

[J 20 or 30A amp power supply

[J Desk top or Rack mount

cabinets

SOFTWARE OPTIONS

[0 68KFORTH!' systems language
with MACRO assembier and
META compilier, Muiti-user,
Muiti-Tasking

{0 Fast Fioating Point package

[J Motorola’s MACSBUG

[J IDRIS®* Operating System with
C, PASCAL, FORTRAN 77,
68K-BASIC', CiS COBOL¢,
RDBMS

O UNIX: Sys il C, etc.

(J CP/M-68K*® O/S with C,
Assembler, 68K-BASIC',
68KFORTH', Z80 EMULATOR!,
APL

[J VED68K' Screen Editor

Trademark 'ERG, Inc.
?BELL LABS 3DIgltal Research
“Micro Focus SWhitesmiths

30 day dellvery
with valld Purchase Order

OEM prices avallable
For CPU, Integrated Card Sets
or Systems.
=\
o
)‘ Ag /8
) - A
Emplrical Research Group, Inc.
P.O. Box 1176

Milton, WA 98354
206-631-4855
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tem was built using 2164As with Ex-
tended Page Mode operation. Each
system used an iAPX 86 processor
and similar software. A comparison
of both systems showed the CHMOS
(complementary high-speed metal-
oxide semiconductor) system to have
a 42 percent higher drawing speed.
Animation on the CHMOS system
was vastly improved.

Usable Speed

Memory design using dynamic
RAMs has always been a challenge.
Although multiplexing addresses
does reduce the package pin count
and increase system density, it limits
the access and cycle times in the
system. To access a dynamic RAM,
low-order row addresses are pre-
sented and latched into the dynamic
RAM with RAS. Row addresses must
be held for a period fz.x after the fall
of RAS to guarantee proper opera-
tion. Next, the addresses must be
changed to high-order column ad-
dresses and latched into the dynamic
RAM with CAS, creating a timing
window trep, which is the RAS-to-
CAS delay.

Within this window, the designer
must guarantee row address hold
time, change the addresses, and ac-
count for any timing skew on the
CAS signal. If column addresses are
valid at the maximum specified fzcp,
access time tgac is measured from the
high-to-low transition of RAS.

The cycle time is the sum of the ac-
cess time and the cycle precharge
time tz». The access time is a function
of txco, which has contradictory re-
quirements. It must be as long as
possible to simplify system design
and at the same time as short as
possible to enhance system speed.
Cycle time is affected directly by the
length of tgp.

Static-column operation eliminates
the txcp problem. After row addresses
have been latched into the RAM, the
second portion of the access begins
from valid column addresses. In
other words, column access does not
wait for CAS to become valid, but
operates in a fashion similar to that
of a static RAM. This is due to the
flow-through operation of the CAS
latch. CAS serves only to latch the
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addresses and to provide an output
enable. Access from valid column ad-
dresses simplifies design by remov-
ing the CAS signal from the critical
timing path.

Systems using dynamic RAMs are
typically CAS access-limited because
controllers generate timing signals in
discrete clock increments. A CMOS
dynamic RAM system might operate
at 8 MHz without Wait states. Using
any other 64K-bit dynamic RAM
would require the injection of one or
two Wait states, resulting in a corre-
sponding performance penalty. Con-
sequently, the advantage of higher
processor speed is negated without
the high-speed dynamic RAM. For
systems incorporating either discrete
or LSI controllers, the CMOS
dynamic RAM simplifies the system
design and offers higher system
performance.

High Reliability

Soft errors are random, nonrecur-
ring failures caused by ionizing radia-
tion present within the environment.
All matter contains small amounts of
radioactive material. Alpha particles
emitted by an IC’s packaging material
can penetrate the enclosed circuit. As
they do so, they generate hole-elec-
tron pairs. Any high-impedance
node in the vicinity sensitive to 1
million electrons may be affected,
because the difference between a 1
and a 0 (known as the critical charge)
is about 1 million electrons. Conse-
quently, data in one cell could change
from a 1 to a 0 or vice versa. Correct
data can be rewritten into the affected
cell and the memory will again func-
tion correctly, thus the term “soft
error”

When first discovered during tests
of 16K-bit dynamic RAMs, soft errors
occurred at a rate five times greater
than catastrophic or hard-error fail-
ures. While device designers worked
to eliminate the alpha-particle sen-
sitivity, systems designers added
error-correcting circuits (ECC), which
increased system reliability, but the
systems were larger and more expen-
sive due to the additional com-
ponents required. Also, the system
had to test and correct the data, slow-
ing the system’s performance. All this

Circle 411 on inquiry card. ==
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was due to soft errors. Obviously,
what is really required is the elimina-
tion of soft errors.

CMOS technology offers such a
solution. The CMOS dynamic RAM
cell is built on an n-well in a p-sub-
strate, creating a p-n junction or
diode at the boundary. When alpha
particles create hole-electron pairs in
a CMOS device, something else oc-
curs. First, the n-well is very shallow,
and the majority of hole-electron
pairs are created in the p-substrate.
Holes cannot transfer across the
reverse-biased p-n junction, which

acts as a barrier to soft-error effects.
Any electrons that do cross the junc-
tion are gathered at the +5V node
away from the storage cell. The prob-
ability that sufficient hole-electron
pairs are created within the n-well
that cell upset could occur is so low
that the soft-error rate of CMOS
dynamic RAMs is typically orders of
magnitude below that of their NMOS
counterparts.

High storage capacitance also plays
a role in the reduction of soft errors.
The number of stored charged elec-
trons representing a 1 or a 0 is direct-
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ly proportional to the storage capac-
itance. Higher capacitance equates
to more stored charge, which in turn
increases the critical charge. The
critical charge is the number of par-
ticles that differentiate a 1 from a 0.
Increasing the critical charge beyond
1 million electrons significantly
reduces the susceptibility to soft er-
rors. This, in addition to the n-well
mechanism, reduces the soft-error
rate to much less than 0.001 percent
per 1000 hours.

Studies were performed to com-
pare reliability of systems with and
without error correction for both
NMOS and CMOS dynamic RAMs.
The results show one surprise: at
256K bytes and below, the CMOS
system without ECC is more reliable
than the NMOS system with ECC,
because of the cycle-time depen-
dence of soft errors. In small systems,
the memory is accessed more fre-
quently, and the probability of a soft
error is increased. With a soft-error
rate at the very minimum 100 times
less than NMOS, the CMOS
dynamic RAM does not experience
this effect.

Systems below 256K-byte capacities
benefit by the elimination of ECC cir-
cuits from a cost, performance, and
simplicity-of-design standpoint. First,
ECC increases the access time of the
system by 50 ns to check and correct
data. Assuming a 120-ns RAM ac-
cess, ECC increases the access by 42
percent. Moreover, the penalty on cy-
cle time is even greater, especially
when you are writing a single byte in-
to a 2-byte word. In this instance,
data must be accessed and corrected,
the new byte merged into the word,
and check bits generated. Finally, the
system must write the new data into
memory. Added to this are any sys-
tem-timing skews. As a result, a
200-ns cycle time stretches to a 335-ns
system cycle time or an increase of 68
percent. Therefore, using a CMOS
dynamic RAM not only improves
system reliability but enhances sys-
tem speed and simplicity of design.m

Joe Altnether is technical marketing manager at
Intel Corp. (2111 N.E. 25th Ave., Hillsboro, OR
97123).
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The Challenge of Hard-Disk

Portability

How DMA Systems designed a removable hard-disk unit
for the transportable generation

In the Old West, Winchesters were
designed to be portable. They could
survive weeks in dusty scabbards
and still function efficiently when the
need arose. These days, portable
Winchester disks operate under dif-
ferent constraints to perform different
tasks.

This is an account of the portabili-
ty issues encountered by one hard-
disk-drive manufacturer, DMA Sys-
tems, and of the design decisions its
engineers reached.

Why does a transportable com-
puter need a hard-disk drive? Be-
cause many of us need to transfer the
power of our desktop computers to
other locations, and we don’t want to
sacrifice software or hardware capa-
bility in terms of speed and storage
capacity. Ideally, the capabilities of a
hard-disk unit should be available
whether the system is transportable
(requires AC power) or portable (re-
quires battery power).

A designer of a portable hard-disk
system confronts a difficult task if
reliability, speed, and capacity are to
be preserved. The most difficult chal-
lenge designers face is developing
truly portable hard-disk drives for
away-from-the-office data storage,
program loading, and backup stor-
age.

by David A. Sutton

Photo 1: The read/write head assembly
. developed for DMA's fixed/removable hard
drives.

Quasi-Winchester

The challenge of combining both
removability and portability in a
single Winchester-type device means
that designers must grapple with the
fact that a removable-only cartridge
drive (or the removable portion of a
fixed/removable drive) is not a Win-
chester in the classic sense. In 1973,
IBM developed Winchester tech-
nology and dropped the flying height
of the head from 80 microinches to
as low as 15 microinches above the
disk. This low flying height dictated
the characteristics we now consider
typical of a Winchester—heads and
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disk in a sealed environment, heads
that land on the disk prior to flying,
lubricated media, and stringent air-
filtration systems. These controls
enable the head to fly lower and the
drive to achieve Winchester flying
heights.

IBM’s original 30-30 project (30
megabytes fixed, 30 megabytes re-
movable) presumed that the only
way to guarantee a contamination-
proof disk surface for the low-flying
Winchester heads was to package
heads and disks together in a sealed
environment. The cost of a removable
Winchester “pack,” therefore, would
have to include the cost of a complete
set of heads and a head-carriage
mechanism. It was an impractical ap-
proach then and is even more
impractical for microcomputers.

In any situation in which a disk
drive may be moved, it’s equally im-
practical to have the heads settle onto
the disk area during power-down.
Allowing the head to touch the
media risks damage to both the data
on the disk and the head itself.

Hazards of Portability

A portable hard-disk cartridge
drive faces a triple set of hazards: to
the cartridge, to the drive, and to the
combined cartridge and drive
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(operating or not operating). Car-
tridge and drive are both part of an
electromechanical assembly that
must deliver years of reliable service
without requiring maintenance. It
would certainly be asking too much
of any user to seat the cartridge with
anywhere near the level of care used
in a factory clean room to align a
sealed Winchester disk-and-head as-
sembly. Instead, a drive designer
must assume that both cartridge and
drive, of either fixed or removable
type, will be subject to every conceiv-
able kind of abuse:

eshock and vibration that can cause
head or disk-surface damage or
cause data to be lost because the
balance between aerodynamic lift
and head-loading force has been dis-
turbed or because the heads have
been thrown off track by spurious
sideways movements
econtamination (dust, cigarette
smoke, moisture, or chemical fumes)
that enters the cartridge or collects on
the heads and actuator arm when the
cartridge has been removed from the
drive

estrong electrical or magnetic fields
that can make data and software un-
readable

sunsophisticated or unauthorized
users who are convinced that their
principal mission in life is to enforce
Murphy’s law personally

Shrinking Size and Costs

As if these challenges were not
enough, cartridge-drive designers
must face the fact that the require-
ment for portability or transportabili-
ty will only encourage the demand
for smaller drives (or greater capaci-
ty within the same drive envelope).
A designer’s task is to maintain reli-
ability and performance. As disk size
drops, data density steadily in-
creases, making it all the more dif-
ficult to maintain repeatability (the
capability to read recorded data when
a cartridge is inserted in a drive) and
interchangeability (the capability to
record data on one drive and read it
when the cartridge is inserted into
another similar device).

In a cost-conscious market, little al-
lowance is given to the difficulties a

128  September 1983 © BYTE Publications Inc.

drive designer must overcome in this
ongoing quest for miniaturization.
Instead, the belief prevails that “If it’s
smaller, it should be cheaper” Main-
taining reliability and enhancing per-
formance means that a designer must
rethink every aspect of the drive
assembly and electronics:

ethe read/write heads

ethe disk media and motor

ethe head-positioning servo system
ethe data separator

ethe drive enclosure

ethe cartridge design

In designing its Micro-Magnum
fixed/removable and removable-only
drives, DMA Systems attempted to
address all of these needs. Charting
unknown waters, DMA engineers ex-
pected the worst (and have rarely
been disappointed).

As disk size drops,
data density steadily
increases, which makes
it difficult to maintain
repeatability and
interchangeability.

Contamination Control

One concern of designers has been
the control and removal of con-
taminants that could cause severe
head and media damage or destroy
the integrity of recorded data. DMA's
solution to this problem is the high-
capacity, closed-loop, recirculating air
system for a “double half-height”
fixed/removable drive.

A preliminary purge cycle removes
all the contaminants that may have
entered the drive when a cartridge is
inserted. The impeller-drive system
then continues to move all air in the
drive through a recirculating filter at
least once per second. The filter unit
was designed to last for five years
with no filter changes.

Both the drive and the cartridge
have self-sealing doors to keep con-
taminants from entering their respec-
tive compartments and to ensure a
clean head-disk interface. Whenever
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the spindle motor is turned off, the
head assembly is completely with-
drawn into the drive and the door
seals the head-port opening. The car-
tridge also has a door to protect the
head opening and a clamp that
secures the hub against the cartridge
to prevent foreign substances from
entering the cartridge.

Most of the contaminants that enter
the system were already inside the
cartridge when it was inserted into
the drive. The purge cycle removes
most of these and also raises the
pressure in the cartridge so that any
air leaks vent outward and no further
contaminants may enter the car-
tridge. Any loss due to leakage is
made up by air pulled into the system
through a breather filter.

Head Design

A consistent head-to-media rela-
tionship is an absolute must for data
integrity and device reliability. The
head and disk must maintain their
critical distance, yet head and disk
surface must not physically touch.
This premise is overlooked in the de-
sign of most 5%-inch Winchester disk
drives—a fact that becomes critical
when transporting the drive intro-
duces the opportunity for violent
head-to-disk contact.

When the disk is in a cartridge
that is being pushed in and out of
several drives, or even in and out of
the same drive on a daily basis,
elimination of head-to-disk contact is
essential. Therefore DMA developed
the Cushion-Aire head assembly
(photo 1) to allow a Winchester air
bearing to be loaded dynamically
onto a spinning cartridge disk.
Because the head never starts or
stops touching the disk, there is no
head ringing on the disk, no
head-landing on top of contaminants
after purge cycles, no damage to
heads during transit, and no acciden-
tal jostling of the system during use.

Though nickel-zinc-ferrite and
manganese-zinc monolithic ferrite
heads are commonplace on larger
Winchester drives, both present
drawbacks when incorporated into a
5%-inch design. At the data densities
required, the signal output of nickel-
zinc-ferrite heads is unacceptable,
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and manganese-zinc heads are only
marginally acceptable. Furthermore,
monolithic heads have inherently
less signal output due to their
relatively long flux path. To remedy
the signal strength problem—and to
provide less parasitic inductance—
DMA chose to develop a composite
head employing a discrete manga-
nese-zinc core, glass-bonded into a
ceramic Winchester-type air-bearing
enclosure.

Embedded-Servo Head
Positioning

To overcome errors that might oc-
cur in head tracking due to thermal
expansion, cartridge interchange,
friction in the cartridge, offset due to
drive tilt, and disk runout, the DMA
engineering staff employed another
proven large-disk technique: embed-
ded-servo head positioning.

The embedded-servo technique
eliminates any requirement for head
alignment and is, in fact, a key to the
successful use of hard-disk car-
tridges. Servo codes embedded (i.e.,

recorded) on the disk guide the drive
heads to the proper position by send-
ing signals to the mechanism con-
trolling the read/write head as the
head passes over the disk. This tech-
nique enables the drive to actually
adjust the head position in the event
of errors due to heat expansion or
other factors.

Embedded-servo positioning re-
quires two steps. First, course posi-
tioning allows the proper track to be
located. Embedded-servo data is pre-
recorded on the disk during the man-
ufacturing process and is typically
contained in the first 26 bytes of each
sector on the disk. The servo code
contains data for each track number
on the disk. As the head crosses a
track, it reads the servo data and a
software routine calculates a demand
velocity based on the difference bet-
ween current track location and target
track. Head speed is controlled, in ef-
fect, by a linear-motor servo that
receives continuous analog input
from the drive’s control electronics.

In the second step, the fine-posi-

tioning servomechanism locates the
read/write head within a half-track
distance of the desired location. Pre-
recorded signal segments A and B
define the fine-positioning servo
bursts. The edges of signals A and B
are recorded along the center of the
tracks so that a head centered exact-
ly on a track will read equal ampli-
tudes from both segments (see figure
1). If the head is off center, one ampli-
tude will read higher, the other lower.
The difference is detected and used
as an error signal to drive a linear-
motor positioner to seek and main-
tain the proper track center-line
position.

Drive Electronics

Shrinking the control electronics to
the limited volume of a 5%-inch drive
was no small task. This mission was
complicated by the circuitry for the
embedded servo and voice-coil head
positioner.

We developed a dual micropro-
cessor-controlled system to conserve
space as well as to partition functions

/ 80: .
'-'~1h le B&ufd
E Ingle

C uUll 3
r sla vajee
3 Redundant pro

- cessor manipulation
B 4MHz Z80A or
6MHz Z80B CPU m
64K RAM and 2K EPROM with monitor
B 2 serial, 2 parallel, 4 timer
ports m Bi-directional inter-
processor channel m Dual
mode serial ports interface nf§
Multi-layer PCB construction. §

$495.

Circle 236 on Inquiry card.

'f;f‘l'he Most Proi
. For An Orchesﬂ'ﬂ-

mising Duef

controller = SASI (ANSI, SCS}) _‘
" host adapter = Single und dou e

JC SYSTEMS

469 Valley Way
Miipitas, CA 95035
408-945-0318
TWX#910-381-7041

' TM of Digital Research, l:?.
* TM of Software 2000, Inc,

$345.
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*For IBM

Come visit us in our
New York showroom.

©mouter(hanne

Our Speciality: 68000, 6809 CPU, graphic, database, communication, word processing

Cromemco
incorporat ed
Tomorrow's Computers Today

A MITSUBISHI

ENITH

TELEVIDEQ, VISUAL, IDS, OKIDATA, EPSON, HOUSTON INSTRUMENT

DYSAN, C.ITOH, TANDON, SWTPC, AMDEK, NEC, IBM, DEC, ESPRIT, QUME, GTCO, SANYO

$
CS1D2E 256K RAM, 68000 & Z80. . 4,396
CS1HD5E 512K RAM, 68000 & Z80
20MB hard disk, one 5% "
floppy disk........... 7.596
1 to 12 users, 68000 CPU, 256K to
WICAT 4.5MB RAM, 10MB to 474MB hard
disk, graphic. . . . . ... 9,000 & up
68000 CPU, 8B0OMB SMD hard
DUAL disk, intelligent 1/0, UNIX, relational
database . . .. ........ . CALL
IOt S T i w e e lw < <) o o2 B8 s B 75 g CALL
SWTPC, HELIX, DYNABYTE, TERAK . . . . . . CALL
YOUR OWN PERSONAL ROBOT. . ... ... 2,215
D.C. Hayes Smartmodem
300" baud it 1N et e 230
1200/300 baud. . . . ... ... 520
*12008 modem & communication
S s oay v as Basa Ma 128 470
USR Auto Link 1200. .. ....... 450
uDs 212 LP. oo 400
ok QN Ry N B pip—— 595
Novation Smartcat 300 . . . ... ... 200
Smartcat 300/1200. . ... .. 455
PCBU Y o7 «« mmmh . K. nu .. 130
Ven-Tel *300 baud modem W/SW. . . .350
dBase Il Ashton-Tate. . ........... 489
Redding Grftalk business graphics. . . . 400
Async micro to mainframe . . . . 100

Alpacamicrotomicro. . . . .. . 450

Crosstalk Microstuf. . . . . 160
Accounting software
*Accounting Plus. . ....... 299
*Legal Timekeeping &
Accounting . . . . .. v e w699
*Peach pak (GL,AR,AP}. . ... 390
MBS - & T s B m s s ot 4D CALL
CPAid *Masten Tax o 4" a sl oswtls's CALL
Microsoft NMUITIDIAN'S e s & & KLk el & 220
Word processing
1LUS. Easy Writer Il. ... ... ....260
MuitiMate *Word Processing. ... ... ... 375
IBM Concurrent CP/MB6 package . . . ... .. CALL
Zenith Z-29 Smart terminal . . . . . . . CALL
ZT-1 with modem . . . . ... .. 488
Hazeltine ESDTITE{ R b ol & e & 1L ok ..588
Esprit Ill emulate Televideo 950 . 665
Esprit 1l color terminal . . . . . . 875
Televideo Q751 i M f e sk 740
' B70. . nrewdd phaabesn 1,099
Visual LYo R S S ———— 625
65 green. . . .. i = 725
BOOY. . g% nov's s bl wim. . 948
650 graphiCe.ssssypgr=. 2,150
Wyse OO v awh « #'% ‘ . 795
Viewpoint  ADDS color terminal . . . .. . . CALL

Cromemcor C-10SP & ia Saheis 2 5 b ull Bl 1w B 1,490
Televideo, Morrow Design, LNW . . ... .. .. CALL

r =1

Zenith
Dual drives, 128K RAM,
8/16 bit, color board,
225 x 640 graphics . . . CALL
with 11MB hard disk . . . CALL
RGB color monitor
640 x480

Z110

ZW-110-32
ZVM-135

Corona

128K RAM, 320K floppy, 640 x 325 graphic,
green monitor ser. & par. port, DOS,

GW BASIC, MultiMate word processing, PC |
TULOFss 8 asle s ddlhmniuds oslbi b CALL U
| Eagle |
M 128K RAM, two floppy disks, monitor, two ||
I ser. & one par. ports, EagleWriter, EagleCalc, |

MS-DOS, and CP/M-86. ... ....... CALL
Columbia

‘ 128K RAM, two floppies, 2 Ser. & 1 par.

ports, software............. .. CALL

IBVIHPC W AN . wI N . n'sda's Fd B 4 °dd £-80 CALL

Portable Computer

Corona PPC-1 128K RAM, one 320K
floppy, monitor, and serial
m POM . sm ¢ -3 5ok =7 @ CALL m
Columbia, Televideo. .. .......... CALL

AST, Quadram, LNW cards
==

BANANA 50" COSK RN < b e e 215
IDS

Microprism 110 cps, 84 x84 graphic, pin &
friction feed, ser./par.. . . . . .. 459
Prism 132  200cps, 132col. .. .. ... 1,100
with graphic. .. ........ 1,180
with graphic, color, friction. . 1,590
Gemini 10 100 cps... ... ......... 339
(| P IEY PR 525
Epson FX-80 160cps. ... ...... 560
FXC100K. " oo st wackt QR CALL
Okidata MI® BRA . aens S nd R 625
B4 4LPAT & vt i 960
(2)7) BN =54 500
(<] PPNV =, | 840
MT 160L /6 0L COSMA 4 & (b imat sahiat 620
MT 1602 200 CPSH rmsiw AE4H 1 & alhy 1.393
C.ITOH Prowriter par.. .......... 410
8600 two colors. . 1,050
Toshiba P1350. ... ........... 1,525

*Letter Quality *

Dynax 15 13 cps (Brother). . . ... .... 520
Brother HIR=I1I24CDS ke i & i s 785
Silver Reed . ... ... . ... ... ... .. 699
Transtar 1306 S NS, ARl il 3 727

Diabio 6120 18 Bra it @RI o e 985

C.ITOH F-10 Starwriter 40 cps. .. . 1,185

NEC TANONT 305 s &l s n gl ..2,150

3550 for IBM. .. ....... 1,850

Qume 11+ 40 cps. .. ... ........ 1.400

Zenith ZVM-123 12" green. ... ... 115

ZVM-122 12" Amber. . . 139

ZVM-131 medium resolution . . 305

*ZVM-135 640 x480. . 550

Amdek colar INBE B e A b o S 340

r oot IRGE: W sl s o« £le 40 . 699

color IV 720x400. . .. .. .1,070

300! OLECN w2 1 5@ 8 o 8 4o - 148

NEC 12 green. ... ... ... .. 170

1203RGB. . ............ 725

Taxan color monitor. . .. .. ...... 330

AMDEr ¢ Moie i sn b 45 149

Houston Instrument pmpP-29. . .. ... ... 1,795

DNVIB- 40/ a5 b o et & 795

DMP-41 & DMP-42 .. . . . .. CALL

Hipad Digitizer. . . . ... .. CALL

Amdek XY plotter, 1pen. . ........ 665

6, "PENS, Wi s = 1,085

Sweet-P & PIOTIe e ¢ [ W (e me S A - 610
GTCO *graphic analysis package

wi/digitizer for IBM. ... ... 2,500

Tandon Drive 1002« as vk o 6% b s o s 4 260

COMPUTER CHANNEL COMPUTER CHAN

8’ Double Sided/Double Density Fiexible disk
drive Qume & Shugart Compatible

Q

(@]

2

é {

=]

Q M2894-63 1.2MB drive. . . . ... ... .. 380
E Two M2894 drives, cabinet with power supply 3
Z & fan {unassembled). .. . . ... ..... 1,099 ©
E 8'' dual M2894 drives subsystem E
o lassembled) . .. ... ... 1,130 2
g Technical manual . . . .. ............. 26
g Dual drives signalcable. . . .. ......... 50 (L:
.t;} Slimline bare drive 8. . . .. .. ... .... 410 O
o (compatible w/Cromemco 64FDC} 5
Q Dealers Welcome S
E DS Microprism printer. . . . .. ... ... $459 t:;
2 Sanyo Color Monitor . . . .. ... ...... 680

o
o
a

VH

ﬁ Hazeltine Espirt 1. .. ... ... .....
COMPUTER CHANNEIL COMPUTER CHAN

Prices subject to change. American Express, Visa/Mastercard
add 3%. F.O.B. point of shipment. 20% restocking fee for
returned merchendise. Persons! checks take 3 weeks to
clear. COD on certified check only. N.Y. residents add sales
tax. Manufacturers’ warranty only. Internationsl customers,
please confirm price before order. Accept P.O. from Fortune
500, schools and gov't.

Computer Channel TELEX:
21-55 44th Road 429418
Long Island City, NY 11101 CSTNY

For information CALL (212) 937-6363
To order CALL 1'800'331 -3343

Circle 91 on inguiry card.
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Circle 294 on mqunry card.

MIICRO3CPRESS |
DISK DRIVES FOR
| 1BM - appia - TRS-80 224w/ Lig aTHe

AND OTHER PERSONAL/MICROCOMPUTERS

-
1. . .
!.—-l

Sntn

8" THINLINE FLEXIBLE DISK SUBSYSTEM
ESHOWN ABOVE) FULLY ASSEMBLED & TESTED WITH
OMPLETE DOCUMENTATION
1-8480° DUAL DRIVE. DOUBLE-SIOED. 2.4MB . . $1.495
1-8481° SINGLE DR'VE DOUBLE-SIOED. 1.2MB:
INCL. FILLER PANEL - SECOND DRIVE
CAN BE ADDED LATER 995
8 FLEXIBLE DISK CONTROLLERS FOR IBM
appia NO CONTROLLER NEEDED
FOR MIHEATH‘ 2-100 Catl

FULL HEIGHT mrsnm MOUNTING FLEXIBLE msx
DRIVES FOR 1BM 222 HE

AND GTHER SMALL compufsns
@scommt DATA

CDC 9409 DOUBLE-SIDED 48TPI, 320/360KB .. 245

Tandon
TM100-2 DOUBLE-SIDED, 48TPI, 320KB 235
TM101-4 DOUBLE-SIDED, 96TPI_ 640KB 295

V2 HEIGHT INTERNAL MOUNTING FLEXIBLE DISK
DRIVES }INCLUDES STRAP KITS TO MOUNT tN FULL
HEIGHT OOTPRINT) 6 MS. STEP RATE

Tendon_ TM50-2
DOUBLE-SIDED, 48TP|
OUMETRAK 142
DOUBLE-SIDED, 48TPI

TEACFD 55-B
DOUBLE- SIDED 48TPI

"t

SVi

3

SVi

(2) DRIVES FOR 395
(2) ORIVES FOR 425
(2) DRIVES FOR 575

IBM' PC DOS SOFTWARE UTILITIES FROM TALL TREE

J FDRMAT ENABLES USE OF 5va”, /S 96TPI
& 8" FLEXIBLE DISK DRIVES PLUS
OTHER FEATURES FOR IBM PC DOS

1.10 VERSION 1.78

J FORMAT-2SAME AS J FORMAT ABOVE FOR
1BM PC DOS 2.0

WINDRIVE ENABLES USE OF WINCHESTER
SUBSYSTEMS FOR1BM PC 005 2.0 35
JETDRIVE  ENABLES IMPLEMENTATIDN OF
BBESC;%OMC DISK FOR 1BM PC

J UTILITIESINC&JgES.EI FORMAT-2. WINDRIVE

GSCON’OKATION DISKETTES
1242-00  5V& SINGLE-SIDED, SINGLE/OQUBLE
DENSITY, WRITE PROTECT NOTCH & HUB
RING (Box of 10) Special 19.95
Sva” DOUBLE-SIDED, SINGLE/DOUBLE
DENSITY, WPN & HUB RING . . . (Box of 10)
Special 29.95
- 8" SINGLE OR DOUBLE-SIDED
SINGLE/DOUBLE DENSITY, WPN &
HUB RING. VARIOUS FORMATS Call

appia DISK DRIVES
DATA DRIVESVe" FLEXIBLE DISK EXTERNAL

1244-00

SUBSYSTEM BY TAVA CORP. 275
MICRCOXPRESS
7142 632-8512
ﬁ 305 S. ézt;ecglsege Blvd. :
l ] Anaheim, CA 92806 S
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TEAC FD §!
DOUBLE-SIDED S6TPI (2)ORIVESFOR 750 |-
IBM 4 0RIVE ADAPTOR CABLE Call

EMBEDDED
» SERVO
DATA
B —
TRACK 101
A |—— usER
TRACK 100 — TRACK
v A DATA
TRACK 99 -
A
SECTOR
INDEX COARSE
AND POSITION FINE
TIMING TRACK POSITION
FIELD NUMBER

Figure 1: This diagram shows how the servo data is embedded on the disk to facilitate precise

positioning of the heads over the tracks.

and simplify the hardware. One
microprocessor is dedicated to 1/O
(input/output) status purposes in-
cluding front-end function, safety
checks, and fault algorithms. This
microprocessor also preformats all
SEEK commands into the form re-
quired by the second microprocessor,
which controls all the internal com-
mand lines of the embedded-servo
system.

The second microprocessor also re-
ceives embedded-servo information
from a servo decoding unit—a
custom, large-scale integrated circuit
(LSI)—which gives the micropro-
cessor the information required to
perform the basic disk-drive servo
functions: track following and seek-
ing, rezeroing, and loading and re-
tracting of the heads.

Partitioning these operations be-
tween two microprocessors helps
achieve faster overall system
response. For example, the second
microprocessor may perform a SEEK
while the first continues to handle all
interface and safety functions; two
microprocessors can handle emer-
gency situations faster than a single
Pprocessor.

Two custom LSI gate-array chips
were also developed to achieve the
needed packing density and to man-
age the servo data while protecting it
from any accidental overwriting.

The first gate-array chip is commit-
ted to servo control of the spindle

wwWw americanradiohistorv com

and is a 200-gate array that includes
spindle-motor commutation circuits,
a spindle-speed control servo, a
speed-safety function, and a 10-MHz
crystal oscillator. The second, an
800-gate array IC, decodes the digital
information within the embedded-
servo fields. Erase-gap detection, sec-
tor decoding, the location of index
marks, track timing checks, and sam-
ple pulses for fine positioning of the
heads are all controlled by this chip.

If the drive were ever to overwrite
the embedded-servo fields, data
could be irretrievably lost. To prevent
this, a series of hardware and soft-
ware safety checks works to protect
both the embedded-servo fields and
the data on the disks. The decoding
gate-array chip checks hardware
before clearing the way for a WRITE
operation. The heads can respond
within microseconds to any unsafe
condition spotted by the gate-array
chip. Software checks are also writ-
ten into the drive firmware to enable
the WRITE functions. The software
will not proceed with a WRITE
operation until two successive em-
bedded-servo sectors have decoded
the same track identification and no
fault conditions have been found in
the drive.

Packaging and Power Drain

In almost every respect, currently
available hard-disk Winchester drives
can meet the requirements imposed
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Don’t take
no for an answey!

WINCHESTER CARTRIDGE DISK DRIVES FOR MICROCOMPUTERS

DMA Systems
514" Drives

Other
5%" Drives

no no
no no
no no
no no
no ves
no no

yes  yes
no no

yes yes
no no

A comparison of Winchester microcomputer Winchester cartridge
cartridge disk drives shows there's disk drives. D

Feature 3.9"Drives

Now in production

Data interchange

Contamination control

Retractable heads

Standard cartridge

40 ms access time

5 Mb capacity (formatted)

Capacity growth capability

Removable-only drive

Fixed/Removable drive

3335558333

reacll)y no comparison. But DMA Systems drives don't SYSTEMS
nly DMA Systems allows you to  just outperform other cartridge sys- .
interchange data between drives. tems. They outperform all other Just what the mdustry needs.
Only DMA Systems has a unique  types of microcomputer backup.
retractable head that ensures data Consider the alternatives. ..
integrity by never touching the disk. Floppies have low capacity, poor
Only DMA Systems has a self- reliability and slow access time.
sealing clean air system that prevents Streamers are unreliable and
contaminants from reaching the data  can't provide random access.
—even after thousands of insertions. There’s only one drive manufac-
And only DMA Systems gives turer who can answer "yes” to all of
you a choice of fixed/removable or your needs: DMA Systems.
removable-only drives. Both mod- For more information write
els match mini-floppy front panel DMA Systems, 601 Pine Ave-
dimensions and adapt to existing nue, Goleta, CA 93117 Or
51" Winchester drive controllers. call (805) 683-3811, e
What's more, DMA Systems is Telex 658341. e
the only manufacturer delivering ' R

Circle 153 on inquiry card. v BYTE September 1983 133
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Circle 162 on inquiry card.
IIIIIIIIIIIIIII’ by portability or transportability.
— Low ER PR'CES' ’ They are reliable devices with built-

’ DEALER INQUIRIES INVITED in safety features and a high tole-r-
. o ’ ance for abuse. But two issues still
Visa/MasterCard—NO CHARGE e Free UPS smpplng need to be addressed: packaging and
V @ & 4 /
VO U UYL power.
PRINTERS - . o
cm c. rron usr e ’ It is too early to say how the drives
SOFTWARE Prowriter. 10. 120 CPS. PAR 495 X ) . .
Pownter 215 120G AR foi will ultimately be integrated into
Mcmogoey T ] UBT EASE  prowitier 2 15, 120 CPS, SER 995 128
Ko Bk & B e 79 58 Saemerf1DAOCPS PAROISER 1895 1170 portable or transportable systems.
Mutti-100! Budget Planning (DOSH 150 118 Vidoterm w Sotswitch 315 ;:; ::::1':’\!;:3' :;‘f’rﬁuﬁd P‘;’:g SS;: ggg ‘:}:

’ o -ccat AraL [0S B et % glmowaccassons el = Now, they are packaged as separate
Soeenaine " 0o 9wl e fan w1y RO e s s ’ accessories that connect with a short
Screeawriter Prot 200 138 Ramview - B0 11e 195 W8 ygn.Resolution. Green 12

’ Theoeirary %R ewomkix EALL I tncrs e ¥ cable to the back of the computer.
Generat Manager 230 1 ZoomGraphics = ng::: 15, 15%. 100 C! ( = “s . . .

Cannonbal Biiz 3 7 STR'80.60'CPS oot P 170 This means that, for the first time, de-
Pegasus It 38 ;: IBMo We carry a full live o isks. prinvwheels and mucn . A . .
iy s HARDWARE e TN RIS Spechyeate signers of small hard-disk drives will
Jawbreake 30 4 Ta PRODUCTS OISKETTES
! o ELEPHANT :

’ e “@ n AL % & s z be concerned with appearance and
Mima i g 3 4 5
xu:“u SOFTWARE Ty on TG e GR) & ’ with an exterior that can withstand

’ g 15 B rasssr D Fprue 540150 Dk Cap i scratches, heavy weights, and an oc-
V-Cakc 80 Pre-Boot w'Mem 8 o :u'»gm Simulator 50 8  DiskFlpFie u‘.qsgtn;:aafnl.u = kil ’ 1 4 y 8 4
e LR Wil Bt Panog 5 s pa ‘ casional drop off a desk. Manufac-

: 00 e Muhitood Financial Anal 100 715 Controller Card % .
Somcand (CF b o) 3 2 sAma owLwE © u  amcmon  MOOEMS ’ turers will also be pressured to fur-
T oy & 6 Ll B ther decrease size and weight, anti-
Apple |1 Teae.Ball C I e LEX I1. 300 Baud Acoustc 138 ;. . .
’ priod i % 8 Seecace ;g LECI B0t Acoustc & cipating the day when hard disks are
T.M. the standard storage medium for
D™ 10 o0r0eR: WG ORDERS ONLY ’ bl nnd b 8 i
’ BY PHONE: Order tol free, mm&ma,gvﬁ TOLL FREE portabié an ransportable com-
EAGLE & SOFTWARE [ ot ) N e A e, 1-800-231-0616 ’ puters and have moved inside the
TEXAS RESIDENTS ’” Z o
’ 8% ML We il acosptCasiers Check and MO INFORMATION box” to take the place of fading
Personal checks allow 2 weeks. Please include ﬂ dk
telephone number. Write for your free catalog and 713/692-7100 Ooppy disks.
. ice list ALL . 0
’ ORDER DEPT.: A i e o e T ool o Ao AR B TR TATEMARES Most hard-disk drives were de-
6121 Stuebner Alrline Houston. Texas 77091 ing fee on retums. ALL PRICES SUBJECT TO CHANGE

signed for integration into a desktop
or console cabinet, with no real
limitation on the power required for
driving the high-speed spindle.
Drives now draw more than an

\ T E R ampere of current and dissipate up

T E w R to 30 watts of power. This would

quickly drain any battery pack that a

& & & We'l Match Any Advertised Price in this Magazine!V &7 & p

user would be willing to carry. There-
DAISY WHEEL fore, despite any degsign:rzy best ef-

PRINTER forts to reduce power requirements,
true portability is still unobtainable.
Computers with hard-disk storage
are still restricted to locations with ex-

e Full Olivetti ternal power sources, including the

typewriter H i -li i i
Sty 12-volt cigarette llg'hter jack available
o Ul on most automobiles.
Listed NOW Despite this reservation, however,
$ 495 there is no question that the hard-
disk cartridge will soon be a feasible
I m storage medium for every class of
plus shipping small computer. In terms of conve-
FEATURES , , ‘ nience, capacity, and removability, it
e Typewriter operation with nothing 1o disconnect ® 10. 12 or 15 characters per :
inch switch selectable o Portable with carrying case ® Entire interface mounted may soon be the only viable
internally in the Oliveti Praxis 30 typewriter ® Underlining e Cables available tor alternative.m

most computers e Service from Olivetti dealers e Centronics compatible parallel
input e Built in self test ® Cartridge ribbon e 2nd kevboard swiitch selecCtable.

AL ‘a—'« A |G1—cv' 'il-'. o el
! . _ David A. Sutton is the engineering vice-president
"’ﬂ. 5_}@" 3]: Bk of DMA Systems (601 Pine Ave., Goleta, CA
sl 93117). Prior to working at DMA, he worked at
125 NORTHVlEW RD., ITHACA, N.Y. 14850 General Electric and helped found Information
(607) 272-1132 Magnetics Corporation.
134  September 1983 © BYTE Publications Inc. Circle 58 on inquiry card.
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If you're buying a small busi-
ness computer, there are a few
things you ought to know. A
lot of things.

You can spend several
thousand dollars and still have
a system that won't expand
with your business growth. So
we took this ad to point
out the facts about
Zeus4...

...because multi-user is
better than multiple single
users.

Once you grow
beyond your own
personal computing
needs for business, it no
longer makes sense to buy
a single user computer.

The cost alone—aside from
the inefficiency of not being
able to share data and to com-
pute interdependently
in an office environ-
ment—makes this
option obsolete.

The Zeus 4 allows up to
eight users to work from one
system at the same time. Each
can have his own terminal,
CPU, and active memory. Each
shares ample file storage in-
cluding floppy backup. And
each has a second port for his
own printer or telephone
modem.

...because multi-processor
is better than single
processor.

With the Zeus 4 multi-
processor there is no loss in
power or speed of operation
when several users compute

at the same time. Single
processors bog down with
simultaneous use. Plus, the
Zeus 4 gives you total flexibility
in computing with true shar-
ing of data (not just passing
from one to the next) in a
complete multi-user environ-
ment. The operating features

and speed of the Zeus 4 leave
single-processor units in the
dust. (We have documented
benchmark data to support
this—write us and well send it
toyou.)

...because standard
programs are better than
non-standard programs.

You can use your Zeus 4
right away because OSM pro-
vides you with industry stan- |
dard word processing software, |
electronic spread sheet,and {
a powerful data base manage- |
ment system. In fact, there |
are over 5,000 standard |
CP/M* and MP/M™ programs {

l
I
I
|

Circle 340 on inquiry card.
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Leps 4 because...

available to Zeus 4 users.Write
us for a free software directory.

...because you can buy
the Zeps 4 for less than
$1,300 per user including
Winchester.

When you think of
what you'd have to
put out for eight per-
sonal computers, the

Zeus 4 Computer looks
pretty good. Even when you
add the cost of terminals and
other peripherals, you can't

beat the Zeus 4's cost
effectiveness. Plus

if your Zeus 4 ever

needs maintenance,
OSM covers you on its
Limited Warranty and Replace-
ment Plan through nearly
200 nationwide locations of
RCA Service Corporation.

If these reasons
sound compelling to
you, act now to see

a Zeus 4 in action at your
local OSM dealer. To find the
dealer nearest you please call
1-800-538-5120 or in Cali-
fornia, 415-961-8680. Or write
to OSM at the address below.

We want you to learn more
about Zeus 4. Because.

©5M Your power to expand.
OSM Computer Corp.. 665 Clyde Ave. Mountain View,

CA 94043 USA

Zeys 4 isa tradernark of OSM Computer Corporation. CP/Mis

a registered trademark and MP/M is a trademark of Digital
Research. Incorporated. © 1983 OSM Computer Corp. S&H

'_Ya [ want to know more about the Zeus 4 because...

Nam

City/State/Zip
Cirde one: Dealer Distributor OEM Retailer End-user

Send To: OSM Computer Corp., 665 Clyde Ave,
Mountain View, CA 94043
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THE VICTORY FACTOR. MICROCOMPUTER
ARCHITECTURE WITH NO END IN SIGHT.

Real UNIX" Power. Real-Time Speed.

Victory Computer Systems announces
the FACTOR—the first 16 -bit multi-CPU
computer that gives you pure UNIX pro-
gramming power with real-time response.
We did it with a system architecture that
simultaneously implements an entire array
of 16-bit single board computers. Each
SBC has its own MC88000™ CPU, 256
kilobytes of dual-ported RAM, and
VRTX"— a rugged, real-time software-on-
silicon operating system that switches

tasks in as little as 100 psec. So now you
can run several UNIX programs at once.
Or use your FACTOR to monitor auto-
mated equipment while simultaneously
processing words and data for up to 24
fully supported users.

The VMEbus. Faster by a factor of 10.

The FACTOR's CPUs communicate
over the VMEbus—an advanced new
backplane design with 6 card slots, 4
bus arbitration levels and 32 -bit address
and data paths. At 20 megabytes per

second, the non-multiplexed VMEbus is
an order of magnitude faster than the bus
implemented in today's most popular
microcomputer systems. Even if you
don't run a factory, the FACTOR's speed
will mean faster throughput as your
computing needs grow. And growth is
what the Victory FACTOR is all about.

Exponential Growth. FACTORED-In.

The FACTOR's expansion-oriented
architecture will take you far beyond
today's performance horizons. In pro-

UNIX Is a trademark of Bell Laboratories. VRTX is a trademark of Hunter & Ready Inc. Ethernet is a trademark of Xerox Corporation. MC68000 is a trademark of Molorola
Inc. UNIPLUS s a trademark of Unisoft, Inc. Z80 Is a trademark of Zilog, Inc. CP/M is a trademark of Digital Research, Inc. 'The VMEbus is supported by Philips/Signetics.

Mostek, Motorola and Thompson-CSF.
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cessor power. In multi-channel industrial
170 flexibility. In on-board memory. In
built-in mass storage options. In the
number of fully supported users. And
there's no end in sight.

In designing a multi-user system with
real-time speed, you've always had many
factors to consider.

Now there’s just one.

We've got more to tell you about the
Victory FACTOR. To get the whole story,
give us a call today.

System Hardware:

O Each single board computer with; 16-bit
MC68000 CPU, 256 Kb dua! ported RAM, VRTX
real-time executive in PROM, 8 RS-232C serial
ports, and a Centronics-compatible parallel port.

O New international standard 20 Mb/sec VMEbus

0O Optional 1 Mb RAM expansion board

O Mass storage: Hard disk, floppy disk, and removable
cartridge hard disk built-in. (29-104 Mb UF)

0O Fully supports Motorola 2 MHz 170 bus and
industrial control interface cards.

O Alphanumeric terminals in green, international
amber, or color.

[ Graphics terminals in monochrome or color.

O Optional coprocessor board for concurrent execution
of CP/M™ on four Z80's, each with its own 64Kb RAM.

System Software:

O UNIX (UNIPLUS™) operating system (includes "C"
language).

O VRTX real-time operating system standard in PROM

O Available languages: SMC Baslc. Fortran '77: Pascal
(IEEE Standard); RMCOBOL ANS! '74 Standard
(Ryan-McFarland).

O Ethernet™ local area network interface.

03780, and 3270 data communications protocols.

THE ARCHITECTURE OF INTEI.lIGENT [UMPUTING

“Copyright 1983 Victory Computer Systems, Inc

Outside CA: 1-800-221-2419
Inside CA: 408-295-4600

Or TELEX 176-431 ANS; VICTORY SNJ
OEM QUANTITY DISCOUNTS AVAILABLE

A/,

VIC

RY

COMPUTER SYSTEMS INC.

2055 GATEWAY PLACE SUITE 300
SAN JOSE, CALIFORNIA 95110

Circle 472 on inquiry card.
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Some people drive

SHIFT P nuMe - 1

fine German machines to work.
Some people drive them once they arrive.

The tradition of high quality, high performance German
craftsmanship and engineering is legend. And while we most
often see that tradition in action on America’s streets and
highways, it is in America’s business offices that its future
holds the most promise.

The BASIS 108 is the proof.

This powerful small business computer passes higher-
priced competitors with ease. Its dual
processors — for CP/M® and Apple I1*
compatibility — open up the largest
library of microcomputer software

f\/ and plug-in peripherals available today.
— This unique combination also provides
compatibility with other popular languages, including
Pascal™ and LOGO.

The detached keyboard is a work of art and practicality.
Lightweight and low profile, it features a full one-meter cord
for comfortable operation on your desk — or your lap. There’s
a full 128-key ASCII character set. Fifteen user-definable
function keys that can provide access to 60 distinct functions.
A nine-key cursor control block. And a convenient eighteen-
key numeric pad. For special applications, you can also
custom map the keyboard with a simple exchange of ROMs.

And there’s more. RGB and composite NTSC or PAL
video. Keyboard-selectable 80-or 40 -column display.

High resolution color graphics. Parallel and serial printer
interfaces. Easily accessible outboard 1/0 connectors. Six
Apple II-compatible card slots for peripherals expansion.
Even a two-inch alarm or music speaker.

The BASIS chassis is cast aluminum, eliminating heat
and RFI interference problems. And there’s plenty of room
for internal expansion to include hard disk drives and
other peripherals.

The BASIS 108. Microcomputing’s “Best Of Both Worlds”
German craftsmanship and American business savvy.
CP/M-based business computing and Apple II-based personal
computing. High performance and surprisingly low cost.
The BASIS 108. A computing machine finely tuned to handle
the fast tracks of business today. Call your BASIS dealer for
a test drive. Or call toll free in the US. (800) 222-0626.

INCORPORATED

5435 Scotts Valley Drive
ScottsVvalley, CA 95066
(408) 438-5804 TWX: 910-598-4512

Circle 48 on inquiry card.

CP/M® is a regisiered trademark of Digital Rescarch. Inc. Apple 11 is a registered trademark of Apple Computer, Inc. Pascal ™ is a trademark of the Regents of the

University of California at San Dicgo. Perfeet Writer,” Perfect Speller.”
AVW ameri

Perfect Filer,”

and Perfect Cale ™ are Trademarks of Perfect Software Inc
0 Or
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The Radio Shack TRS-80

Model 100

The power of this machine resides in the strong integration
among the built-in software packages

I first laid my hands on a TRS-80
Model I back in 1978, and I was
amazed at what it could do. It

by Mahlon G. Kelly

seemed obvious to me (and to many
others) that the microcomputers that
were then appearing—TRS-80, PET,

Photo 1: The Radio Shack TRS-80 Model 100.

www americanradiohistorvy com

Apple, and their ilk—would revolu-
tionize how many of us do our work.
Five years later, it's hard for me to
remember what it was like not to
have a microcomputer in my office.

I have used more than 20 brands of
microcomputers. All had their ad-
vantages and disadvantages and
most did what was expected of them,
but none excited me like that first
generation—until now. The excite-
ment is back: the TRS-80 Model 100
is the precursor of another revo-
lution.

The Model 100 is very different
from its predecessors: the portable
and pocket computers. The por-
tables, all more than 20 pounds in
weight and with delicate disk drives,
aren’t suited to go wherever you
want. The pocket machines can be
easily carried around but are
inadequate for large jobs because of
their limited keyboards, displays,
memory, and speed. I have often
dreamed of a computer—one that
had a typewriter keyboard and a use-
ful screen display—that I could hold
in my lap, carry from office to office,

September 1983 © BYTE Publications Inc. 139
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and use for jobs I would otherwise
do on my desktop machine.

The Model 100 is just what I
wanted, a fine stand-alone machine
that is also ideally suited for hooking
up to other computers, either directly
or over the phone. With its excellent
text editor, you can use it as an elec-
tronic scratch pad and then exchange
its contents with machines that have
more storage, you can use it to
transfer data between incompatible
machines, you can use it as a remote
terminal, you can use it to gather

field data, or you can simply use it
as an excellent stand-alone machine.

Physical Description

The Model 100 is a little under 2
inches thick and about the size of a
typical sheet of typing paper (see
photo 1). The top surface has a full-
size keyboard and an LCD (liquid-
crystal display) showing 8 lines of 40
characters each that can be adjusted
for clarity at various viewing angles.
Around the edges are several sockets
and switches, which should give you

Tune up your LA36

The DS120 Terminal Controller makes your LA36
perform like a DECwriter® II1.

The Datasouth DS120 gives your DECwriter® II the high speed printing
and versatile performance features of the DECwriter® I1I at only a frac-
tion of the cost. The DS120 is a plug compatible replacement for your
LA36 logic board which can be installed in minutes. Standard features

include:
® 165 cps bidirectional printing
¢ Horizontal & Vertical Tabs
¢ Page Length Selection
¢ 110-4800 baud operation
¢ 1000 character print buffer
¢ X-on, X-off protocol
o Self Test

* RS232 interface

¢ 20 mA Current Loop interface
¢ Top of Form

¢ Adjustable Margins

¢ Double wide characters

¢ Parity selection

¢ Optional APL character set

Over 5,000 DS120 units are now being used by customers ranging from
the Fortune 500 to personal computing enthusiasts. In numerous instal-
lations, entire networks of terminals have been upgraded to take advan-

tage of today’s higher speed data
communications services. LSI
microprocessor electronics
and strict quality control en-
sure dependable performance
for years to come. When ser-
vice is required, we will
respond promptly and effec-
tively. Best of all, we can de-
liver immediately through
our nationwide network of
distributors. Just give us a
call for all the details.

datasoulh computer corporation

4216 Stuart Andrew Blvd. « Chariotte, North Carolina 28210 « 704/523-8500
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Circle 134 on inquiry card.
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an idea of the power of this com-
puter. There’s an on/off switch, two
switches for the modem (one for
choosing originate or answer mode
and another for choosing between a
direct connection and an acoustic
coupler), and a push button for reset.
It also has sockets for a power trans-
former, a bar-code reader, a tape
recorder, a DB-25 connector for
RS-232C communication, a modem
connection to a phone line, and one
for a cable to a Centronics-compatible
printer. The transformer and cables
aren’t included, but they're inex-
pensive. On the bottom are sockets
for additional ROM (read-only
memory) and a bus connector, both
of which hint at things to come.

Power can come either from an AC
outlet or from four AA alkaline bat-
teries. Either source continually
charges nickel-cadmium (nicad) cells
that maintain the memory. The four
AA cells will last about 20 hours; a
light on the top warns when they’re
low. If they run down, the nicads will
maintain the information already in
the computer for many days. A
switch on the back disconnects the
nicads when the machine is going to
be stored, but that will delete all the
information in the memory.

The Model 100 is available with 8K
bytes of RAM (random-access read/
write memory) for $799 or with 24K
bytes for $999; more can be added for
a total of 32K bytes. Files and
programs remain in memory until
they are deliberately killed. This shar-
ing of memory makes the 8K-byte
version of the machine virtually
unusable for anything serious.

Keyboard

The keyboard is as good as any I
have used on a microcomputer or
terminal. It’s of standard size and the
feel is excellent. There’s nice audible
feedback on each key, and the auto-
repeat feature has a natural feel to it.
A touch-typist will be right at home.
Besides the normal typewriter keys
(including a Caps-Lock), it has six
special keys. Control and Escape keys
are available mainly for use with the
telecommunications program. The
Model 100 itself also responds to con-
trol characters—for example, Con-
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Modem,

schmodem.

If you're thinking about getting a
modem, you're thinking about getting
information.

Dow Jones. THE SOURCE™
CompuServe™ You want to access a
computerized data base, and you think
you need a computer to do it.

Wrong.

What you really need is a simple,
economical way to get at the answers
in the computers. But by the time you've
bought a modem, software and the
right connections for your personal
computer, you've spent a fair amount
of money on a fairly awkward arrange-
ment. On the other hand, you're 2/3
of the way to the price of a better idea.
Give yourself a break.

Get Scanset XL™ the Personal
Information Terminal.

For a few more dollars, you'll get
a lot more utility. At $895, Scanset XL
takes the tedium out of passwords
and answerbacks, and it will even speed
you directly through to frequently-
used files.

But best of 1ll

it leaves your

personal computer free to compute.

Scanset XL is as easy to use as
an autodialer. Because in addition to
a modem, there’s a 36-number pro-
grammable autodialer built right in. So
instead of the 30 or so keystrokes it
can take to access a data base, you press
one button. Scanset XL takes care
of the rest.

And once you're on-line, Scanset
XL lets you save information directly
to your personal computer or printer.
No need to waste valuable access
time for data manipulation. Who
knows? With the money you save, you
may decide to explore some of the
other 1200 available data bases.

Or, use Scanset XL for simul-
taneous voice and data communica-
tions. It's an extraordinary new way
to exchange verbal and visual ideas
when the facts, alone, don't speak
for themselves.

= aricanradiohistorv com

At $895, Scanset XL comes with
the telephone built right in. But at
$649, you also have the option of a
phoneless Scanset™ Whichever you
choose, both models come complete
with valuable subscription offers to
Dow Jones News/Retrieval* THE
SOURCE, and the Comp*U*Store™
discount buying service. So you can
start getting information moments after
you get your Scanset out of the box.

Find out how simple it can be to
get answers from computers. Call us
at the toll-free number below, and we'll
send you what you need to know.

The whole schmear.

1-(800) 228-2028 EXT. 61

(DSCANSET

THE PERSONAL INFORMATION TERMINAL FROM TYMSHARE
TYMSHARE. INC

20705 VALLEY GREEN DRIVE
CUPERIING CA 95014

Circle 460 on inquiry card.

Scanset and Scanset XL are irademarks of
Tyimshare. Inc
SOURCE is a mark of Source Telecom-
puting Corporation, a subsiciary ol The
Reader's Digest Association, Inc
Dow Jones News/Relrieval is a trademark
of Dow Jones & Company, Inc
CompuServe 1s a trademark of
CompuServe, inc
Comp*U*Store 1s a trademark of
Comp-U-Card of Amer.ca. Inc
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trol-H sends a backspace and Con-
trol-I does a tab. There’s also a Tab
key, although you cannot define the
settings.

The Num key latches in the down
position and redefines a cluster of
keys on the right half of the keyboard
as a keypad for data entry. In some
ways this is nicer than a separate key-
pad, because your fingers are always
near the Enter, Backspace, and other
keys. Code and Grph sit to the right
and left of the space bar. They let you
type in special graphics and
alphabetic (foreign-language) sym-
bols that are represented by ASCII
(American National Standard Code
for Information Interchange) num-
bers higher than 127. The keyboard
has different characters for both
shifted and lowercase Code and
Grph modes. Unfortunately, because
these are not standard characters,
they won't be recognized by most
printers.

Above the main keyboard are 16
special-function keys, eight of which
are definable. The right-hand four are
arrow keys for moving the cursor. [
find them awkward to use; a cluster
would be much better. To their left
are four permanently defined keys:
a Pause/Break key that makes a pro-
gram pause or stop, a key for send-
ing material to the printer, a Label key
that causes the definition of the
software-controlled keys to be dis-
played on the bottom of the screen,
and a Paste key that’s used with the
text editor. The eight left-hand keys
are definable, serving different
purposes with different software.

The only problem I have found
with the keyboard is that, when it's
sitting on top of a desk, your thumb
is likely to hit the lower edge of the
case before it actuates the space bar.
It’s better if you put something under
the back of the case to tilt the key-
board, but it would have been nice
if the lower edge of the case had been
slightly cut away. Others have com-
plained about the popping noise the
keys make when they’re pressed.
Some people, however, don't mind
the sound the keys make: when I
loaned the machine to a student to
use during an exam, none of his
neighbors complained.

142  September 1983 © BYTE Publications Inc.

Software

The way that the programs in ROM
are integrated with each other and
the machine makes the Model 100
revolutionary. Contained in 32K bytes
of ROM are the BASIC interpreter, a
versatile text editor, a telecommuni-
cations package with advanced fea-
tures that supports both RS-232C
hook-up and 300-bps (bits per sec-
ond) modem communication, a
schedule book, and an address book.
The address book also contains the
phone numbers for the auto-dial
modem.

When you first turn on the ma-
chine, you see a menu with the files
and programs, the time, day, date,
and the available memory. Five pro-
grams (BASIC, TEXT, TELCOM,
ADDRSS, and SCHEDL) are in
ROM. Two RAM files, ADDRS.DO

The way that the
programs in ROM are
integrated with each

other and the machine
makes the Model 100
revolutionary.

and NOTE.DO, are needed if the
address and schedule books are to be
used. Files are designated by three
suffixes: .DO(cument), .BA(sic), and
CO(mmand). A broad reverse-video
cursor covers the file names and is
moved by the arrow keys. Pressing
Enter either executes the program
pointed to by the cursor or, for a .DO
file, enters the text editor and loads
that file into it.

Microsoft is selling the operating
system and BASIC to others, and this
system may become a de facto
standard. The NEC notebook com-
puter that has recently been intro-
duced is very similar, partly because
it uses much of the same software.

Text Editor

The text editor is the most com-
monly used program. It's used to
create and edit documents (including
the files for the address and schedule
books), and it also serves as the

www americanradiohistorv com

BASIC editor. It's simple but very ver-
satile; it is not a word processor, how-
ever. When a document is printed, it
is presented exactly as it occurs in the
memory; no provision is made for
page control, variable margins, and
the other things that a word
processor should do. But a simple
BASIC program can be used to
format a file (see listing 1).

The text editor is simplicity itself in
concept. Only eight things can be
done: text can be inserted, marked,
deleted, copied, or searched for; the
cursor can be moved; and files can be
saved to or read from tape. Na type-
over mode is available. To replace
text, it must first be deleted, by either
backspacing over it or by marking it
and then cutting it out. Being
permanently in an insertion mode
may be confusing if you're used to
more typical text editors, but the
strangeness soon goes away. When
pressed by themselves, the arrow
keys either move the cursor up or
down or one character to the right or
left. They can also be used to scroll
through the text. Pressing Shift and
an arrow key either moves to the top
or bottom of the screen or one word
to the right or left. Pressing the Con-
trol key and either horizontal arrow
moves the cursor to the beginning or
end of a line; with the vertical arrows,
Control moves to the top or bottom
of the document. When supple-
mented by the Find function, the
arrow keys make it easy to position
the cursor anywhere in the text.

Cut-and-paste operations are just
as easy. Pressing the key marked Sel
(for select—function key F7) and then
moving the cursor makes everything
that the cursor passes over appear in
reverse video. Text can be “un-
marked” by pressing the Break key,
moving the cursor back over the text,
or pressing the Sel key again. Press-
ing Cut (key F6) removes the marked
text, saving it in the paste buffer. If
you press Copy (key F5), the text
goes to the buffer but isn't removed
from the document. At any time,
pressing the Paste key puts the con-
tents of the paste buffer into the
document in front of the cursor.

I do have some criticisms of the
editor. It’s easy to find a string, but
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UNBELIEVABLE!

XCOMP sat down to design a
truly distributed IBM network so
versatile and complete that it
would satisfy any user’s needs.

It seems too good to be true,
but we did it!

X-NET is so advanced that it can only he imitated;
1t has all the features of standard networks and
many more. And, because it is not dependent on a
central file server you save the high cost of that
hardware.

Call our sales department today for
complete details on X-NET. The
exclusive network of PC-DOS 2.0!

X-NET

A Network Superset of PC-DOS 2.0

—

CONTROLLERS HARD DISK PACKAGE THE TOASTER
xcomp manufactures 2« SUB-SYSTEMS DEALS e e 3 i Cl

for all popular drives, The 10 megabyte and 16 Exceptional prices on 10 and  REMOVABLE 3.9", 5
X/R Series is a controller for megabyte hard disk 16 megabyte formatted megabyte cartridges. THE
3 to 300 megabyte drives. sub-systems for the IBM PC, drives and controllers. The TOASTER provides unlir
We also produce a $100 Apple Il and Il and nearly ST/S for S100 computers and storage and conveni
controller package. A all popular personal the ST/R for single board back-up with to*
microprogrammable data computers. computers. An optional Z-80 portability. ¥ R \ﬂc’
board is common to each XCOMP sub-systems are 2 adapter allows for simple speed ar 0? e\_@\
package and operates with to 3 times faster than many plug-in convenience. disk ) \N\‘\ N
a second drive interface of the competition’s and Optional equipment - P‘ﬂ\‘ qﬁ“ w2,
board. Buffer size is 256 come complete with our includes software, cables 1\“0 osg‘. \a\\*s,‘x“
bytes, with disk data rate extensive software. and cabinetry. O ?oﬂ \0,;@03\?;‘\0@\
up to 10MHz. ae® ‘39°0'\0> ¢
e "800 (¥
aets xe
ot (e‘-\a
2

Circle 493 on inquiry card.

XCOMP ——

XCOMP, Inc., 7566 Trade Street, San Diego, CA 92121, (619) 271-8730, Telex 182786

Apple, Apple Il and Apple Il are trademarks of Apple Camputer, tnc
18M and 1BM PC are trademarks of International Business Machines Corporation
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Circle 112 on inquiry card.

T J_sl‘yhc r UNIX®

— 1rﬂenu-ty§;ev nteractive
_l r c?ﬁf

pelling systbm ith it
' ,000 W%U i
1 kusqr can add to/ dictionar i}
| ® works with al CRTs and
diing sybters wit
° mailing system wi
" mxstgmer/c ?\ta%Td abase |
-' Lull four-function math
alculatar | | .
—e-pvailabie in Engtish, —+——
French, German,

b
Norwe -
an‘shgr%nn sh, Dutch L
falian and Hebréw | $950 |

| CSTAT |

offers mainframe |
liberation for res\earbhe S 1

wut‘ ﬂ@
125ty

.,___y =

=

4

" and scientisfs. Based on

the well known BMD

statistical tools, CSTAT

" performs |

-® description-and {abulation —|
of data

T ® analysisiof vriance | ‘

lregressnananalysns

e multivariate analysis '
—® lime serfes analysis

fic

° profil anhlysls

e

+ For and L

| software needs and|t

dl‘sfuss your applications
Concurrent anytime.

b
| LEFsa.:a:rquema}k ACE |
gl IX is reglsaerad lrademarkqf Weqtem

orctncurrbnr

® survival analysis, L 1' ]
|

144  September 1983 © BYTE Publications Inc.

Listing 1: A Model 100 BASIC program to format text output. This program was placed in

the public domain by Ed Juge of Tandy.

1 'NEWFRT.100  Ed Juge  04/19/83
2 “{GRPH>p causes forced end of page
3 ‘Defauslts for marqins (L,R), print
4 * title on page 1 (HD$) and lire
57 spacing (LS) exist in line 20,

6’

7/

10 CLS$CLEAR?000:5=0:FILES

20 L=103R=45+HD$="Y":L5=1

30 C$=STRING$(60,32) :LN=0:FC=1

40 GOSUE100:INFUT.DO file to print “IN$
30 GOSUE100:INPUT"Margins (L,R)

“1LyREIFL=0THENL=1

60 L$=STRING$(L-1,32):GOSUBL003 INPUT Line Spacirg (1/2) "ILS

70 GOSUBL003INPUTVEriter page title";H$

80 GOSUELO0:INPUT"Title on Pg.1 (Y/N) "iHD$

83 OFENNSFORINFUTAS

90 GOTO110

100 PRINT@203,C$ sFRINT@205,""} tRETURN
110 CLSIIFH$=""THEN PH$=L$+DATE$:G0TO0140
120 PH$=STRING$(K-B8,32)+DATES

130 IFH$<""THENMIOS (FH$ L, (LEN(H$) ) )=H$

140 IFHD$="Y"ORHD$="y"THENGOSUE 340:PR$=L$

160 PR$=L$

170 IFLN>=50THENGOTO330

180 FORJ=LEN(PR$)TOR

190 PR$=PR$+INFUT$(1,1)

200  IFEDF(1)THENCLOSE:EN=1:GOT0280
218

IFRIGHT$ (FR$,1)=CHR$ (10) THENPF=13GOT0270

220 TFRIGHT$(FR$,1)=CHR$(128) THENPR$=LEFT$(PR$,J-1) $GOT0330

230 MNEXTJ
240 IFMID$(PR$,J,1)=" "THENZA0
250 J=4-1:G0T0240

260 NX$=MID$ (PR$,J+1,R){PR$=MID$ (PR$,1,J) sGOTO230

270 PR$=LEFT$(PR$,LEN(FR$)-2)
280 IFMID$(PRS,L,3)="  "THEN300

290 IFMID$(PRS,L,1)=" "THEN PR$=MID$ (FR$,2,LEN(PRS$))$GOT0290

300 LPRINTPRS SLN=LN+1:TFEN=1THEN330

310 IFLS=2THENLPRINT sLN=LN+1

320 PR$=L$+NX$ INX$=""1G0TO 170

330 FOR J1=LNT0A3$LPRINTINEXTJ1 sPG=PG+1
340 IFEN=1THENMENU

350 IFX$->""THENIS0 ELSEPRINT@140,""; sINPUT"

360 CLSILPRINTPHS ILPRINTLS; "Page "$PG
370 LPRINT:LPRINT :LN=4:G0T0180

there is no provision to find a string
and replace it with another. Second,
it'’s awkward to add text from other
files (“boiler plate” paragraphs and so
on). The easiest way is to leave the
document, enter the other file, and
mark and copy the text to the paste
buffer. You can then reenter the
original document and paste in the
text (that's not as hard as it sounds).
You can also add text from tape, but
that’s really awkward and slow. It
would be nice to have a command to
insert or append text from other files.
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<ENTER: = next page, <N> = nonstop"}X$

Another problem is that when you
add text to the middle of a fairly long
file (2000 to 3000 characters) it’s easy
to type faster than the characters
appear on the screen. Because there’s
a type-ahead buffer, your input won't
be lost. Nevertheless, the delay is dis-
concerting, and long segments of in-
serted text must be proofread after
the screen catches up. However, if
you're typing at the end of the file,
you can't type faster than the screen
will display. In order to insert text
into the middle of a very large file, I
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The ultimate printing machines.

Perfect business partners for IBM, Apple,
Osborne, Eagle and other micros.

Meet the leading family in multi-
functional micro printers. The
80-column Tally MT 160 for a
small footprint; the 132-column
Tally MT 180 for accounting and
spreadsheet packages. (Print at
20 cpi and get 264 columns!)

A Word Processing package
gives you letter quality text,
proportional spacing, margin
justification, auto centering. A
resident Graphics package offers
the versatility of two different dot
densities. And you get high
speed report printing at 160 cps

One machine solutions to every
application. Prices starting at $698.

bi-directionally. Plus eight
different resident character
widths for condensed or double-
wide printing.

There’s more. 3-way paper
handling lets you use fanfold
forms, letterhead or roll stock.
The control panel has a
conversational program menu for
easy “answer a question’’ push-
button set-up. The dual interface
has both a serial and parallel port
for direct plug compatibility with
your micro (no hidden interface
costs!) And one look at the solid
machine construction lets you

know that Tally builds printers to
last!
Tally has the printers for today
that you won’t outgrow tomorrow.
Mannesmann Tally, 8301 S.
180th Street, Kent, Washington
98032. Phone (206) 251-5524.
Mannesmann Tally Canada, 703
Petrolia Road, Downsview,
Ontario M3J 2N6. Phone (416)
661-9783.

For the name of the sales
outlet nearest you, call toll free

1-800-447-4700.

(in Winols 1-800-322-4400)

MANNESMAN N
TALLY

Computer printers manufa rulbq in the
'U.S. and Europe for ldw o,{nark’ets
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HOT
PRICES!

«

COMPUTERS

Superbrain QD 64K DS DD

Franklin Ace 1000

NEC APC 128K, 1 drive

Columbia PC

Columbia portable ...

DEC Rainbow -
Eagle 11 64K S/S Q/D w/software . ...

PRINTERS

Cables made to your order
Gemini 10x
Gemini 15x
Okidata 92
Diablo 620
Mannesmann Talley 160L

10" carriage w/tractor
Mannesman Talley 180L

15" carriage w/tractor
Daiseywriter

17cps letter quality 48K
1DS Prism 80
Microbuffer 64K stand alone .......... '
IDS Prism 132 Sprint, 3.4K Buffer .. ...
1DS Prism 80 .

MODEMS
Hayes 300 baud
Hayes 1200 baud
Novation J Cat

MONITORS
Princeton Graphics RGB .
BMC Green
Amdek Amber
Amdek Green .
Amdek Color Composite ...
Taxan Amber
Taxan Green

APPLE PERIPHERALS
ALS CP/M
ALS Z Card
Taxan lll Interface .
Davong Hard Disk SMB .
Apple Dumpling
Grappler Plus . ..
Grappler 16K Buffer Board .
Modemcard. internal, 300 baud ...
Rana Drives
Micro Sci Drives
Shugart Drives
The Filler w/DOS & Copy Utility
PFS Filter
PFS Report ...
VIP Card ps. ..
Microbutfer 16K .
More than 1000 programs
Appte Time Card ............. oam.pana L

IBM PERIPHERALS

AST /O (no ram) w/1s,1p.€Q. . ..........
AST Mega Plus 64K, 1s. ¢
Tandon TM100-2 drive ...
Davong 5SMB Hard Disk
Internal
Monte Cario Card new pricing
Hercules Board

w/monochrome & graphics
Peachtext 5000
Lotus123 .........
Multiplan .
Flight Simulator ...
Copy 11
Smartcom Communications. Hayes
Hayes internal modem
More! 100's of programs avallable

TO PLACE ORDER CALL COLLECT
Information: (206) 641-7233

Prices reflect 3% Cash Discount
Bank Cards Sorry, no COD's

PACIFIC COMPUTERS

13256 Northup Way #7
Bellevue, WA 98005
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Listing 2: A Model 100 BASIC program that
determines the length of a Model 100 text file;
it will not work on program files.

5 CLEAR 100014=0:B=03PRINTIFILESION ERROR GOTO 200
10 INUT “What’s the file“jF$

20 as

30 OPEN F$ FOR INPUT AS 1

A0 IF EOF(1) GOTO 300

S0 PRINTED," *

40 LINEINPUTHL ,AS

70 A=A+LEN(AS)

80 B=R+1:PRINTR),B

90 GOTO 40

100 PRINT “File “;OHR$(27)4"p"+#F$+0HR$(27)4"q contains”iA; "butes”

110 PRINT"or";INT(A/6); "words and";B}"records,”
120 CLOSE:GOTO §

200 PRINT "Error no.";ERR

210 GO0 S

find it easier to insert text at the end
of the file, mark it to be cut, and then
paste it in where it belongs.

A further problem, and one that
doesn’t apply to just the text editor,
is that there’s no way of knowing how
much memory is occupied by each
file. Listing 2 is a BASIC program that
will tell you how long a text file is,
although it won't work with BASIC
programs.

Finally, when you edit a file you're
working directly with the text stored
in memory. With disk-based editors,
if you make a mistake you can reload
the original file. If you do so while
editing a file in the Model 100, the
mistake is permanent. It's a good idea
to save the file to tape or to another
file before you edit it. (This rather
important point is not mentioned in
the documentation.)

The small LCD screen isn't as nice
for editing as a 24-line by 80-character
video display, but when you get used
to it it's not inconvenient. I wrote this
article on the Model 100 and then
sent it to my LNW-80 computer for
final editing and printing (using the
Newscript word-processing pro-
gram). By embedding the proper
Newscript formatting commands in
the text itself, the file was ready for
printing as it left the Model 100.

Address and Schedule Books
These two programs, ADDRSS and
SCHEDL, are virtually identical in
what they do, and presumably they
share the same ROM. They both
simply find a block of text that con-
tains a certain string of characters.
The block, which can be someone’s
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address and phone number or a de-
scription of an appointment, is a long
string that ends with a carriage
return. The address function accesses
a file named ADDRS.DO (which also
contains the numbers accessed by the
automatic dialing procedure in the
communications software) while the
schedule program looks at one called
NOTE.DO. But the similarity and
simplicity of these two programs
don't negate their usefulness. You
can, for example, create a list of items
that have been flagged with special
characters; when you search for the
special characters, all flagged items
will be displayed. The items could be
appointments with your boss or the
addresses and phone numbers of
your field representatives. The files
are created with the text editor and
can be sorted and rearranged with
fairly simple BASIC programs. It's
also possible to send the found items
to a printer.

Telecommunications

If the address and schedule pro-
grams are simple, the communica-
tions software (TELCOM) is the
opposite. It's not hard to use, it just
does so many things that it’s hard to
describe. When you move the menu
cursor to TELCOM and press Enter,
you go to mode 1 of the telecommu-
nications package. Four possibilities
are then offered by function keys F1
through F4: Find a name and phone
number in the address file, Call the
number to log on to a host, Stat,
which lets you define the RS-232C
parameters, and Term, which goes
into mode 2, the terminal mode.

Let’s look first at how you might
sign on to a bulletin board system at
300 bps, with the number already in
the directory. To use the modem you
need a special cable. One end plugs
into the Model 100, another into a
wall jack, and the third is a socket for
your phone. Although the manual is
a bit confusing about this, telling you
to plug the cable into your phone, the
connections are obvious. The modem
cable package is a great bargain. At
less than $20, it includes an hour
each on the Dow Jones and Compu-
serve information utilities.

The RS-232C parameters must first
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The Universal Operating System.
Finally, once and for all.

The UCSD p-System* from SofTech Microsystems
isn't l\l}\(](]?] arr;y other operating system you've ever used.
\g
Because the p-System is the only truly portable,
universal operating system ever developed, that's why.

It's equally at home with all popular personal computers.

Such as an IBM PC or Displaywriter, an Apple, a
DEC, an HE an Osborne, a Philips, a Sage, a Tandy,
a TI, you name it. It lets you develop applications
that are portable to 8bit as well as 16-bit micros.

And we don’t mean portable just at the
source code level, either.

We mean you can develop your program on virtually
any micro, compile to object code, and it's totally trans-
portable. So you can design programs once, and you've
designed for the entire market.

The p-System then actually broadens your
potential customer base. With no significant
reinvestment in programming time.
You can reuse program components

from one application to another, and even create your
own library of utilities. What's more, the p-System’s
universality allows you to get your software up and
running on new hardware as soon as it hits the market.

It’s about time.

At SofTech Microsystems, we saw an industry-wide
need for an efficient OS that could honestly call itself
universal. So, in 1979, we delivered just that. The UCSD
p-System. And we've been delivering ever since.

As an applications developer, we think you owe
yourself an OS that lets you broaden your market base
and develop higher quality applications faster, less
expensively, more dependably and more efficiently than
ever before.

All at the same time. All on one micro.

Thanks to the p-System, finally, once is enough.

For product information or information on

F. 11 how to get a cop oflthe piISystem Applica-
tion Catalog, call or write to us
inally, g

at SofTech Microsystems.

Once and for All.

SofTech Microsystems - 16885 West Bernardo Drive « San Diego, Calif. 92127 - (619) 451-1230

“Universal Operating System is a trademark of SofTech Microsystems Ine.. UCSD p-System is a trademark of the Regents of the University of California
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Data Rate

M Modem (internal)—operates at 300
bps

1 75 bps

2 110 bos

3 300 bps

4 600 bps

5 1200 bps

6 2400 bps

7 4800 bps

8 9600 bps

9 19,200 bps

Word Length

6 6 bits

7 7 bits

8 8 bits

Parity

O Odd parity

E Even parity

N No parity

| Ignore parity

Stop Bit

1 1 stop bit

2 2 stop bits

Line Status

E Enable XON/XOFF

D Disable XON/XOFF

Pulse Rate

10 10 pulses per second

20 20 pulses per second

Table 1: RS5-232C parameters that can be

specified by using the Stat key from within

the TELCOM communications program.

be defined (if that hasn't been done).
If you hit the Stat key and enter
MS8I1E,10, you tell the UART
(universal asynchronous receiver/
transmitter) that the modem will be
used (M), a word will be 8 bits (8),
parity will be ignored (I), there’s 1
stop bit (1), XON and XOFF protocols
are enabled (E), and the phone will
be dialed at 10 pulses per second
(,10).

Table 1 shows other possibilities.
Suppose the name of the bulletin
board is “mousenet”. Press the Find
key, type “mousenet”, and the name
and phone number will be displayed
from the address file. If it's wrong,
you can hit M (for more) to see if
there’s another mousenet; if you
change your mind, you can press Q
to quit. If you press Call, the number
will be dialed; when the modem tone
is received, you'll be switched into
mode 2, the terminal mode, con-
nected to the host. Only pulse dialing
is supported. Most tone-dialing sys-
tems will also support pulse dialing,
but if you're using a ROLM or PBX
system that requires tones, then the

number must be dialed manually.

While in terminal mode, you re-
ceive whatever comes from the host
and you are presented with four pos-
sibilities on the function keys. Press-
ing the Prev key will display the pre-
vious eight lines of input, in case
what you want has scrolled off the
screen. Pressing Full will change be-
tween full and half duplex. Pressing
Echo will send everything to the
printer as well as the screen. The last
two keys, Down and Up, let you send
and receive files. Press Down and
you'll be asked for a file name. After
you enter it the word “Down” will
appear in reverse video, and every-
thing you receive will be stored in the
file. When you press Down again,
the file will be closed and its contents
saved. That’s much simpler than
downloading a file with a disk-based
system.

Uploading a file to a host is just as
easy. Press the Up key and you're
again asked for a file name. When
you enter it, you're asked for a width;
when you answer that, everything in
the file is sent to the host, with car-

256K Byte Ram Board
for IBM: PC or XT

Dip switch address selectable
on any 64K boundaries

Available installed with:

Dept. B

4883 Tonino Dr.
San Jose, CA 95136
(408) 978-8626

PC

e r—————
PERSONAL COMPUTER
—————

WARE

PC WARE, INC.

64K — $299.95 — Part No. 11011 el
128K — $438.95 — Part No. 11012 =
192K — $577.95 — Part No. 11013
256K — $699.95 — Part No. 11014

TO ORDER

In USA shipping paid by us for orders pre-paid. We
accept C.0.D. orders (U.S. only). For VISA or
MASTERCARD shipping charges will be added. CA
residents add 6.5% for tax. Outside USA add 15% for
shipping and handling. Payment must be in U.S.
currency. Dealer inquiries invited.
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Designed with your office in mind.

The new second-generation PRINTEK 930 is quiet,
fast and versatile. From word processing at 100 cps
to data processing at 200 cps, plus graphics, the
930 does it all. The perfect printer for today's office.

Word Processing with Added Performance

® Dual Speeds: 200 cps for drafts, memos, reports,
up to 100 cps for letters, presentations.

¢ Single Pass: Complete characters in one pass for
higher throughput.

® Near-Letter Quality: A staggered 18-wire print
head produces it.

® Resident Fonts for Near Letter Quality and Data
Processing plus three more optionally.

® 10, 12, 13.3 16.7 Pitches plus double widths. And
proportional spacing.

® Friction and Tractor Feed: Handles sheets and
4-part forms.

® Integrated Software Compatibility: Diablo
emulation for plug and play.

Data Processing with Flexibillty.

® Fast: 200 cps make short work out of data.

e Multilingual: 96 ASCII characters, 8 standard
languages.

® 16" Paper Width: up to 227 columns for largest
spread sheets.

Graphics with Versatility.

® Dot addressable: and raster scan plus up to
19,200 dots/sec. speed.

® Dual densities: 144x144 for fine detail,
72x72 for speed.

THE NEW PRINTEK 930
MEANS BUSINESS

Easy To Live With.

® Office-quiet: less than 60 dBA. ® Cartridge
ribbons: quick-n-clean. ® Small foot print:
typewriter size. ® Front controls and indicators.

® Serial and Parallel interfaces standard.

® Seli-testing. ® Bidirectional, logic-seeking
design. ® Versatile paper handling. ® Multi-voltage
power supply. ® Color styled for offices.

The PRINTEK Printer Line Grows. The new 930
model joins the 910 and 920 models to present
printers suitable for a wide variety of applications in
offices, laboratories, Data Processing rooms and
factories the world over.

The 930 means business—for complete
information call or write.

1-800-368-4636

PRINTEK, Inc., 1517 Townline Rd.
Benton Harbor, Mich. 49022
616/925-3200 TWX-810-270-3112

printelc-

Best Thing Next To Your Computer
Circle 363 on inquiry card.
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Key Meaning
7
= Pauses for 2 seconds

to the remote computer

ﬁ

Waits for a specified character to be received by the Model 100
! Immediately precedes a ''?"" or "'=" when those characters are to be transmitted

% Sends the following character as a control character (e.g., “ K sends a Control-K)

Table 2: Codes for use when automatically logging onto remote computers.

riage returns entered at the nearest
space to the width you defined so
that words will not be broken in the
middle. That's all there is to it. When
you're done, just press the Bye key
and the Model 100 will hang up.

There are several other possibilities
in the way TELCOM can dial the
phone. First, if you want to call a
number that’s not in your directory,
just press Call while in mode 1 and
type in the number. If you're calling
a computer, you must put the sym-
bols “ < >" after the number to tell
the Model 100 to wait for a modem
tone. If there’'s no answer, hitting
Break will hang up. You can also call
people instead of computers using
the address directory and TELCOM:
just don’t put “ < > after the phorie
number in the address file. You must
pick up the phone before dialing is
finished, or the Model 100 will
immediately hang up when it’s done
dialing. The Model 100 can act as an
auto-dialer with many, many num-
bers.

The Model 100 will also log on to
the computer for you if there’s a
coded message between the angle
brackets (< >) at the end of the num-
ber. Because the code is a bit compli-
cated I won't describe it here (see
table 2), but it’s fairly easy to use with
almost any host.

Making a connection to phone
lines can be done in two ways: with
an audio coupler or by direct connec-
tion. Both work via the same socket,
but a switch on the left side of the
Model 100 chooses between a direct
connection and an acoustic connec-
tion. Auto-dialing is possible only in
direct-connect mode. The audio
coupler lets you use the modem if
you're someplace that doesn't have
modular jacks on its phones.

The telephone communications
capability of the Model 100 is better
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than I have seen for any dedicated
terminal. It lacks a few of the things
available in the more sophisticated
terminal programs available for larger
microcomputers (translation tables
and macro transmission, for
example), but the deficiencies are
slight.

Although not well described in the
manual, one of the most important
abilities of the Model 100 is that it can
transmit data directly from memory
into another microcomputer at rates
up to 19,200 bps. Direct transmission
to another computer is much needed
because the small memory space of
the Model 100 forces you to transfer
files elsewhere to make more space
available in the machine. Although
programs and data can be stored on
tape, it's quicker, more convenient,
and more reliable to transfer them to
another machine. The ability of the
Model 100 to combine its power with
that of a desktop machine is one of
this computer’s greatest assets.

Exchanging data by direct connec-
tion to another computer is similar to
doing it over the phone except you
must connect the Model 100 to the
other computer through the RS-232C
port. Because both machines try to
send data on pin 2 and receive it on
pin 3, you must use a “null modem”
(a cable with the wires to pins 2 and
3 reversed on one connector) to con-
nect the computers. You can buy one
from Radio Shack for about $30, or
you can make one from two DB-25
plugs and an eight-conductor cable.
Solder it together so that pins 2 and
3 are crossed over while pins 1, 4
through 7, and 20 are connected
directly.

Once the two computers are
hooked together, you just have to
specify the right data rate via the Stat
key. For example, the “5” in the Stat
parameter “S57EIE” would set the
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data-transfer rate to 1200 bps (see
table 2). Then when you press the
Term key, you can upload and down-
load data just as for telephone com-
munications, but much more quickly.
Of course you need the proper soft-
ware for the larger machine, but a
wide variety of programs are avail-
able for most microcomputers. You
can use the Model 100 as a terminal,
either by direct connection or via a
300-bps modem connection, for any
computer that supports an RS-232C
port. I have used the Model 100 with
mainframes, minicomputers, and
several microcomputers (CP/M sys-
tems as well as my own LNW-80) at
rates up to 19,200 bps. You can also
transfer data using BASIC programs.

Using the Model 100 as a terminal
has one problem. Data can come in
faster than it can be scrolled by the
screen. That’s usually not a problem
at.300 bps or when you're typing, but
at faster rates the input can actually
overflow the input buffer. When that
happens characters are lost. The best
way to avoid this is to be sure the
host doesn’t send linefeeds after a
carriage return, thus preventing the
scrolling of the screen. The informa-
tion will be hard to read because it
all appears on one line, but it will all
go into the file that’s being saved.
Because of this problem, the Model
100 cannot completely replace a high-
speed data terminal.

Some Applications

For me, the TELCOM communica-
tions software is the most useful part
of the Model 100, and I suspect it will
be for many others. In fact, although
I can use four TRS-80s, several CP/M
machines, and an LNW-80, since I
bought the Model 100 I have used it
more than any of the other machines.
Maybe my experiences will show you
how useful this machine can be.

One of the best uses for the Model
100 is in transporting data. I have
always suffered when transferring
data from a CP/M machine in my
office to my LNW-80 at home. Now
I can just dump a data file from the
office machine to the Model 100, take
the Model 100 home, and upload the
data to the LNW. At 4800 bps, it takes
about 2 minutes at each end, includ-
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A Complete Graphics
Department For Just $2295

Realize day-in and day-out solid performance
from a quiet and capable desktop plotter. It's
true. For only §2295* the Houston Instrument
HIPL@T™DMP-29 will provide you with world-
class multi-color hard copy graphics, and
deliver a level of quality and performance that
you would expect in a plotter costing three
fimes as much.

It's a hard worker. The DMP-29 goes about its
job with amazing speed and precision. Unbeatable
resolution and repeatability are yours in both
8%"” x " and N” x 17" formats, and 8-pen
capability assures you of fast attention-free
flexibility when multi-color output is required.
High pen speed combined with an addressable
resolution of O.001" assures fast, accurate
and stepless traces.

It's friendly. You can call 21 different
functions directly from the front-panel membrane
keyboard. It's tolerant too. The DMP-29 will
modestly protect itself from user errors, as
when attempting to place a pen in an already
occupied stall.
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And it's smart. An extensive set of firmware
routines makes life easier for the user. A
small sampling of the built-in talent inherent
in the DMP-29 includes character generation,
circle, arc and ellipse synthesis, line type
variations, viewport/windowing, clipping and
scaling.

For the name, address and phone numiber of your
nearest distributor/dealer, write Houston
Instrument, 85600 Cameron Road, Austin, Texas
78753. Phone 512-835-0900, or 1-800-531-5205
if outside Texas. In Europe contact Bausch &
Lomb Belgium NV., Rochesterlaan 6, 8240 Gistel,
Belgium. Tel O59-27-74-45. Tix 846-81399.

Circle 49 on inquiry card.

* U.S. Domestic price only
T™ Trademark of Houston Instrument
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Circle 497 on Inquiry card.

STDK
PREMIUM-QUALITY
FLOPPY DISKS

Experience, Reliablity & Performance

F1'5 = ol

D.E.C. PC Y,
DISKETTE AVAILABLE S

RAINBOW, DECMATE NI, PRO 300

TDK Electronics Corporation has stood for the highest quality, performance and reliabiity in audio
and video magnetic type products for nearly fifty years. Now TDK has applied its expertise to the
manufacture of 8-inch floppy disks and 5%-inch mini-floppy disks

Unilke other floppy disks, all TDK disks are certified 100% error-free and capable of doubie-density
encoding and meet or exceed all standards set by IBM, Shugart. ANSI. ECMA. ISO, and JIS

TDK is so confident of its quality fioppy disk line that it offers a lifetime warranty.

(516) 488-4200 ® (800) 645-8461 ¢ (212) 347-3200

&TDK.

36 Cherry Lane, Floral Park. N.Y. 11001

FORMATS UNLIMITED, INC.
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The Business Telephone System
For Small To Medium Companies...
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Circle 451 on inquiry card.

ing hookup, to transfer any file (Visi-
calc file, text file, or any other kind
of ASCII data) that fills a 32K-byte
Model 100. And of course it works
with any microcomputer that has an
RS-232C port.

Another application is shown by
the way I did this article. I wrote a lot
of it on the Model 100 while traveling.
At my destination, I simply sent the
text to our university’s mainframe
computer. When I got home, I down-
loaded the text to my LNW-80 and
printed it using the Newscript
word-processing program.

The Model 100 seems almost ideal-
ly suited to engineers, foresters, and
anyone else who works in the field.
In my own research, I regularly fill
out data forms while in the field. I
have a little program in the Model 100
that asks me for the data, stores it in
an array, and sends it to disk on my
office computer, which then prints
the form, including the data, that I

For me, the TELCOM
communications
software is the most
useful part of the
Model 100.

used to fill out in the field. I no longer
have to key the data in by hand at the
office, and the Model 100 takes care
of alot of the tedious calculator work
that I used to do in the field.

By itself, the powerful combination
of the text editor and the telecommu-
nications package makes the Model
100 worth its price. But the software
I have described sq far is only the tip
of the iceberg. The Model 100 has
what may be the most powerful
BASIC interpreter yet written for a
microcomputer.

BASIC Interpreter

The Model 100's BASIC, like the
BASIC for all other TRS-80s and like
the rest of the operating system on
this machine, was written by Micro-
soft. It is as complete and extensive
a version of Microsoft BASIC as is
available for any machine, and it has
a number of enhancements specifi-
cally for the Model 100. Its execution
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speed (as judged by a number of
benchmark programs) seems to be as
fast as or faster than that of the Model
III. And this BASIC does all its cal-
culations, including transcendental
functions such as sin and log, in
double precision (14 digits). You may
be confused if you're used to other
TRS-80 BASIC or Microsoft interpre-
ters; several statements have different
syntax, especially those for opening
files, and you must set the number
of I/O (input/output) files and the top
of memory using MAXFILES and
HIMEM statements—the Model 100
does not ask any questions about
files and memory when you enter the

Circle 157 on inquiry card.
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ONE YEAR WARRANTY
NO ONE HAS OUR WARRANTY!

Compare the One-year warranty on the Dual
68000/UNIX System —it's unprecedented in the
industry. This is nothing new at Dual—we have
always given a one-year warranty because of our
confidence in the quality and reliability in our
products. We believe they are the most reliable

interpreter.

I cannot review all aspects of the
BASIC dialect here. Table 3 summa-
rizes all the statements. A rough
count gives 5 operators and 39 state-
ments that are not included in the
very powerful Model III extended
disk BASIC.

The added arithmetic operators are
“\ " and MOD, both of which per-
tain to integer division. The MOD
operator gives the remainder (56 MOD
3 = 2) while “ \ ” gives the truncated
quotient (9\ 2 = 4). Surprisingly,
“\ " is not on the keyboard—you
have to use the Grph key and a
minus sign. The added logical oper-
ators are XOR, EQV, and IMP. XOR
does an exclusive or—when one bit
is 0 and the other is 1, the result is
1. With EQV, when either both bits
are 0 or both are 1, the result is 1.
With IMP, the result is 1 unless the
first bit is 1 and the second is 0. These
new operators can often replace
several awkward comparison state-
ments.

Three new numeric functions are
CRSLIN, which returns the line
where the cursor is located; POS,
which returns the column position of
the cursor; and MAXRAM, which re-
turns the amount of RAM installed
in the computer.

One of the most significant addi-
tions to Model 100 BASIC is the use
of extended-interrupt commands.
Older versions of BASIC had only
one—ON ERROR GOTO would
make a branch when an error
occurred. This BASIC adds four new
ones: ON COM GOSUB branches

ones available.

So, if you want a full UNIX, 68000 system with
512KB to 3.25MB of parity RAM for 4-6 users,

and you want it to just keep on running, give us

 SUAL

DUAL SYSTEMS CORPORATION
2530 San Pablo Avenue @ Berkeley e« CAS4702 0(415)549-3854 ¢ 172029SPX

‘UNIX is a trademark
of Bell Laboratories

GET FULL VALUE
FROM YOUR VICTOR 9000™

with the
UCSD p-SYSTEM™ IV.1

Get the most from your VICTOR
9000 as well as from your software
development efforts. The power
and portability of the UCSD
p-System Is avallabte for the
VICTOR 9000 from TDI.

The Standard Development
System includes:
e Full Screen Editor, Filer,
Assembler and other Utilities
e The UCSD Pascal Compller
o Native Code Generator
e Ram Disk Support Above
128K
@ Turtlegraphics ~full use
of VICTOR screen
(800 x 400)
e Complete documentation

33 p System

Options:
@ Fortran 77 and Basic compilers
@ Hard disk support

TOI LIMITED

20 ALMA VALE RD.
BRISTOL, U.K. BS8 2HL
0272 742 796

TDI SYSTEMS, INC

@ 620 HUNGERFORD DR.
ROCKVILLE, MD 20850
{301) 340-8700

VICTOR 9000 Is & trademark of VICTOR TECHNOLOGIES, INC.
UCSD p-SYSTEM and UCSD PASCAL ere trademarks of the Regents of the University of Callfornia
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Numeric Functions

ABS—Returns absolute value

ASC—Returns ASCII code of a string
ATN—Computes arctangent

CDBL—Converts to double precision
CINT—Converts to integer

COS—Computes cosine

CRSLIN—Returns vertical line position of cursor
CSNG—Converts to single precision
EOF—Returns end-of-file status

ERL—Returns the line number of latest error
ERR—Returns the error code of latest error
EXP—Computes natural exponential
FIX—Truncates to a whole number
FRE—Returns current amount of available memory
INSTR—Searches a string for a substring
INT—Converts to integer

LEN—Computes length of a string
LOG—Computes natural logarithm
LPOS—Returns column position of print head within the printer
buffer

MAXRAM—Returns Model 100 RAM size
PEEK—Returns value at a memory address
POS—Returns column position of cursor
RND—Returns pseudorandom number
SGN—Returns algebraic sign

SIN—Computes trigonometric sine
SQR—Computes square root

TAN—Computes tangent

VAL—Converts string to numeric value
VARPTR—Returns memory address of a variable

String Functions

CHR$—Returns ASCII character

LEFT$—Returns left portion of a string

MID$—Returns middle portion of a string; may also be used on
the left side of the equal sign to replace the middle characters in
a string

RIGHT$—Returns right portion of a string

SPACE$—Returns a string of spaces

STR$—Converts a numeric value to a string

STRING$—Returns a string of characters

Table 3: A summary of TRS-80 Model 100 BASIC statements.

—

Simple Control Commands

CALL—CALL is used to execute a machine-language subroutine
from BASIC; allows more parameters than USR

IF. . .THEN. . .ELSE—Tests relational expression, then performs
THEN clause if the expression is true or performs ELSE clause (if
present) if expression is false

FOR. . .NEXT—This command gives BASIC a looping structure;
an optional STEP value may be included

GOSUB—Causes the BASIC program to execute the subroutine
beginning at the line indicated, and then returns to the statement
following the GOSUB when a RETURN statement is encountered
GOTO—Causes the BASIC program to branch to the line
number indicated

ON. . .GOSUB—Branches to appropriate subroutine

ON. . .GOTO—Branches to appropriate line

Interrupt Commands

ON COM GOSUB—Calls a subroutine when the computer
receives data over the RS-232C line

ON ERROR GOTO—Branches to an error-handling routine if
some error occurs while the program is executing

ON KEY GOSUB—Calls a subroutine if you press one of the
eight definable function keys

ON MDM GOSUB—Calls a subroutine when the computer
receives data over the modem

ON TIME$ GOSUB—Calls a subroutine when the real-time clock
reaches a certain time

RESUME—Resumes program execution after an error; RESUME
ends the error-handling routine

Graphics/Sound Commands

BEEP—Causes the sound generator to emit a tone for about V2
second

LINE—Draws a line on the screen; optionally may draw a box
(outline or filled)

PRESET—Turns off an LCD pixel

PSET—Turns on an LCD pixel

SCREEN ON/OFF—Locks or unlocks the screen label line
SOUND—Outputs a tone of specified pitch and duration
SOUND ON/OFF—Enables or disables sound during cassette
loads and while the Model 100 is waiting for a carrier signal from
the telephone modem lines

Listing 3: A BASIC program demonstrating
the use of the ON TIMES$ extended-interrupt
command. This program sounds an alarm
when the Model 100°s internal clock reaches
15:37 (3:37 p.m.).

10 ON TINE$="15:37:00" COSUB 108

0 TDES ON

nas

40 PRINT B96,0HR8(27)4"%p “+TINES+" "4CHR$(27)4"q"*
S8 GOTO 40

100 PRINT"press enter to stop alara“ { BEEP

110 As=INKEY$

120 TF As="* COT0 100

130 OLS ¢ RETURN

when something comes in over the
RS-232C interface, ON MDM
GOSUB does it when the modem re-
ceives something, ON KEY GOSUB
branches when a function key is
pressed, and ON TIME$ GOTO
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makes a branch at a specified time.
The potential usefulness of these
commands should be obvious; listing
3 gives an example. The various
interrupts can be enabled and dis-
abled by commands such as MDM
followed by ON, OFF, or STOP.

All the graphics and sound com-
mands are new. Sounds of varying
tone and duration as well as beeps
can be produced, individual pixels or
points on the LCD can be turned on
and off, and lines and boxes can be
drawn between any two sets of x,y
coordinates; the box can be either an
outline or filled. The LCD screen has
a resolution of 260 by 64 pixels.

Perhaps the most radical new fea-
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ture is the use of the OPEN state-
ment. We usually think of OPEN and
CLOSE statements being associated
with disk files. What’s OPEN doing
in a machine that doesn't use disks?
Any RAM file and any peripheral
device can be declared as a file for
output and input. You can write to
a file in memory just as you would
write to a disk file. RS-232C and
modem I/O are handled by declaring
the device to be a file. Even the screen
can be treated as a file for output, as
can the printer. For example:

OPEN “LPT:” FOR OUTPUT AS 1

sends all output for file number 1 to
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Other Commands

CLEAR—Clears all variable values, closes all open files, and op-
tionally reserves string and high memory space

CLS—Clears the screen

CLOAD—Loads a BASIC program from tape

CLOAD?—Verifies a cassette load of a BASIC program
CLOADM—Loads a machine-language file from tape
CLOSE—Closes open files by number, or all files

COM ON/OFF/STOP—Enables or disables communications
interrupt

CONT—Continues program execution after a STOP command or
press of Break key

CSAVE—Saves a BASIC program on tape; program may be
saved in compressed or ASCI| formats

CSAVEM—Saves a machine-language program on tape, using
start, end, and entry addresses

DATA—Defines a data set within a BASIC program
DATE$—Prints or sets current date in MM/DD/YY form
DAY$—Prints or sets current day of the week

DIM—Defines array size

EDIT—Edits a BASIC program

END—Ends BASIC program execution

ERROR—Simulates an error in a program

FILES—Prints the names of data and program files stored in
RAM

FRE—Returns the amount of memory available to BASIC
HIMEM—Returns highest memory address available to BASIC
INKEY$—Returns any keyboard key currently pressed
INP—Returns a value from a CPU port

INPUT—Inputs data from keyboard

INPUT #—Inputs data from a file

INPUT$—Inputs a number of characters from keyboard or from
a file

IPL—Defines a BASIC program to run whenever the Model 100
is powered up

KEY—Defines function keys

KEY LIST—Lists function key definitions

KEY ON/OFF/STOP—Enables or disables function key interrupts
KILL—Erases a RAM file

LCOPY—Copies the screen text to the printer

LET—Optional assignment statement

LINE INPUT—Inputs a string from the keyboard

LINE INPUT #—Inputs a string from a file

LIST—Lists the current program to the screen

LLIST—Lists the current program to the printer

LOAD—Loads a BASIC program from RAM, cassette, communi-
cations port, or modem for execution

e —

LOADM—Loads a machine-language file from RAM or cassette
LPRINT—Prints data to the printer

LPRINT USING—Prints formatted data to printer
MAXFILES—Specifies the maximum number of files your pro-
gram can have open at one time

MDM ON/OFF/STOP—Enables or disables modem interrupt
MENU—Returns to the Model 100 menu

MERGE—Combines two BASIC programs; one of the programs
will be in current memory, the other will come from RAM, CAS,
COM, or MDM

MOTOR ON/OFF—Turns the cassette motor on or off

NAME. . .AS—Renames a RAM file

NEW—Erases the current program

OPEN—Opens a RAM, CAS, COM, LCD, LPT, or MDM file for
110

OUT—Outputs a byte to a port |

POKE—Loads a value into memory

POWER—Controls the automatic power-off feature

POWER CONT—Prevents automatic power-down

POWER OFF—Turns power off; if optional RESUME is added,
execution continues where it stopped before power was turned
off

PRINT—Prints data to the screen {abbreviated as ''?"")

PRINT @—Prints at specified position on screen

PRINT #—Prints data to a file

PRINT USING—Prints formatted data to screen or file

PRINT # USING—Prints formatted data to a file
READ—Reads a data set within a BASIC program
REM—Indicates an unexecutable comment

RESTORE—Allows DATA items to be reused; the optional line
number specifies which line the DATA pointer is to be set to
RUN—Runs a BASIC program. May include loading the program
from RAM, cassette, communications port, or modem. The ,R
option tells BASIC to leave open files open.

RUNM—Loads and executes a machine-language program from
RAM or CAS

SAVE—Saves the current program to RAM, cassette, com-
munications port, LCD, printer, or modem. Optional '*,A” may be
used to store an ASCII file to RAM or cassette. Other devices
automatically save in ASCIL.

SAVEM—Saves a machine-language file to CAS or RAM
STOP—Stops program execution

TAB—Skips to specified column with PRINT or LPRINT
TIME$—Displays or sets the current time

TIME$ ON/OFF/STOP—Enables or disables the time interrupt

the printer. This type of file routing
is usually available only in the most
powerful operating systems for the
most expensive microcomputers and
minicomputers.

Several other useful new com-
mands are available. KEY is used to
define the function keys. KEY LIST
puts the definitions of the functions
onto the screen. FILES shows the
available files. Two new tape com-
mands, LOADM and SAVEM, are for
loading and saving machine-lan-
guage programs. A particularly
important command, one that will be
used mostly in direct mode, is
NAME, which lets you rename a file.
Three commands start with POWER.

They specify how soon the power
should be turned off (if at all) if the
computer isn't used or if it shouldn’t
be turned off; one turns it off from
within a BASIC program and gives
you the option of resuming the pro-
gram when the machine is turned
back on. MAXFILES, normally
placed at the beginning of a program,
specifies how many files will be used.
TIME$, DATE$, and DAY$ contain the
time, date, and day of the week re-
spectively.

An especially useful BASIC com-
mand (normally used as a direct
command) is IPL. It lets you specify
that a particular BASIC program
should be run when the Model 100
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is turned on. It allows a form of cus-
tomization. As such, it can be used
to turn the Model 100 into a turnkey
computer that automatically runs a
g